BIOENGINEERED TISSUE CONSTRUCTS AND METHODS FOR PRODUCTION AND USE
RELATED APPLICATIONS This application claims the benefit of U.S. Provisional Application
Serial No. 60/990,757, filed on November 28, 2007 and of U.S. Provisional Application Serial No.

61/021,176, filed on January éMﬁﬁﬁﬁW tﬁgﬁgﬁ@félﬁ {cations is incorporated
PROEJ%d %

herein by reference. FIELD OF MEET B e i leld of tissue engineering.
This invention is directed to a met oﬁ%{rﬁgo ucing a bioengineere iéoi?lstructs. This bioengineered
constructs are biocompatible and bioremodelable and can be used for clinical purposes.
BACKGROUND OF THE INVENTION REIAZEIbECFInkeAtldOietates to disciplines of tissue
engineering, lissueeoghAalan AhEIRDBLAUNE medcinr. camples RipeRRingeramgethods with

n unction a

the principles of life sciences to understand the structural and relationships in normal and -
pathologicabiiaPmaliahles suddoTinebgydfaR ¢bakod tHdde dRysiplies:i s\l idetvetdpmenNand ultimate
application gf RISlopjee-UPSHIYIRSIR S196s AR, RIMAIOYE URSUS HDGliang, (ISt s possible
to design and manufacture a bioengineered tissue Iin a laboratory. Bioengineered tissues can include
cells that arenegspaligtesbersiatds wiktranemtive mammalian or human tissues and synthetic or natural
matrix scaffolds. The new bioengineered tissue must be functional when grafted onto a host, and be
peimanently incorporated within the host's body or progressively bioremodeled by cells from the
bioengineered tissue or recipient host. Bddrid{BEnid1 biB¥Ndinda@d tissue constructs without the
incorporation or relfRee, AR EXPASHOKS SUBREMEMRGIs.era6aTells earis o dali ehallenges in
creating the new bioengineered tissue constructs. SUMMAR Dlsclosec? herein are bioengineered
tissue constitiopiotntuti¢ipealbivetctetireherasidoyendbispipowinedadarassligianmatrix
components, ithout the. rEAMIB RN RLBIOIRNCMS HRANL FOMAANERISAlJAEtwork support or scaffold
members. The constructs as described herein can thus advantageously be made entirely from human
cells, and human matrix components produced by those cells, for example, when the bioengineered
tissue construct is designed for usg {-RENAGENH M E TRASR Igﬁre is provided a
bioengineered construct comprising a devitalized layer of extracellular matrix produced and assembled
by cultured extracdlhfianpreatinywodeckspts|to, disvepliesivd biobngiresedngo HSsHedEgsr dises not
comprise syelic, el yUHEBAID BEER Al HAGRIKRR MAHX FARAACAIS AL et Aroduced by

the cultured extracellular matrix producing cells. Also disclosed herein are methods for producing

tissue consmmﬁ%@ﬁﬁﬁw&%éwqﬁltﬁllmfm%ﬁ% _f@?@@@éﬁt@s@ st erkpatbelrgieatrix
components,ithoutthe addition, belther &xe9eRRUS Al AOMPANAS.BRMIISHRAE,Qr scaffold
members. Also disclosed herein are methods for producing tissue constructs by stimulation of cells
in culture, séepligatiirobhistegtenprobisidatextereshionarmaibicompepienstipsacdanindanmebiita system
and/or withqpith6use.qf dRdelingd al.ReRbHRabASHYRLIGledGR! fSomBpRRSRS, such as bovine
serum or organ extracts. Thus'in a second aspect, there is {orowdeq a method for making a
bioengineerBipersiaaeiet Bovpiridindh il tabschabusiias hiagieprbducig e in mafrsediiture
under condifions{hatindues e aallsio doma dIsiverateriaceiuignmali nReain Rfirst layer

of extracellular matrix is produced in conditions that include a chemically defined culture medium

containing riBushhp dlesippal coraponedo o il andheafimpiaeiindnengstg carkimkesecond
culture undey,congifigns. hiabirdyee ihg selis iR formya secanchiayesist exaceliulREparix, wherein the

second layer of extracellular matrix is%orpduced in conditions that include a chemically defined culture
medium coresHEEL A6 hn R eeiRe i donspaERtsd [yrhmeting st adthass theapaeaRaxeprddicing cells
in both the figgt.layerpf exiracelularmatisand sscongddayst ahexirageliias matiiy Josfrm first and
second devitalized layers of extracellular matrix; contacting the first devitalized layer of extracellular
matrix to thesatinpHhasgtahedmyeset BrHECEIMERHsatrix by superimposing said first and second
layers to foini a bonding region; bonding said first and second layers, wherein said bonding is achieved
by crosslinking or an adhesive. In a third aspect, there is provided a method for making a
bioengineered construct, comprising: (a) culturiﬁymﬁft least one extracellular matrix producing
type in the absenceof GXeHRBRMS FXHASE! IR FOBIRCRRIIS PG st GiialaHRPIIMaMber; ()
stimulating the cells of step (a) to synthesize, secrete, and organize extracellular matrix components to
form a tissuelEpaSANSE EBIABVREes raetduigiakiia COMPaP s bHirbe ey B psel cells,
Optlona”yy\{%%éﬁ(ﬁ}?%@ 205 (B ERRY PR ARDA SRPEANG QUSRI FRASESYLIVEIY (RsHgYtalizing or
decellularizing the tissue construct; and (d) contacting and bonding together two or more tissue
constructs A& Rs4mIE 68y by crosslinking or using a bioremodelable or bioresorbable adhesive.
Further, disclosed herein are bioengineered constructs comprising a devitalized and/or decellularized
layer of extracellular matrix produced and assembledlby cultured extracellular matrix producing cells.
Still further, disclosed herein is a method for making a bioengineered construct, comprising producing
two or more layers of endogenously produced extracellular matrices and subsequently devitalizing and
or decellularizing the extracellular matrix producing cells prior to combining the two or more layers via

crosslinking and/or biocompatible and bioremodelable adhesive solutions. Tissue construct is
nrodiiced and calf-acecamhbled by crilfrired cealle withoit it the need for ceaffald cirinnart or the addition of



Another preferred embodiment is a bilayer construct comprising a first cell type and endogenously
produced extracellular matrix and a layer of cells of a second type disposed thereon or within the
cell-matrix construct formed by the first cell type. A more preferred embodiment is a cell-matrix
construct comprising fibroblasts, 5such as those derived dermis, to form a cultured dermal construct.
Another more preferred embodiment is g cell-matrix copstruct camprising fibroblasts, such as those
derived frorfIdHA G TAT SO GBF e FPAILBSHR AL RAEH 5oL P O RBFAR ARRIRS & ETORER Shercon
to form an episieireablajterstocetisyioinea il achbilaye bRkingonstd ckshbemishiuedsskin gadstructs of
the inventio express many sical, 1‘J_.é)moﬁrﬁ’)hological, and b'o&h%mical featuggs oftnative skin. In an
even more PPErEREY BIRBEYI ML e ERl R A LRI BE Y5 1R QU RBINS TS AT Dimilar to the
dermal layetsshpKiin @ddsnadlidedmaleofsitiatelhatisdamras ddur dbfink ek syatd oa egropitiaied
human-derived cells_utilizing no chemically undefined. coamponents during its cylture. 15In the most
oreferted e BTG B RSUR L OREATLLS STHE TG TR REe St AR [HHRA) defined
system comprispgdwimhetidarivesnetis huhberche micalylluidefiaetk econportuamaiabiotogical
components or_cell On re{rerred embodiment of the invention comprises a structural layer of at
least one tyB@%‘f‘@‘iP%@lfu‘f&%ﬁﬁﬁ 82%?’8‘5[3 S REIBHGS SEHSUSIy produced extracellular
20matrix componeatso disfR sithidydiarane chathatibdorwhetedsnihe sswettxiscompleteincrltosyrithesized

and assembled by cylturing the cells. This layer is,herein ter a "cell-matrix construct” or

ool matri S G S D Ho 2 CBLTSe B KA BRI, By RO AP S S Bt
The cultureddiisiue eDeisieneisodentas reattirecdiiis s iohitehittesuppoge npus flidirimaabyponents, that
IS, matrix componr?ﬁ%ts raot (S;Bro?c#:ﬁed by the Cﬁg‘{{e 25cells buttintroduce b cgher.melans. Infa more
preferred embodimER?, H& &L AETTIY AEHAF Y SO d R SRS FAHE bR BIESE 1EEh8vn to
have a predaiiriarttongentiatiofimbbbiagen sintiiak tex rativitubid m Asevitenesd b yreletifiard
microscopy, the matrix is fibrous in pature comprising ¢ollagen that exhibifs the.quarter-staggered 67
A banding B Sl S R ARG PG A RABHESTAER 2 ANA A B S MG 30 mative
collagen. Delayponrekictioh SBEvRRGIhasdeiesiedttherpresenieacfeboiid tgpect,ahet#yipe 111 collagen

in these constructs, the pre inant collagen types fqund in native human skin. Using standard
mmunons AR TRCHARIORE R LT HIRtRR SRR e e Biktvely or decorin,
a dermatan sitatdiprotecatscaroinawnwg dellbén W2 0080 0728RCTIUIS 20 G84084852thassdisiated with
collagen fibrils.and believed to regulate fibril diameter in vivg. Decarin can also be visualized.in the
constract Wi PERE T 51500 bER TS 414D S PG aP ColaSE G as A i
glycoproteimpfoancdfar exatnples thanesbrizhy theoidiisuisinadientepaimeMuchclikentisagewinder repair
in vivo, the tissuel_%,rodu ed in culture 51has beertlrsh ig/{] to int%reasedits.ratio ]?f txpe Ito type Il
collagen as & mathix 1€56rmeq Wneho le’/lf%ﬁf(nga 5 be both wr%élglr% it 55 blieVed that the cells
fill in the openispacadzeveadhitnerh siokigaiih eclbosconatrxanatbbgus db qutanuaihtianttissue
comprised of mostly,tyoe.li colagen.and.ibronectin and hen emodel this oosi malyiith a denser
matrix comﬁﬁserglo mosﬁyntypéz collagen: The pro Uced Celiatnx fas been shown 1o LOcontain
glycosaminefiysant { @@ pdsudtuasnydilurosiotasith 448 Jafibrandaivsdocotepgiyoan schresidesgdecorin
such as biglycan and yersican;.and rofile of sulfa (é) lycosaminoglycan ch as di-hyaluronic
el oot SR LA R o S M ot AR e bR
di-chondroitiaeditit faitatef ditchetidiaitinad sulfefest A28 pad dedbot dediniiired isutiatef UA-2S. These
stuctural and biochamical features sxtiitdpthemselyes @ the qonsiruch develaps,in,gyiture and are
distinctively evidén U tha constructapproaches its final Torm. The presence of these components
in fully formeetondt deattderd db vl binatrixcetinktructtind icatep d¢hatihemongtr tics thal struotdral and

blochemlcaﬁggggéj ST ARPIAR &rﬁ% }Qg[o%f; QQBH}%Q%%{&']{%%’: and second layers, wherein said bonding

is achieved by crosslinking or an adhesive.



While the aforementioned list is a list of biochemical and structural features a 20cultured cell-matrix

construct folined from dermal fibroblasts, it should be recognized that cultured cell-matrix constructs
formed from other types of fibroblasts will produce many of these features and others phenotypic for
tissue type from which they originated. In some cases, fibroblasts can be induced to express

non-phenotypic copy BQHSHtEsﬁé’cEi%ﬂ%“i's‘%%‘&i%'pﬁ%é&@d%?%ﬁg B‘BY&&%%E&E‘F&&%&&RRX ;

transgenic means. Another preferred 25embodiment of the invention is a cell-matrix layer having
second layerosfelisgiisposdgminareds aftes lsesioms leyfercstiobrsnsten mredromnshepsa-thatrix layer to

form a bioepgingerad DilsIGA USYESANGIHEL NSO R sthembadimsal fnsaells gf the

second layer are of epithélial origin. In the most preferred embodiment, the seécond layer comprises
cultured huntenuteiatnbeyedls tHatepdethesyithea zistasaitmanthorapaizacsaicslutmebhstruct

formed from. & Al {050 IARS, 3G SNAIENAUS IAHHX A3 FALm 3 APENAl Jay ef., GRRRRKISe a living skin

construct. When fully formed, the epidermal layer is a multilayered, stratified, and well-differentiated

layer of keratindeytessthathodsibilks vaswnalye rveeseip ragrst aye (ba graiaors apatigreesdium
comeum. The %ﬂg‘ewﬁéwgw%1%@@4%&@%9%&%9&%9@&@&4?@&%@ 9&@&%&5&@8}’@&%@&%@@% ment

membrane present at the’dermal-epidermal junction as exhibited by transmission electron microscopy
(TEM). The d5dsesneéingrinseibeaieappears thiskeetnnoure hadside8isosayies crasikednsoanchoring
fibrils that ajg;comprises ol pe: Bl Gallagenyias visualized by TEM. The anchoring fibrils can seen
exiting from thegnasement Smembrane and entrapping the collagen fibrils in the dermal layer. These
anchoring fibrils, agmfaélmééwmmﬁ@%ﬁ%ﬁéﬁ%?@?@@éﬁﬁﬂe‘é@w&#@@tinocytes. It
is also knowq ihatubile KRTANRGUSS AR £ARRMIE AL ESCIRIRG-RASEMENEMAIIPE R FRPONents on
their own, a recognizable baseméent membrane will not form in the absence of fibroblasts. _
Immunohiste¥fieseicarsmesfivgoidnankipeddnstruct of the present invention 10has also shown that
laminin, a basemegNemBLANg RILEINHS LR Thethod ¥8 RIBESHESBIRINGA R dhe JRvention for
forming a cell-matrix construct, a first cell type, an extracellular matrix-producing cell type, is seeded to
a su bstrate,C@mﬁ}?@@géﬁ@dl%@%éWQ@%W%@&@%W@é@E@@%ﬂWME% @%fﬁ&@@ﬂlﬂhﬁﬁmﬁ@ﬁ around
them to form, & cel:mAalti GRSiHG:8 AnPtherpLalRIed patbadipldfiRvaNten shaHasegfdhe cell-

15matrix construct is'seeded with cells of a second cell type and are cultured to form bilayered tissue

construct. IPRANEregsrEfaiRadhn BHOR, Bt lavieKridastormiebnat ANk praiprpreratinda difhilar to native
human skimis,fapmed by culiving figroklasts, such as human dermal fibroblasts, under conditions

sufficient to induce matrix synthesis to form a cell-matrix of dermal cells and matrix, a delmal layer,

onto which humanEpittetn s, ispepdascsronst seiveytad add ysalardsgluitheyha eeebnditions
sufficient to fgra aviulbsdifferentiated siraiilied SRIBGIAlAYEL 1l ul T AGBIOEE YRR MGthod of obtaining

the bioengineered tissue constructs of the presentinvention comprises: (a) culturing at least one
extracellular matrix-producing cell type in the absence of exogenous extracellular matrix components
or a structural support 25member; (b) stimulating the cells of step (a) to synthesize, secrete, and
organize extracellular matrix components to form a tissue-construct %génn?rised of cells and matrix

[

synthesized by those cells; VHeFeihdidh D E QREFBI G PHIdbRINHENIAEN sy or consecutively;
and, (c) devitalizingypr.ASBRllWAHZING 108 HSSHaICANSHUGE CORPHRING RSEACIiA B3l components

for clinical use. Two or more devitalized or . _ . _
assembled and must rely on either the addition or incorporation of exogenous matrix

components or synthetic members for structure or support, or both.

The bioengineered tissue constructs described herein exhibit many of the native
features of the tissue from which their cells are derived. The tissue constructs thus
produced can be used for grafting to a subject or for in vitro testing.

One preferred embodiment is a cell-matrix construct comprising a first cell type and
endogenously produced extracellular matrix wherein the first cell type is capable of

synthesizing and secreting extracellular matrix to produce the cell-matrix construct.

w28 .



30decellularlized tissue constructs may be contacted together and bonded together e her by way of
crosslinking or the use of a biocompatible or bioresorbable adhesive.. WO
2009/07072QRC T A54008/084952 |. MEDIA FORMULATIONS Cell-matrix constructs are formed
b i i i iabili iferation ant SyrHest

y culturing cells in a culture medium that promotes cell viability, proliferation a S)§ s of
extracellular matrix components by the cells. Culture medium is comprised of a nutrient base usually
further supplemented 5Swith other components. The skilled artisan can determine appropriate nutrient
bases in the art of afimidiccetetuind enithiieestinatidaxpectatiors fonsiskce adiutygdroducing a tissue

construct of the, \éggﬁi Many.gamm ially available nutrient soyrces are useful on the practice of
the present inveg%on. 'élak?e})_sealnciﬁgghc%gr%ﬁrﬁé%?ﬁ yxa\a/%%gb?é’ eﬁl?tfr?%er*itssoofrggcsm\}v t@?165Lﬁ’”?’ﬁi?f?/(g%norganic
salts, an enefygy&vLpEaiBini e aeibisaamd ®ogirantifisreet hathd OBwbétae’'s Modified Eagle's Medium

(DWEM: Minimal EssegrebMedm MEM:NASCREML 040 dsgavs Malad Rifhseco's Medium
(EDMEM). Minimal Essential Medium (MEM) and M199 require additional supplementation with
phospholipidSgféctirives dpdvise dessseiadpamiroiisies daownensialty. available vitamin-rich mixtures

that supply additionabaminearidscRUS GBI SATYMEASIARIS: GRPbARI e precursors, and
inorganic salts include Ham's F-12, Ham's F-10, NCTC 109, and NCTC 135. Albeit in varying

concentrationr AN B A et S P30 SRILY et iR dmigrniodotrca felaamr oot giihose, amino

acids, vitamins;eand iseiganiadopsitegethacyits aihenhasiadmesdia canmpRIgRts: Jhemast preferred
base mediu'@. f the invention corﬁﬁ%ises a%autrjent base of either calcium-free or low calcium

Dulbecco's 63?%5@5&?8%%& SOBTAERN SPHHEh kRS SSRIER SR S8 & PLYS Bbtween a
3-to-1 rHtio tmarpdiaiicnebjpentivetyl featukbediagdvnedium is supplemented with components

such as amino acidl'a;1 %ré)e\évtglfac}c%or§ fang#ﬁé)ngoo.esl.{{)&gne culture media for the culture of cells of
the invention are deacibad U g SISO RmER}, . TSRS S PNENES G i national PCT
25PublicationoNgrwiCh@535i4i78r entiPeimallayeatitskip a Wit 804280583 thetdiscibsutes of which are

incorporateddjerein:by. en [ @I?g e known in.the.art such as those disclosed in Ham
and McKeehan, Melthog;?ft?rrl[ En%tr%%%y, %%%&#&Yegrc g}sol%ﬁﬁé%%%ﬁ?o%nea & %I]?'?émically defined
media, in Bo¥ededtand eeriponsatheering IBreamslogy, 58:94-109 (1979). In the preferred embodiment,

the bagg medium iq§%m%5§%t%@g%@{9w%%ggﬁﬁﬁ kpgwe ta the skilled artisan in

animal cell culture: insulin, transferrin, triiodothyronine (T. er or both ethanolamine and
o-phosphorylathsashinihehwHertindebred susitmre R imaibAefordiselsdpprments may be

determined Rydheshijleadartizan: WRRIOYBTAIZCRCII)S2008/084852  Culture media

formulations suitable for UE% in the_present invention are selected based on the ceII#t]ypes to be
cultured and the tisS6 RiFETSHS TP RAMBUGESRS TR EORGRIRTE A ERaiIE lsyer af dttsasspecific

culturing conditiops: péedest e Mete-corbaromtls ey symbesissandodabilitywilkdepgnd on the
type of c(‘)ell, oragombinationstof types of 5cells, e;‘in%{grgwn. . In some instances, such as in the
fabricafion of Bioenginearea bifdyet SRR LSRG LT  the Breh i vaaitisrs treriegly ¢dposition
varies with enuithstigd efdassinabied Be differeptistpglenBiitation is heeasaanyefps ciffpreat-RUrposes.
Ina preferregl

e reenei el e el e Sl conttons bt aired
layer and through their matrix. The cultured tissue constructs do not require, thus do not include,
exogenous matrix components, that is, matrix components not produced by the cultured
25  cells but introduced by other means. In a more preferred embodiment, the cell-matrix
construct produced by human dermal fibroblasts is shown to have a predominant
concentration of collagen similar to native skin. As evidenced by electron microscopy, the
matrix is fibrous in nature comprising collagen that exhibits the quarter-staggered 67 nm
banding pattern, as well as packing organization of fibrils and fibril bundles similar to
30 native collagen. Delayed reduction SDS-PAGE has detected the presence of both type [
and type 1II collagen in these constructs, the predominant collagen types found in native

human skin. Using standard immunohistochemistry (THC) techniques, the dermal cell-

matrix construct stains positively for decorin, a dermatan sulfate proteoglycan known to be

-3.



provided with a second layer of cells disposed and cultured thereon wherein both cell types are
cultured in a defined culture media system. Alternatively, the tissue construct comprises a cell-matrix
layer fabricafgg spdgh@efined media conditions and a second layer formed thereon under undefined
media conditions. In the converse, the tissue construct 15comprises a ceII?rggtWPzQ%?”f?ﬁgty be
fabricated under undefined media conditions and the second layer formed thereon under defined
media conditions. The use of chemically defined culture media is preferred, that is, media free of
undefined anissatieighwidy tisdage e ftralt spdosaicasdplerepmilane fipitilidsy et iact; Jay oshakamic extract,
placental extract Nic extract or protein af?hjla rs 20secreted b fee(?er cells..In a most
preferred em%gd?}?]seﬁt, t%%ée% |é1nigal rggné%ﬂ%%)\é%e cd%@gﬁé%(?gcaeﬁfgl%ﬁ%?ééﬁgas 2or ﬁgﬁgﬁts derived
from non-hurvaricaainal soextessMldioughxiedyvadplitism dbund dfinexkrphporestsisipoe preferred, they
may be useciipagsaidangeaith s disclased malbods:at a0 PARL In.UtRIDaTe

er i fabricate
successfully a tissue construct. When the invention is carried out utilizing Screened human cells

cultured-usindpe Besiphresmyatrrasedis el v sawBhreleaonan thaarmaninmdbsoedces, the
resultant tissugpeRstsdin g definndiymandissue cralHe tRY Hbeisn fesanRinant fiuactional

equivalents may also be added to supplement chemically defined media within the purview of the
definition of QFEHSELIRFHHEE o2 [Pt @ #Bs EBprRerHsd T astiRdabeRHerRePaaisedfy, one of skill

in the art of eellseiyiyie Wilkbr.gblext deterang sHitakls Ratyaal 8Rhymamhumamreaenbinant, or
synthetic equivalents to commonly known animal components to supplement the culture media of the

invention withBT 0 FAIBTRCRSLiGERON BPeksetirsemtitioRradisedRlmaas Ay S98R £construct in
the clinl@ is thatttie gynceiniod gdevantiias asitiahoh HIRssnEPLE RS VANS BRAtMination and infection
is WO 2009/03&72{)PCT{)US 00 /084952hdi inished. Irghthe testin cenaré'z, %&e agdvantages of a
chemically dBfNetFCORSIrOGT (S That Wheh TeStett StHER FBhEEHLHe 815 HE FESURSBEME confounded
due to the presepsanoidpiyeandsficieas doimpdments atididindsoadociipaptidfeptingnedhdtipromotes the

take of gl d aming. id id t benefits. Itipl .
Spplement s o e R e S0 Wi as there

i €’grow r IS necessary for long term
will be eventdal dupletibangtelian delislfatsiidAtd YipTdiecgiueese hmul direrarisls st qaosdibie

degradfion 4 fhe.cel ANGDARE, ISUBIRR S ARE G oM Sist a0, (ot peample bovine

human sources, or by recombinant means ‘as human recombinant insu Iherefore, a human
10insulin wotRBGUAlRPRIS 2t escifnicam forin dhconehsorrent etdeaiveentrsriminbnhunedn biological

source. InsubfiskppiRmentationis-advisablefolirerial suitinationand inpiavidgdg fhe media at a

wide range of concentrations. A preferred concentration range is between about 0.1 g/ml to about 500

jig/ml, more BiSasRH P aBrEEBRIAMAG BB P ADO R AR most preferably at about 375 g/mi.

Appropriate concenrafions igothachBisupplementatiosr efdasutindlike gavwihfactalsuich as IGF-1
IGF-Z,ﬁpd the like m?/ be easily determined hy one of skill in the art for the cell types chosen for

culture?’  TRARCEE FRY TRt SRR IHPTBIEG SFPIRA R g asion FRanid brecsmied Hidce element

found in seranituAstitel-aaniyetaxinite defiadn fisitreipwlis sefumtiligswaplieditecelspound to
transferrin a% ascopg,gntratl%ﬁo{ nge of %Eef%?grl .between 1Z_;l_about 200,05 to about 50 g/ml, more

preferably_at%ebgu? it HoES Sind (PSSR HELR RSB ARERTAFIRAS h &O89R% form of
thyroid hormusesfidredlrstinde dénrthe ededienprtssmainphimoatps obeelhmeatabolisher Thiedeathyronine is
supplemented 19 the ggﬂ concentration range between aboyt 0 1o about 400 pM, more
preferably bet\II:\’/eSen about %@t%d%ﬁ?%bt&ﬁ%%eﬁ Vi an #&?S&eé?gr%ﬁ}}%it %goé ol “z%% : Either or both
ethandlamirkriedioiphes phoytetemnslaraiensthiclsrsiphiogphotipldsyaref adidedisybasle function is

an importanipreersArdadenasiiol PR AR LY A CLMEIARGIAM S RRlgentation of lipids

that are normally found in serum’is
bioengineered bilayered tissue construct. In a more preferred embodiment, the cells of the

second layer are of epithelial origin. In the most preferred embodiment, the second layer
comprises cultured human keratinocytes that together with a first cell-matrix layer, a cell-
30 matrix construct formed from dermal fibroblasts and endogenous matrix to form a dermal
layer, comprise a living skin construct. When fully formed, the epidermal layer is a
multilayered, stratified, and well-differentiated layer of keratinocytes that exhibit a basal

layer, a suprabasal layer, a granular layer and a stratum corneum. The skin construct has a

-



necessary in a serum-free medium. Ethanolamine and o-phosphoryl-ethanolamine are 30provided to

media at a concentration range between about 10-6 to about 10-2 M, more preferably at about 1 x 10

M. WO 200Q/8404o29R%§/US2008/084952  Throughout the culture durgf] % % se medium is
ia

additionally supplemented with other components to induce synthesis or differen ?(E)%r%‘ggrs%o improve

cell growth such as hydrocortisone, selenium, and L-glutamine. Hydrocortisone has been shown in
keratinocyte culture to promote keratinocyte 5phenotype and therefore enhance differentiated
characteristicgsglidbvabrddissaniresindeastirqoytertransgl diamihasel eantent(Rotb iz etlabitdd Cell

Physiol., 138,;208-214.(1986)). Therefore, hyd isqne js a desirable additive in.i nces where
these charac@ﬁ%ﬁ%méései neer%?%?gl %hcéﬂsgg}y% @%R{é'rrggﬁgﬁs S e@%&%%%egiﬁgesﬁ?gg rgs ﬁan%%eosf skin
constructs. Hydraddreimotrsmeayrhes previde datacbonee fitatohatarg echiatrmdtod Ghaiglinl to about 4.0

L0bigim, mostpIEETSDAEIERN ShEM! Ok GG ST < SELSTIANS A0S A0

serum-free media to resupplement the trace elements nium normally prov y serum.

