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WO 2007/092902PCT/US2007/061800 BIOENGINEERED TISSUE
CONSTRUCTS AND CARDIAC USES THEREOF The invention is in

,lgg{&issue engineering. This invention is directed to immg%s%oo

attacﬁment of bioengineered tissue constructs to promote
endothelialization 5and vascularization in the heart and related tissues.
BACKGROUND OF THE INVENTION Coronary heart disease is the
single leading cause of death in America today (American Heart

Assaciation's " istical ) -khis i
e S R e S R s ey
narrowing of arteries and inadequate blood flow to critical tissues.
Currently used clinical methods for improving blood flow a diseased or
otherwisa:damagedhaardavaiieds agivesurgits techmigquesisechias
coronary by-pass surgery, angioplasty, and endarterectomy. Such )
iprdoedines nttchalbpinbiva tighrebinve s nssromraB YR RdoplR Brfgon
after surgery, and often only provide a temporary remedy to cardiac

g HeAwWATizatofin e et 189 ATEYEHE prognosis of surgical procedures
on the heart, physicians and researchers have attempted to use pumps to
assist blood flow during surgery. However, such pumps only act as

temporary assist deviggsguting susgsryHhexganmatke used as a form of
treatment for the cardiac condition. 20An alternative to coronary by-pass

and othessuygieal fireardutessingimpiding tiewchfldwintHerhosrtddao
induce tissues in the heart to form new blood vessels. Inside the heart,
@ithretoon FigemitatycstibysadBRAdimer sah Abpltal apam e InGles Toi e
can occur between the chambers of the heart.or %et een theé%ge?grt e and
%%%‘I‘é{“&élﬁ?ﬁfé‘fﬂf%ﬁ%%%‘ﬁ%ﬁrié?t%%’?%%‘fﬁ% SthiroUgH. Stich
Qeformives A aue Rl canasie! and

Currently used ciinical methods for improving blood flow in a diseased or otherwise
damaged heart involve invasive surgical techniques such as coronary by-pass surgery,
angioplasty, and endarferectomy. Such procedures naturally involve high-degrees of inherent
sisk during and after surgery, and often only provide a temporary rernedy to cardiac ischemia,

In an effort to improve the prognosis of surgical procedures on the heart, physicians
and researchers have attempted to use pumps to assist blood flow during surgery. However,
such pumps only act as temporary assist devices during snrgery, they cannot be used as a
form of treatment for the cardiac condition.

An alternative to coronary by-pass and other surgical procedures to improve blood
fiow in the heart is to induce tissues in the heart to form new blood vessels.

Inside the heart, either congenitally or by acquisition, abnormal openings, holes, or
shunts can occur between the chambers of the heart or between the great vessels, causing
hlood to inappropriately flow therethrough. Such deformities are usually congenital and

originate during fetal life when the heart forms from 2 folded tube imio a four chambered, two
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25originate during fetal life when the heart forms from a folded tube into a
four chambered, two WO 2007/092902PCT/US2007/061800 unit system.

wd he-saptabdeformities result from the incomplete formationgofrine:sepisize
or muscular wall, between the chambers of the heart and can cause

significant problems. One such deformity or defect, a patent foramen
ovale, is a persistent, one-way, usually flap-like opening in the wall
between the right atrium and left atrium of the heart. 5Since left atrial

Riesaurs ispormaliydrigherthan fightAllial RESRY G 18 HAR RIS, or

stays closed. Under certain conditions, however, right atrial pressure
Bxcendsialtaiialpressurss Gieating.the passipiifysforgigiv.i jefbishiunting
that can allow blood clots to enter the systemic circulation. This is
particOkar g dblamiiyi ofdefpetieptte ) fieraare praite ifc: fermiglverousy.
thrombus, such as those with deep vein thrombosis or. clottin

i et i A e

hambers.may be implicated in migraine headaches. _Mareqver
BRI BRSSP PIENE AT ST A B e gy s
Hyviims.which.gan satse.he heart 10-pUmR Issseliectivelyl.nagommen
such abnormality, atrial fibrillation, the two upper chambers of the heart
detinthadelaitineand Hae:ighfadiaynkSeiver dnsteadodicheatingter the
effectively. Because the atria do not beat and empty cleanly during atrial
fitsrilidtionsuiition Ehiy istagpticutadntoblovals SndFoent stdtsam arerriofeming
pass through the heart and into the brain, causing a stroke or a transient

Tee PR R PSSRSOt R TRt PR e O S R e 1
S G R e e A S S R
headaches.