Selenious acidembiARRABfoHeRR NGk Rt asatn iija ofabvliayero M abwbotio fbrisost
preferably at ahou 2s3hd0 MM ENS ARG SIUANRS IS RIeISHIB SR AUtrignt hases and

may be added in 15cases where there is none or insufficient amounts present. L-glutamine may also

be provided FPEHEBIEFbIRISUEABIRECSATE CARdRICtRESATEF N E b aNIRK AT B ARSMBRIENS rand

Island, NY). GiutalMaxnl JMcisihastabis-dipentidateomns ofili ianvrliointamine.agd may be used
interchangeagllﬁl with L-glutamine and is provided in eqéjimo,lar concentrations as a_ substitute to
L-glutamine. 8%?6%38@%85?@?%%@@%66? EoHAER SRS QG AR RSB IRYHERRIn storage

and during ineshasioshtvai canllerdiig sbsefantyinibaefinctsia careeniration of L-glutamine in

medium. Typically, the base medium i lemented.with preferably between about 1 mM to about 6
mM, more preferab#f/ll%éjt%%eggr?(g 8%%10; ?zu&ﬁ%“é{s%?%fﬂﬁ ) S "b?@?éfawmﬁvﬁ%futam ne or

GlutaMAX-1 &Ml r@eGCrowthrfadiors suthiasrepidenmaligsewiis tretied (b @ B)mayaladtbeddded to the

medium to aid i dhe, ssianlistnens oLihe.clties IUPUARCal 56a1e1uR and SPRCIRG, BRE 1n nattve
form or recombinant form may be used. Humarriorms, native or recombinant, of EGE are preferred for
use in the medilimaivherrfalsridatingroikinpeefaivedent bordtaftiegnvenion; humdar bidl bgicall-

componsnts ity bANAANS AAIRANEAL AP fahBed Ridel - dReReeNtEAon etilgen about

Ito 15 ng/mL, more preferably between about 5 to 10 ng/mL. Other supplements may-also be
added to theliF@gicPrssueh bsaonare pralsrecprsstaedandibsthicknsso simgogronehaidar Seaetading

ansforming GiWINS3SINEAIRIR 86 W A0V OIRIRC RSB 0EASB R hefRlprpinocyte
growth factor (KGF), connective tissue growth factor (CTGF), or mannose-6-phosphate (M6P), or a
combination Bo&pREsts, under conditions sufficient to induce matrix synthesis to form a cell-matrix of

| dermal cells and matrix, a dermal layer, onto which human epithelial cells, such as
20 keratinocytes, are seeded and cultured under conditions sufficient to form a fully
differentiated stratified epidermal layer.

Therefore, one method of obtaining the bioengineered tissue constructs of the
present invention comprises: (a) culturing at least one extracellular matrix-producing cell
type in the absence of exogenous extracellular matrix components or a structural support

25  member; (b) stimulating the cells of step (a) to synthesize, secrete, and organize
extracellular matrix components to form a tissue-construct comprised of cells and matrix
synthesized by those cells; wherein steps (a) and (b) may be done simultaneously or
consecutively; and, (c) devitalizing or decellularizing the tissue construct comprising
extracellular matrix components for clinical use. Two or more devitalized or

30 decellularlized tissue constructs may be contacted together and bonded together either by

way of crosslinking or the use of a biocompatible or bioresorbable adhesive. .



Prostaglandin B2 (PGEZ2) is generated from the action of prostaglandin E synthases on prostaglandin
H2 (PGHZ2). Several prostaglandin E synthases have been identified. To 5 date, microsomal
prostaglandi{bg ﬁﬁgm§%ﬁl emerges as a key enzyme in the formation of PGE2. PGE2 is
supplemented to the medium preferably in the range from about 0.000038 ¥fglHB2f5%4H40820.760
pg/mL, more preferably from about 0.00038 Rg/mL to about 0.076 ilgimL, most preferably from about
0.0038 p.g/mL to about 0.038 iig/mL The 16,16 PGE2 form may also be supplemented in these
ranges. 10 L MEDSfoRORygowthidargor alpha (TGF-a) is produced in macrophages, brain cells, and

keratinocytes, and ig%ﬁgl%s %Qithelisludevelofpmegt It is_closely related to EGF, and can also bind to
the EGF receptor wi ST SHREB e ARy i [BHE ARG HS I ofuFtie BGdim Bl ed in the

invention. TGFcaioke =8 srtality:50akfidte) prdtejntthalsiTasem30kidaistusa iamplagy with EGF
and competes for.the rface-bound receptar site. It has been implicated in wound healing and
promotes phcgln%)%%%é gf?lg?w%e;gl Fr? %énrtlﬁiﬁoéne%?cf?@%aa% X tl;%??g‘f?:%m BRI sEHisAlemented to
the meditim préfessisiydenhensnty e ok Alsd urt: Q005 girrdrmialhppicdrade mitisaosasesaferably from

about0.005033/{}}{&1;%@9&115Q&%@Wr%%ﬁﬁgréeégr% ly. from. about O.%éﬁ)g/m to, about 0.02 gg/mL

20Supplementation of the base medium wit eratlnpocy téoélfsovc\ﬁﬁ"{‘%%ﬁisosr é’fﬁl u%aﬁésﬂ?ed to

support epidéfpEBEmdihxarsmtiony Mepwimtaow el &R) b kupptementedaathesm@dimhpreferably

in the range fsamiabepiR PRLGS/MIR.ALA0: 50 hyfrom abhout 0.0025 pg/mL
to about 0.100 ,/rrimL, most%refer_ably from aboufc o.oog% }Fnol?glt%{%@é%?é%%%b}r%fugﬁg[S)%lf(racrﬁsentation of

the base meditifFHPPRIARME2RIG AL SHIFRR IR AOPICR ATRERS aeids, rné Bopirrspidesinadization
Mannose-6-Rhabgliate isuinalepagrred aitie madioon preferably: ke rARas froRyapeHt 0.0005

‘'mg/mL to about CTGF (connective tissue growth factor) is a cysteine-rich,

.0500
matrix-associa e%,’oééglp}gﬂ%%-@%}?ﬁﬁvﬁr%{\gﬂﬁi.iﬁ‘?‘%/ﬂ‘bl}’@?@F:Mﬁfjr‘é}f% W{hé@ﬂéﬁé%mﬁi beta on
skin 30fibrobietivwsBEM s NETOTQLesEaaRlbIAr MAPTrRIeIEION HhemAlags proliferation and
integrin expr ;esci .OICS:TGJZ 8a_nﬁpromqte endoth(gslia cell growth, migration, adhesion and survival and
is thus implicated in endothenar call fuATHBR 3AE agiBGERualy B itselprdans pichaririugs
proteoglycartiwhishiiasdséernii caiveckéidsymaltimmchl tiagennd AMEs, phospholipid
2009/07972 numerous other, tissues, CT a implicated in extracellular
matrix r¥eg)mo Eﬁ%%%%%@ﬁ@ﬁ%gﬁasél%—:-nr%?ae?r?ééméﬁ(? ét%b?%rfﬁ%%rj\&%i?;g?%sa‘?@iygg&ble of
upregulating BéthAsitixnetaicmeteinasesngy/il Beyzhncedieir avidbisdyas (T B s): Ihetefare, CTGF
has the potegdial; ' esl radatjon of the extracellylar matrix. 5The
medium descrigelggﬁggggﬁog%gﬁ%%%ggrgﬁdag’sqgg%%}%aﬁlglbnv?ﬁgl%ﬁfv’e({/nésra,tﬂgg#gﬂIglgém Wderstood
that the comPRHeRElEr tr@pRBEERt | sirratyrbé nsspasdtand dssentléchusingréeaventional
methodologyeerpaiibleondimtieinanysical Bronetiasulbinwslion i1 aitHesubsiyte certain
compog ntsdg't rﬁlppropriate analogous or functignally equivalent acting agent for the purposes of
availabflity o éﬁ%ﬁ% Vaﬂﬁ?ﬁﬁﬂ)’&h@gﬁgé‘i%ﬂ’éﬁé%ﬁfh@té%wm&ﬁnbrgﬁ@mmfmwsrmay be
substituted witipged@mbinant or synthetic growth factors that have similar qualities and results when
used in the perfor n%e of th(?E invention. Media in accordance with the present invention are sterile.

Sterile components afe BSUGRTLTR i BPIEmaBis B ARMRPBEHT St BB etidregTatth as
filtration, aftéecldpsepatatiomnByopefiase plicupsosedu s vetaltised theayghaitthefallawing

complete tha Ty G SRR B0 Al ceriBONEHE BT FRRTE 26 CAit the exception o
nutrierdSsoukith tisati oa N beVEid Fsdat 73,Gnd RGO BkishlutiinnS are/propared atkQ fisaks@acentrations
listed aboveyf; sfagk iﬁgwgﬁt%ﬁ 'H&%M‘by Al eltgzgcr:ig. %ﬁjler media are known in the art such as those

disclosed in Ham and McKeehan, Methods in Enzymology, 58:44-93 (1979), or for other

appropriate chemically defined media, in Bottenstein et al., Methods in Enzymology,

58:94-109 (1979). In the preferred embodiment, the base medium is supplemented with the

30 following components known to the skilled artisan in animat cell culture: insulin,
transferrin, triiodothyronine (T3), and either or both ethanolamine and o-phosphoryl-
ethanolamine, wherein concentrations and substitutions for the supplements may be

determined by the skilled artisan.



20triiodothyronine (all from Sigma) is prepared as follows: triiodothyronine is initially dissolved in
absolute ethanol in 1N hydrochloric acid (HCI) at a 2:1 ratio. Insulin is dissolved in dilute HO
(approximat%q‘ﬂjm% transferrin is dissolved in water. The three are then mixed and diluted in
water to a 500X concentration. Ethanolamine and ophosphoryl-ethanolamiie 48288461788 in water to
500X concentration and are filter 25sterilized. Progesterone is dissolved in absolute ethanol and
diluted with water. Hydrocortisone is dissolved in absolute ethanol and diluted in phosphate buffered
saline (PBS). Selenfinitiszdissiodfecinluriter $0iaBRXocaneentirtinssend filtarstesiizebh EGF is
purchased stgyj is dissolved in PBS. Adeninge is difficult to dissalve but may he dissolved by any
number of mgt%g%s dir%ﬁ%@?ﬁ%%%%iﬁ@ ']'iﬁgt e({]a%re?%ges}lﬁ l%réfl‘f)ﬁﬁfﬁi Qﬁ%"a%f%‘ﬁ%%d i WErtain
components fAcdrderthaistbitidentidm pedfistioinanty aadiresantbededrivedoiiane eilherdwiian or

animal sourcggEoL m@lgng%gﬁagwﬁnd laumi e@% or.bovine serum albumin (BSA). may be
added for prolonged@forag’e to maintia n the ggt%%é%ﬁ?ﬁ %)gf%gnér%rn%)gnl é@%ggt%tegﬁesso?%mons.
Recombhantf8enisBERI0YTRIN have WO 2009/070720PCT/US2008/084952 been developed, such as

a human recombinagtsalhuihiued el SUBSHIHIBRISIRas QLBMINL B HOUNG serydgtved

forms is preferred. The medium can be either used immediately after prepara ion‘or,_store%ma% 4C.If
stored, EGF ShsIBRsebEsenitse-Uhe PeRdia Arepeitan spierdateadrsiagrodéibrivatinnlayer by the

culture of maiticpiadusinercaliaiithtiynedivn-isrsuppisne pregith addienal-apentsfhat promote

matrix synthesjs and.deposition by the cells. These supplemental agents are cell-compatible, defined
to a high degtféz'%f'tﬁlﬁfr and M@W%ﬁ%ﬁﬁﬁ%ﬁ%ﬁqﬁeth‘i‘éﬂimﬁi%@ﬁ@&b@@ﬂ%b’@Péi@@il-matrix
layer islemiektnatixpooegiefmadivnod] OTiospsepastibe matisarsyctonRedium, the base
medium is S(‘;DQQ\'?&QS% with ag scor tq dﬁ’f‘i%\ﬂlgﬂv such as sodium ascorbate, ascorbic acid, or

re oh Y

one of its mdre chémicany STEBIE e ative B BU eI SOR ISR Bt E<Rs salt
n-hydrate. Ascotbhitees iadddditedromptatetreystiation ot prolingyand searetioneh@rocollagen, a
soluble prec ited, collagen. molecules. Ascarbate has alsqg.heen shown to be an
15important%£§? g%ger%%?%%&%%pﬁé |16%§1P§%ecge%%?ﬁlé%geggﬁ%%%?f%%étﬁ’%\?@? ASERUPRG lator of
type | and tyfumedsitgenwsylsthosisivvh iecdiotomshiiog Lo IneHemenddnye tieorysist@pieraenting the
mediunpswith.gmi ids;ir ' ' is conserves.cellular energy by not requiring the
cells produceQtl%lilizjlgr(;%(rii(()3 %ﬂcrl}gl{sg %Qeqn%lgeeﬁ\f}gi?%r%gggg%éﬁno%é%%z%endtrbtigillcal 38%%?}e€fear?3§1%s 20they,
as well as thEtRdrafearetiheatmolnds: fvirekymdirmonditdpasic amino acids that make up the
structure of collagephe usd¥hilgenatigaiesdigmAtROdyclion mediym | de&QQfe%”éﬁS“pp'eme”ted

with a neutral p%ymer. The cell-matrix constructs of the invention may be produced without a neutral

polymer, butBESHbIWRHIREE Be oK Bicthdsr e plessnts. in théematisegbproduction medium

may collagehypekgissingeanddonasitan mes ansisigailyRewees sRMIRSHP R Breferred neutral
polym

Ois poléretth Iggg I CO%E)EG), which has been shown toﬁgéomote in vitroiprocessing of the
solublé prectif regr ?%%éﬁ dUEEE R EtR FRdRe: thamedeoireatconisdariTissue
culture gradeditfpenwithimdidomagaikemeninbesika0ia abRULARAGYIY (halesulanwgight), more
preferably b twe(ﬁﬂ abo %% gﬁog t% about 3700 MW%S preferred in the media of the invention.

Preferred P acongggrllt?a 1ORS Are P IROBTARHS 1RERRO & it B Ot At SReoHta=6B Ut 5% wiv or

less, preferablydatsbesed Btthoddhaternimit0b0alwte imetepiefasabliydiabras i BPaulsgi025% wiv to
about 0-2% yy et S RAR TP LRL AR, & QR B e L R e O e Ssing
25  chemically defined components derived from no non-human animal sources, the resultant
tissue construct is a defined human tissue construct. Synthetic or recombinant functional
equivalents may also be added 1o supplement chemically defined media within the purview
of the definition of chemically defined for use in the most preferred fabrication method.
Generally, one of skill in the art of cell culture will be able to determine suitable natural
30 human, human recombinant, or synthetic equivalents to commonly known animal
components to supplement the culture media of the invention without undue investigation
or experimentation. The advantages in using such a construct in the clinic is that the

concern of adventitious animal or cross-species virus contamination and infection is

“7.



WO 2009/070720PCT/US2008/084952 such dextran, preferably dextran T-40, or polyvinylpyrrolidone
(PVP), preferably in the range of 30,000-40,000 MW, may also be used at concentrations at about 5%
wi/v or less, %2&@%@2 ween about 0.01% w/v to about 0.5% wi/v, more preferably between about
0.025% w/v to about 0.2% wi/v, most preferably about 0.05% w/v. Other cell(lil§zeogesdEHand
cell-compatible agents that enhance collagen processing and deposition may be ascertained by the
skilled routineer in the art of mammalian cell culture. When the cell producing cells are confluent, and

the culture médiinisissuppiaaesiad w&mﬁ@mmmﬁég@t%%&Bﬁ@&ﬂ&ri&%@@@o%ﬁg%%ﬂ% n, or

organization, he;[;lhte ells are said tg% be stimulated to form a tissue-construct comprised of cehs and
matrix 10synthesized by e a nance pf e fesilisbsasceatP mdaddpeda detipresmrgiofitfoimulation
comprises: abakdcahnprisiogeRslbecco's Modified Eagle's Medium (DMEM) (high glucose
formulation, withouthliégfyt?rréine? su i!oleropented with either 4 mM L-glutamine or equivalent, 5 ng/ml
epidermal growth factor, 0.4 pgimi )}8? S PREEhiah RO RS HRING i RBIcesg amlamian
15phosphorytedidnotamiteobgigtm bénsfiting Engitible pasiessn, 2epviEiedethyiering, 6;78 ng/ml

selenium, 50; R i j /m1L-prolipe,.and 0.1 ug/m1 glycine. To the production
medium, othé?%{tggri%kg?’g%%[i&gﬁ %g%ﬁé@%yn (ée%%la/eg rtéaﬂget%%ﬁgéﬂfﬁeéﬁé]?et‘f?ewﬁaﬂﬁ'&’%{ﬁ%hnt, or

type of the extFREmIIaf Waslsabibits ¢ Thieke gigentsambyrinctudtdpahhepitecgranthafastons,
transcription fectIsA:iRergan ] I collagen.transcription. Examples of polypeptide
B N B B e R B

growth factors include transforming growth factor-beta 1 |ssu31% 28 Activator
(TPA), both GPWRTENCARY KRR FeAn bRetjiias lobllagersayhibesisREgholhet fire Johunahof Clinical

Investigationiskaika66ukPge (1967 Redesstaimiounal aldnvaslaaive Pematology, 100:549

(21993). An eﬁ? B%e%agf an inorganic salt that stimulates collagen production Is cerium. Shivakumar 25et

al., Journal o BRUER Esilinrerlansvgiorsadyizgoy fooeyial cotvatiovPES  An
extracellular peatidedrodiucingirelt ipedtonEse IndhR danenton %%&&%ﬁ%&%g&ﬁﬁo%ﬁﬁ%eism
eflu

producing and secreting e rgac llylar matrix components and organizing the 30extrac r matrix
e

components 0 Torm & PLEnaRe Mot THaR S eterab it aborbtrisefmb duehoytcéi type may
be cultured tpgiminaadeaibshpteteiabhsirubouCetls pslifferansp HesQhissds:agins may be cultured

togethar:as ' produce complementary componpents and structures similar to those found in

native ?lgsue%%%ﬁ%egﬁ%%%f;%ge%ﬁﬁﬁggﬂ%;“I‘—%E PRAERPIE the et thedmkansdgix-producing

cell type mayasdve @iy pes efisked vitheittofarddues] aypamauniobextiagellular matrix that is
&p

not normally produged, by the.fir ttﬁgll type. Alternatively, the extracellular matrix-producing cell type
may also be mixed with other ce typ%lsg(gua O e |%Iét&et%§1£ﬁé°§tr6r8fbi%§“iﬁsﬁ?éti%ﬁ?é%ut do not

5substantialf/ S uRs e ssenvelslifonvationtofithie nelitrix aspfeet fofthéneliumatix construct, such

as in certainggkinic@RsGS Al G, | hil extracellular. matrix-producing cell type
may bg usi% igﬁgccordance with fﬁ.g%ﬁ%ﬂﬁ%ﬁ q[ﬁgg 6%§§?§3 celrtyped 5 %é@@r&%‘?@ﬁ\%%on are

derived fron? e L ARAImE HelBre Bratarelarably gisbew e irablasts, stromal cells, and other
supporting 10connestivestisausiss s mostRseierhlyuman AsHrakiyeRiass? fQund in human dermis

hormone that is included in the medium to maintain rates of cell metabolism.
Triiodothyronine is supplemented to the medium at a concentration range between about

to about 400 pM, more preferably between about 2 to about 200 pM and most preferably at
25 about 20 pM.

Either or both ethanolamine and o-phosphoryl-ethanolamine, which are
phospholipids, are added whose function is an important precursor in the inositol pathway
and fatty acid metabolism. Supplementation of lipids that are normally found in serum is
necessary in a serum-free medium. Ethanolamine and o-phosphoryl-ethanolantine are

30 provided to media at a concentration range between about 107 to about 107 M, more

preferably at about 1 x 10™ M.



for the production of a human dermal construct. Fibroblast cells, generally, produce a number of
extracellular matrix proteins, primarily collagen. There are several types of collagens produced by
fibroblasts, NQW%@U‘%%?S | collagen is the most prevalent in vivo. Human fibroblast cell strains can be
derived from a number of sources, including, but not 15limited to neonate FfaléfG & &k rmis,
tendon, lung, umbilical cords, cartilage, urethra, comeal stroma, oral mucosa, and intestine. The
human cells may include but need not be limited to fibroblasts, but may include: smooth muscle cells,

chondrocytes and othesggionesivetisstieesiisrotipeseneymal Ruan: s pralssiade Rl Retyequired,
that the origircl) %f the matrix-tgrodugin celtl used in,the production of a tissue construct be derived
%8%1%?% P hAni

20from a tisstia B5ERITPR ! LRIy AR SR thg ebge & the
invention. WHhijelmobmiishingdehentcmdd byhitheane dermal fibroblasts such as those derived from
neonatal fibroblastsﬁ)%gcw}geoggglicgtieor?sﬁ%rwmos tissues in the bod .Beneﬁtféof neonatal dermal
fibroblasts is that they are believed to have PIastic qualtes meany AP TS S gsae of
transdifférengtioptyacaiddhtfefomehiypod didivvirsiaeé nhaPfanikizses belieyed dubensale,
biocompatibleg,and | =priVi induce reject the subject, Jr t referred
embodiment, ﬁbro%?gg{!t;lti&ggis {é%%ﬁ%’é?&%ﬁ@%gﬁéﬁ tﬁ%@glr%ﬂsﬁgﬁm%%%méa%ﬁgmggé ¢an be
used to proddbérierenbydroarsheone in adsvuiblionidiitredthisstibrobleabtse thethe emmroadlistientwhere a
corneal-consigelis naRiceh e mBoAEnG sl detieehiamgamsalsiggma. Cell donors

may 30 vary in development and age. Cells may be dérived from donor tissues of embryos, neonates,

or older indiiERSFEERATIRRAR T ietybAioprSBBRIRT talts sfiehoas MiseloHymaiateticells may

be useddn thegmveniianserriniycedvidifferntialepdsvelop i the desired tissue. WO
2009/070720PCT/US2008/084952 Although human cells are preferred for use in the invention, the

cells to be used in tREFHOIAT ORGP IEMRrE Fonaia i s BBlerakTIfmencigurssoCells from
other mammsdlanispegigsaneiidiiged bl BetubiRdeifoRUINEAAMNS RUEINS VYIRS HaRgoVINe
sources; or rgdent §pgci i&uﬂ] as.mo eﬁ%_rat may Ee used. In addition, cells that are
53pontaneouéaflyg,ec(i"1earncl’é1 Iy of vﬁ?aﬁR?Wa Sfect &Sy HES: naéﬁpc‘fgﬁé‘%r"gié)néﬂcally engineered cells
may also be used i hismiveatidri.-Etdnasei e pbedimeniméhaititeomeatamass thaaeascell type,
chimeric.mix al cells from. twa.or. more sources, such as a chimeric mixture of autologous
and aII%ene‘tT%gggl‘%gr%%(%?eegg norma gﬁ? Genaticalty %S%ﬁﬁtéo?ﬁ ?Hgﬁgféec% 8stts"ixtures of cells
derived frompaiffetehitissbls figor owjams thpesyidumicxtilenokcGlstafbak-oFPiGiseiBRIES or tissue

sources Myl aeoAAN ARG EIINSSIGRRYIB MIAbaued I producion o

the cell-matrix construct to Create a tissue construct that acts as a drug very ufl;\esubject
needing incré#sBRYdVEIs o iptetgraneeibiy iticls grtroanment withoaitiedrampaiimone cells may

produce andgglet iy BIRElR 1 OERILIRAUMPIRARL Sl RBREIS: dagryh factors, hormones
€n plologica

peptides or proteins for a continuous amount of time or as needed w ly, chemically, or

thermafly sighuiedaa & e AestsiibirprLchitae it FemReesuddetimitneratiepdhaivensadhtogene product
expression i8&%&3&@1@}%&@9Qﬂgéﬂg&fbﬁ'&@n'ﬁ%ﬁdﬁ@ipﬁ@ﬁt%mgiﬁ%k’&ﬁgnt.is?y{ﬁ&‘ﬂ Hdql,dong term

expression is desirable when the cultured tissue construct is implanted to déliver therapeutic products

to a subject foF A SR B b PR b o hRiasa e RO H T oehonE SsTeMignessired in
instances whesesthishchdtwest issUE2caNstBISdaG aftadainiasubipsthaning aweunduvhaes,the cells of

the cultured éﬁlﬁwﬁt‘wct are to promote normal or near-normal healing or to reduce scarification of
the wound site: Once the wound has healed, the gene products from the cultured tissue construct are

no longér needed dimeth fizlangectbes dprireciAtathersitec e iEGBMmayy alise he.genetically engineered
e, Plueinn o TSI R SR BRI LS A R S REN SR W S AR o el ot

in native form or recombinant form may be used. Human forms, native or recombinant, of

EGF are preferred for use in the medium when fabricating a skin equivalent containing no

non-human biological components. EGF is an optional component and may be provided at

30 aconcentration between about 1 to 15 ng/mL, more preferably between about 5 to 10
ng/mL.
Other supplements may also be added to the medium, such as one or more

prostaglandins, transforming growth factors (including transforming growth factors alpha or

-9.



some way to make a graft device comprising extracellular matrix and living cells that is therapeutically
advantageous for improved wound healing, facilitated or directed neovascularization, or minimized
scar or keloigv@%gﬁq& a'hese procedures are generally 30known in the art, and are described in
Sambrook et al, Molecular Cloning, A Laboratory Manual, Cold Spring HarboFBree&8H& Spring
Harbor, NY (1989), incorporated herein by reference. All of the above-mentioned types of cells are
included within the definition of a "matrix-producing cell" as used in this invention. WO

2009/070720RET,/kIS2008/08 40520 facThe Y ominaat veaiane waselldapmatigcpgponent
produced by fibr%glsaatﬁ Iﬁ];! iIItarl%% gen, p\z;lét',[g:ularl 3glla n type I. Fibrillar collagen is a key
component in the cell-matie Stuctur PREWEY ,lﬂ’ﬁgo (578N is not to be limited to matrices
comprised of only thiegrgleidiorhriteiR,ipechaninstaneehotbsscolipganshath fbsilanasd non-
Sfibrillar coll . miy such as collage es I, 1L, 1V, .V, VI, VI, VIII, IX, X, XI, XII,
XIIl, XIV, XV, X@Ié%%{%i éﬂ %ﬁ?@%?,ﬂéﬁm% eer?qs%é)stﬁgfﬂ’}n‘an;%%&@??ﬁﬁ FRBSB AP SEed By use of
the appréprigtéisallieypwnsinnierisgiotidér Fatnthprolemsghicts ednbepyortisabegbehdepasifed using
the current meshac frglydesbihare ol iniledinelasitrproieaoiicans syehas,dacer s pialycan; or
glycoproteins such as 10tenascin; vitronectin; fibronectin; arr¥|n|n, ?hror%ebosponc‘ﬁn I;an

glycosamino§/Eiino@bae P S66radHyanasmeciur Hom aboashielad rementiorediceN Tpes may be
used to produgahenseli-prstixef %ﬂ%‘ﬁ%ﬁ’éi@@o@ﬁy?'?ﬂm/ @'éﬁ%ﬁ?cﬂ%%’?@?&ﬂ)’ R AN

compositions_of the invention where one or more cell-matrix sheets, in living, devitalized, or
deceIIuIarize@%ﬂ%r@l%?ﬁﬁﬁﬁmwé“(,téﬁsﬁéﬁvé?‘;/ device. These cell types may be delivered in
contactiwith the cell-matrix of the invention to a site in a subject needing functional cells or cell
products. As the cell-matrix ,compositi%%si of the invention comprise collagen and collagen is a natural

substrate for cell adHBRIGH SR VIS PR ARMARY Gtidrs Pedre kit masmrhaspduribselSs the
cell-matrix camplostionigtaisandandieabeiitall0wsfasselivery of dkRg2Pealieandrasts asiameans for
keeping the cells local to t livery site, Ill, CULTURE CONDITIONS AND METHODS The system
for the produgc;%:[isic(})srtw)}"}(’)lﬁa?ﬁe{l)-l Cell-matiix é}?é‘fl%g% el %Cﬁ%g’i?ég&blé%?ee?%‘}ﬂé?%‘b@ﬁﬁﬁgﬁ(ﬁﬁé%ns to the
culture medi& elertdintelanictbforE6& Rgdphstithes2RID(RIN gegialksNpisisilayer EaMETeIN vivo
forces.{Ehe ica f I timuli may result jn desirable properties, e.g., increased
strengtlhs as%%gn%%%@gb%@%%%cg&ﬁéﬁiﬂ r‘? YRS g%%%r%ﬂﬁé%é%? 9 édfﬁ?ﬁpi%)%st}ffa 4 relatively
motionless é@&émmma%%@wmm@mm prhergthpimedipin ihingwotian:Eiepidsfusion of
medium affesti AN LG, GRYE 98 AVIMENUS he SRvBloRmant of e maur layer, Perfusion

means 30 include, but are not limited to:"using a Mmagnetic stirbar or motorize u'le)%ferrl%nﬁwe culture

dish subjacefithatewhLR0gjaesnt to thosub b semhimrrreoresiribly thentalione(mehthrame.to stir the

medium; pureRiBeLATEsEYEMithindRt frreuah $he.cHlee gish o shamhss, 08y, agirmting the culture
dish on a shaking or rotating platform; or rolling, if produced in"a roller WO
2009 /%720PCT/[§%@§?@§&7@§2}£ the base medium with keratinocyte growth factor 5 pg/mL may

be used to support epidermalization. Keratinocyte growth factor (KGF) is supplemented to
the medium preferably in the range from about 0.001 pg/mL to about 0.150 pug/mL, more
preferably from abhout 0.0025 ug/mL to about 0.100 pg/mL, most preferably from about
0.005 pg/mL to about 0.015 pug/ml.

25 Supplementation of the base medium with mannose-6-phosphate (M6P) may be
used to support epidermalization Mannose-6-Phosphate is supplemented to the medium
preferably in the range from about 0.0005 mg/mL to about 0.0500 mg/mL.

CTGF (connective tissue growth factor) is a cysteine-rich, matrix-associated,
heparin-binding protein. In vitro, CTGF mirrors some of the effects of TGF beta on skin

30 fibroblasts, such as stimulation of extracellular matrix production, chemotaxis, proliferation
and integrin expression. CTGF can promote endothelial cell growth, migration, adhesion
and survival and is thus implicated in endothelial cell function and angiogenesis, CTGF

binds to perlecan, a proteoglycan which has been localised in synovium, cartilage and
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bottle. Other perfusion means can be determined by one skilled in the art for use in the method of the
invention. Other mechanical forces may be exerted by pulsing, flexing, undulating or stretching of the
porous memgﬁr@% Sl(}jd? 9culture. The cultures are maintained in an incubator to ensure sufficient
environmental 5conditions of controlled temperature, humidity, and gas miXttiFéUr0eResdasture of cells.
Preferred conditions are between about 34C to about 38 "C, more preferably 37 1C with an
atmosphere between about 5-10 1% CO2 and a relative humidity (Rh) between about 80-90%. One of
skill in the artmayreasindeissminecnyropmaniskapndilens hasmmbenBds autauide the

aforementioned er&vglreo?menti%ggndltlons depending on the cells 10being cultured or the step of

culture being perormad BTSSR B9 PEGbIREPROMOFRSSEs illif SRR wof brenswiwing

temperature, ithamdrbumiditiopuckias«dNngrepdioghdhe:seaeing ohaddjtionalesils carathgr
treatment witg_%:‘goqgtﬁra@%lg o ‘;Qte gutlttl es or their ‘%tali y to form a cell-matrix sheet, In the preferred
embodiment, the cell-mairix construct is a dBME B AreEwiMed PsPddRiRMmHiHSts and their

secretedmatrix. Prefeeabbditruniasarteraablibieliasisigreresedd desiedrasHeinan srlisdiom dermis

or more prefegahly from 38@%' ed or subcultured from established cell stocks or banks that
have been screened against \%3%?5 %ca%l%léjr?a eon %‘?ﬁéﬁ%‘?ﬁ‘%ﬁ&%&%m D RIEPEEIREre cultured

under sufﬁcie%ﬁ%hmi@ﬁggwgrmtmmémgﬂm@bgummte witlifesatehigian ppiyapeate pumber for
seeding the 20gellsdethe gt e substiate &@tmpl‘ﬁ&n?ah%gl 18 1%(%Il-matrlx co?es%rgagt. Alternatively, cells

from frozen cell stocks may be seeded directly to the Ure subsirater “PrERERLRELRE cell
numbers havB iEERBht&HeR srips ire peivclord opitssescfaontbtalsyitabietoliyrendurface and

cultured mindet a@mgwm@ﬁrwﬁbrmgﬂeﬂé%ﬁ%{gg&m&&&%ﬁ%%ig%ﬁ Qlsels; i&theo%%f&%‘?d

embodiment, the c%@are seeded on agorous, Smembrane that is submerged to affow medtum
contact from Yo BERAABTRY Bdporihet ki gimike perlidcarnadisovisswilivicosddn disove on the top
surface of thewé&ihealityefBreferaiiyncells are suspended in either base or growth media and are

seeded on the cell f}hjlt(gre surface at a density between about 1 x 105 cells/cm2 to about 6.6 x 105
cellsicm2, more preterably BESARCEBEH B%PresHdnsrationsrasistiles. Sirloseanensnioaemd most

30preferablybanghouttior HaBacedsteriz {gebs patisauarosantineienaiea ghig syrface). Cultures
re cultured to between about 80% to 100%

are cultured | t dium to establish.the culture and a )

confluerlrlf(r:e af%@ﬁgi%%l%nznf t ‘Cifr 3?%"?%1%%1’888‘1 gﬁ%srr‘ﬁ(%ﬁlflsﬁ %ﬁ%‘fﬁjﬁ?}ﬁ the fRllaring Fxamales production
medium in oFfdE apddgiifaectfisstsyntivasid antltbedrétiodual YW 2008/ 20T 2R TIWYS2008/084952
extracellular matix.| a h cells.are seeded directly in matrix production medium at at
least 80% coanu%ﬁgeﬁg%ﬁégﬁrﬁ%tgﬁ%?ég%%{%%Sffr@é’?r]g?ﬁl?ﬁ% BESIE rsrli%rﬁ%ﬁﬁ 6 tHe prdtiteion
medium but RECRIRTRH SY it reguirdbaipndrestetingt deititiel sidighehseeding gapsidesachieve a

level of supesppsnflHgNcRcBAeanNg atibesellsiars seeded at Sover.100% confluence up to about
900% ggnfluence, including in the range of%b()ut 300%%2“388[?? é‘b%%}g* t%%?lggeerﬁ%}f hen seeded at

super-EanfluSHeES trE giBwM HIE S Brelis gy seiss fothemeniibratie isiypassedeind the cells are
seeded in theigBaldd BT QBsLRNMAHILA 1N AREEIRSIRIMATIERradueyon At the time of seeding.
PUING e R ol T fute HOT (appromaraly 0.1 kad anskorsin o diseolond mvweter. Th
. The
 three are then mixed and diluted in water to a 500X concentration. Ethanolamine and o-
phosphoryl-ethanolamine are dissolved in water to 500X concentration and are filter
25 sterilized. Progesterone is dissolved in absolute ethanol and diluted with water.
Hydrocortisone is dissolved in absolute ethanol and diluted in phosphate buffered saline
(PBS). Selenium is dissolved in water to 500X concentration and filter sterilized. EGF is
purchased sterile and is dissolved in PBS. Adenine is difficult to dissobfe but may be
dissolved by any number of methods known to those skilled in the art. Serum albumin may
30 be added to certain components in order fo stabilize them in solution and are presently
derived from either human or animal sources. For example, human serum albumin (HSA)

or bovine serum albumin (BSA) may be added for prolonged storage to maintain the

activity of the progesterone and EGF stock solutions. Recomtbinant forms of albumin have
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10 the secreted matrix molecules to form a three dimensional tissue-like structure but do not exhibit
significant contractile forces to cause the fanning cell-matrix construct to contract and peel itself from
the culture SWQ?E@%E@(;M%W& exchanges are made every two to three days with fresh matrix production
medium and with time, the secreted matrix increases in thickness and orgdifiZ&iA408#fe%me
necessary for creating a cell-matrix construct is 15dependent on the initial seeding density, the cell
type, the age of the cell line, and the ability of the cell line to synthesize and secrete matrix

components, ddtedelislypiarsed 40e eat-m altnaanstiutbuRl NaminRtoRAavERlk digkpess due to
the fibrous mgtrixagrod&ﬁed and orgr;@niz%jlé)y the cells; they are not ordinarily confluent or overly
ar v A

confluent cell CunturégWiere TR HaIkE TGOS eitsre eI dFR PerHB%iRKSds quality gives

20the construotsiediaadjveitis pugrileti propariest unlike ominarycHtreshegaussthesresist physical
damage, sucthg%ﬁgrip%or cracking, with routine handling in a clinical setting. In the fabrication of a
cultured cell-matrix Sheét from dermal fibroblasts to form a dermal construct, the cells will form an
organizedl matrix aréuntithériselvés onltsatet byktibe terfataprefatably-pideast @baud 3@ microns in
thickness or moge, MRS Rreferably hetween 2oabout 60,to about 120 microns thick across the surface
of the membrane, ,h.owevglg, thicknesses %%E\}Eo%%ea %ﬁgﬁlﬁé TS By MiEr8is and are suitable
for use in testifRpeitienivdhapplicalibess wirplenseshl gesaterthickhesspstiie, defdeiiod gL TURE
SUBSTRATE30The mpatix RPauciag SelbiRamilied ima vestalsuilakle foranimal cell or lissue
culture, such as a_culturetglfi‘sh, flask, or rpller-bo.ttte,,whi}(%] aﬁﬁs?&gﬁ%ﬁg %ﬁﬁgﬁ%rﬁl%lp %%I matix
three-dimensi¥FAI&RES ke et caraprdisal growth surfaces on which the cells can be grown
can be aqy biologicalymeegnpatiblamateriatiaivhishimcallsuanAdiereiaoth W ented with
2009/070720PCT/US2008/084952 provide an anchoring means for the cell- g'[I’IX construct to form.
Materials sudii AX°GTR8E: deHirmidbus sunkets sefrrerecorearints by asibonats poijpstieene, polyvinyl
chloride, polytiyliciehest ey dimethvisioxane  fluakeprivaieshapsilrnatedsthyiens prapylene; and

silicon substrﬁlggs ,Ointcludilag ?sed silica, polysilicon, or silicon crystals may be used as "5 a cell growth
surfaces. Thé coll GrSwiR SR RIHRAFRY oy i o eFRERliRe B ASATEH AR Sd Rego Bagemistatically

oWt
charged, or coatblt withubiologidape sitedhralsapelyntdysitiesor neptitesh ARy amRlerfa Replids coating

is ROD;,pepti ile the tissue construct of the invention may be grown on a solid cell growth

18€P ! g
surface, a céﬁ%ﬁov&ﬁ cs}f?r jgre Wi Osp{c])%ggs A %%Ie rr%eﬁfé%%eor&%]ef&ﬁg%%ﬁ%’m}é”ﬁffﬁces of 10the
membrane teRitaw Hitatdrapedrtattypktie cvlddiems yattasi dleveloping tissue construct or for contact
from only below theygifure is Ryefs ..Bilateral contact allows medium to contact both the top and
bottom surfaces of the deyelogﬁﬂﬁg%crﬁlgr%g?r?éﬁg%gg %ghgyﬁcyg%?n%ﬁ%ﬂgulﬁ%gi &5'8%posure to
the nutrients®éHtaivelyed taemiedismhvseinomsence atdaleontagomyntiedqotton thé thélforming
cuttured tissygoaasituchsp il denioR SvEROPIAYARRS PXRAARCIA BlLA% 1 Mg develgpment of a

cultured skin construct. The preferred culture vessel is one that utilizes™a carrier or CUIRUrE insert, a
culturefeatdifpetinielbs e hderslrrimpsipednchironehhnds e dpendadrin abdculture
vessel contajiang: akedisiMe Eirpitalystbsimembrane is secured to one end of a tubular member or

framework that is i%%r}ed within_and jnterfaces with a base, such as a petri or culture dish that can be
covered ile not required, the matrix-production medium is optionally supplemented with

a neutral polymer. The cell-matrix constructs of the invention may be produced without a
neutral polymer, but again not wishing to be bound by theory, its presence in the matrix

25 production medium may collagen processing and deposition more consistently between
samples. One preferred neutral polymer is polyethylene glycol {PEG), which has been
shown to promote in vitro processing of the soluble precursor procollagen produced by the
cultured cells to matrix deposited collagen. Tissue culture grade PEG within the range
between about 1000 to about 4000 MW (molecular weight), more preferably between about

30 3400 to about 3700 MW is preferred in the media of the invention. Preferred PEG
concentrations are for use in the method may be at concentrations at about 5% w/v or less,
preferably about 0.01% w/v to about 0.5% w/v, more preferably between about 0.025% w/v
to about 0.2% w/v, most preferably about 0.05% w/v. Other culture grade neutral polymers
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20with a lid. Culture vessels incorporating a carrier insert with a porous membrane are known in the
art and are preferred for carrying out the invention and are described in a number United States
Patents in tha,g%%a%g@%oof which have been made commercially available, including for instance:
5,766,937, 5,466,602, 5,366,893, 5,358,871, 5,215,920, 5,026,649, 4,871,694/ S B08/H4%2the
disclosures of which are incorporated herein. When these types 250f culture vessels are employed,
the tissue-construct is produced on one surface of the membrane, preferably the top, upwardly facing

surface and thechulturens mefirsigdibitesiimedia Q51,RMGIRR-aNELROHOP SWHGERS 1 henpores in the

growth surface altlaovH(ar e media for providing nutrients to the underside of the

f cultu .
culture througrﬁnl%eomeﬁ@l@%@@ﬁ%&%ﬁéﬁ%’%@ﬁ@@%@%ﬁﬂ oA BRIy ORE kefe. bottom
side. A 30prefesfedippresizensians tttissmallBootgbthall dees petaloy fanihe arwth of cells

through the ne, yetlar pough to allow for free passage of nutrients contained in culture
medium to the%%gt}tr/grﬁ gg?fé%%‘%%t%éoc%%iangl%&rggﬂ%?ﬁrﬁ&, %ﬁc%ogs/ ‘b‘ﬁf’/ Xa&ﬁéﬁcﬁgtmpﬁr&éﬁlﬁed pore
sizes are>abaidiesE-toapihicagas bt ange etnkarapout&ihg\WH deposition may be
2009/070720REHRAGQBM084982: MIGEADS, 10 Ahout 3.microns, more preferably between about 0.2
microns to about 1 micron angi most pr_ei?lgrgéﬁ?y%%%ﬁtoa ictoR1S gk%ﬁﬁ%% micron sized pores are
employed. In the ca¥det Hrpelhriedural i bedbkistsonfsamiosbrbéentidrenateliiahis polycarbonate
having a porg.§igRisheiean abostR4:e,a00u0:0 i 9@?3&%5%%%(}%5{‘ POLE Size depends not 5

only on the size of the cell but also the ability of the cell to alter its shape and pas zﬁ%Iroug ‘the
membrane. [H1§ fHpPGHaMithis: tastiasiatdite fomstiivuadvargsbotmepsisehetdells doésmnbincorporate
or envelop thg shbsirate genitds sgnovable from it such as by peeling with minimal force. The size and
shape of the tissue ¢onstruct formed is dictated by the size of the vessel surface or membrane on
which it grown. Substfi gfﬁném@m%aﬁf&f{%mmmwm@mm tvigh rounded
corner anglespmpiisegiialysbanedodiidasaissmad s befiar pheaniawsd asadnald,to produce a

shaped constryct to interface with a wound or mimic the physical structure of native tissue. To account
for greater Slﬁ#aﬁ?él?aff' ?g%ﬁﬁ\g 5?8&%‘@8&%’% ,%&%&rﬂ%ﬁ%@@%ﬂ% Sie SdEdeting e surface

and a greateepidtumg gfowdtifaciemeddeio isufficientlyhathe antivieutish theacellsy 15¥Mhen the
cell-matex-based tissye construct is finally formed, jt is removed by peeling from the membrane
substraftg be%'%roeS %}}% ing 158 gll%rjlgtg. K g}rx'}ﬁrésr&ﬁnéé@/@%llltfﬁﬁﬁq?‘@oﬁgt? {EoraiRYRwE N do not
rely on synttfeii8 ug/bibselsoibabid membiers:forbsuahidas.2 meshmewiber fan RimaianAdpesh
member is og}a@ggﬁ)%‘:a%ov@e& a korﬁérorha felt ateri?I. In systems where a mesh member is
20employed, the cells are Cultired G the RUGERACARTE AR BByt At €ithe SHERRMRIN the
interstices ofife freatitteemelop antincdiherateatdimeshavithisdieedultited dissuseanstruct. The

final construgt founed; gthods.that incorporate such a mesh rely on it for physical support and for
bulk. Examples of c%ng?{é’g? tis_s%% cor?s%%%%’s%ﬁ%%crr 5 y%%@f/tr? é)trlénr%ﬁﬂlﬁ% } tgr'épéﬁfeg?gﬂﬁd in U.S.
PatentAumbele s sanrerpion 4 3 v 255 26bMa0i B, 082150 & ok 63188 toaNdughiten, et al. IV .
CHEMICAL MORIFIEATINS (ror-TharPIRlGanaiue R 8L Ianianars eiher devitalized,
to terminate the cells, or decellularized to remove the cell§, depending upan heiruitimaté Gse in

treating a 30SIBEJC ¥NEREHHralinest prettisvienfaeinmebel dévitalil ef@imed dtivtariaddmither on the
79:1285-1288 (1987); Pardes et al., Journal of Investigative Dermatology, 100:549 (1993).

An example of an inorganic salt that stimulates collagen production 1s certum. Shivakumar

25  etal, Journal of Molecular and Cellular Cardiology 24:775-780 (1992).

IL. CELL TYPES

An extracellular matrix-producing cell type for use in the invention may be any cell
type capable of producing and secreting extracetlular matrix components and organizing the
30 extracellular matrix components to form a cell-matrix construct. More than one
extracellular matrix-producing cell type may be cultured to form a cell-matrix construct.
Cells of different cell types or tissue origins may be cultured together as a mixture to

produce complementary components and structures similar to those found in native tissues.
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membrane of the culture insert or it may first be removed from it. As the culture insert suspends the
cell-matrix in the dish to allow bilateral contact with culture medium, the WO
2009/07072%’&T‘{3H/§@Q[9(§/084952 bilateral contact maybe leveraged when the cell-matrix is treated
using a chemlca% evitalizing or decellularizing agent or when the cell-matrBCEGHRUR/084982ied using
air, light or irradiation. The culture insert is conveniently removable from the culture apparatus so it
may be transferred to a different vessel where it may be subjected to or contacted with 5a devitalizing

or decellularifingeagente, the Tondevialkizersells fod el DA YTOSANHIOSHINAIE LI Nt Lgmove, the

cells, to form‘g.i%%ilivinaqicell-matrix. Th constrﬁcts of the invention may be devitalized, in other

words, the matrix-producing ColEREPTH G SHE U HRY R R RatRaemaly Aadiceddmigenents to
form the cell-finsitrisdcopstrddtsraze elsminatedawbnanr thetgelis-adeciienminaiad. fhay remain in the

B e e i
dehydrafing PefiHE N oTdmtcttthramovl fitrorsubstahtiathiiallspbthermeistura.iirthe construct,
Means for regaviR@MAISIUEE,aste GERYIRNIY Ak by reeging or by freeze-drying. To

15dehydrate the construct by air-drying, culture medium is removed from the vessel in which the
cell-matrix construct 81} 488 aitrepluda mpizixiprodnsmg ol isimply pliowed to debydiiate foma

sufficient timﬂﬂ@iﬁ“ﬁﬁﬁ?tﬁ&ﬁ%ﬁ@r@é@-CQ?%@E%PBSEQH%@QE&&%;X nirgr%edrgis 85 E%n erature and relative
ove

humidity. Preferred dehydration temperatures range from a reezing {levmpera ure up to the
denaturation TEHTPERERIe Yol tonaat Athypreasufibmblastadifersitallscanimitigralppiriatey, or

"DSCin theweitmadrissaansiiicis or samblo mtweshahu, 060,404 S0 AMpr preferred
dehydration %gr?ﬁ)erat%rg is al‘r%bient room temperature, about 18C to about 22C. ge?atlve umidity

values that ars [OWEP LEHYTRE PGB o8Bt o5ty kb biRrabist arlspesneredly; bdeser, relative

humidities compbeatifexoaretimanunaititprbeine orahomt L0 2h 1,akomt Mé&‘aﬂ};ﬁé@ Iso preferred.
When 25deh%(§f%t}iaon i§0 und&:gtewl%q?/g iair-dr ing at ambient room temperature and humidity, the cell-
matrix construct il Have sbodt 1098 bt rsh WRT hicilasa. is e saost Reverions invrien. air-drying

the cell-matrikisemsfitrotsiast tiedl sention, rodes ey @k MRisiuEe 45 siaiaedJodieerardnt the
constrygt, algo,ieHMed.. [lization”, the cell-matrix is frozen and then placed in a vacuum
environment to removg%%%r%%?ﬁé? §/%p§1r%|lﬁ§1§tioeﬁ} ?8%%%@53?1%@%@7}9%%& f¥fE%eonstructs
disclosed in tAEGHesENIn o) tiovr ssrs lath antbitilog i Cledntivity af multiplegiowshiasiorswithin the
constructs resmaity wniniestrRieds, NN ASRES Qnedayer cell-matrix constructs can be taken straight
out of culture and frozen at -80C, an%ophﬁzeﬁ)\?éﬁrﬁlguﬁﬁ ShEn 2% Detvs e BB about 15
hours, or lorfBRSHY ¥hBiReT edpeitmssentayare iR 3010 PoTa0RICHUSLO0RIERY 852 thell-matrix

constructs caigliisihBcaighiedionaRRULaI gAY, ;ﬁﬂgu%HQﬁ%‘E‘d‘%{%PXefé%ﬁ?u%‘tt HS0G, ad
lyophilized oiernlght, such as between about 6 to about 15 hours, or longer. ,&)ﬁer q’rymg in

ambiefit condTOAL GRS b ryitty cavarblerhatrici &t irnieaing thsoil retainm dbvitalifed cells

and cell remhadiscigephiatopcanaisedmead arallies. adifterant hanigse (At may esult when

dehydrating under ambient conditions. Such
y 94ATEl f}rom neonatzﬂc%llhroblasts have wide application for most tissues in the body.

Benefits of neonatal dermal fibroblasts is that they are believed to have plastic qualities,
meaning that they are capable of transdifferentiation; are ideal for an hypoxic environment;

25 and, are believed to be safe, biocompatible, and immuno-privileged as to not induce
rejection by the subject. In another preferred embodiment, fibroblasts isolated by
microdissection from the dermal papilla of hair follicles can be used to produce the matrix
alone or in association with other fibroblasts. In the embodiment where a corneal-construct
is produced, the matrix-producing cell is derived from corneal stroma. Cell donors may

30 vary in development and age. Cells may be derived from donor tissues of embryos,
neonates, or older individuals including adults. Embryonic progenitor cells such as

mesenchymal stem cells may be used in the invention and induced to differentiate to

develop into the desired tissue.
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gualities, in one embodiment, exhibits a more porous and open fibrous matrix structure. Chemical
means may also be employed to devitalize the cells in the cell-matrix construct. Water to osmotically
terminate th%,%eﬂ%m used. Cell-matrix constructs are immersed in sterile, pure water for a time
sufficient to allow tor ?lé)(/potonic swelling to cause 10the cells to lyse. After H%T?,‘é%gl?/@%?% cell-matrix
is devitalized but still retains devitalized cells and cell remnants. When water is used, it may also be
mixed with other substances such as peracetic acid or hydrogen peroxide, or salts, or a combination

thereof For examplesishdefitalizing colutienyeéeesadetioscid heiwesnabam 050 10 @kayt 3% Vv/v in
water may b%h%sn%gthggigf evitalizipg aé%ent may. also be bl#fered or contain a high salt 15concentration
to prevent excessive swelling of the ¢ ?rﬂ%&}&w 19 ESHR Y RN Saffeces- & S8sEnts and

organic solvemtsahationsperags iechiskogabul evititizied @genimi) theteyesiion, QraganiasOents are
capable of digplacing th ter in a cell-matrix construct to tat'innate, therefore, deyitalize the cells in
the cell-matrix. Pre ’e%éé%%g t egpoercé%snslgcéoal\slglnotug?noﬁlcr)%?e%a P ABHE e%@ﬁ?grltfg%r‘fg é’ﬁfé’g es no
residueswheipentapdoisiz0rbendveltyfro ittty consfeuct Brefesreiongarits solyantsciitiude alcohols,

such as ethyLalgahplmeio &/calob a0ckisaRiaPYlalspliolsar agsione, et g pprpose of lusiration,

cell-matrix constructs are immérsed In sterile ethy | for a'time sufficien ISplace water in the

cell-matrix coRStfReiaG A eI an e b bire. ThisesHmixtrisceohstmuets catts then remavadrrom the
ethyl alcohol @ne-them axnoseriieal fokalime sulficisnt EQ@HRME%%'E%&BS%&%{&‘Q?@&%EO' in the
ze

cell-matrix construct to evaporate. After evaporation of solvent, the cell-matrix 1s devitali ut still

retains the d&UgrPetcelNdrited Prdrarsirricd At abeimsafiscls deryeidten Gffesniiésans to
devitalize theseefisainglpele suibieating tre aalbmalsixGABRIYEIS oK HavoB LRt 0 irradiation.