Moreover, certain patients are prone to atrial arrhythmias (i.e., abnormal heart
thythms which can cause the heart to pump less effectively). In a common such abnormelity,
atrial fibrillation, the two upper chambers of the heart (i.e., the left atria and the right atria),
quiver instead of beating effectively. Because the atria do not beat and empty cleanly during
atrial fibrillation, blood can stagnate on the walls and form clots that can then pass through
the heart and into the brain, causing a stroke or a transient ischemic attack. These clots
typically form in a cul-de-gac in the heart called the left atrial appendage due to its tendency
to have low or stagnant flow.

Percutaneous closure of a patent foramen ovale, as well as similar cardiac openings
such as an atrial septal defect or a ventricular septal defect, and obliteration of a left atrial
appendage are possible using a variety of mechanical devices. These devices typically
consist of a metallic structural framework with a scaffold material attached thereto. Currently
available closure devices, however, are often complex to manufacture, are inconsistent in

performance, require a technically complex implantation procedure, lack anatomic
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20Percutaneous closure of a patent foramen ovale, as well as similar
weafiag.openings such as an atrial septal defect or a ventricular se
X . . . F’Ca‘/[ilﬁ;
defect, and obliteration of a left atrial appendage are possibleus
variety of mechanical devices. These devices typically consist of a metallic
structural framework with a scaffold material attached thereto. Currently
available closure devices, however, are often complex to manufacture, are
incons's&ent in %§£derformance, require a technically complex implantation

O EBaR IS | A R a O PRI R Y B S BB o PR A S Epaag on.

i uRatiam chtpnic iammaen. tesidual lsgksRertarations.
fractures, and cardiac conduction system disturbances mproved
devicegandirelaied metheds fakelasing Gardiac.apenings,such.as, for.
example, a patent foramen ovate, and for obliterating cardiac cal-de-sacs,

esughicas pfembéxampl ey ddeftaftabiappendsgedarethereforenaeadead.
The field of tissue engineering combines bioengineering methods with the

xRt ipleslotind Suieraes t5ouigErstanebtedstructural and functional

relatigymspé%S ip normal and pathological mammalian tissues. The goal of
tissue Bnginearing T Hee HaVS 6 PRREHE Singatrraiy dsihdstsipohe principles
obiplagisel.sbsiiiules lpgesiore. manian. orimprave ssus unctions,
10Thus, through tissue engineering, it is possible to design and "
paleNHaatmd binengineeres issue nadaboralon. Bigengingsied fissyes
can include cells that are usually associated with a native mammalian or
uiomiarptiSsties afitisygttd et exogencus: matiiascaffolgscvEhedewnctions.
bioengineered tissue must be functional when wafted onto a host, and be
THsriRERER YT EBrEtEE- Withre i hisstesiBoaydorswderessiveigengineered
ior%@%q’%!%j b gells from the recipient 15host @;tient. Fabrication of a

. bl ( )
Hagie equivaletit Withott & SUPPOrt HEHIsSICE P elamaIg ol iy assocated with

a native mammalian or human tissues and synthetic or exogenous matrix scaffolds. The new

tal
007/06 1800

bioengineered tissue must be functional when grafted onto a host, and be permanently
incorporated within the host’s body or progressively bioremodeled by cells from the recipient
host patient. Fabrication of a tissue equivalent without a support member or scaffold leads to
scientific challenges in creating the new bloenginsered tissue.
SUMMARY
Disclosed herein is a method for promoting blood vessel formation in tissues and

organs. In particular, the method relates to implantation or attachment of cell-matrix

constructs to promote endothelialization and angiogenesis in the heart and retated tissues.