These means may he used in conjunctjon with 30hypotonic swelling of the cell-matrix construct with
water, or other che F@gf%é%%r%qﬁmﬁ?w]ﬁﬂ S e ARy saddnas prgdneianof theo
decellularize @lbetatriatcbnafibeinentonineansarienieuethe.sallefoomiihe walldnairix such that
cells, cell remnants are removed fr f“ the %ell-mgl':riﬁ 0 reiilult ina WO . ,
2009/070720‘3@8‘1C %B%)B&T@é?oe%‘{%sc% BRSBTS h B2ERS tha B ro e HticThe
cell-matrix cdristretisnofitipecthvertidniatiayrbe tieceljdarlizetheigrothecoysbisnthel Magkixdaroducing cells
that praduce tracellular matrix.components to form a the cell-matrix constructs are
removgg fro%@%ﬁ%ﬁ%ﬁggﬁé%ﬁ(ﬂgsﬁ %ﬁ%{@gflgra?gtreenrlﬁ’o%a,cgnég -%l%?rﬂoélﬁ&%gtélﬁwgﬁf5produced by
cultured cellg¢edreheairpingselifiothanosd ceaiighbmdbyrmetdteOhe preferretiitieth pefont
decellularizi - ! ' ' ries.of.chemical treatments to
remove the gglﬂlgg%ﬁ%gmahﬁggf&sq %%%B}:e%gﬁglé %é%%%g%ggggégé%ﬁnﬁﬁgrs o n?boﬁ%egneﬁn 2and
non-elastinoH¥ & ECBHRIIAR sidipcebrpbHamesomafatso lbw gdpmovedissvotdus desinthetidagents and

methods usegddeuttarsl!tianz 8enkirGaY-MBiibticd QoGRS IS PUER AR AHYCRREUGIR oct for an

glycoszzwino lycans, proteoglycans, lipids, and other non-collagenous proteins. The removal of cells
and noh=coll5yERGEPEHE ﬁlgﬁsm%rﬁﬁﬁaﬁ%m@%?ﬁ%%ﬁm Viehpsapceechesgrix that is
acellular andigomipiisddighalbonsubsiagtiatiaal collBgermwith SOmelesset aAmauR fglastin. The

cell-matrix con ﬁ?u ttjs first tretated bg/ contacting it with an effective amount of 15chelating agent,
preferably pRySiologieany QRERE 1658 mrSRa P ISt &g orpskhealing or to reduce

scarification of the wound site. Once the wound has healed, the gene products from the
cultured tissue construct are no longer needed or may no longer be desired at the site. Cells
25 may also be genetically engineered to express proteins or different types of extraceliular
matrix components which are either ‘normal’ but expressed at high levels or modified in
some way to make a graft device comprising extracellular matrix and living cells that is
therapeutically advantageous for improved wound healing, facilitated or directed
neovascularization, or minimized scar or keloid formation. These procedures are generally
30 known in the art, and are described in Sambrook et al, Molecular Cloning, A Laboratory
Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY (1989), incorporated herein by
reference. All of the above-mentioned types of cells are included within the definition of a

“matrix-producing cell” as used in this invention.
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cell- matrix. Chelating agents enhance removal of cells, cell debris and basement membrane
structures from the matrix by reducing divalent cation concentration. Alkaline treatment dissociates
glycoproteinw%@%ggﬁ%minoglycans from the collagenous tissue and saponifies lipids. Chelating
agents known In the art which may be used include, but are 20not limited t8CT/US2008/084952
ethylenediaminetetraacetic acid (EDTA) and ethylenebis(oxyethylenitrilo)tetraacetic acid (EGTA).
EDTA is a preferred chelating agent and may be made more alkaline by the addition of sodium

hydroxide (NaOH), qalesettimdimdaenfonilari2]1aeelia 6arbenaleQrogiea Beraxiga.EDIA or

EGTA conce [a 1,(\%? isI referablg betg{een about Ito about 200 mM; more preferably between about 50
to about 25150 T, FRoaE Bra¥Er NP A SOHASS SRebd i K cepeen it e KirasomneTsrstar disly

between aboutid:@6titosabaute] Mvaerethieieraitybrinaen RbPMI OO0 11R2RQub 8Os M;Jmost
preferably ab(g%ﬁqh(i)l I}‘Atgllt%?r a(; aline orr?aslc agents ?gn l:f)g determined by one of skill in the art to
bring the pH of the cHelating Soluton Wittin the EREEtE LS IBRFISRAL FRATMAPEMBY the basic
chelating soldthgiilsherildgbe firefehalsly betwéenibhauh 8sandiakaut 3612, Ltmoye preferably between

about 11.1 toiaipow, 14 e{nias ferr, ' ll-matrix is contacted with a
solution of 1%"0%,&%%‘?&%%%@ ngﬁ%gww%{}rﬁg%% Eaﬁé?éﬁaﬁﬁgfeé’r%@% immersion
in the alkalinélgnéfiigaybe ZodwoT by 20PC THy 820081084252 age imhils mateaffeetive treatment
is obtained by, grmtle.agitationQf therconstiy lytion together for a time far the treatment
step to be ef ejctjve. The cell-gnngrix is thecée%ggég@%%\%%egﬁrg#ec |§3/%1%dr?11%632r1§% gg Fcn%lution,

preferably comiifthiy &8t Retroaxeavsnelisy gregsimavhighytns regovapotSatyoprateins and

glycosaminoglysans anieltas invhsdamonakal ansRlcaeHSPIOIEIRS BofudRie Acids such as
DNA and RN,% Sglt treatment controls swelling of the collagenous matrix during acid treatment and is

involved with \ECBES Sl ERAD Bristéid )and proteoglycans from the collagenous matrix. Acid
solutions known in thethstamesniatised ssldppay inslude Lut@ranallimited fohydtoghipric acid (HC1),
acetic acid 11(?](‘,CH3CO,E H) andﬂsui%gfﬁ?cid (H2S04). A preferred acid is hydrochloric acid (HCI) at a
concentration Prafsrabiy HaeEs W%%LQGBEF@W@H&@%%FHW petivdarcabeut 0.75 to
about 1.25 Mylmestiprefenablyeitanasil sikclhefinahpHRfithe acidisalispiutiondsereferably between
aboutQto a s ore preferably betyween ghout 0 and 0.75, and mast preferably between about 0.1
to aboatgo.s?%&frao’té%fgr?caﬁ@ %ﬁﬁ/’%%e?“éfFoﬁgls%“rcfS?AF@’E%ﬁ%%%Psﬁskﬁ?f@%? Brakking hiducleic acid
molecules werié-mesakerfdotds arditess effictive. Shitstthaddingyibe wsed aie prefarahhisarganic salts
and include hyt.are notlimi hloride salts.such.as sodium chloride (NaC1), calcium chloride
(CaC12), and p%tas%%%gggi%é%p F(l 1) while o Vgﬁ@%%%g%%agﬁ%g&%@gé ffidd by one of skill in
the art. Prefédapry! shistial saeclrdbedenathessontentitiohmpiéfeciishe: hetiesii-abotik 0.1 to about 2

20 M; more Bé%ig@RJM@GAW%?&@?%&@&&%@% %3%§5%3@%§tﬁ%e§?2 Bl g LM, A%referred

chloride salt for use in the method is sodium chloride (Na e most preferre em%&fj ent, the
cell-matfix iebhiadaei s maans ot erpingtbe sallvaees! tpHbecddliveayrintés contacted preferably by
immersion in the acid/salt solution while effective treatment is obtained by gentle agitation of the

construct ansﬂﬁggﬁfolution to%ether for a time 25for the treatment step to be effective. The
cell-matrix i Contadt TIODR00UR MESTHIRS salt solution which is preferably buffered to

about a physio|ogicmimgt&mefauﬁemads@uospwtﬂwcea%ﬁp&%gm%%@%@kw@ﬁd@gmgg swelling.
Salts that mg%ré)le used 1g;lre referab&}iﬁ?rg nic salts and include but are not limited to chioride salts

such as soditim chibAde e SOOI ICA BT 2 e hrsisaliorrecRBeldik C1); and

nitrogekous attsrguctl axainmgaitonsiiiate (NH3I&Q4) whiemihersiiestiye salamayhe determined

by one of skijll.i . Preferably chloride salts are used at a concentration preferably between about
Oyl to ab Ou?lgaly r@%iﬂﬁ A%SIrﬁ%l% pyoperges, €.g., 11‘lcreasedS strength, as compared to Etatic cultgres.

In the static system, the culture medium is still and relatively motionless as contrasted to the
perfusion system where the medium is in motion. The perfusion of medium affects the
viability of the cells and augments the development of the matrix layer. Perfusion means
30 include, but are not limited to: using a magnetic stirbar or motorized impeller in the culture
dish subjacent (below) or adjacent to the substrate carrier containing the culture membrane
to stir the medium; pumping medium within or through the culture dish or chamber; gently

agitating the culture dish on a shaking or rotating platform; or rolling, if produced in a roller
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M; more preferably between about 0.75 to about 1.25 M; most preferably about 1 M. A WO
2009/070720PCT/US2008/084952 preferred chloride salt for use in the method is sodium chloride
(NaC1). Buffgring,gggntsare known in the art and include but are not limited to phosphate and borate
solutions while others can be determined by the skilled artisan for use in thBGh&#98%/ B breferred
method to buffer the salt solution is to add phosphate buffered saline (PBS) preferably 5 wherein the
phosphate is at a concentration from about 0.001 to about 0.02 M and a salt concentration from about

0.07 to abouthe18vl Euitre seiltssmiutiemsApretegsaspiinpihmsoutianiishetnesn abaya to about 9,
more prefera gtﬁ)géwgﬁjn abou%.? toabout 8, mast p%referably between about 7.4 to about 7.6. In the
embodi

most preferred embo et Thaohs STACT e hAm AL TRES PRy S5dRFHhRIdsinadeyre.mm
phosphate bufdrdelisaline(PES)noAHOpHok besweenabauts.Qie-about 7,6. The cell-matrix is

contacted preferablyhpé/cimgg%i n.in.the buffered. salt solution while effective treatment is obtained by
gentle agitation of the tissue anéoe e i e Cuﬁ?&?ré%?ﬁ@u%rsﬂ%%ﬁﬂ%‘ﬁ?%% be effective.

fi the solltion togethe
After chemic&PeEams g troatrmtpd, tivepcuiiumatrixisltyemdrefe by ringe chireainfdSchamical cleaning

agents by coptagting it \with; an ' unt.of finse age ents such as water, isotonic saline
solutions and physioloaical pH %%fefgeér%% %Eﬁ%gcgﬁ %glf?gé N I&‘Péec%lﬁ?ﬁ{ﬁ@éf with tHe ®&l-matrix
for a time sufftiémPplembseytae deanintageitt €@ prafeesiviasersiHiors wavsiological pH

buffered saligg_sgeh hate buffered saline (PBS). Other means for rinsing the cell-matrix of
chemical cleanin g‘;:g%%lt%?c?a?r!? 1?)%% é%yggtglr%iﬁaesg\ %éeé%“é%fesﬁ‘aﬁirﬁ TREUR cPAE eRda thagBteps of
contacting thE@Ten aHaeciithanaticalmsiohel stingagentdnd ebntactitgdhaelnmatixwith an acid
solution gontgénibg.galtdnay e fstf inseither order tg achieve substantially the same cleaning
effect. The soluti%ns may not b§ %r%ft%&e g?\%f@p?e?%frgrﬁlgggazﬁf LPﬁaﬁéT?t‘é%? ﬁ%@\%é’\?glffq‘ﬁéhfégult of
decellularizif§ ¥ EERhatREsH e Ernsehiagencus iymotiyced25cotidge fadinmatex produced by

cultured cellsdhahpas dranaacaiilaizegtrhibnrels alpagiesd i, A Jurther res“ﬁ of decellularized
| ,

cell-matrix co%itruct is an endogenously produced collagenous ma?rrix prodgucetlie%f}'?ct fired cells that
has been de®SERZ8F bt B5L-BAE Y B¢Broduced it and has a removal or reduction of

non-collagenous and nop-efastaeaxiiase! e MatixsABRAMNENIS. AN SIS SMpadiments, the
then decellular

cell-mqt_iix copgtructfftg%[y%)e first devitalized to terminate the cells and Ized to remove
the devitalized Cans. ProNS §AITMoBF T et amiriri e ketbhiohumandetrmt§ rebjass ased in a
current statersed, theeiveday perfurthestinfdifiedmithoehesmiGattpatpents RRYECaLeatmENts, the WO

2009/07072QRC T; 8/084952 addition of other substances such as drugs, growth factors,
cultured cells, oti{grﬂr?ﬁga%(rgbr? ceg%%%zrffggt%e&go o5 rSTMM?&SW@?E%F?QEﬁ*%d%b%ay be

combined whtftkiticohdavictosact aststabtyanty closlrardevicas fontigatingpalenkiaramen ovale
detects in IR BRI BekAERl AL oS Bl R A Rl S Yo L oS e
20 celis to the culture substrate on which to form a celi-matrix construct. Alternatively, cells
from frozen cell stocks may be seeded directly to the culture substrate.
Once sufficient cell numbers have been obtained, cells are harvested and seeded
onto a suitable culture surface and cultured under appropriate growth conditions to form a
confluent sheet of cells. In the preferred embodiment, the cells are seeded on a porous
25 membrane that is submerged to allow medium contact from both below the cell culture
through the pores and above with contact above on the top surface of the cell culture.
Preferably, cells are suspended in either base or growth media and are seeded on the cell
culture surface at a density between about 1 x 10° cells/cm? to about 6.6 x 10° cells/cm?,
more preferably between about 3 x 10° cells/em’ to about 6.6 x 10° cells/em® and most
30 preferably at about 6.6 x 10° cells/cm? (cells per square centimeter area of the surface).
Cultures are cultured in growth medium to establish the culture and are cultured to between

about 80% to 100% confluence at which time they are induced chemically by changing the

medium to matrix production medium in order to upregulate the synthesis and secretion of
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a crosslinking agent to control its rate of bioremodeling and to either increase its persistence when
implanted or engrafted into a living body. It may be crosslinked and used as a single layer construct or
it may be corﬁm%gg% g)nipulated to create different types of constructs. The crosslinking methods of
the invention also provide for methods of bonding cell-matrix 10sheets, or gt atsarenfztogether.
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 intendedsec Tdarmprosihasescefaiavention e detalizedor fenalluarizad cellmatix
sheets shoulqn%%ifabrailgg{?d %%869 a mﬁéhod that 15preserves the bioremaodelability ]c:))%t € matrix
sheets but also is abla to SAnatca TPSHEMGHP SHP Bt tirAceA P sbrstiterrohrdsérfondiance as a
replacement fissbreplaicsionenabinstiiats pfdhecinve P RGAMRNIS g}t@gg{ig@/&@gg&‘o %?Ilularized
cell-matrix shgets, rd%gs\;{ﬁgy%c %%d eecﬂlglarized mﬁtrix sheets (such as one devitalized cell-matrix
sheet and one dec8liularized cell-natrx sheeyngyerBtE coMserasoit thaneils srisadedeither. 20
Tubular cons@ted @ieenibentioncorapoiseitesca tievitalizetangasalivianized matixsheet rolled
over itself to ini reg-tq contact itself The area of contact between matrix sheets or
a matrix shee@ES tﬁiﬁ({g@%ﬁ(%%g%ém% See(%% hgu SIS BB SR e breferred
embodiment, SHEPREstRktientboivewbiate invoptsndhas! tike eilnoesupainpesedmatrix sheets that
are bonded tggetheide fell sed herein, "baonded collagen layers" means
composed ofgtwo or mo%ﬂ%ﬁr%%i%i%@%ﬁgp égﬁﬁel%llp ai?fte%legrﬁ%ﬁﬁmsg k) Iﬂﬁ“ofiles treated in a
manner such that tHeUH)&Berelanp diqhirttiserrsachdoreoantharix sublicieltyhbldgagesher by
sel-lamtiationewdrehamisahbeptiageprsieriatembpdinen ol e vention s diegted o flat sheet
prostheses, %nﬁig.(gmethﬁds for making and using flat sheet prostheses, comprising 6 {8 or more
matrix sheets that ar & HORHEE AN ESDRRS Y Bt (bakermine hdbruiickmeshthe watiecsheets, the

prosthesis isagiselatseitdten thoamprisaamarUmRArohaveIsREefsIaRIL hetwesn zand 20 layers,
more preferah ers, with the number of layers WO

e s Iolojer e e or y
2009/070720 GO TD YA S5 GG A RGO B AR GHca e Seaketrdcmstrinorabes final
intended uselofkhessenduzisiternativelyinasihessiimpie aizeef A supRslimposed-arangement is

limited py the s ix.sheets, the layerg may, be staggered, in a collage arrangement to form
B sl Bl aee 3 d:ernﬁ\q/élh%’?ec%m?@’?smﬁﬁ?f%qﬁﬂlbiﬁ@aﬁﬂ%ﬁ@@bﬁ%ﬁt but

{
a sheet construct WI{[‘h a surfface area
Swithout corftfriliegslidifsroasrtkesttreiatcaat thmariangepenits. Wadhe,fabricaiansl amultilayer

construct comprising natiis sheet tic enyironment and sterile tools are preferably employed
to maintain sterility. To form a munﬁﬁ‘agﬁé?%%%gﬁl%% rlﬁrlg XS é"éf’sﬁ'ﬁ %@PE?&H?&W&O%%N member,
such as a rigi<HE&tBFPBY BirbRvatbeysiaitot ovdmati theamarix sheetsiawestillgotin a hydrated state
10from the devitabizingeer geceliurizi g,g{g&&?? re hydrated.in agueous solution, such as
water %photflghate buffered saline. RAatrix sheegtghgg?é ot%ea(?ﬁv(\ilgﬁneréten ee%%%? BistESto absorb

O YREC T SRBRSIN sAiTae ilmyosneissisnbie ordie poljcachboatesshiestrasns is manually

excess wate

smoothed topiyeipdlysreenatenshasiiadeMeya: ey iy .and creases. A second matrix
sheet is laid Roly ttahe.to f’glf ég)%%{{ét sheet C({agai_n lér%énualIy%gir%}/%ﬁggﬁzlﬁﬁna?rcblﬁlb%?ess?}ﬁgﬁjgl,nand

creases. This aylgzrrllcﬁal W%ﬁ?ltlh‘aacﬁ’ééiFéﬁhﬁﬁ%éﬁwﬁ‘bﬁémb@ﬁfé toplecifie dppligation is

obtained. ~ cofterchaieringltheildésiecknimheratmalinNae heliR AR dshygrated together.

While not WE%I[H:Q& und by theory, dehydration brings the extracellular matrix components, such
as collagen fibers,%%%%éa a éi?s%et%sé%%ﬁg{ %&f&%waiép {Lickiiseen porroroBR RkkfeTithebibesenof the

adjacelt maPpushR éesabThe 2y ersmiaythieldehydratesueiioet PpRMassEn 13 first support member

or, betweenyihe fitst s ember a seco ort mempber, such as a second sheet of
polycarbonate, placedq{)%rea?cgg% r@r%ngvelflt%xec ?%Spg#gly%&i%ﬁﬁ%%?@ﬁéﬁetﬁl{ﬁ@lﬁr&r di§pporesHEnber to

keep all theFagarcH Fritliskiinas arhargertegteogatiekwidrarwithauticompression. To facilitate
dehydration, the support

VI CULTURE SUBSTRATE

30 The matrix-producing cell is cultured in a vessel suitable for animal cell or tissue

culture, such as a culture dish, flask, or roller-bottle, which allows for the formation of a
three-dimensional tissue-like structure. Suitable cell growth surfaces on which the cells can

be grown can be any biologically compatible material to which the cells can adhere and
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25member 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 alcolql Qéd%PJ%yl 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 40V HAF IHtHE84PE2 or less.

- Dehydration may be easily perfoirued by angling the 30superimposed 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,

approximatelyp20@is andmehrommrhermidity tHaeByidration GoRSUEIeS By ABHER 0k chemicabgpeans will

dehydrate the layers tg moisture levels lower than those achieved by air-drying. WO
2009/0707205CT/§J§§§%8%°§J%“§§‘§’ ‘“leh‘%ﬁ BRHGRRCL R, Rﬂ%’iﬁ%‘i’?ﬁ}&rﬁ?&&vﬁyg@a@%hydrated o,

alternatively, Rtydiratidranoetiyuetidsingair, Asonpnljonas, ahovRotiadehydatio Ez@ﬂ?ﬁﬁe‘ihe

extracellular rpajri Jsplelela | matrix layers together apd crosslinking those layers
together forms ch%irir%i%al bor{?(;d]iﬁsg Bg%v%gleﬁrg %@ésggr%p%g%g)r?& St%ﬁ %8%@?89&%@?5 FRRYBFAtedrs 1ayers,

they 5are’ pecié@baravelpsrdieesupporeharmtr togatherani: breydhydiatechily AR AGUEOUS

rehydration ageyfirerefarahsmaten. Ry Ax f&‘[@@zﬂéﬁ‘ t.a,container containing agueous
rehydration agent for at least about 10 to%?out 15 mi?ﬁ%g 049 %a?r?ﬁg?gtﬁ?é’ %%{\?iaéfé%‘ea%rout 4C to

about 20C to FERSF M pTRIR R R eRidepratninis BiGTR Ipepiidating them. The matrix layers are then
crossliniced togethemﬂ@ﬂ&tﬁ%{rwcﬁﬁ@t}a&’%?Qamﬁv&t%??ﬁ%‘ﬁg%&x?%51"5%55‘5@&1?@9&9&@referab'y a

chemical crossli kinge%%f/nt that preserves the bioremodelability of the matrlxllayer - rosslinking
ti

the bonded pFb RIS RRsG e erEss e tasmauibaiabrshiven dedibettoninmriaves bandling
properties. Vértousmyipes:ob arss biking paems: QWi R, R'a%fhé&%gﬁ{g BeHSRY-RHGR 8p
carbodiimidec?(5 Eg%rgzi&i&’ ﬁIEranstglu%Tina@%, ribose and 15other sugars, nordihydroguaiaretic acid
(NDGA), oxidative agents. ultraviotat( )CHBH’E‘?&FIBTH@IWOE’}%% tOSHPES pHetotisdBesides chemical
crosslinking agatas, thid lagess mapowbondeddogetheanishpigconnatiple ikiabased glhes or
medical gra ' h .as polyurethane, vinyl acetate or, polyepoxy. One preferred

biocom patib?lg?gh&gzi%{eg%%i%ﬁ Barxcﬁ(r)l% ea%[o?%ﬁg DRSNS RORADH B SRediEpbs¥e dipmaBoaking region
between adj&€8HCLOMYéhs bfttisied nafrisnting dslactivataddisingrmetyitraloabobsRiseampatble glues
or adhesivesmayhe t C inked or.uncrosslinlced layers, or both, together to foul,
bioengineered co%_strl(}é%seég)%%@E@%éggﬁggﬁlg%fg;rae%}lg%gérs‘:lfb%ﬁ%? ke hRPeSiefsidinethat is
about a 2-808 §ikib AR Batutidircissenia e chiithofting regitmbetaedpasisseBtdayers of tissue

matrix. In oNgu2RasSReRINARIHAIE M'i@%i%%ﬁ&’&ﬁﬁ%ﬁ%%&ﬁfﬁcé bed pbove. can be combined using

biocompatib adﬁ%%sive biomaterials. As an example, the silk Tibroin SofUtion €aR ‘BE&GBtined from
Bombyx mort KRS G MR AR bessratskscenerahedia tisdacinefbercorfipoendrivhiahs in one

aspect, can hetsethamenbierpmpaitiaisils snesive Sombomar FaNsIst, Brimarily.of glycine and
alaninezbepeat%th:ﬂ}l dominate the structure. The 30fibroin chain consists of two basic polypeptide
sequences, CA/Stalif g#m&&%%%%’&’ﬁﬂ%@%ﬁd@&ﬁdp%ﬂ’ﬁ@ RegotaryeThrerisamiciseguence of

the ‘crystallinetpobypeptidesisferred for carrying out the invention and are described in a number
United States Patents in the field, some of which have been made commercially available,
 including for instance: 5,766,937, 5,466,602, 5,366,893, 5,358,871, 5,215,920, 5,026,649,
4,871,674, 4,608,342, the disclosures of which are Incorporated herein. When these types
25 of culture vessels are employed, the tissue-construct is produced on one surface of the
membrane, preferably the top, upwardly facing surface and the culture is contacted by cell
media on both top and bottom surfaces. The pores in the growth surface allow for the
passage of culture media for providing nutrients to the underside of the culture through the
membrane, thus allowing the cells to be fed bilaterally or solely from the bottom side. A
30 preferred pore size is one that is small enough that it does not allow for the growth of cells
through the membrane, yet large enough to allow for free passage of nutrients contained in

culture medium to the bottom surface of the cell-matrix construct, such as by capillary

actton. Preferred pore sizes are about less than 3 microns but range between about 0.1
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of-(Ala-Gly),-- that adopts a fl-sheet structure, whereas the 'less ordered’ polypeptides contain
additional amino acids, in particular, tyrosine, valine and acidic as well as basic WO
2009/07_072%’&'5@@%@5};3/084952 amino aC|ds._It is to _be appreg:lated tha%’rggsf'”%&fl%?{%éjs%nved from
recombinant source may be used to achieve a similar biocompatible adhesiv B ?) carry out
the invention. Briefly, in one aspect, cocoons of B. mori SilkW01111 are boiled for 20 to 30 minutes
in an aqueous solution comprising 0.02 M Na2CO3. In order to extract the glue-like sericin 5proteins,
the cocoons ané&guisseqgbent!y ritsenk, inooerefahbdimanidhetexractedsiksSiraia.s tissabed in 9.3
M Lithium-Bromj iB%s tiopn a grout 60C for about 4 hours,.wgich ields a 20% weight by
volume (W/v) so L?S%%nf gr%lf%ﬁ%}r?igﬁseo ution s té)u%%soeuct]l#e%nﬁl)]ﬁ&fgh%g %ﬂgfr%ia GBI fvateGsing a
Slide-a-LyzercdiglyéinozmsétteriMiNC D85 0 Aistgepiatrabmitemparadiyefoslehioirgmove the salt,

however any ialyzingpiacsdureis Within thecontemplation of the invention. The resulting dialysate
is centrifuged in duplicate, each at -20C %or 261 n?i‘r?untaé%r?rgsdr er{o remove’ ?r%epﬁ%ﬁie%pgrﬁ%gﬁtgregates

fonned diring#hecaidpsiverighacphidiet e chosbiliking thgentlis blethyl-¢Bedindgthsd amingipropy!)

carbodiimide {ayqregiienide referre “Na ceinimide is
T5a0ed 0 1 £ e e e e 5 SEArL oD SRR ce Toee

In the most pPefeAEURNEtRGE SEStendhsorsiratsasmi atemar ebtbfiesniy atidrap hefersbibebativeen about

0.1 mM to abeiiQ0 BHvb, nraca Reafeiahbp HEMREN AR MIRAROUL LMY, Mogt preferably at
about 1.0 mM. Besidi?g\é\gter, phosphate buffered saline or (2-[N-morpholinojethanesulfonic acid)

(MES) buffer fa{F i Ui AfePD GRS HtEma gRIME AT i heasinth tHeEslution, such as

acetond @r ancatenhulbruip 4a:29%0ov/Ahipsdaieh typicRESOK, Jumake i@f@?ﬂl&ﬂ@l Re.are uniform and
efficient. Theéeb%ggpts remqve wager from the%&yers to hring the matrix fibers together to promote

crosslinking BEtWaar tREEeMSers IFhe SRt BFhasa Bgkhie Tpdnger maned Gttty agent can be
used to regulatertrassliticivgEDE ardsRlithkiplysaltltionisupr epargsdmamediatehehafare,25use as

EDC will lose jvity over time,.To contact.the crosslirilcin ent to the matrix Jayers, the hydrated,
bonded matrl‘é B A St e B Sﬁgﬁgggesa%%%glgggﬁgﬁ]&%ep%?Hsaﬂﬁ tRedefdediifiking agent

ayers are trans Srred fo A con
gently decansstfaectied pagreatguritignthaf thelmatrixdaykrs sufitiethl v butkeshanddraa-fleating and that

no alr bupblogyaes PRESANHNAES ALBRINGPD N AT Iayets, The qaniainer s couered and the malrix

layers are allowed to crosslink for 30 between about 4 to about hoﬁsrg?nﬁ”?gfje p?e?g?algﬁl Jétween 8
to about 16 HbtirawRY senssbraaird terneefiaBdursthitstabout 20C. Crosslinking can be regulated

with temperature: AtweriRmRealES LIl MRLE ARSI a8 e LaRrlipnds slowed: at
higher temperatures, crosslinking is less effective as the EDC is less stable.
2009/07072CEESRIePbBRIRReys Sor, such as a mesh member for formation. A mesh member is

organized as a woven, a knit, or a felt material. In systems where a mesh member is
20 employed, the cells are cultured on the mesh member and grow on either side and within
the interstices of the mesh to envelop and incorporate the mesh within the cultured tissue
construct. The final construct formed by methods that incorporate such a mesh rely on it
for physical support and for bulk. Examples of cultures tissue constructs that rely on
synthetic mesh members are found in U.S. Patent Numbers 5,580,781, 5,443,950,
25 5,266,480, 5,032,508, 4,963,489 to Naughton, et al.

IV. CHEMICAL MODIFICATIONS
The cell-matrix constructs of the invention are either devitalized, to terminate the
cells, or decellularized to remove the cells, depending upon their ultimate use in treating a
30 subject.
The cell-matrix of the invention may be devitalized or decellularlized either on the
membrane of the culture insert or it may first be removed from it. As the culture insert

suspends the cell-matrix in the dish to allow bilateral contact with culture medium, the
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Mier crosslinking, the crosslinking agent is decanted and disposed of and the crosslinked multi-layer
matrix constructs are rinsed by contacting them with a rinse agent to remove residual crosslinking
agent. A prefegegyiissg agent is water or other aqueous solution. Preferably, sufficient rinsing is
achieved by contacting the crosslinked multii-layer 5Smatrix constructs thre ﬁﬁﬂ@%fﬁ’%{%l volumes
of sterile water for about five minutes for each rinse. Tubular constructs. In another preferred
embodiment, the matrix construct of this invention is a tubular construct formed from a single,

generally rectahgeridrcomatixshgdeticoe geaiiahaetisieliegs thatangiadde feggts and overlaps an
opposing edgda The 10 ov rlap serves as a bonding region. The tubular construct formed from a
matrix sheet njﬁi';'{yt %%lfna%ﬁr}l%‘g 8%85%\%#1 T atlr?{e‘f%]reﬁ, i%?‘] @ﬁﬂé{n&ﬁﬂc GORTBEFIGF ARt S sipg Hay
incorporate ottt eoinpdiatnts dbpentiingioscthis indicationfprdtisousle frord iorEmadupphadeonstruct,
a mandrel is chasen with,a di ter measurement.that will determine the diameter of the formed
construct. The mandrel is pre%%bfg ¢y |ndrr?8ar?[§§8}r\8%§]eiﬁt E16% %%%%18%%‘?8 Pﬁé&%‘f*@%ﬁ@ stainless
steel or of a rckratdies malsrelndpadecegaposition. The mandrel may be straight, curved, angled, it

may have branchesyy hifurgatiqns. o5 aumber of these gualities. The number of layers, intended for
the tubular construct to be formed gorresponds wit&g} tﬁg n%r% elrn%tfetilr%%géé Ratix’ lﬁééﬁg& W?apped
around a maffiFBIRRE SERg e matexn Hhp epustthie s e inamik sheey daribe wliaph éd 2Bgepends

on the dimensiqas, efdhe:piagessed BalIK HeplodR R RYERINOUALCONSINEL e widih of the
nare

matrix sheet must be sufficient for wrapping the sheet around the ma at least twice. It is

preferable tha? THRITGRIH D LSS SAE R T eRe SR B a s umiaied-nihendhevslieguired number of

times ahdl anadditionglihefeentagemeraasamoyeiarddatvaemaRo LA 10 PRRUIZI%Of the
mandrel circum r%qc%lto secure the borlﬁ%ing 25re%ion, and to ensure a tight seam. Similarly, the
r

length of the mandrel Wil GittAEtAE RGeS %ERd S EFmed on it. For ease in handling

the construct on thédmameteddifie teanaiehshbulctheitongerethandhe Jongihc bt Lensyehagdhe
mandrel, an%p@éﬁ%g@onc%tég%g%n%forme , IS c%?tacte Whﬁ; ‘]?Enc?élled' It is preferred that the
mandrel is provided-with & Covering oF a HonT8at e THa YHTRy" s srustnsber or latex
material in tHéerpiofashvive malbitecartdbdtadanatritish eehiconsiuetinay be fernedrdirgctiyoon the
mandralssurf iljt the removal of the.formed tube from the mandrel and does not
adhereqtsos, re%%%\?\}%% %%T%\(gl}?%gl %g%%{ﬂ%cr%’la LFic“ﬁ(nfslﬁgel(IaJP}']‘gorfrlglnql‘\cf)e ef%)ﬁlél f%ﬁ?{gﬁs IRSHRIEE, the
sleeve may B W08/ TETROROTAISRBUBOSADEA il e frowt Hrunend fb the roaistiyatde carry

the construckirarire gnandhetyii I- fecanss the maiihshestaply ianily, adhses lo he sieeve and

is more adherent to other matrix sheet, fabricating tubes from matrix s cets i Taciitatéd as the

tubulated colfFEET#EY B! rsibvR s fityh & raferg ot shirdritost tetepirmguossotzerwiisenstbessing or

risking Sdantageitq thesanalreah 19 thesnastprefers | mprises KRATONS
(Shell ggeméc g%mga%%)ﬁ,,a thgrmoplastic rlrjblber cgl?ﬁﬁg%%og%g%%ﬁ%iﬁgﬁleg%ﬁ@%%-styrene

copolyiers TR Ao SRS T bleek ) in the cell-matrix construct, for example,

between about 0°C to about 60°C. A more preferred dehydration temperature is ambient
room temperature, about 18°C to about 22°C. Relative humidity values that are lower, as in
the i’énge of about 0% to about 60%, are preferred; however, relative humidities comparative
to room humidity, between about 10% Rh to about 40% Rh are also preferred. When

25  dehydration is conducted by air-drying at ambient room temperature and humidity, the cell-
matrix construct will have about 10% to about 40% w/w moisture, or less. Therefore, when
air-drying the cell-matrix constructs of the invention, some level of moisture is retained. To
freeze-dry the construct, also termed “Iyophilization”, the cell-matrix is frozen and then
placed in a vacuum environment to remove the moisture. Lyophilization techniques can be

30 employed to the constructs disclosed in the present invention such that biological activity of
multiple growth factors within the constructs remain uninterrupted. In one aspect, one-layer
cell-matrix constructs can be taken straight out of culture and frozen at -80°C, and lyophilized

overnight, such as between about 6 to about 15 hours, or longer. In another aspect, one-layer
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For simplicity in illustration, a two-layer tubular construct with a 4 mm diameter and a 10% overlap is
formed on a mandrel having about a 4 mm diameter. The mandrel is 10 provided with a 'KRATON(r)
sleeve appro%ig%)éﬁgzl(png as the length of the mandrel and longer than the construct to be formed
on it. A matrix sheet is trimmed so that the width dimension is about 28 mn¥ @y H¥EdREFdimension
may vary depending on the desired length of the construct. In the sterile field of a laminar flow cabinet,
the matrix sheet is then formed into a tube by the following process. The matrix sheet is moistened

along one edgeli4iSamit isvatigned witifitiiehs leverapierab mangiel angd ey %QQ&LQ:HE}? adhesiye nature

of the matrix gBeLet it(ﬁ 'glefgge%'l'iﬁlon he length of the sleeve-covered mandrel and dried in position
for at least 10 MIAUTas O Phare Ihe e FAATREERER: 10MER yEhutetf Avurwvierdeeeearound the

mandrel and then ovitselfiogafutisewokitititiphisod 0)mebiaaisisrnierance oL & k10%ouerlap, to
serve as a b%(gigglrr %iglrsl Q‘gltt?.ig)er Vi eg@gh 20 seam. Far the formation of single layer tubular
construct, the matrix Sheet must bs abie to 5@ B0 th&yRRRratisn st piReVBIRME HuAd %t least
about a 3% clifiarerichionébsevbintiory assan eiverlaghidprogde Roonsing segignthatdsgqual to about

5% of the circugifere ct. For. a two-layer construct, the matrix sheet must be able to
25wrap arou% the rﬁ@r%%l%%gg%?%}léi% llgfrgl1 *pre %1?%%?370&15 %{b%ﬂ?&ﬁg?l%%‘%&l%% F&YSHiion as an

overlap. While the tivbemaifet meapsprovides belsomdingd egitniofl k0 0he helneeh-thal matkdx sheet

surfaces, thec@gg{}{jl@ﬂa{m@ép@@%&%ﬂy&%ﬁﬁ@%&%? trinqht im erm&aﬁ)le seam. For a three-layer

construct, the matrix sheet must be able to wrap aroun tha Thandrer at 1S ALPHIR SR T #
construct may B RRE IRtR WayvAtamios R tinayef§ denlimitetb byf@Cihpotinie nsiglisobtharsaatrix

sheet and thenspesifieaiions Aesingd cEH’PiSFE’é!Xh@&é&?ﬂlﬁ{fﬁpﬁ%&lﬁgﬁ% aye fglpr!:i ers or less, such as

between 2 t0,6 Ifﬁlers or hetween 2 or 3 layers with varying degrees of overlap. After wrapping, any air

bubbles, fold&ARIGL e s A elsatRESo IV rehivaisdés wedmimeaiotlsnbeeivedenithetlayers. WO
2000/070726RETAIS20RR/ QKGR M3 ARaip AL BE 19140010 5 MARdIE|pithsy manualy
i t

or with the algsistance of a(rlae%% ratu%éhat aids for even tensioning and smoothing oLt of air or water

bubbles or cfeases that &af ThIRFERB MARTRSTSrpkhRessThatiayeddd oY reareupPéd matrix

sheet. The aippartiusaydudsedye hisdeldne that daemandsRboaLAeRaE RIS Jangihgs it is
5turneq 40 WE@PcEQﬂlq]%:}é sheet. The I%@ of the wrapped matrix sheet are then bonded together
thods n

by employing the me 8nd %légﬁ%gsﬁgg BRShGGRe Srstdmdicg framamssedbnseilicts made
from matrix sheets Agearcrobsiinikimgl anghminsirigetheorappeshgebydeated il consineismay be then

pulled off theyngrdrelyia eft on for-further processing. The 10 constructs may be
rehydrated in an aqueouséiggﬁ%%%},é%ge{%f%%ﬁ/a %%gr?%gs ra‘?lﬁlsr%l;?fﬁgg’ ﬁ]ieéﬂ'}lt%cﬁﬁﬁﬂ%mperature

container cofft&TAK] ielyarantn hgemtodarielise Sivowilt Ontchabellidfrininbies inighyerate the layers
without sepangtng 95@@&@@9}{3@3 R8Move ngqg@n%ftﬁ&tﬁt%sc?ﬁ'rm u(tgflse\\)/viﬁaliz‘%d ar decellularlized
0

single cell-matrix sheet or multi-layer cell-matrix construct e Invention may fUr €?’QJrIZ:E)S‘mprise one or
more T5addiiBAPL detibe s 16 HibaPr efisrerd At srarisily cotsinmttionalghallities brtedmpart different

characteristissdnoiheeuairiatsnahaloslnand issie 1 &g tegvllisect I fidssirable way to i

when implarggi orten%rafted to, or in, the body. ~ Heparin. In embodi tS where the construct will
be used in CONTALt With BITBY S FiTHESERE A 857 & pérshlepkot SrrstriioeisuBnttatéd dismiatrombogenic

by applying WepafiniBotelthepenstistute Al Serianes afdbe consituchanane é&%‘ﬁtﬁf&% jna flat-sheet
construct or.gither Iumic??ll or. abl n?i ally for a tubular construct. Heparin can be app ied to the
11 TEIo Ve {Ne H [%8?%

construct, by avanety ot walkRs LErS thepcirpsea i AT Hepatime sntBeienp phietaw the
constréét inttteebstichinglihiteeviy i FiestsIbanzalkosisimudapatinBAsHRR:ISARRY @lgghol solution

is applied t ' vertically filling the lumen or dipping the
pp Qséli\?ex&': qu&%ﬂﬁrpa)(nx 18 &evz¥ailzc%gbuq st&ﬂ retzgns t epc?evgalized cells and cell remnants
and the cell-matrix is dehydrated.
Other means to devitalize the cells include subjecting the cell-matrix constructs to
ultraviolet light or gamma irradiation. These means may be used in conjunction with

30 hypotonic swelling of the cell-matrix construct with water, or other chemical devitalizing

means or with air and freezing devitalizing means.

To decellularize a cell-matrix of the invention means to remove the cells from the

cell-matrix such that cells, cell remnants are removed from the cell-matrix to result in a
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25prosthesis in the solution and then air-drying it. This procedure treats the collagen with an ionically

bound BA-Hep complex. Second, EDC can be used to sctivatg the hte_zpatrlntr?nd tlrllenetr(: iﬁ\éﬁlemly
bond the hepag llagen fiber. Third, EDC can be used to ac ivate the collagen,

| covalently b%apdr%té\mrﬁﬁi to the collagen and then ionically bond heparln f&ﬁfl‘ésﬁ? AHite.

30Antimicrobial treatments, drugs, growth factors, cytokines, genetic material _and cultured cells may

be incorporated in or on the matrix layers. Additional material layers may be disposed on at least one

surface of theesdnstiidts mattrasiition & aoalie ikt ayels:icil denpraiBins R sthesextragg!lular matrix

[ ifi T/US2008/084952 Proteins. Extracellular
components i g AWQ 2009/070720PC S2C ,
matrix proteinEsh{Z:lérigIzl;l)‘?l ggggf}é?% %I%gﬁs{% %)?%tlenlr?st Sr RS IR A PR PG sl EBaL PRSI tnclude but

are not limitedcEgnasRmstiBticelastinmdminmmporc fistorfoctin, protelgiyaansomenexample, the

in fibri I | 'W%Té]P' iri Iso galled hyaluronic acid
rotein fibrin e Dt | }‘:%Hn fibrin. H Igro an (a !

gr hyalur na?e%%%ﬁfr?—%ﬁ%%egl gyﬁgosamlno%?ycaﬁ%l%{ﬁ St‘é%iaﬁa% v %ﬁﬁﬂ ?ﬁe&?ﬁ dctive,
epithelial? andiPduraf teseiltirpds dhaov tranginiebeowifone fssofcthis ehar&nelbdar ramiix, contributes

significantly tgreedbpmifaraion.andmaalaR aacinusstiolsdies Reskopsralye adhesions, There

Sric,
are multiple %ﬁe%of,e ch of these proteins that are naturally-occurring as well as ypesatfslarfl ¢an be or

are synthetic T rEEATRaRST 1or By cghard 1geryiteenihirskiekschmiptedBallagen occurs in
many forms &RiN AypBheAtionf (oRSE MBS ANELSLSRIS AL SREOIPASSem: i EQ&;H%%:S{S the prteins

named herein. The terrdn Qro&ein further includes, but is not limited to, fragments, analogs; conservative
ed or

amino acid sUBSETaRe T L %%@fﬂhf%@ﬁ%%ﬁ“ﬁ%ﬁﬁﬁ%&éﬁﬁ%‘dﬁﬁ@ HerdsHtatrespect to
o Mimese et e B oy b
15acid mimetj is.incorporated into a protein hy : , )
o e e
%Tr;neiigsc;diﬂggggf ;éﬁﬁmi?g;ﬂingﬁgﬁz inlcludes ;ﬁtti%le b Ckg%rlm modifications \?vell known to

' gL e e

those skilled in the art. 20Synthetic materials may i fbtrff‘lon at least one surface of the
cell-matrix constructS:eTE-syaithetinstatialimalydsedrbtheofoamiod & shibel sHpefirpRasREQF

siaggerss) unaaig masicamueL o A sYRIRlc ateron e el malix e, One dlss of

[ ' [ Such
tic materials, preferably biologically comp e synthetic ma mers.
Bolymers mciGUC BHEArcCHS A Ba SRS agvel ofcells, el debris and bsernent

membrane structures from the matrix by reducing divalent cation concentration. Alkaline
treatment dissociates glycoproteins and glycosaminoglycans from the collagenous tissue
and saponifies lipids. Chelating agents known in the art which may be used include, but are
20 not limited to, ethylenediaminetetraacetic acid (EDTA) and
ethylenebis(oxyethylenitrilo)tetraacetic acid (EGTA). EDTA is a preferred chelating agent
and may be made more alkaline by the addition of sodium hydroxide (NaOH), calcium
hydroxide Ca(OH),, sodium carbonate or sodium peroxide, EDTA or EGTA concentration
is preferably between about 1 to about 200 mM; more preferably between about 50 to about
25 150 mM; most preferably around about 100 mM. NaOH concentration is preferably
between about 0.001 to about 1 M; more preferably between about 0.001 to about 0.10 M;
most preferably about 0.01 M. Other alkaline or basic agents can be determined by one of
skill in the art to bring the pH of the chelating sofution within the effective basic pH range.
The final pH of the basic chelating solution should be preferably between about 8 and about
30 12, but more preferably between about 11.1 to about 11.8. In the most preferred
embodiment, the cell-matrix is contacted with a solution of 100 mM EDTA/10 mM NaQOH

in water. The cell-matrix is contacted preferably by immersion in the alkaline chelating
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25poly(urethanes), poly(siloxanes) or silicones, poly(ethylene), poly(vinyl pyrrolidone), poly(2-hydroxy
ethyl methacrylate), poly(N-vinyl pyrrolidone), poly(methyl methacrylate), poly(vinyl alcohol),

poly(acrylic agishspolyasiylamide, poly(ethylene-co-vinyl acetate), poly(ethylene glycol),
poly(methacrylic acid), polylactides (PLA), polyglycolides (PGA), poly(lacti & EEHRE 128%) (PLGA),
polyanhydrides, and polyorthoesters or any other 30similar synthetic polymers that may be developed
that are biologically compatible. The term "biologically compatible, synthetic polymers" shall also

include copolygratsrdie lenddlarideanoter satbinationgef hedorgeing eithentogsthes afewith
other polymerg generally..T .of the olymers will depengd on given applications and
specifications WO 200 /%%%?%(?&@Fl%é%é%@@?%gﬁﬁg &ﬁ%ﬁ‘%)‘(ample, biologically compatible
synthetic materials may ed8oTebidtbgranabictststitihate fitveivénplantect mtidithe heidy, of a subject,

biodegrade oy sy Whendisnosad ana Gelmayinaqisiet fhe combinatian construct comprises

a biodegradable layer and a bioremodelable layer. A mor% etaile GSgion of these 5polymers and
types of polyrBBiMdsnor #l BrarmBIREPERIass Wel 23PomarsinCoftolled BgagpDelivery,”

Medical Plastigeand Slemalertaisaxambentoats whish isincareraled by elerpnce ap,f set forth

fully herein. An example of another synthetic material that may be used as a backihg layer is
silicone. A silURE1ATRY FAHHE AFmeRadpBramsBranididpurbies nshisrasieor feron- 10porous film is

applied and aglhespebien mmatproeRRSIEM6E Ahenusad enveundhsaling s the silicons.\ayss may be

used to handle and %uane ver the matrix construct to a skin wound and seal the wound periphery to

enclose the iRt LEREGTEATS PaERRB IS At Wmisadodikdrashiosia asidiGlird. sastientidkeep the
wound from g FoHywidg sifiecessiul FosUalion pidhehpaleriyinupsttissue.dnigally ataround 21

days, the silicone is peeled 15back carefully from the edges of the healed or healing wound with
forceps. §t0enr?ﬁ?gp|§ﬂr.l 5]%% %?gtg%?’ee ?ﬂéﬁ%%%ﬁlﬁggﬁﬁl%ﬂnﬂg‘?ﬁﬁ%% Yo #PERE art of

medical devide7éteriibation?2 AirefestetefrtbiydiansteNizalinn fis Dy HaTtaetingdba: saostyats with

sterile 0.1% i i t ent neutralized with a sufficient amount of 10 N sodium

hydroxide (N%%%%%(?g}gfé%@%bﬁﬁ@r&a%wgg5%%8,@%%%@@' ey aprat Wdiélﬁ s 4Rt S ptirated

herein. DecohtafriflidatsaserberridulialbontdiheHpdrechalcesoplathdrmh suchas ikiksNajge

containess, o5 Abaibadls rk RIS CANatYets A58 Mg Inscdly contacting ther withfhrce volumes
|

of sterile water for 10 minutes each rinse. ‘#he constructs O?ﬁll,e inven gﬁar%ai/%ee Sl §8vt§y gamma

irradiation. CoRLtrtheid s dre ysad Ragjpes ferdurianiarsimsadie frohinnhedetiat sudtadi Grforegamma

irradiation anchagriedausinERNASHHT: SERIREMRIEN WERS iR IUH.RIACRE, I hermetic bags for gamma
irradiation betﬁﬁen 25.0 and ??5.0 kGy. Gamnﬁ\gq?rraaiatiorﬁ signi?f’c%%ﬁ@?%@ I?hértq%e (t)crila%é%%lly,

decreases YSHSGEeHbGtud LR ath Fikersrpeismay hdstaniedibaloppfrkids athsragamma
irradiation arrsfiksuffichenidesalasaid astange &f RPRHIGAILRR-ANSAMMAS Sout 0.1 to about 2

20 M; more preferably between about 0.75 to about 1.25 M; most preferably around 1 M. A
preferred chioride salt for use in the method is sodium chloride (NaCl). In the most
preferred embodiment, the cell-matrix is contacted with I M HCI/1 M NaCl in water. The

~ cell-matrix is contacted preferably by immersion in the acid/salt solution while effective
treatment is obtained by gentle agitation of the construct and the solution together for a time

25 for the treatment step to be effective.

The cell-matrix is then contacted with an effective amount of salt solution which is
preferably buffered to about a physiological pH. The buffered salt solution neutralizes the
materiel while reducing swelling, Salts that may be used are preferably inorganic salts and
include but are not limited to chloride salts such as sodium chloride {NaCl), calcium

30 chloride (CaCly), and potassium chloride (KCL); and nitrogenous salts such as ammonium
sulfate (NH3S804) while other effective salts may be determined by one of skill in the art.
Preferably chloride salts are used at a concentration preferably between about 0.1 to about 2

M; more preferably between about 0.75 to about 1.25 M; most preferably about I M. A
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30preferred means for sterilizing as it is widely used in the field of implantable medical devices. WO .
20091070720PCT/US2008/084952 V. PHYSICAL MODIFICATIONS The construct of the present
invention ma,x,élﬁ%;}g,gqﬁ?hed prior grafting to a subject in need of wound care. When used in wound
healing, meshing improves conformation of the construct to the wound bedFAT¢SPOEERE 82 means for
draining wound 5exudate from beneath the graft. The term 'meshing’ is defined as a mechanical

method by which a tissue is perforated with slits to form a net-like arrangement. Meshing is preferably

obtained by tirectBecdihlendvenitifnalsekintmasbon(ZMMRR(LIBIRPLASTY B fleshed sanstructs

may be expanded b st hing the.skin so that the slits are opened and then applied to the wound
bed. Expanded mesﬁeﬁ%ﬁsa{rgu%jtcsﬁsé%%g}g LGSR LRSS RithABhSARA PosRE FRgions athilgively,

meshed conseiliers sapdieappliod withoudeiphasion, Simplyiasma sherlavidhaprarsasgement of
unexpanded gli f ; be,applied alone or with the subject's own skin from
ﬁ%gmﬁr}g Qﬁ?ﬁpﬂ%gﬁ?%lﬂﬁﬁm%% adg &B?ﬁ% aé gurigee{\e/: T:%WS r@t%ji} ?E?r&f@rk?é%trations and

another area of the body. Constructs of the invention may also |
pores providetl BB hewhstcHe abarationsatiay eraphlieddriahualyousingaNpser apanch, scalpel,

needle or pincohSehSBATIH b0 PEESEBLIBVE NN May RIS be provided h %ezltr%attcommunicate
i FirPE Qg dsr or

between both ig)la_nes, of the construct. Holes are perforations that are introducé é
irregular pattSPHH RS G5iPEILE e tRAhoss Sransr pristratd ebtitseen withna Stadbelis, aneedle. 20

VIl. TREATMENT-MEBQRS Bioanoineerssheonstiiats afdhe mxention may.he,Fsed,inwound

healing, such as for%acu‘gﬁcﬁlounds including surgical wounds or burn areas, or chtonic wounds such as
[

venous ulcerSHABEHE IRcb N, 9eRIB RO TRENIRRY it ik hateduiiftyadenbfic (BESplication of the

discloséd skipitofistmucterOfitan cangeititak Skin diseases sHehias.2orRidernglyss AHllosa may benefit
as well. Bioepgineered.c esf{uf%? %‘F]t%%é vention may be used in cardiac applications, periodontal
ca

applications, surgical applicati Shie i riistbie sAmRRUroNSimsddpptknitons, such as a

1ons,

dura mater regdatipatefitior Gsgraftntbtheashhiatdieter repaifinge R iaraengRuadiesor tube for
guided nerve,.fggeperation 30Cell delivery. The bioengineered constructs of the invention may
configured for, and used in cell delivery applications. Devitalized or decellularized constructs of the

invention may be ugditaghantisiivbaiihsratenfontceitscaisitheindn senGisca e inuentiga.rEmarily

comprise collagemn.ingy.ais.a nanal syhstrate for cell culture. A matrix construct WO
2009/070720PCT/U82008%8%%2%% the ?r%@élﬁtﬁtgﬁﬁng&? Beeﬁfé’%ee%f“é’ﬂfé}t finsa t8eatc e Spparatus

and a suspefSBIOYaktsifhtenisAdinscgiutirtispdady ootogibe piatrixfeonistolaiand allbweddo attach

and proliferagadirdhistass 2 the R ANSIELLYNIN.Apd Delow the surface of the matrix
construct, or poth, Chosen cells for culturing with the mg%%%nr?sﬂt)ra% are %%gafﬁﬁtgﬁg?}g%qualities

desirable for tHRGEE ol temisgbusinleniesh sEbsffupdontins sacloaspiaisthee buffered

saline (PBS). Other means for rinsing the cell-matrix of chemical cleaning agents can be
20 determined by one of skill in the art. The cleaning steps of contacting the cell-matrix with
an alkaline chelating agent and contacting the cell-matrix with an acid solution containing
salt may be performed in either order to achieve substantially the same cleaning effect. The
solutions may not be combined and performed as a single step, however.
The result of decellularizing a cell-matrix construct is an endogenously produced
25 collagenous matrix produced by cultured cells that has been decellularized of the cells that
produced it. A further result of deceltularized cell-matrix construct is an endogenously
produced collagenous matrix produced by cultured cells that has been decellularized of the
cells that produced it and has a removal or reduction of non-collagenous and non-elastinous
extracellular matrix components.
30 In some embodiments, the cell-matrix constructs may be first devitalized to
terminate the cells and then decellularlized to remove the devitalized cells,
The devitalized or decellularized cell-matrix constructs may be used in a current

state but they may be further modified with chemical treatments, physical treatments, the
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organ or tissue to restore its intended functionality. For an-example of a another configuration of a
construct of the invention for cell delivery, the matrix layers may be configured as a pocket or envelope
for delivery of gterpoi-pragenitor cells, precursor cells, or functional cells. 10The following examples
are provided to better explain the practice of the present invention and shoﬂﬁ@é@%’%ﬁﬁreted in any
way to limit the scope of the present invention. Those skilled in the art will recognize that various
modifications can be made to the methods described herein while not departing from the spirit and

scope of the pddgent afveirticnbasnEXAMR kESrExagplatl o) atinored acGllagensusiMatrix by

Human Neongtal Foreskin Fibroblasts Human neonatal foreskin fibroblasts (originated at
Organogenesis, nﬁ%%rég)ﬁ Rﬁ%%\/oeslyél tsheee}“ ’e%pa}e??%c§cj.%%gé%llaé9§§ﬁegl’ﬁlﬁ3fi S8 %fl‘%?ewﬂtgated flask
(Costar Corpmodic@hdnbiddyeichas, tatt# SH50pame dyroves forgreatitie e it for abne graethefeedium
consisted of:;Dulhecen’s Modified Eagle's medium (DMEM) (high glucose formulation, without

Lglutamine, BioWhittaker, Walkersville, MD) supplemented with 10% newborn calf serum (NBCS)
(HyClon€é Laboratortegsshekingghhe dnetiiusiaadondovitaradneiheeBioWwihitiokerpsslalket svitle, MD).

The cells wereoaianRc iAo aGHRAIaL 3 br it filhar e 3 BASAIPIRALAL .60 he

medium was replaced with freshly prepared medium every two to three days. After 8 days In culture,

the cells had Yr6WIFRIEsHHoEfRE s iromE verdpdY fFammda pastitkedandlasrstaslestpgie bottom
of the tissue piléveR flasto: and e HeSIMBNESASRIFISH oM thatlire dasis SR SR ile:s.

monolayer, s rile-'}‘zijll%ﬁlr d phosphate buffered saline was added to the bottom of each culture flask and

then aspirate g JRpbogsais Hirdy seiislspreny i traartbydsadibepdingicthpuiiversene
glutamibh@ (Bebi¢hittakert\ialkensvileopiBgto each flask and gently rocking to ensure complete
coverage of the monopla e Cultures were returned to the incubator. As sgon as the cells were

& oy

released 5 ml of SB BB BTSRRI R R S GBUE e S04 FrgsRe Wiyt to fabricate
2009/0707 20RGIVISRE0S 084852 andmsiredswithethecd us payrsitites stap thesaghiopfohdhe

trypsin-verse | ion was remaved frgm the flasks and evenly divided between sterile,
conical centri ugséﬁ%%é%ﬁé%fﬂfﬁg & Co %8%{5” 1?%%%‘?%fﬁ%a%ﬁ%%%%@ﬁ%eﬁté E%SYfBB%Px g fors
minutes. 5Céle dpsialeslispdentdulesing fdsmaidibretoshonbhbe fibatiared bty » QFhodsinl, and

seeded, gnto.Q 4 micran. RAIE Size.; 241N Alameler Ji ture treated inserts (TRANSWELL(r),
Coming Cosfg?‘ in a six-well tray gt'a gg:]asity of é%%(%%égsc?@e%lfs%{%?esr%gf%oxe% %gefE/%:rrﬁ% he cells
were maintafEi e iBegeasE? 0 hheriamaniospharslafeien %00 Faidtiect fresh production

medium evegsgshictioniadanehiddh dax-tbeimadncianMedivn aampriseds A 34 Rage mixture of
DMEM and Hams F-12 medlu%uahty Biologics Gaithersburg, MD), 4 mM GlutaMAX-1 T#M (Gibco

BRL, Grand feI8RdtaNseamd dersivesteiamaistn ehseedmedntearsiieTialingmsr Runstixrdesmbinant

epidermal grawitbregtei(WipsiaiecBinteaRaiRgy) Lake A lrri8nNY bt dreyRaysLaad ebum: (Hyclone,
Logan tah;h%léf%%/g;l h}édrocortlsone,(Slgma St. Louis, MO), 1 x 104 M 15 ethanolamine (Fluka,

Ronko,r% om '

9T 1BVioP BB IROEHIES e fdiarE vS e e8iledrad atritg/mi insulin
(Sigma, St. Isheis o) oSer gzl transfasrinnBigme &eleauwissdviels RRBMitlodatayrening (Sigma, St.

Louis, MO), and 6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Co., Milwaukee, WI), 50 ng/ml
L-ascorbic agle "‘i%%f%g &?g%pcsﬁgalféaifgfnsg%i%itfﬁ ésl?,%%énfi@/ﬁ%@broline (Sigma, St. 20Louis,

MO), 0.1 ug/m1 glyEinkiiSigromsSnimivisndtGytanth @.fEverpal yraboyianiglyieghosthetic device

of this invention has two or more superimposed matrix sheets that are bonded together to

25 form a flat-sheet construct. As used herein, "bonded coliagen 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

30 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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(PEG) 3400-3700 MW (cell culture grade) (Sigma, St. Louis, MO). Samples _for histo_logical
analysis were taken at days 7, 14 and 21 and fixed in formalin, then embedded in paraffin. The

formalin fixegygas re embedded in paraffin and 5 micrometer section were stained_w'lth
hematoxylin-eosinézj&z@)&%according to 25procedures known in the art. Qsi%@@_@?&%ﬁ%hdes,
thickness measurements were made to ten randomly picked microscopic f|e_Ids utilizing a 1QX
eyepiece loaded with a 10 mm/100 micrometer reticle. Results for two different cell strains of_
human dermaldjtsrolitesis tressenpthasizeshin deabigaty wh[i)ma ﬁota%w&ghgbeﬂnﬁlegﬁgﬁ%&%gl Bllag-gn\ft;zge .

ctasit . Table 1: Thickness icrong%l ay? Day 14 Day :
30,53 = 2.01 YR E0 A0 T WS S0SHOTOPRERE PRORERSBIOOHE: B B8ries were also
submitted for &6Iager sbertartatiyaranay$is omdayd, Tn botlage2icollagensonteatag@s estimated
by employinag saletiyeiic assa e igripiolne camientngun in s o (Wocesper, 1961). A
those same timepoints cell number was afso

5 without continuous layers across the area of the arrangement.