The invention has a variety of applications including, but not limited o, promoting
repair of and regeneration of damaged cardiac muscle, promoting vascularization and healing
during cardiac surgery (e.g. by-pass surgery or heart valve seplacement), promoting blood

vessel formation at anastomosis sites, and promoting vascuiarization and healing of ischemic



scientific challenges in creating the new bioengineered tissue. SUMMARY
Wlai%!%gg ereinis a methpd for promoting blood vesse] forrp(a%j%rgziﬁr}m 561800
tissues and organs. In particular, the method relates to implantation or
attachment of cell-matrix 20 constructs to promote endothelialization and
angiogenesis in the heart and related tissues.  The invention has a
variety of applications including, but not limited to, promoting repair of and
regeneration of damaged cardiac muscle, promoting vascularization and
G L TG S EPSEES SRty Y& G D TpEEs SR G o e AT ARTR® O
relgl%%‘e[mentg,k promoting blood 75vessel formation at anastomosis sites,

Cor £ 118%11 - . . . . .
and promoting vascularization and healing of ischemic or otherwise

damaggd;tissies suchasskeletahmuscle.Smaothmussle, Drain-tisque-or
connective tissue. The invention is based in part on the discovery that
iepikmatrixCoRstiutisd when dmplairtechiatheowattae bee of patienisiii
diabetic foot ulcers, are capable of inducing rapid endothelialization and
rypid culnirdiibpaties eddrg v navitapikanifeniiatoncamtae doiserdion and reduced
inflammation in the wounded tissue. The cell-matrix constructs secrete

moRronr Y bty Tl F$¥fitical to tissue regeneration and angiogcnesis,

most nptably vascular endothelial growth, factor, grev] -0(335;1%%%&'&%%9%
herein S the apphca ion Of the Cell-matrix CORSIruct to 5amage tissues,
rSkich-assamaged cardiacmuseienioJndiee adswiocabblead-eHnply tasr

the area and support rapid tissue remodeling. A cell-matrix construct

pRpiaRk Raymalse: g eedierpromeiedernation-obaanalralsearotid
by-pass to assist in, or obviate the need for, carotid endarterectomy

syoige AriReRe s edn ot iresUitdncs ialke dre ol evwiigtie Hnthfletkecid support
particles dlslo%%ed during the procedure). Also described herein is a
AR G P8t S methods for percutaneously closing a cardiac opening,

such as, Jpr.6; l%n%&ﬂ&%}%%%& Qe ﬁ%ﬁ?&t@?&&ﬁ%&%‘cg{%& QbR rar

ventricular septal defect, and for percutaneously obliterating a cardiac

eHarsaes Sdchsas ifosexamplecadeftotiakappandage-Anscatfeld; (which
material of the device includes, at least in part, an extracellular matrix
dornfed freri cultwiedicelis dsuctirasmitet arpriciconstrdetdldeaypraferred
example, the cell-matrix construct comprises fibroblasts, such as those
Y598 from dermis, to form a cultured dermal construct with a layer of
keratinocytes cultured thereon to form an epidermal layer to result in a

culturédpikEer i eEshstrut T cfuRE ki St e RETELE TR e @
cphiysicalerinarphdlogical; anthiechemical featuresofinativetskimnetmahdefect, or a

VENEIIO E%&ﬁe&%&?and for percutancously obliterating a cardiac cul-de-sac, such as, for
example, a left atrial appendage. A scaffold maierial of the device includes, at least in part, an
extracellular mawix formed from cuitured cells, such as a cell-matrix construct. In a preferred
example, the cell-matrix construct comprises fibroblasts, such as those derived from dermis, to
form a cultured dermal construct with a layer of keratinocytes cultured thereon to form an
epidermal layer to result in a cultured bilayer skin construct. The cultured skin constructs express

many physical, morphological, and biochemical features of native skin. In an even more preferred



example, the cell-matrix construct is a tissue construct that is similar to the

odermaliayarahskineahuman dermal constnet, hatis folstied impdefined

system comprising human- derived cells utilizing no chemically undefined
of SR RORGNAISELINGJiStEIALURE: 1NThe.Mas BEEfRIREEXARRIEHRE mman.
cell-matrix constructs are fabricated in a chemically defined system
degosthpeiding i an denived cetiscbutdcochemicaliynindefiogeher n the most
non-human biological components or cells. As a result of this structure,
prefiared sremantibhed disatvantiyes asdeviated Wwith the devices known in
, the art are. minimized or eliminated. = In a first aspect the present
Do PARES T G TP B S8 A Y pRéceisdre
nof SIPIISING, AD.PYSFA SURRQTSlrusture, and at least one ogclusion shell,
connected t0 the overall support structure, comprising a cée “riatrix
diseonsiruck s RIametingvassHiabzation of mammaliantigsuedniNQaed.
comprising fibroblast cells and endogenously produced extracellular
matrtk EdihpBHERS RATGT My REHAR B tHeMREOISE &I RuFateirryaigns uminal
pregetiumatix pdhstructis td! bepattached e thel mammakianctissie tPeinCRAsed o the
ovépﬁ'l ”S%S}Q%r QFLQItggd Y&ﬁﬁgﬁny Bh%e@?—malk%ﬂq{ﬁ%qu I‘OIITE]O%H%?J(\;E?SQQI arization of