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. Ifthe matrix sheets are still not in a hydrated state

10 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

15 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

20 from between the fibers of the adjacent mairix 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

25 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 casily performed by angling the

30 superimposed matrix layers to face a sterile airflow of a laminar flow cabinet for at least
about I 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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5 determined. Table 2 is a summary of collagen concentration and T_able 3 is a summary of _the cell
data from cell-matrix constructs produced from two different cell strains (B156 and B119) using the

[ : B119 Average
rocedure d . Table 2: Collagen (sg/cm2) Day 0 Day 7 Day 14 Day 21
E)n:S) 0 93.6?%2&;@? ‘?g?g% 21.08 396.30 29.38 B156 Average (n=3) 0 16 =1452904/884t52 93 23.91

457.51 25.00 Table 3: Cells (cells’cm2) Day 0 Day 7 Day 14 Day 21 B119 Average (n=3)

10

15

20

25

30

In an optional step, the dehydrated layers are rehydrated or, alternatively, rehydrated
and dehydrated again. As mentioned above, the dehydration brings the extracellular matrix
components of adjacent matrix layers together and crosslinking those layers together forms
chemical bonds between the components to bond the layers. To rehydrate the layers, they
are peeled off the porous support member together and are rehydrated in an aqueous
rehydration agent, preferably water, by transferring them to a container containing aqueous
rehydration agent for at least about 10} to about 15 minutes at & temperature 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
1n 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 ghies 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 celi-matrix constructs described above can be combined using
biocompatible adhesive biomaterials. As an example, the silk fibroin sohution 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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6.6 x 10511.84.4x10511.4 1.7 x 105 13.9 1.2 x 105 B156 Average (n=3) 6.6 x 105 13.1 0.5 x 105
14.0 2.1 x10517.1 1.7 x 105 Samples of the human cell derived dermal matrix fr.qm days 7|_, 14{ andI

were analygeq, ed reduction SDS-PAGE to determine collagen composition revea ing type
iid type IlI coIIagé%ygflpk%!bands in the samples. Biochemical chara!ct_eristi’(_’:gTdP_%%ﬁﬁf@?i‘ﬁal matrix
were detejunned using 15immunohistochemical methods. Flbro_ne_ctln identification was carrlec_i out on
paraffin fixed sections using the Zymed Histostain strepavidin-biotin system (Z_ymed Laboratorles Inc.,
South San FranviscejdSAJt FetdscipppiaraiatvasiHelBivin e PHRANARIERASEI YR

2 1WS2008/084952. antibody staining (Dako, Carpintheria, CA) followed by anti-mouse
orseradie OEG%G%E%%% Sefet ah ik ??%é?ﬁ?é%ﬁg Y LPERRTHERIS SRty hsEYRER Were

horseradish peroxi antibody Tt _ : _
visualized by applyifigieliamimobeagene (Gigona GtBLawis sNioandemuterstrineewihNielear Fast

ni ificati 21 day samples using 5 the
reviously aemcn b R Ll R Ut e R S S Hgaihs of GAG
per cm24n a B@isEle &W%@Iﬁd@bﬁmd@émmﬁbcdaﬂixdﬂammim,_mm&ﬁeﬁﬁ&gi1ﬁxampllelz 2:1n
Vitro Formatiﬁﬂrefﬁ&ﬁ&k%@%&)fﬁ%!‘é'%H%%%ﬁlﬁﬂﬁ%@}%‘ee r}%ti‘?lsgﬁ)l%eosnk”% altjalgég(%%ﬁjo;sn&%@é%?:ga y

Defined Medium 10Human neonatal foreskin fi asts were expanded using the’p
described in BS&fpiBiah pelfs s ePearsiehe buisidinde (o hsobrivenFatorsatidgstBficeis/ml, and

seeded on tosQu4caieRa BRI SIZSs AAMRHaMBIRS tis k‘é&éﬁ%ﬁ ChiRmbrane inserts ina
six-well tray at ensitg of S?CZ) X 1(g)6 cells/TW (6.6 x 10%éieécﬁélcm2 ﬁ'?ﬁeslgfselﬁsc Were then maintained

as Example B PSR G RO B TRBET TR forctb dvarerensgiowelt, however any

10 dialyzing procedure is within the contemplation of the invention. The resulting dialysate is
centrifuged in duplicate, each at -20°C for 20 minutes in order to remove mmpurities and
aggregates formed during the dialysis step.

A preferred crosslinking agent is 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC). In an another preferred method, sulfo-N-hydroxysuccinimide is

15  added to the EDC crosslinking agent as described by Staros, J. V., Biochem. 21, 3950-
3955, 1982. In the most preferred method, EDC is solubilized in water at a concentration
preferably between about 0.1 mM to about 100 mM, more preferably between about 1.0
mM to about 10 mM, most preferably at about 1.0 mM. Besides water, phosphate buffered
saline or (2-[N-morpholino]ethanesulfonic acid) (MES) buffer may be used to dissolve the

20 EDC, Other agents may be added to the solution, such as acetone or an alcohol, up to 99%
v/v in water, typically 50%, to make crosslinking more uniform and efficient. These agents
remove water from the layers to bring the matrix fibers together to promote crosslinking
between those fibers. The ratio of these agents to water in the crosslinking agent can be
used to regulate crosslinking. EDC crosslinking solution is prepared immediately before

25 use as EDC will lose its activity over time. To contact the crosshinking agent fo the matrix
layers, the hydrated, bonded matrix layers are transferred to a container such as a shallow
pan and the crosslinking agent gently decanted to the pan ensuring that the matrix layers are
both covered and free-floating and that no air bubbles are present under or between the
matrix layers. The container is covered and the matrix layers are allowed to crosslink for

30 between about 4 to about 24 hours, more preferably between & 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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15More specifically the medium contained: a base 3:1 mixture of DMEM, Hams F-12 m(_a_dium (Quality
Biologics, Gaithersburg, MD), 4 mM GlutaMAX (Gibco BRL, Grand Island, NY) and additives: 5 ng/ml

human recorgly idgrmal growth factor (Upstate Biotechnology, Lake Placid, N\Q, 0.4 jig/m1
hydrocortiSo?e@(risﬁglrﬁ%gt. Louis, MO), 1 x 10-4 M ethanolamine (Fluka, RONKSHRORY SRV cat. _
#02400 ACS grade), 1 x 10-4M o- 20phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5 ug/m1 insulin
(Sigma, St. Louis, MO), 5 ng/mltransferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St.
Louis, MO), and 6.78 fig/mbssisinigniSignsaliildric hgeines@bemict s Cokppany o Miwankee, WI), 50

ng/ml L-ascorhj i Chemicals USA, Inc.), 0.2 ug/miL-proline (Sigma, St. Louis, MO), 0.1
ugg/ml glycinég&ﬁ%%%rggg?%tﬁaﬁ S r W:S”éﬁ nﬁtﬁj'ac% p%ﬂi/%?ﬁg[fér‘fgngﬁgg éé?ﬁl‘:"%at}‘(%’i—amaa%ggﬂt It_%uis,

MO). Samplesuere ichidokberetstalizy dgrand Pieforediagengeonientrationodnd aplboumber using
e e epRisaun ARUBMANIRY LuANes b Icel RUMDeR S S soliaden), Samples

were also formalin fixed and processe otoxylin and eosin staining for microscope
analysis as dB%&TibERIFIESIA thite UmpfistEloeical evkimeasiofstuiromstvatedatat thes comstrsdts grown in
defined mediygpnwag30similar to those grown in the presence of 2% newborn calf serum. Samples
also stained positively for fibronectin, using procedure described in Example I. WO .
2009/070720PCT/USBHES f81eBsiss o) é@ﬁ%&ﬂéﬁj@ﬁe@@éﬁd@@}w@mammwm fisAverage
amount of coltagandn ieachronsituetRF DR ITH32 2k, 320801, 2¢ 83 800:532149 400t

The matrix sheet is rolled so that one edge meets and overlaps an opposing edge. The

10 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

15 oroval 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

20 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
mandre! 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

25  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

30  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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Table 5: Cells (cells/cm2) Day 0 Day 7 Day 14 Day 21 Average number of cells in each construct
(n=3) 6.6 x105 7.8 2.2x1059.6 2.5x 105 1.19 2.1x 105 Besides endogenously produced

fibrillar collagg ;giggapHr@Nd glycosaminoglycan were also present in the %%J_,Ir-maztor{i}x construct.
5Example 3: In Vitro Formation of a Collagenous Matrix by Human Achilles Ehaon FibroBlasts

Cell-matrix constructs were foimed using the same method described in Example 1 replacin_g the
human neonatal foreskin fibroblasts with human Achilles tendon fibroblasts (HATF.)._ Following 21
days in produgtid firedione, sanleseweneialso sahmikiechior g Fdastainiagdandvikigkness

determinatio ing.the pracedure described in Example 1. The resuylting construct was visualized as a
cell matrix tisrsBllJégblr‘lllgg %ce)r%%aéts\%?tﬁ %n? éﬁﬁg $ %}%gb%’f 58 Mich Oﬁg%{gz’é EW&BS’eﬁtgﬁ%Iy
produced fibriftaireothegeizltiwonig aidyfiwosaatinohbetars Weiktatsbapths et thieconnstruct. . y
Example 4: In Vitk o Qf ] 15Transfected Human Neonatal Foreskin
Fibroblasts ot rgéni%cted hgﬁaﬁeﬁé&ﬁgﬁﬁﬁﬂ%g}t%%ﬁé ?B&%%é‘a’iﬁ%fnge Stﬁléngﬁ(r)l\?vgﬁnf procedure.

One vial df jOR]MEFS%Fﬁ?ﬁ@ﬂﬁ&ﬁeé@hﬁ@h%@@ﬁ@@@ﬁ)@ﬁmbmwmmémﬁJ, etal.) was
thawed, and mgﬁﬂﬁqwﬁlég@%&ta?e%&%%%l_'ﬁ/&._@%rfdpﬂsféﬁ%ég&%ﬂ%&é@ét@{ stg,%%@”dge’ MA).

These flasks were fed a growth medium, and maintained In an incubator Z0 at 37 1C with an

atmosphere &f0erRRuEEReThE Grottrehidgis i BonErRtesabie WorZeborairbrkoPCT/US2008/084952

For simplicity in illustration, a two-layer tubular construct with a 4 mm diameter

and 2 10% overlap is formed on a mandrel having about a 4 mm diameter. The mandrel is

10 provided with a KRATON® sleeve approximately as long as the length of the mandrel and
longer than the construct to be formed on it. A matrix sheet is trimmed so that the width
dimension is about 28 mm and the length dimension may vary depending on the desired
length of the construct. In the sterile field of a laminar flow cabinet, the matrix sheet is then
formed into a tube by the following process. The matrix sheet is moistened along one edge

15 and is aligned with the sieeve-covered mandrel and, leveraging the adhesive nature of the
matrix sheet, it is "flagged" along the length of the sleeve-covered mandrel and dried in
position for at least 10 minutes or more. The flagged matrix sheet is then hydrated and
wrapped around the mandrel and then over itself one full revolution plus 10% of the
circumference, for a 110% overlap, to serve as a bonding region and to provide a tight

20 seam.

For the formation of single layer tubular construct, the matrix sheet must be able to
wrap around the mandrel one full revolution and at least about a 5% of an additional
revolution: as an overlap to provide a bonding region that is equal to about 5% of the
circumference of the construct. Fora two-layer construct, the matrix sheet must be able to

25 wrap around the mandrel at least twice and preferably an additional 5% to 20% revolution
as an overlap. While the two-layer wrap provides a bonding region of 100% between the
matrix sheet surfaces, the additional percentage for overlap ensures a tight, impermeable
seam. For a three-layer construct, the matrix sheet must be able to wrap around the mandrel
at least three times. The construct may be prepared with any number of layers as limited by

30 the dimensions of the matrix sheet and the specifications desired. Typically, a tubular
construct will have 10 layers or less, such as between 2 to 6 layers or between 2 or 3 layers
with varying degrees of overlap. After wrapping, any air bubbles, folds, and creases are

smoothed out from under the material and between the layers.

-31-



Dulbecco's modified Eagle's medium (DMEM) (high glucose formulation, without Lglutamine,
BioWhittaker, Walkersville, MD) supplemented with 10% newborn calf serum (HyClone Laboratories,
Inc., Logan, {{5h)RRdy4,,M L-glutamine (BioWhittaker, Walkersville, MD). On the same day, 1 vial of
human neonatal foreskin fibroblast 5(HDFB156) was also thawed and platé& H'$28%/4%852ells/162
cm?2 flask (Coming 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 jig/m1
polybrene (Sigma, StlatduighemO)aFive néktidaydhie HRRBIMEeelsware iierted asiaiaws. The
spent mediu ' P -43 viral producers, was cpollected and 10filtered through a 0.45
micron filter.rg{%%p po%&k%teav%gsﬁ)arc%g% Fﬁfﬁgl%g@ %188?1 1%%e°dfh?%nafﬁ%r§baé?ﬁl?ﬂ3@ﬁfrﬂrwas then
placed on theTBFs B 898 peour o ddhs thradi®) Brberededireklygravthanedjiped mhei dayeafter the

o e PasReddbaSOROANY pesid o2 AeRANAl & X AR CRISE A SINg fask (Coming

Costar, Cambridge, MA). Cells were passed as follows; spent medium Wasa 8# The flasks
were theh rin%’ae‘i?\)@’i‘ﬂﬁpé}ﬁﬁﬁ”%fﬁﬁ Bluffered saline to remove any residual newborn calf serum.

Cells were releasedifremyjig Hegle Ry @HBQ&EH&XP@&H&{%%%G?BQ%H Jrl%é»k%%n%%%%t% Jocking to
u

ensure completaé: verage of the monolayer. Cultures were returned tothe incubator: AS soon as the

cells were refB5EI04S 87 PESHS BSad Bdymine PRI THRpiRG flaaleeidued i tactanadiasinand mixed with
the suspensiamtioxsibgthe Aﬁ’é@ﬂr@ismﬁcﬂig%@ﬂ&%’iﬁg%emﬁlﬁggﬂé@@fﬁ’éwgﬁﬁﬁéﬁ%ﬁﬁ% was
S were

removed frorget he flasﬁs gang gven%ﬁ?%/ided between sterile, conical centrifuge tubes. Ce

collected by CenttURALBH &t AP SIENRTAIAN BoBettpared e Snftherspyoresainelidhvere resuspended
in the grBwtremethiafomagédingaditheidensinylisiesahois, Aesing Jays: 1B &%Us?fé%@ﬁdg {ggfresh
growth mediym, 1jggglft%llowin r%a%the cells were haryested as above, and diluted to a density of 1.5 x

106 25 cells/ml'in growth mediung CoAtRInTIgG TORETERMEGRH UaTEERT don INEISPoiH A tostevhethy
sulfoxide (DNISOINSgeasBtdtacutbe M@)s Witeelepuersrihendshzenatinligesgvial at about -80 C.

Production of the ¢ ix for this example utilize t me procedure as Examples 1 and 3,
replacing the huma%l@ﬁtggﬁg?aﬁ% fﬁ%fié?é%%%‘i’éav%% ﬁﬁé%ﬁqﬁlg%?kéfgf %@r% B HEs

transformed % Brdthlechigh-reeeis efpstasiat derirodrgiowthfatitiRDE e descrked above.

Samplas Weé@dﬁi@ﬁﬁﬂ%ﬂg&é&%ést%fﬂﬂga?@d?@a%ﬂpﬁﬂl&%gSr A See‘féi{‘%?ﬁsamp'es were also

ay 18
stained usin(%ri‘the avidin-biotin methods for the presence of fi rc(z)lr?)ééi Bllsltté%? N EX %‘Tte 10. Samples

were taken SHERSSPE gt et oo ooebso ot zeamiB 20881081052 foryl&H staining as
described indexiabpeyiy and @ﬁ@iﬁ@ﬁ@@@@n@h@gj%gﬁqsfﬁea&p@prance to that described in

Example 1, with a measured thickness of 123.6 microns (Nzlj. PDG iqutput of the transfected cells in
the cell-matrix constRT WadRBRedrEaHS Bacrothngnmitrast ELISA wed igbousthwitutsoh of the

culture (18 dayts} vibdtelcontsysoay inuiehRREGFs waa4BdaiRciabIEsEXaMAIS 240 YR Eermation Of A

Matrixﬁy Hl{g]t%n C%gr eal }t<er toc%ges Human corneal keratocyte cells (origihated at
Organdgenesis. Ine tantolf, MAYWERS tista fareproaaRasiio P Siraiiitcbrstressbregmea.
Confluent cuitdaswhinatiyarr Kenatdoyllesovarabeleasedifion Haincy i Subsiaies Hsing
trypsin-vers en 10released, saybean trypsin inhikitor was used to neutralize the
trypsin-versgﬁgs,t%%{é}’c IIJasVl?Jgsl‘ﬂpl)egl g%ﬁev%é%lggﬁtg SHihe" ST pEFEREAR disera camhrrambichins were
then resuspéideastusisetheddlivtoizg chreontyatidti-of Batakaslsimbpaelsnrere-seRashaNto 0.4

106 collsr i TS o T B A b gt
25 prosthesis in the solution and then air-drying it. This procedure treats the collagen with an
ionically bound BA-Hep complex. Second, EDC can be used to activate the heparin and
then to covalently bond the heparin to the collagen fiber. Third, EDC can be used to
activate the collagen, then covalently bond protamine to the collagen and then ionically
bond heparin to the protamine.
30 Antimicrobial treatments, drugs, growth factors, cytokines, genetic material and
cultured cells may be incorporated in or on the matrix layers. Additional material layers

may be disposed on at least one surface of the constructs such additional material layers

include proteins and other extracellular matrix components in purified or crude form.
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15medium. 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,@WJ@%% NY) and additives: 5 ng/ml human recombinant epidermal growth factor
(EGF) (Upstate Biotechnology Lake Placid, NY), 0.4 p.g/m1 hydrocortisone {Si§i¥&us0susiis, MO), 1 X
10'4M ethanolamine (Fluka, 20Ronkonkoma, NY), 1 xM o-phosphoryl-ethanolamine (Sigma, St. Louis,
MO), 5 jig/m1 insulin (Sigma, St. Louis, MO), 5 ug/m1transferrin (Sigma, St. Louis, MO), 20 pM
triiodothyronine (SighreteBts. LBuisicM@lsranshiéx F3ongrmdeseipnisimnd Signaidishsrine Chemicals
Company, MiM%%h?ﬁ‘fV\é\Agbrllzo xWir% tsh.is Ehg ?I%ures Wzlre fed fresh production medium. The
production medium was com'poséng3 A58 3 et lafti%tﬁﬁﬂ’@ﬁ%eﬂéfﬁ§¢9i@?ﬁe@i@m1@uality
Biologics Gaifiér5btrgetb pratendl GhartaMiaX «(Gibgle, BR [proGiafibisiagnsh, MY raadaddiives; 5 ng/ml

Human Recoghipays ider. I r.(Upstate,Biotechnology Lake Placid, NY), 2% newborn
calf serum (HycI(;HnH’re?,IE I’_%%lgﬁ ﬁ&%‘ﬁ)ﬁﬁmﬁg’gf&rﬁf%%@%ﬁ gtguéofgf ,%%8%%@}?? R°P04 M

ethanolaminetiira chepiestiro shrcan didsigradisk] ¢ trboghvhosphospherdrathtiaplamina{Sigma,

St. 30 Louis,)isbulig/mldRsliz (Rigmes [hnbots M2 jig/ml transferrin (Sigma, St. Louis, MO), 20
pM triiodothyronine (Sigma, St. Louis, MO)%ygﬁ#d %.78)%‘35%5‘%@?6%&? @n%%rl%]rgﬁfgﬁ Fine Chemicals

Co., Milwauk &SP AFFIEY ofrh proldfertne apdpigake putes W ROBIIGEPRORETIYS2008/084952

chemical corapagsipnd. WA Bl RIMNE (SRSl LOU] i MG (Sigma, St. Louis,
MO) and 0.05% polﬁgthy ene glgcollﬁ(lPE%) Sigma, St. E%%%s%)c fﬂ%sltgg{l%fg‘jﬁgagfﬁgég‘?ﬁié &lls were

maintained in"an mc Sﬁ(ﬁ!i‘aét‘:?? 4 € FreTHbeRadp Heru rened o5 pedoed bngdedifresh production

mediuni @versn2igecdys. 20 aays, (o1l astatobaf-2 indausy i Aulture: Afier 2daysdn g dhe
keratocytes %Bgsg%paosiéggoa matgg.la er of ahout 40 microns in thickness, as measur y the
method described In EXAMpIST HHS%%H SRR bR EsifgEhe Baeariateindfurther

glycosaminogiybaiesvereialsn presenbirithencats aailbcsursiuehilOGExample & s 18:Vitre,Formation of
A CoIIagenoLalﬁ(Mg{,rsj;étE,[){Olélsit)J‘r’p1 nnl(\}le_ogptahForeskin Fibroblasts Seeded in Production Media
Human neonatal foreskin fibroblasts (origin3tad Bt BegENEg&nLkie thecearitreadnyamere seeded at 1

x 105 cells/OMI9ifigroRtsoresizesidvcnimudiarhetein tisseferowlt ertigateddcarisns) iprasiygll tray
(TRANSWELLGD, ;608 ' MA) and 15grown in gro medium. The growth medium
consisted of: Dulbécco'?ih%%ggi%@%g\g Ee%qr%tgcﬁ#ﬁ%fﬁ?\% I%%B ?ﬁ’éﬁ gﬂ? o%sff)‘fﬁl?ufg‘ﬁﬁ?ﬂ"Wﬁ?&ht
L-gIutamine,I’B%\hﬂﬂtfé’l’@fﬁiwaﬁ%éfgvmé?MD)isﬁpplenﬁesﬁeﬂxwmisiO&ﬁimﬂﬁmﬁajﬁﬁﬁ@@m (HyClone

Laboratorieskdas kagiahs Mtak).and.AmM, L ine: (BioWhittaker, Walkersyille, MD). The cells
were maintained in an ir?guba_tor at37 1C wiztlﬁlglir%Fil g%r%é&%r%%ﬂ%f%%%ﬁ%ﬁ%%ﬁ ium was

replaced evel§F{TE oARIR G Anemirgagisdimisnting. théomediunanvasidaspindtedhfeam the culture

dish, and reptabasbaippredustion eeiummidie celinRls Maigned ) anngypator at S7 1 C with
an atmﬂs;phere of ]SO % CO2 and fed fresh_production medium every 2-3 days for 21 days. The

0

producion medium WAL ESHREELIS IRy BadisrsetpaireorDme pne-sarfesFof thaediiumatti@uality
Biologics, GedthwtrsiisrdlH By REridma < iablAss (SikopBRbs Liard lsiangd, NYd,and additives: 5
ng/mi humagt{i%ggrren in%nttﬁé:){i:d rmal growth factor (Upstate Biotechnology, Lake Placid, NY), 2%
newborn calf serum (Hyclone. Logan URaRTBeh fdhi hixrbcsrissrecmsimea Bnatarinymo), 1 x 104
M ethanolarfihe (Bhskd sRuhkinkorad b $eSyadel dosl Ko Mpaaprsphanethanglamine (Sigma,
St. Louis,), SdigimLin l‘%@ a, St. Louis Mé?%;ds 30 tig/mitransferrin (Sigma, St. Louis, MO), 20
pM triiodothyrongﬁe (g)ig a, Iéq[. ué’uiEf’l% R0 .9@%&%?%@%@%% A¥4Agh Fine Chemicals
Co., Nﬁ@vauk@bﬁ(wyl}%@ﬂ)gﬁmytsi&s@oﬂsbmasiHc(dﬁ/déjﬁ@lﬁaﬂw{éhemjggl@gm Rl d=119/m1L-proline
(Sigma, St. bOKA3-hydroxy ethyl methacrylate), poly(N-vinyl pyrrolidone), poly(methy] methacrylate),

poly(vinyl alcohol), poly(acryiic acid), polyacrylamide, poly(ethylene-co-vinyl acetate),

poly(ethylene glycol), poly(methacrylic acid), polylactides (PLA), polyglycolides (PGA),

poly(iactide-co-glycolid-es) (PLGA), polyanhydrides, and polyorthoesters or any other

30 similar synthetic polymers that may be developed that are biologically compatible. The
term "biologically compatible, synthetic polymers" shall also include copolymers and

blends, and any other combinations of the forgoing either together or with other polymers

generally. The use of these polymers will depend on given applications and specifications
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WO 2009/070720PCT/US2008/084952 MO), 0.1 ug/milglycine (Sigma, St. Louis, MO) and 0.05%
poly-ethylene glycol (PEG) (Sigma, St. Louis, MO, cell culture grade). Samples were taken at day
21 and fixed {pfopmali,shen embedded in paraffin. The formalin fixed samples were embedded in
paraffm and 5 micrometer section were stained 5with hematoxylin-eosin ( Ve ARG echniques
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 witha

10mm/100 misgredefatioieniGlly piipiaiertemineib Melvillerbdhesconstiustscreated using this
method are similar | cture and biochemical compaosition.to those created with. 10Example 1, and
have a meas%gg t%%i%g%éugg gba%ﬁv L%réﬂn%%}%%?ﬂg %gﬂ%@g THOAL o RIS PP AIEBllagenous
Matrix by Pig DépmdispiisedislastsellignBisrmahFibrotissterdrigitistetatQegenaganasis, Inc. Canton,
MA) were se . i ulture treated.flask (Costar.Corp., Cambridge, MA.
cat # 3150) aqn%&g?%{/aﬁ%r% g %ﬁ%géﬁ%%&%%ﬁ?%égrbe o%?r?ﬁg%ﬁr%c\gv ?‘H%Sdﬂﬂﬁ@gg'ra‘ﬁﬁsted of
15Dulbecco'PRISBIFIE dEEyRes ¢f Bl DMEN P (i ih Biuvose Farpasl dtion  Raligowtd inglutamine,
Biowhittaker (\Walistisvia MRk supplsoentedwiin. 10% é%‘a%?fteéﬁh&jggﬁ%%gﬁ?B&%%%%ﬁ?&o”es' Inc.,

Logan, Utah) and 4 mM L-glutamine (BioWhittaker, Walkersvi e cells wete maintained in an

incubator at F7CYPRHH LY tiFsaphatel setioth WWhvderPimThe medium was replaced every two to
three days. Upon 20esfluapta thalisihonslshatdniniad amaded iaveratiha notiom,of the tissue

culture flask, the me%ur%}liwas aspirated from the culture dish. To rinse the monolayet, sterile-filtered

phosphate butfEFf sAlfe PaE AARan BetamehbRaBrIifePPaEpisanserone tiedistr Cells were

releasetiOfronpahentidisia byspgilédgainiieynsio-yersenecohsamineviRioWbitiakes \Malkarsyile, MD) to
each flask ansqlgggtl ar%gkinsg 0 eniutre c%%ﬁ?mcovera e of the monolayer. Cultures were
returned to the Meubator. A SSeR S e L i TEYSSEEL BRSO FIBTPESSybEan TPYpdin Inhibitor)
was added toredstalidskanddpogtherithotbectelt suspansionigsiondheactionefihe fypsin-versene.
The suspension was ed from the flasks and evenly divided between sterile, conical centrifuge
tubes. Cells we%%ﬁgﬁ‘q}eg Syaclgﬁ%?éﬁrgaﬁgﬁelé Hppr o%ﬁl‘gf)éﬁ’/ @ﬁé‘@'@’%‘ff&‘#@ﬁﬁ%ﬁ%@%‘?@%ﬂs were
30 resuspenderahiendif fechreladconeedtistiontehidaill Bbacalisinl, &nd, seesitidstia edigaicron pore
size, 24 mm gigneterktissys, I ells in a six-well tray at a density of 3.0 x 106
cells/TW (6.6 x 105 ce|!§’7cm2).qi§%”§?§%§§?§%§§%nsa Svermghtin a"%ée?ar% 2009/070720PCT/U
$2008/084952 mediGiHizrHensdeensimeivmecbosittoinf]a dbersiz 8l Lshigtumenof DMEMy Hams F-12
et (Qualiolnaisa: Calirrshuro MRATIGHIBNAN SHiba BRY, Cranddsiand, 1) and

e actor (U

additives: 5 ng/ml human recombinant epidermal growth pstate Bio ecﬁ%%?o&% ake Placid,
NY), 0.4 jig/PRHHTE SHHESHE IS yivarstatsisiacid Gy ) eamansnon saiand laitiines (Bigkea; Ronkonkoma,
NY ACS gradsjsubuol 00 aroRplteRRIRA0AIMIAE/SIAEE (5, baLIJ: 5 glid. iagulin (Sioma,
St. LOL%, MQ) CO% /m trﬁ% ferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis,
MO), afid 6.78 RGN el SIGHRC RIS ethe CironiiEaiaaten iNnRRImEE WA Fos0meron
L-ascorbic aeish@¢tAKGHBesGdteamical Kapnanyindre, BeY a¥eap1eline (Rigmacsitsi-Qyis, JOMO), and
0.1 jig/ml gly&}iigle %i% St.tLguis, %O). The cells were maintained in an incubator at 37 1C with an
atmosphere of 10 155 CO3 SHa TedHFESH Sl metnir ale ryaenlanlR minvierspshThe
production nmiggim was composed of: a base 3:1 mixture of DMEM, Hams F-12 medium (Quality
Biologics, Gaithers ~AmM GlutaMAX (Gibeo BRI, Grand Island, NY) and additives: 5 ng/ml
P AT §§as%r fg?g%n%ﬁw {FERAB PRI & ORRS%% newborn

. 101
human recombinant eplo_lermaf_l grow Factor
calf sedm are packaged in containers made from material suitable for gamma irradiation and sealed

using a vacuum sealer, which were in turn placed in hermetic bags for gamma irradiation
between 25.0 and 35.0 kGy. Gamma irradiation significantly, but not detrimentally,
decreases Young's modulus and shrink temperature. The mechanical properties after
gamma irradiation are still sufficient for use in a range of applications and gamma is a

30 preferred means for sterilizing 2s it is widely used in the field of implantable medical

devices.
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(Hyclone, Logan, Utah), 0.4 p.g/m1 hydrocortisone (Sigma St. Louis, MO), 1 x 104 M ethanolamine
(Fluka, Ronkonkoma, NY ACS grade), 1 x 10-4 M o-phosphorylethanolamine (Sigma, St. Louis,), 5
jig/m1 insuligy(Sigmaseabelouis, MO), 5 jig/m1 transferrin (Sigma, St. Loui

triiodothyronine (Sigma, St. Louis, MO), and 206.78 ng/ml selenium (Sigmsgéﬁﬁréi%ﬁ@r%s@hemicals
Co., Milwaukee, WI), 50 ng/m1 L- ascorbic acid (WAKO Pure Chemical Company), 0.2 jig/m1 L-proline
(Sigma, St. Louis, MO), 0.1 jig/m1 glycine (Sigma, St. Louis, MO) and 0.05% poly-ethylene glycol
(PEG) (Sigm¥, STHIXGUSAMEY HRIFEURTAOYRde. After 7 days the media was replaced with production
medium without newherg saltsesye ThisRedaas d LRSHIoE Gl A3eyeR 25 days for 20
more days, for a total of 28 days in culture. Samples‘were taken at day % and fixed in formalin,
then embeddB@JffarBERA of Heyarham fkensurdiry ek hsetivadaeshingurafiineand 5 micrometer
section were giainegkwiihJreRaiaedineesin (A% BeeRrdiBeIoRChRIGHEe S SURIRMA Wolagd in the

art. Using H&E stained slides, measurements were made at ten randomly picked microscopic fields 30
utilizing 3 10CESERIEER RsRAtP ReAREr hfiemMBIGHIE K &) defrrsraitnechaningl/ methadido meter

reticle (OlympiiscAmesioa 19 sertdbelionitd ¥l hersampie:exhibitad A stuctiereppgsesabaells and
matrix with a measured thickness of 71.20 9.57 microns. Besides WQ
2009/07072 Eﬁ‘ﬁlﬁ"&sgz 8 /S48 5P SNHOGERY P JrEtE LATEMIER TolAgBRARI0RN Agshed
Callagenous e By e eonatal Foteckin EIDIobiasks i Chomicaln, Dofneet Medium SHuma
ollagenous Matri uman.Neonatal Foreskin, Fiproblasts in mica ined Medium 5Human
neonatal fores ?ﬁel tPé%hlea‘gt%u\?v%Pg%x%%@egggu%%%l ‘iﬁé%ﬁ%’&g&%%%‘gg&ﬂ%%’ BSeAnIPR 1. Cells were
then reslispendeithtd covonrgenthitionof Sy hethedisiztuandregadegsiriofdomiexpanpie size, 24
mm diameter.: I t I inserts. in a six-welltray at.a density of 3.0 x 106
cells/TW (6.6g 1x 05 ggllgs%gr%%&l Ce Ig%%%rsgé}%fm% e\ gl}ge?u %ﬁ?'eclﬁllr? %heélrlnlcgﬂfﬁs% |tn%18ym8dium
throughout. POFhediediuen eohthinathi echase B skimikeneuftaviEN of timbdexl 2Gmestiuets (uality
Biologics, Gg ' BRL; :
FHOGAHIG: MB) 2B Sl AMAXGIPE] Ioﬁ% gﬁoﬁj ggfl‘%gﬁléo%ﬁ

)e @g? gritives: 5 ng/ml
human recombinant epidermal growth factor (Upstate Biotec acid, N ,1x104 M

ethanolaminB NSk SREHIREARD HiaY Reverplicd ool xosas adeseripaidy eplpel, needle or pin,

0-phosphoryl-ethanplRrinenRigsn eheHrds @it M bRy N ANSTeH oma. i5,MO), 20
pM triiodothyronine Si%%;a, St. LouiZ%MO), and 6.78 ng/m| seﬁtﬁrﬁ&{%ﬁ#ﬁgﬁiﬁ%&ﬂ%ﬁmicals

Company, MIRREERERORM 2835 AGHG (oadetsiniEalsiaransrieyat penshrs U shrodvey, i 21pgiiarL L-proline

(Sigma, St. loptiss i) p&ekragiontalycinaibSkimima By beiisoMGorate a tistRctRaPasiGmgdium above,
other componer%% were added in these separate 20Conditions: 1. 5 ug/m1 insulin (Sigma, St. Louis,

MO), 0.4 pgfriﬁfi drocortisone (Sigma, St. Louis, MO), 0.05% poly-ethylene glycol (PEG) (Sigma, St.
Louis, MO). 2. 5 pg/m1 insulin (Sigma, St. Louis, MO), 0.4 pg/m1 hydrocortisone (Sigma, St. Louis,

MO)- 20  viI. TREATMENT METHODS

Bioengineered constructs of the invention may be used in wound healing, such as

for acute wounds including surgical wounds or burn areas, or chronic wounds such as
venous uleers, diabetic ulcers, decubitus ulcers may experience a healing benefit by
application of the disclosed skin construct. Other congenital skin cﬁseases such as

25 epidermolysis bullosa may benefit as well. Bioengineered constructs of the invention may
be used in cardiac applications, periodontal applications, surgical applications, and
cosmetic applications, and neurological applications, such as a dura mater repair patch or a
graft for peripheral nerve repair, a wrap for nerve bundles or tube for guided nerve
regeneration

30 Cell delivery. The bioengineered constructs of the invention may configured for,
and used in cell delivery applications. Devitalized or decellularized constructs of the
invention may be used as a culture substrate for cells. As the constructs of the invention

primarily comprise collagen, they are a natural substrate for cell culture. A matrix construct
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253. 375 pg/ml insulin (Sigma, St. Louis, MO), 6 pg/mlhydrocortisone (Sigma, St. Louis, MO).
Samples were formalin fixed and processed for hemotoxylin and eosin staining for light microscope
analysis. Visyg) higéalagigal evaluation demonstrated that the Condition 2 I%ckin PEG demonstrated a
comparably similar matrix as Condition 1 containing PEG. 30Biochemical anal %ﬂﬂ%ogéfﬁ%ng the
collagen content of the construct showed nearly the same amount of collagen in both: 168.7 7.98
pg/cm2 for Condition 1 with PEG as compared to 170.88 9.07 pg/cm2 for Condition 2 without PEG.
Condition 3 cohtatrignieo mapdrayerichRE TAUBRDESI084962highateyels aof snguliniandf celis
hydrocortisong shawethaiaheraiessiomebmais. Rebdng.calagen. At dmepgitearler than the
other two conditions. Besides endogenously produced fibrillar collagen, decorin and
glycosamino@ahswdrecAEehpraattt sanFieeleiudthiv end swleotdlin st BondilonsaThe cultured

detrital consteagkiaienes bythemethedinf BLanding @ief flsExample s showndaigyss 2. Shown in

Figure 2 |s a photomicrograph_of a fixed, paraffin embedded, hematoxylin and eosin stained section of

a cell-matrix SBASHTTA I AR TOhE CRRTPSAL Il M AFNHERS AT Aisestsrasescin chdisskaly tepdindet medium at

21 days. Thedpginus feamksaegApRe MEREA MHBHsARNSNICER} hardhelpw the canstruct and it can be
seen that the cells grow on. the surface of the membrane and do not envelope in 10integrate the

membrane with’ won of @ copstchiof ihe fRYRRHOR IR diciaigRhitiosesive leyemmandges of two

magnificationofi gultdredadesihel @onsilapt fnndetivey, thesetbe grofandition, 2.efthis/Example at 21
days. Figure 3A.is z%\igG(E(c);élgagnification showing alignment of endogenous collagen fibers between

the fibroblasts. Figure 3B'Is'@ 19000X magnification 150f fully formed endogenous collagen fibers
demondtating fibril BerafodemiesteancipackingrinidiidGohelitiprsahithindanpiethe sHitdred dermal
constructs fopmed.compyi fibroblasts and endogenausly produced. matrix. All have fully
formed collagen fiéril%&gﬁ% %_{c}l}?flaéﬁ?z%lﬁroer%egﬁ%ﬁ%g e %%renﬁ%l? TR, t{%r‘ﬁms qualities,
thickness, angvéstiesivélipsegkiledivethsantoristract gorsiter abtmstnandiiidoiatiovsit ie hedeeelably

20removed fipmihe sidte membrane. and nggégm i%igntxr@fﬂis @grfgmt&%os%b'? tto be treated with

! ! L resgnt
the construct, as in a graft or implant. Example 9: Formation of a ageno a rleby Fiiman Buccal
Fibroblasts THESHMPose of this experiment is to produce a cell-matrix construct from buccal fibroblasts
isolated from human cheek tissue. Buccal were cultured in 1-150 flasks in 25 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 106 ciXAMRIES containing 10% NBCS medium and

cultured until Basfipénce Bomiaickhtime dogpelisuyamaane stedad sbavesktheeeallsiihemadium was
aspirated from the ¢ulture flask. Ta.rinse t %?30 monolayer, sterile-filtered phosphate buffered saline

was added to the boNOH GI8RaR e blasfsensiaind rt P rene amaerask: €aioere released
from the flaskiy actingedabtthypsii-vetseor gliftamiee Biedvhitaken@keass\illsp MD) to each flask

and 20 Cambridge, MA, cat # 3150) 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

(NBCS) (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

25 atmosphere of 10 % 1% CO,. The medium was replaced with freshly prepared medium
every two to three days. After 8 days in culture, the cells had grown to confluence, that is,
the cells had formed a packed monolayer along the bottom of the tissue culture flask, and
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

30 from the flasks, Cells were released from the flask by adding 5 mL trypsin-versene
glutamine (BioWhittaker, Walkersville, M) 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 mi of SBTI (Soybean Trypsin Inhibitor) was added to each flask
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WO 2009/070720PCT/US2008/084952 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 Inhigi@physas@adsed to each flask and mixed with the suspension (e-stop iheagtian of the
trypsinversene. The cell suspension was removed from the flasks and evenly divided between 5sterile,

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 106 cells/ml, and
seeded ontoAWUEbN Pbrecsmenson e damibeactisnwd hattyesifesteyiasdis CPRANSWELL(r),

Coming Costaghimdosi¥ouialiiayeatibAansinh 93 redQf cals4ns st b X1 0 RYS/CM2). The

cells were maintained in an incubator at 37 1C with an atmosphere of 10 1% CO2 and fed medium
containing: LHHEEEY R fee Bt BRIER RFA S Fepaiifesntinn bR BnsishidO0d atRerstbtg, MD), 4
tn_M GlutaMixXif&ico BRL, Grand Island, NY) and additives: 5 ng/ml human recombinant epidermal

growth factor (Upstate. Biotechnology, Lake Placid, NY), 0.4 g/m1 hydrocortisone (Sigma, St. 15Louis,
MO), 13 10-4 M etﬁ&ﬂ%l‘gﬁ’iﬁfg CRUHRE %%Fﬂ%é&%%?&%%f’é adey, 1 T
o-phosphorykethanidnine) SigioanSloleaits, M@naijightkingulio {Sigreassated BuigisMO), 5
ug/mltransferr i . .ouis 0. pM triiodgthyronine (Sigma,.St. Lauis,,MO), and 6.78
g/ seleni e o CRAIARE Eorry B A Re oty 50 el Paebore aci
(WAKO Chefhi6ald ©) $&stmj).0ThdigtisinerQ0piatimed SigmanShdtouas 3M0)°0 dihgim1 glycine
(Sigma, St. i .Q5%-poly- I PEG) (Si S is, MQ).,At day 1 post
seeding, me%ﬁr%@%%?@&g)(%% ,\/?VE]BO %‘?‘fr%%?é%%pgﬁégﬁéc‘%%‘%ﬁéﬁiﬁ%%éﬁ2%2%% Selrgc)))/l) -3 days for 21
days. Altoday@!?-_sihﬂmé@%@i@nfi%é@immfmmmiﬁﬁfblﬁHifsitbksgyniﬁﬁrvfse@é}ﬂﬁéé wéBaysetHar protein and
collagen progligtian analksisseclagempraduetionion 24vna Aiameter sopsiLsis@varaged 519 tig
per construct after 21 days in culture. Total protein production for 24 mm diameter constructs
averaged 215!a¢-Be¥ tamd additiipetozrepianhcoarenBatimsrphofosptalumen serpabisrsblast

cell-matrix copizhah 3,6WiH B IS aUScROBIMELIRIRE) somBeshve, Hesyexahawedhuenakiibroblasts
surrounded t@% matrix while physically, the construct had physical bulk and 30Qintegrity. WO

2000/070726P elotrsbosoBRIB e usHipld I oREiRtRR Ema dhihatisn MARidrs0idstd in
Endogenoushhiieidisge (Malix Kanshkéis (otFosnDevitalized GEIMVapis SRasicucts

ethanolamine (Sigma, St. Louis,), 5 ng/ml insulin (Sigma, St. Louis, MO), 5 ug/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, W), 50 ng/ml L-
ascorbic acid (WAKQ Chemicals USA, Inc.#013-12061), 0.2 ug/ml L-proline (Sigma, St.

20 Louis, MO}, 0.1 pg/ml glycine (Sigma, St. Louis, MQO) and 0.05% poly-ethylene glycol
{PEG) 3400-3700 MW (cell culture grade) (Sigma, St. Louis, MO).

Samples for histological analysis were taken at days 7, 14 and 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

25 procedures known in the art. Using H&E stained slides, thickness measurements were
made to ten randomly picked microscopic fields utilizing a 10X eyepiece loaded with a 10
mum/100 micrometer reticle.

Results for two different cell strains of human dermal fibroblasts are summarized in

Table 1, which shows the thickness of the cell-matrix construct as it develops.

Table 1: Thickness (microns)

Day 0 Day 7 Day 14 Day 21
B119 Average |0 30.33 £ 2.61 63.33 £4.40 84.00 £ 4.67
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Termination of fibroblasts in endogenously produced cell-matrix constructs were assayed using the
alamarBluem assay. The alamarBlueTM assay incorporates an oxidation- 5 reduction indicator that
changes in cRIghigyigaPRNSe to chemical reduction of growth medium as a direct result from cell
metabolism. Metabolic activity from the cells will result in the reduction of FEHEBRIRNH6% reddish or
pink color as exposure time is increased. Lack of viable cells should result in little or no color change.
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Samples of the human cell derived dermal matrix from days 7, 14, and 21 were

analyzed by delayed reduction SDS-PAGE to determine collagen composition revealing

type I'and type Il collagen alpha bands in the samples.

15

Biochemical characteristics of the dermal matrix were determined using

sections using the Zymed Histostain strepavidin-biotin system (Zymed Laboratories Inc.,

South San Francisco, CA). Tenascin presence was determined by primary anti-tenascin
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immunohistochemical methods. Fibronectin identification was carried out on paraffin fixed



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 K-pyrssansiruct looked and handled as a single 15piece of tissue, The construct was cut
i i ical teSting Machine 1

into four strips roughly 1.25 x 5 cm then tested on an 1nstron mechanical testl or 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 20Sixteen matrix
constructs of ¢psreodyeiemmg WBalrmignmherigultaidatisentdbeminianesshavisg-atisepabaidasd 0.4 fim

using methodg; Il lally similar to Example 1. Jo devitalize them, the tissue
constructs Werﬁ%c%gsﬁg%ﬁé?ﬁéﬂﬁiﬁé%ggﬁmnrgler%aﬁ'regglr?a?ﬁ%mﬁf&fﬁlﬁ%%}%%?g fibroblast
termination. THSWE\EGRAEEbssaEedSigrue s Wwerestid® hyult ateuisistrivederifoNnjdetidrefM#ET) and
the tissue construct F8240R6 I ' vV ezers. or blunt forceps. A
LVe aledf %ﬁ%ﬂ%%@ﬂ%§%ﬁ%e@?§% &a?r §a%%?cs usilg -

devitalized tissue construct was fully s out onto 100 mm - culture ids (as a ctonven

working surfab§)PaRdSishistiehedayeteon Sraradried B363ugbaeRsas Ry wed theviatives 16614
constructs ongiameb o0 anhantoackiaged phalayers Jhrdavarswersalowed 89 alfdpvip ambient
room temperature and humidity overnight, or between about 15-18 hours. 30 After drying, the
superimposeﬁelea B¢s 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. FrovatreesixtbeNisiodletestemdeiatahizidaioan &3 R ROGAIEA R2ORGT/EHS2008/084952

constructs, a 10-layer, a 5-layer arﬁhﬁ%mgl[g ilr?. %ﬁ%%%}#%e ﬁ\éeerdel\ljp(_:r ﬁ%ﬁj with the layers of the

10-layer and 5-layer constructs adhered to each other rying ar rehydration process. The
construéts were theHersasmrugevioreakindduikisty sigertxfind chmtytts wereliraésselsednd to each

vessel was agdeg.aR DAl il SLLOMMEDE R SRal o, Theayered devialized ECM
etween?[ -18

tissue constructs were allowed to cross-link overnight (approximately hours). The
tissue constritteSHSrelPdhidvisIoRdRr e B¢ Bl dioncin Seshost v ireatcdairedisehmiartient room

temperature angdshumigitygne finaldime resiiting ingarassiiakedomaulilayes, frvtalizrd auman

cell-derived tissue construct. 10The two multi-layered constructs were cut irito three strips roughly 1.25

x 5 cm then RSB BAEAM &k ER MBI L IR Meshrg Adcrameermdedirmste mptia Thoushanalized

tensile $trengdopeplayieofitie hiayentissuseansbds WasHaiersinstiobehdep Nlayer ; for the 10
layer tissue conf?truc gzhe Iergﬂg stren%tft]g as 1.706 N/layer. The combination of air-drying, layering,

and EDC cross-inki ltlﬁlét?‘non-c%ﬁfa E %%SM@&%QM&%“WM@E@%‘?@%PQW a strength
and uniformitgladhdYipmdcaililivesCMghdineeliulac atvhiissypeansirgeishan-aqeassivly be

layered, drie ehydrated The h ing.and shape of the non-cellular ECM tissue constructs did
not diminish %‘?r??%mﬂ‘b%p% ?r%ﬁg %ﬁ‘gﬂ‘ﬁd Pa% 6‘%%11%&&&?%&%1}?9@% MbePBEAdRLdIKIar ECM
tissue constriét MlyetsmolfivenaridlakenRumk asktenaincieeseduhmoverslLsirngth of ther 30construct as

well as4paintg %Ig‘&t}g_%ﬁ%gg f the tissue after being,cut fo size. Exam %()313: Fabrication of
Multi-Layer (%ﬁeiﬁ atrix Constlraodg%geé%g%%ﬁah%é ﬂjé?hg/@ aéébﬂéé#ﬁ’ﬁ%‘i’é’e? RN Msle/EDC
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, WTI),

50 ng/ml L-ascorbic acid (WAKO Chemicals USA, Inc.), 0.2 ug/ml L-proline (Sigma, St.
Louis, MO), 0.1 ug/ml glycine (Sigma, St. Louis, MO) and 0.05% poly-ethylene glycol

25 (PEG) (Sigma, St. Louis, MO). Samples were checked at day 7, 14, and 21 for collagen
concentration and cell number using described procedures. Results are summarized in
tables 4 (cell number) and 5 (collagen). Samples were also formalin fixed and processed
for hemotoxylin and eosin staining for light microscope analysis as described in Example 1.
Histological evaluation demonstrated that the constructs grown in defined medium was

30 similar to those grown in the presence of 2% newbom calf serum. Samples also stained

positively for fibronectin, using procedure described in Example 1.
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Devitalized cell-matrix constructs were layered and crosslinked using 25transglutaminase or
transglutaminase followed with EDC in MES buffer to bond the layers together. Transglutaminase
("TOM") is agolleet for a family of naturally occurring enzymes that act to link proteins. TGM
catalyzes coﬁeﬁ%@mmaﬂon between free amine groups and y-carb&’ﬁw&ﬁ‘éﬁ/{%ﬁ’é’peciﬁcalIy
acting on lysine and glutamine. There are several forms of TOM, but the type focused on in this
experiment will 30be ActivaTM food-grade TOM, which is made through a felnientation process and is
used as a bin@inipagent!eeomagaeady to use a dry powder but can also be mixed as a slirry or
solution. Twetve-cel-matrix-constracts-were-grown-in-—75-mm diame&u&uﬁ_lrnse&hamm' ingg WO
2009/070720 PCT/USZOOS/O@@’S@ 0.4nm pcx)@dgmembramg%’nﬁ;cultured P32§1days according
methods and Aisergzenateiialsubstantially simifasio.h0sg PreserRien i Exampig T - [faeEe]-matrix
constructs werge devitalized by air-drying the
ST, T

Im overnight, approximately 15-18 hours, at ampient room
temperature he dried, devitalized cell-matrixjconstructs were hydrated with bsterile
water for injeeticnodiE)and the constructs

iX construc

ivere peeled from their respective membrane using blunt
forceps. Cell-q]__aéﬂ ts were fully spread out onto a LO0 mm culture!dish with superimposed
cell-matrix constracts layered over them to fprm three 4- layer constructs. When layering, each
cell-matrix layer

caoncstoricte wera
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that the entir
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room temperature and humidity|. After fully air-g

IS to ensure
Cts were
ressure or a

ight, or

n the 40C

rying, the

cell-matrix ¢ )nstruct?eNg hydrated with sterile WFI. The cell-matrix constfucts were cut in half with
half of each EOREHHt ﬂiéjt'eated with 1.0 mM EDC in MES buffer and allpwed to cross-link overnight
at 4C. The other halves of each construct that were crosslinked with TGA atone were also stored
overnight at 4C in jé)WFI. The following day all 6_pieces were tested for tensile strength and suture
retention on the ISt & ﬁfﬁ?ousmﬁﬁ%ﬁdﬁd@g&@\fé}]ﬂéaeﬁoiiﬁ%ﬁl@ fsasipiagiserally, all
conditions yieleledide layemtiantieceiionsificisetdeyitalized endogenously produced cell-matrix layers
having comparable strength per layer measures when comparing TGA treatment alone against 25

TGA/EDLC crosslinked andég%g?g sopstctsy Example 14 Fabrication of Muylti-Layer Cell-Matrix
Constructs Crosslinked Using F od-'GraRc]i&g Transg tﬂ%&%ﬁa{gﬁgﬁﬁg8%qr\r%§rnigri?yﬂansgIutaminase Two
forms of transglutaminase (TGM) on HianHayetkilice Evirdtiz Eibeailasiatrix 30 constructs were
compared. The formap&mﬁﬁ%ﬁ@@c&%w@fsgn\é@{féiﬁgctweag&ﬁg%ﬁf@ad&e?&%déﬁﬁﬁ@PA&""T& uman

[

transglutaminase.. Thirty-two cell-matrix constructs were grown in 75 mm diameter culture inserts

having 0.4p FPHSIBE BB AR AR Rtk d bl g ayshduserding tblen éthdets Endalasing
(HATF.). Following 21 days in production medium, samples were also submitted for H&E

10 staining and thickness determination using the procedure described in Example 1. The
resulting construct was visualized as a cell matrix tissue like construct with a thickness of
75.00 £ 27.58 microns (n=2). Endogenously produced fibrillar collagen, decorin and

glycosaminoglycan were also present in the construct..

Example 4: In Vitro Formation Of A Collagenous Matrix By
15 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

20 at37+1Cwithan atmosphere of 10 = 1% CO,. The growth medium consisted of:
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WO 2009/070720PCT/US2008/084952 materials substantially similar to those presented in Example
1. All cell-matrix constructs were devitalized by air drying in ambient room temperature and humidity.
The dried, deydalizeg gigle-layer cell-matrix constructs were hydrated 24 hgurs later with sterile water
S . (PO LUS2D08/084057
for injection (WFI) and the constructs were then peeled from their respective'm 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 dhuiheeteosancdriyeh Baalsiennediom (Einivat{inelagadusmicityisepichoantitions. Four

sets of 2-lay [ Terel t h had 20ml..of a specific
type and actlg\/[i%&c%ﬁ'l{%M or %%%r%%@%ﬁgg%g%%]Sa%g{iq:’%%ﬁ%%m%ﬁ?ﬁ% CTagI\S/F]%]fj1 (2)
8-layer food- gt TIPSy Snraybr s Gl sud 4meM(A) Sutaypene(BGWBORKeThe constructs

were placed viacer4Aeinahaion ancaliowsy to.sipselink.ayaesigk Ahetolowisgday. each condition

of 2- layered constructs was layered into 4-layer constructs. This rocgss was repeated again but

without TOMEPAEHROE B¢ s0 harconsiristadriche i dsshlskifg eBndnrs Crmise Grsterd Sair-dried

in ambient ratmiemperainye and huedditysand jreateshiih b isapr JRMscresstinkipg,aasnt for a
second and final time. 'jll'he %%%%%J&g S Vﬁre placed jnto a 40C incubator and allowed to crosslink

overnight, aptShATE 8 L XrEPIg fraT iR A8G Y e ghdnediamnirs By@ared with sterile
WFI. The thipklybsmef Saeircongisunt W) NEashkeddusing HinsRTsTRrea pivsesiemeash 8-layered

unit were te for tensile strength 20and sutl ian on the Instron machine. Cross-linking
with rhTGM%ﬁ%%‘ﬁbﬁggﬁggelss u%l %%?868?‘-3 ggé%ﬁé‘}%‘% é?’é’é%%?ﬁ%ﬁ’&&&@lﬁ%mé Hberiment.
The loweér cdimaedrdtionsbferb FGiicasuftbcrinthetter tehgiiesirengtidduddstitisralratententthan other
conditions. 25EsaPIR1 S Gonnasiive. Tissus Genstnict Eibioplasispere seeded reyieyed from

ibr ultu B Eibio

scale-up cultures where fibroblasts were ¢ ONn microcan-iers in bioreactors. ts were
strained usirfefEe sedifesiseserdhsivdeuset-Tipctdayefurdbe HDFibrablpstseit dronthes miptoaatriers. This

removed a"g@é@@&@ﬁfé}ﬁéﬁﬁ@%@g‘kséliw&ffmé%%%g?ggﬁg%s PIESITRIEN. e O7 cels were

30 seeded to a 0.4 micron porous membrane of approxima cmZ insurface”drea bathed in about
140 mL chefftallycdearBahaafalpradwmens mpditmes Rapirssd diffy TonSitghwasrattbepenadnfluence.

The chemicaliydefinadinatixriedusipnmedivm crntaingd /bass AL RMEMWEL s wer
2009/070720PCT/US2008/084952 (high glucose, without L-glutamine) supplemented Wlt?'l

approximate GRS B Blktiobvingdm - §NREFYRESS IgashHlaskarnreeaiipivakinepidermal

growth factosioe EoditbatbanolpiTend nckBidyM. ocRiasRhRad-RINANAIAINSLB IgRY tignsferrin, 20
pM triiodoth%/ronine 51; ml insulin; 6.7? ng/ml selenious acid; 50 ni/m_l magnesium 5ascorbate; 0.2

ug/miL-profiie? G.Slt}l?g YREIFEHG Jigi i A raosatolma %HﬁTﬁ"‘lﬁ pddRsHa; 0.0038
ug/m1 prostegiaficid B (RIZEDRN D 4rigimdehyidracarisane advialr b¢ e dystipnvmesismmas exchanged

ol map L R ) e B T g A0 PR SR e
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°

25 cells/mlin growth medium containing 10% newborn calf serum (NBCS) with 10%
dimethyl sulfoxide (DMSO) (Sigma, St. Louis, MQ). 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

30  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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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 c.ultures.where -
fibroblasts wgg sgarRehen microcarriers in bioreactors. 15Fibroblasts were strained using a stainless
steel sieve set-up to separate the fibroblasts from the microcarriers. This rerhSUEG A iR carriers

arid cell clumps from the cell suspension. Approximately 1.0X107 cells were seeded to a O_.4 micron
porous membrane of approximately 44 cm2 in surface area bathed in about 130 mL chemlcally_
defined matrifoprd&dictiomingetidescibid seBaimgpiiehsityl westatedupamiianitieneenz@The chemically

defined matrix prodicti ium.contained: ponent Concentration DM 96.0% L-Glutamine
1060 mg/L H;é/gt%ocortiS(c))[rﬁ]em(;)ﬁ.2i Err%bﬁggﬁe%}fgumcg%?d %1 l%?ﬁslé&%ga%%ﬁgl?ﬁ?ﬁeo Efg%ﬁ\.ﬁnmmm
o-Phosphoryl@fiahofapsifeoutdo vidgie E@R0:0 et iMhoisdbnmtix 50mstgilt e-Rrolineu?dRé mg/L

Glycine be 100 ng/mL by ELISA throughout the duration of the culture (18 days) while control
5 output of PDGF was undetectable.

Example 5: In Vitro Formation Of A Matrix By Human Corneal 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

10 released, soybean trypsin inhibitor was used to neutralize the trypsin-versene, the cell
suspension was centrifuged, the supematant 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

15 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,

20 Ronkonkoma, NY), | x 10 M o-phosphoryl-ethanolamine (Sigma, St. Louis, MO}, 5
hg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml! transferrin (Sigma, St. Louis, MO), 20 pM

- trifodothyronine (Sigma, St. Louis, MO ), and-6.78 ng/m 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

25  DMEM, Hams F-12 medium (Quality Biologics Gaithersburg, MD), 4mM GlutaMAX
(Gibeo BRL., Grand Island, NY) and additives: 5 ng/m! 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), I x 10 M ethanolamine
(Fluka, Ronkonkoma, NY ACS grade), 1 x 10" M o-phosphoryl-ethanolamine (Sigma, St.

30 Louis,), 5 ug/ml insulin (Sigma, St. Louis, MO), § ug/ml transferrin (Sigma, St. Louis,
MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and 6.78 ng/m! selenium (Sigma
Aldrich Fine Chemicals Co., Milwaukee, W1), 50 ng/mi L-ascorbic acid (WAKO pure
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101.4 mg/L Long TGFc4 10.0 ug/L WO 2009/070720PCT/US2008/084952 Fibrpblgsts were
cultured in the matrix production medium for 11 days with media chanrg];es m]:ade p(?rt|r(])d|calllly, e;/(.ery 3-4
days. At pension of keratinocytes was seeded onto the surface of the cell-matrix
cozstruct at gg#?éﬁi%?mate density of 3.3X106 cells in a medium conta%ﬂé@ﬁ%mm!y:
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 0.1mM
o-Phosphoryléhisanethammpany), 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% +
5 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 coliagen, decorin and glycosaminoglycan were also
present in the cell-matrix construct.
10 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
15 grown in growth medium. The growth medium consisted oft 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 mainiained in an incubator at 37 1 C with an atmosphere of 10 £1% CO,. The
20 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),
25 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 ug/m! 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
30 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, W), 50 ng/ml L-
ascorbic acid (WAKO Pure Chemical Company), 0.2 pg/ml L-proline (Sigma, St. Louis,
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MO), 0.1 pg/ml glycine (Sigma, St. Louis, MO) and 0.05% poly-ethylene glycol (PEG)
(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 minutés. 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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Linolenic Acid 0.020 mg/L Myristic Acid 0.020 mg/L Oleic Acid 0.020 mg/L Palmitoleic Acid 0.020
mg/f. Palmitic Acid 0.020 mg/L Pluronic(r) F-68 200.0 mg/L Stearic Acid 0.020 mg/f. WO

2009/07072QRGH4b)$4948/084952 Tween(r) 804.4 mg/L At day 13, diffefentiationwas induced by
adding use of a differentiation medium containing the following: :

medium. The seed medium consisted of: a base 3:1 mixture of DMEM, Hams F-12
medium (Quality Biologics, Gaithersburg, MD), 4mM GlutaMAX (Gibco BRI, Grand
Island, NY) and additives: 5 ng/ml human recombinant epidermal growth factor (Upstate
Biotechnology Lake Placid, NY), 0.4 ug/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10™
5 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/mi
transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and
6.78 ng/m! selenium (Sigma Aldrich Fine Chemicals Co., Milwaukee, WI), 50 ng/m! L-
ascorbic acid (WAKO Pure Chemical Company), 0.2 pg/ml L-proline (Sigma, St. Louis,

10 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

15 growth factor (Upstate Biotechnology, Lake Placid, NY), 2% newbom calf serum
(Hyclone, Logan, Utah), 0.4 ug/m! 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/m! insulin (Sigma, St. Louis, MO), 5 ug/ml
transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and

20 6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Co., Milwaukee, WT), 50 ng/ml L-
ascorbic acid (WAKO Pure Chemical Company), 0.2 g/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

25 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

30 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 Viiro 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/em?). 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 trijodothyronine (Sigma, St. Louis, MO), and 6.78 ng/ml
selenium (Sigma Aldrich Fine Chemicals Company, Milwaukee, W), 50 ng/ml L-ascorbic
acid (WAKO Chemicals USA, Inc.), 0.2 pg/ml L-proline (Sigma, St. Louis, MOj}, 0.1
pg/mi glycine (Sigma, St. Louis, MO).
To the basic medium above, other components were added in these separate
Conditions:
1. 5 pg/ml insulin (Sigma, St. Louis, MO), 0.4 ug/m! hydrocortisone (Sigma, St.
Louis, MO), 0.05% poly-cthylene glycol (PEG) (Sigma, St. Louis, MO).
2. 5 pg/ml insulin (Sigma, St. Louis, MO), 0.4 ng/ml hydrocortisone (Sigma, St.
Louis, MO).
3. 375 pg/ml insulin (Sigma, St. Louis, MO), 6 ug/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 ug/cm? for Condition 1 with PEG as

- compared to 170.88 + 9.07 pg/em® for Condition 2 without PEG. Condition 3 containing
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high levels of insulin and hydrocortisone showed a higher expression of matrix, including
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

5  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

10 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

15 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

20 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 celi-matrix construct from buccal
fibroblasts isolated from human cheek tissue. Buccal were cultured in T-150 flasks in
25  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
30 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 fo
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 109 cells/ml,
and seeded onto 0.4 micron pore size, 24 mm diameter tissue culture treated inserts
(TRANSWELLS®, 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 4 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 (Gibeo
BRL, Grand Island, NY) and additives: 5 ng/m! human recombinant epidermal growth
factor (Upstate Biotechnology, Lake Placid, N'Y), 0.4 jug/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 ng/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/m! selenium (Sigma Aldrich Fine Chemicals Company,
Milwaukee, WI), 50 ng/ml L-ascorbic acid (WAKO Chemicals USA, Inc.), 0.2 ug/ml L-
proline (Sigma, St. Louis, MO), 0.1 pg/mi glycine (Sigma, St. Louis, MQOj and 0.05% poly-
ethylene glycol (PEG) (Sigma, St. Louis, MO).

At day 1 post seeding, medium was replaced with Serum Free Production Media,

| éxchanged every 2-3 days for 21 d.ays. 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 11g per construct
after 21 days in culture. Total protein production for 24 mm diameter constracts averaged
210 pg 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 celis 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) Iyophilization. The 24 mm membrane culture inserts were
transferred back fo 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 bioengineersd 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-
muatrix constructs were then rehydrated using a volume of sterile water for injection. To
5 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 id. 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

10 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
instantancous, taking under a minute. The 2-layer construct looked and handled as a single

15 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
Mutltilayered Constructs

20 Sixteen matrix constructs of were grown on 75 mum 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

25  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.

30 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
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constructs, a 10-layer, a 5-layer and a sing]é 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 1n vessels and to each vessel was added approximately 10 mL of 1.0 mM EDC in WEI
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 overal] 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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0.4pm 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
5 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,

10 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

15 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

20 WFL 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

25 TGA/EDC crosslinked and bonded constructs,

Example 14: Fabrication of Multi-Layer Cell-Matrix Constructs Crosshinked Using Food-
Grade Transglutaminase or Recombinant Transglutaminase
Two forms of transglutaminase (TGM) on multilayered, devitalized cell-matrix
30 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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Lipid Concentrate Arachidonic Acid 0.004 mg/L Cholesterol 0.220 mg/L DL-a- TocopherolAcetate
0.140 mg/L Linoleic Acid 0.020 mg/L Linolenic Acid 0.020 mg/L Myristic Acid 0.020 mg/L

WO 20609/070720 PCT/US2008/084952

materials substantially similar to those presented in Example 1. All cell-matrix constructs
were devitalized by air drying in ambient room temperature and humidity. The dried,
devitalized single-layer cell-matrix constructs were hydrated 24 hours later with sterile water
for injection (WFT) and the constructs were then peeled from their respective membranes

5 using blunt forceps. Cell-matrix constructs having eight layers were then fabricated.

The celi-matrix sheets were layered in pairs by superimposing them to vield 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

10 rhTGM solutions was added: (1) 8-layer food-grade TGM 5U; (2) 8-layer food-grade TGM
10U; (3) 8-layer rhTGM 15U; and, (4) 8-layer rhTGM 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

15 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

20 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 tensiie

strength and suture retention than other conditions.

25 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
30 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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Oleic Acid 0.020 mg/L Palmitoleic Acid 0.020 mg/L Palmitic Acid 0.020 mg/L Plon ¢ F-68 200.0
mg/L Stearic Acid 0.020 mg/L Tween(r) 80 4.4 mg/L

- WO 2009/070720 PCT/US2008/084952

(high glucose, without L-glutamine) supplemented with approximate amounts of the
following: 4 mM L-glutamine; 10 ng/m! 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

5 ascorbate; 0.2 pg/ml L-proline; 0.1 pg/ml glycine; 0.02 ug/ml human recombinant long
chain TGF-alpha; 0.0038 pg/ml prostaglandin E; (PGE2); 0.4 pg/m) 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.

10

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.

15 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 1.0X107 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.

20 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 ng/L
Ethanolamine 0.1 mM
o-Phosphorylethanolamine 14.0 Mg/L
EGF 10.0 pug/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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- 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
maintenancegy@egivygentaining: Component Concentration DMEM 48.0%&—%&%&%9@.0%
L-Glutamine 658 mg/L Hydrocortisone 0.4 mg/L Insulin 5.0mg/L Transferrin 5.0 mg/?_ riiodothyronine
13.5 ng/L Ethanolamine 0.1 mM O-phosphorylethanolamine 14.0 Mg/L WO
2 4952 Selenius acid
2009/070720'3%-‘;/1’%33%3599 ?vlqu cggured fn t “él matrix proeduction 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

5  approximately:

Component Concentration

DMEM:HAM’s F-12 3:1 96.10%

L-Glutamine 1060 mg/1.

Hydrocortisone 0.4 mg/L

Insulin 5.0mg/L

Transferrin 5.0mg/L

Tritodothyronine 13.5 ng/L.

Ethanolamine 0.1 mM

o-Phosphorylethanolamine 14.0 Mg/L

Selenious acid 6.78 pg/L

Adenine 24.4 mg/L

Mg Ascorbate 50.0 mg/L

Progesterone 0.63 pg/L

EGF 10.0 pg/L

Long TGFu 10.0 pg/L

Lipid Concentrate Arachidonic Acid 0.004 mg/L
Cholesterol 0.220 mg/L
DL-u-Tocopherol- 0.140 mg/L
Acstate
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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6.78 ug/L Adenine 24.4 mg/L Long TGFa 10.0 ug/L MEM Non-Essential Amino Acid Solution
L-Alanine 1.78 mg/L L-Asparagine 2.64 mg/L L-Aspartic Acid 2.66 mg/L L-Glutamic Acid 2.94 mg/L

Glycine  wo 2009/670720 PCT/US2008/084952

Tween® 80

4.4 mg/L

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/L.

CaCl2 265 mg/L

Lipid Concentrate Arachidonic Acid 0.004 mg/L
Cholesterol 0.220 mg/L
DL-o-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
Paimitoleic Acid 3020 gL,
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.

-56-




1.5mg/L L-Proline 2.3 mg/L L-Serine 2.1 mg/L MEM Vitamin Solution NaC1 17 mg/L D-Ca
Pantothenate 0.2 mg/L Choline Chloride 0.2 mg/L Folic Acid 0.2 mg/L

WO 2869/070720 PCT/US2008/684952

At day 15, the medium formulation was changed to induce comification of the

developing keratinocyte layer in a medium containing approximately:

Component Concentration

DMEM 48.0%

HAM’sF-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/1.

Selenius acid 6.78 pg/L

Adenine 24.4 mg/L

Mg Ascorbate 50.0 mg/L

Long TGFo 10.0 ug/L

MEM Non-Essential Amino Acid Solution — 178 mal
L-Asparagine 2.64 mpg/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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i-Inositol 0.4 mg/L Nicotinamide 0.2 mg/L Pyridoxal HC1 0.2 mg/L Riboflavin 0.020 mg/L
Thiamine HCI 0.2 mg/L Lipid Concentrate Arachidonic Acid 0.004 ing/L

WO 20609/070720 PCT/US2008/084952

Pyridoxal HClI 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-o- 0.140 mg/L
Tocopherol-
Acetate
Linoleic Acid 0.020 mg/L
Linolenic Acid 0.020 mg/L.
Myristic Acid 0.020 mg/L
Qleic 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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Cholesterol 0.220 mg/L DL-a- TocopherolAcetate 0.140 mg/L Linoleic Acid 0.020 mg/L Linoionic
Acid 0.020 mg/L Myristic Acid 0.020 mg/L Oleic Acid 0.020 mg/L

WO 2009/070720 PCT/US2008/084952

Selenius acid 6.78 ng/L

Adenine 244 mg/L

Long TGFux 10.0 pg/L

MEM Non-Essential Amino Acid Solution T Alomine 178 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/LL
L-Proline 2.3 mg/L
L-Serine 2.1 mg/L

MEM Vitamin Solution NaCl 17 mg/L
D-Ca 0.2 mg/L
Pantothénate
Choline 0.2 mg/L
Chloride
Folic Acid 0.2 mg/L
i-Inositol 0.4 mg/L
Nicotinamide . 0.2 mg/LL
Pyridoxal HCI 0.2 mg/L
Riboflavin 0.020 mg/L
Thiamine HCI 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
Qleic Acid 0.020 mg/L
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WO 2009/070720PCIMS2008/084952 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 When fully formed. the

cultured skiRygonsisidsisgxhibited a cell-matrix layer of endogenously prodygﬁ%%gglgﬂbgkar matrix
ell- y

and its fibroblasts with a differentiated keratinocyte layer disposed atop the cell-matrix layer. 5

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.

When fully formed the cultured skin constructs exhibited a cell-matrix layer of
endogenously produced extracellular matrix and its fibroblasts with a differentiated

keratinocyte layer disposed atop the cell-matrix layer,

Example 17: Fabrication of collagenous material-synthetic polymer constructs using silk
fibroin adhesive solution
Adhesion properties of a purified xenogeneic collagen layer (e.g. “ICL”) with
various objects were tested. More particularly, without having the intention of being
10 limited to the following embodiments, adhesion properties between (a) two ICL layers; (b)
at least one ICL layer and at least one polyhydroxyalkanoates- (PHA)-based polymeric
frame; and (c) at least one ICL layer to at least one PHA-based polymeric rod were
analyzed. Preparation of the samples are described in the following examples:

(a) A dried single layer ICL was cut into pieces of | x 2.5 cm in size. Two pieces of

15 ICL was attached with an overlapping size of 0.5 cm and a drop of silk solution
was applied between the layers. It is to be appreciated that the dimensions of the
cut ICL pieces, and the overlapping size, are not limited to the above examples.

(b) A PHA polymeric-based frame was dipped in silk fibroin solution for at least one
minute to coat the frame surface struts with a thin layer of the silk fibroin

20 solution. A piece of ICL (about 1.5 x 1.5 cm) was then attached to the leading
end of the frame.

() ATPHA polymeric-based rod was dipped in silk fibroin solution for at least one
minute in an amount sufficient to coat the surface of the rod with a thin layer of
silk fibroin solution. A piece of ICL (about 1 x 1.5 cm) was then attached to the

25 rod.

Subsequently, all the samples were dried at room temperature for about 1.5 hours. The

samples were then immersed in a methanol-based solvent for 5 to 10 minutes, and

subsequently dried for 10 minutes. The above samples were soaked in deionized water for
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Example 17: Fabrication of collagenous material-synthetic polymer constructs using silk fibroin
adhesive solution Adhesion properties of a purified xenogeneic collagen layer (e.g. "ICL") with
various objegis WREstesigd. More particularly, without having the intention of being 10limited to the
following embodiments, adhesion properties between (a) two ICL layers; (&Cngéé%lg@ﬁég?éL layer and
at least one polyhydroxyalkanoates- (PHA)-based polymeric frame; and (c) at least one ICL layer to at
least one PHA-based polymeric rod were analyzed. Preparation of the samples are described in the
following exafites: 3ahaudrietidbierite tayeetiCt avhis qut iyttipistieStodih xduf@midntsize. Two pieces of
15ICL was a j i j 5 and a.drop.of silk solution was applied
peteen the e L e R e S B Rt e
overlapping Srdipanysikithredastthe above examples. (b) A PHA polymeric-based frame was dipped
in silk fibroin SO'Utim}f@ﬁtafia'ﬁﬁgttﬁé‘%MBHB%E%Q&@QH%%@@'?@%?Hggﬁgﬁ?%a'é?e%ic taegfiﬁ'o'ﬁxg of the silk
ed to the leadn

fibroin 2Qsolution, A piece of 1CL (about 1.5 x 1.5 ¢cm) was then atta to the g'end of the
frame. (¢} A PAOHRRegsseutsriaiam asdp pdeerivsirenbroimasmeavadoione feastoretmasnte in an

amount suffidightiel cdaitibe sk daiea6f, hiediadwithiarihindayarol sl fibrein golulion: A,pigge of ICL
(about 1 x 1.5 cmé)i%gas. then attached to the 25rod. = Subsequently, all the samples were dried at

room temperattire ot SBUIT T EHETHS Copirusih sradhiit e ehancrmisrads Al stRsRslbased solvent

for 5 to 10 minutes, and subsequently dried for 10 minutes. The above samples were soaked in
deionized watef, Xfor ¥V98299§€°Zt93n29 Cg/. 82008!084952 at least 24 hours. Adhesion properties
achieved by thé SIKTIbroIn SOl tion are THeh EVal TSt BB hrosHRRRy 5188 iHk Ea i afhes Yhe samples

using pk8cedures known to one of ordinary skill indletant. Without having the intention of being limited,
itis to be appreciated that.employi > the silk fibroin agueous solution as.an adhesive can be
implemented, for example, betv!\alq)((a)ée%gll_ Lf hd %%aéé%?%%%ﬁ#g%ﬁgtéé%lé&%%?ﬁﬁefﬁ)?ﬁ‘f,dr%@fﬁlIic-based
materials, cefalitiesisadbmadéiatstisquedorijinanrdd samsaitstcdyatidatic pdlyweremiteridls, natural
materials.  ajExample.d8:frabcicatianf multi:layer celmatiix constructs using silk fibrajin adhesive
10solution In order to make multi-layer cell-tissue ﬁnﬁ%@%ﬁaﬁﬁﬁm\}v}g@ alrr% %&g@é}%‘ fjrfgm culture,
growth and/of FidBhepratilR meruirediddiisienallp radéy, adistoatiy elpithovergs atlowedydraiedliy 5it least

unti the sellsmaiecdevializedblin vl satRhan o lagih kel or ARout 0 minutes.

Additionally and/or alternatively, the units were rehydrated in 5 15mL or exposed to about 0 5 mL of

about an 89 SR EBIufiBA MaHE W i R pusejshb di gheranbrerueriis dipah nddribdbvernight, and
then subsequestignoipes isae: Mi-ohmeihaneldaratdepstAoupiaytas e PPV SRS Gal e

repeated un%ilsg or. (r)%%[r?ll%yer zell-tis ue constructs are formed. As an alternative, it is fo be
appreciated that TraRSgILtARiR AL Ean B BFRPER b Lhitds pRREFS BlethbFhiimmialtaaipse
tissue-constraotbe Aptdlitidbatlycaftei20he sfehcohineating: i lnvaes e 8Xdailcsaliiqnethe units
can ble(? lleqﬁéasttéfasbr}%ga{%l!ge{he 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.

25

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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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. 25 Although the foregoing invention has
been described in some detail by way of illustration and Examples for purposes of clarity and
understandivig Gt wilMoe obvious to one of skill in the art that certain changes and modifications may be

practiced within the,569pe o110 ARRANAPE Bl WE.CAMA 4 BlasnalnarigrcopstrCt

comprising a devitalized Tayer of extracel ul% atrix produced and’assembled by cultured extracellular
matrix progucihgakiis] wisergifedhey iokumgih eviedet bistrmatrizywpdexsmt boripersé shathetic cell
culture meubers;or SxyASEIMIRY A SOTAONEN D Afe.nOLPANNGRY hkifie guhured extracellular
matrix pro ucmé Cens. 2°The bio ngineered construct of claim 1, further comprising one or more
additional devisatitetidayersabextraceliuthatmetrrtiporivced anthassémbiberbpiiniremettracellular
matrix prodl%gi(ﬂ%i%ellgé} 3. The bioengineered construct of claim 2, wherein the layers of extracellular
matrix hav& been o%ce}ﬁjlarized of the cultured extracellular matrix producing cells. 4. The
bioengineeted cof$krbivofstrirmed cnhriradh afeliayets iofbriracaiutsin merad e aojereti tvidact each
other at a bonding region;. 3- L%, IRRARINERISI COmSILCHA KAl fedRELEIRIDE dASER Rlar
extracellular mathix m gcﬁacent contact at the tlao ding region are bonded together by crosslinks. 6.
The bioengimeeresrotmstgictidf claim 4, wherein the layers of extracellular matrix in adjacent contact at

the bonding region arg, bonded fogefer B aiamedelable: orbiatesorable.echgsiva lisposed

between said layers. ioengineered construct of claim 6, wherein the bioremodelable or
bioresorbahlevatihesie il daoied of terivddfkrd sk Basabybanietirsi pisteing he. bioengineered

consiruct ofclaim , Wherein e solulion coRses Sil Al mcanceliatoneegnabout 2%

to about 8% wiv. ngineered construct of claim 2, wherein at least one layer of extracellular
matrix is credglintuidcdfadredhiotrgineemddogswgstof claim 2, wherein at least one layer of

extracelliag matrigys giosslierinalesse doates BMRHERBATGIRGr A RKRRS ARSI

crosslinked'to a higher ee. |o¢ng|neered construct of Claim 1, wherein the extracellular
matrix prodatimgtelisiae dehvégriding tisgve sdcedfrivactherdrogpredidisting of neonate male

foreskin, delids, teq0iap, Iath SR, HMBIGA R CORIAR SHOME Q'3 EHEOSRuanMRieline. 12.

The bioengineered construct of claim 1, wherein the extracellular matrix producing cells are derived
from stem cellscelG:Tiediashgiestin tiesive sonbonstsdoberiher bywheeesmeislebieped extracellular

matrix_p_rodg%r[\e% &ﬁg&g%ge%g%aﬁ{ 5%9&?5&%%@&1’% afmgg%gsfo_r making a bioengineered construct,
comprising: cul uring extracellutar matrix producing cells in a first culture under conditions that

induce the Gells toFoerhiachgintayet mmmteﬂ@iamm%m?bﬁﬁﬁ@m@%? 6f extracellular matrix
's produced,p condiians ihatincludedehsricalideines sl medivepntaining no

animal-derivedecomponen S; culturing extracellular matrix producing cells in a second culture under
conditions tBat indTibe thetgistreforamsirsecoheiyet oflexaindssRivHRRERMDHERE FllhBMeEoNnd layer

of extracell%ltaE[ gp)%ggﬁé%t% g%ﬁﬁge}Pa%%ﬂgﬂi%QB %@h&%q‘g@ chemically defined culture medium

containing no animal-derived components; terminating the extracellular matrix producing cells in
both the first.layer Biekiraueinsenemenrisant ofedoiv laydeotiexlr easi ane st @ FowAIRSE and

second dev&z%ll rz&d} Sl%yoesr&%g&gtracellular matrix;

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 1s
crosslinked to a higher degree.

11.  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.
12.  The bioengineered construct of claim 1, wherein the extracellular matrix producing

cells are derived from stem cells.



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 crosslinking or an adhesive.
15.A method for making a bioengineered construct, comprising: (a) culturing cells of at least one

extracellula atrixpreducing dvpa instie ahsence Af @xagenqusexiraceliviardnalicapenents or a
structural support member; (b) stimulating the cells of step (a) to synthesize, secrete, and

organize e%ﬁ%@lﬁ!ﬁ@?ﬁ%iﬁ%@rﬁﬁdﬁ%ﬁ@tﬁbl‘@mﬁséstissue-construct comprised of cells and
extracellulag matrix sypihgsipesharios siseisi-Retionalhshereihsigrmga) and (b) may be done

simultaneously or consecutively; (c) devitalizing or decellularizing the tissue construct; and (d)

contacting and bofuRg teaRT M FIGH: RISSUE BB A8t b B HEN SUH SISy BRNEFBLBNMKthg or
using a bioremadelahle;QrbiRresarhakle Adhesive.dbrliiemethod ot caimd Bravhergipsstep (c) is

selected from the group consisting of air dehydration, freezing, freeze-drying, osmaosis, chemical
treatment, hiEAeIBMTEALINAERIaRNsRs FACABGHORY i nakioy SraumM T Siaes WHERiN the
bioremodelahlg; orRigresrrhahie.adhesieiis @ splipinrAerived from Bombyx mori silkworm.

culturing extracellular matrix producing cells in a second culture under conditions
that induce the cells to form a second layer of extraceliuvlar matrix, wherein the second layer
of extracellular matrix is produced in conditions that include a chemically defined culture
medium containing no animal-derived components;

terminating the extracellular matrix producing cells in both the first layer of
extracellular matrix and second layer of extracelluiar matrix to form first and second
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
crosslinking or an adhesive.

15. A method for making a bioengineered construct, comprising:

(a) culturing cells of at least one extracellular matrix producing type in the absence
of exogenous extracellular matrix components or a structural support member;

(b} stimulating the cells of step (a) to synthesize, secrete, and organize extracellular
matrix components to form a tissue-construct comprised of cells and extracellular matrix
synthesized by those cells, optionally wherein steps (a) and (b) may be done simultaneously
or consecutively;

(c) devitalizing or decellularizing the tissue construct; and

(d) contacting and bonding together two or more tissue constructs made in this way
by crosslinking or using a bioremodelable or bioresorbable adhesive.

16,  The method of claim 13, wherein step (c) is selected from the group consisting of air
dehydration, freezing, freeze-drying, osmosis, chemical treatment, ultraviolent light, and
gamma radiation.

17. The method of claim 15 or 16, wherein the bioremodelabie or bioresorbable

adhesive is a solution derived from Bombyx mori silkworm.
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