aspect the present invention refers to an occluder for percutaneéus '
mAPIRARAIRAF (o8N EBIPE EardIBO YpERHY ke pltrsRe s msrusag odrcellufar matrix
copyeratisuppeitystagctutebanid ﬂﬂmmme{leoclhasinn_ssheﬂe@omaemadnt@rﬂaeis 0 be
attQverall SRS, MFEH%%@%&Q&E:P&‘%‘Q%&%’Eﬂ%%‘é&:ﬁﬁ'} L{ll% &%ﬂnmaiian tissue,

promoting vascularization of mammalian tissue in vivo comprisin _

fibroBldst<aiR ARt eNaoGEREUBKT PHIuLIES Wdratsstifar fiatpgutaneous transluminal
cioswmpbne_n:t@aqatm@ahy Beaqm@dxbydimﬁﬁimﬁgxbias:tye@lsswhaitedm@aiﬁ; and at least one
oc@ﬁﬁliﬂlﬂﬁfefﬁc%&%zéﬁ%%_rﬁ?@o@ﬂf%‘iﬁlﬁ&!&%ﬂ&ﬁu@%ﬁ%x S;W _SQ%'I'?-;%Q%X construct for

occluder is to be positioned at least partially within the cardiac C%Femng to
PRIt AR RSN ATS B E SR BB My iseah endogenously
progdochddertdoria:pe routan eousdrams|vanndlypraceding: Fhretealbder nvtiudesrein said
oc@MHOVErR |b%l49§%%h%‘}ﬁé%“%{e%@9ﬁ 19&%%@“{3/&95 %%l‘éﬁ!clﬂes&‘éﬂx%&‘%%‘l @oegéepq‘sitioned at

to thegverall,support structure. At least one of the occlusion shells

lea) BiYEEY A Waik-Hintri BoRRIRE ' sUbFHE Vel shidhort st cffethcludes
a melal. o Alemafiyel, 3. reserbale pojymer. such as, for example, a
polylactic acid. In yet another emBogIlment, the overall support
tranStiHGHAIS, InGige STho S areXimalsu ppertsliuciye and dueistal suRparty of
structure. In one embodiment, the proximal support structure and the
occiistal sugporstrteture tog etlheriformpartlipnénian othéraembodifiéntodilesion
proximal support structure includes a plurality of outwardly extending

shelly gy hdassr S BREHTERIEES!H support structure includes a plurality of
outpar ‘%' e%ﬁtgu%%g}gsd*!lscg.%l"e?{xggﬁid-rsheIBFE? ,'Pﬁqa%?e“ Qi Structy E?o‘iﬁ% o
confect 10 a proximal occlusion shell and the distal support structure can

porRaneetiQardistalosclusian;shell.Also described herein is an occluder

for a percutaneous transluniinai procedure. The occluder includes an
oveiailsupphit attetuienang atdedstopaoealtsionshalcanneeted:taithe
overall support structure. The at least one occlusion shell includes a
suppel FHathXcCOAStAREE] MR Paricale e bodinrdntitharatieastone support
occlusion shell includes an anbAhrombogenic substance. Also described

SO A A (Ot SXPROF S EPEREHBUB TS i = nother embodiment, the

proximal support structure inciudes a plurality of outwardly extending proximal arms and the
distal support structure includes a plurality of ountwardiy extending distal arms. The proximal
support structure can connect to a proximal occlusion shell and the distal support structure

can connect to a distal ccclusion shell,



closure of a cardiac opening in a patient. The method includes inserting
an occiuder into a heart of the patient and positioning the occlud en at
least partially within the cardiac opening to substantially occlude the
cardiac opening. The occluder includes an overall support 5structure and
at least one occlusion shell connected to the overall support structure. At
least one occlusion shell includes a cell-matrix construct In some
examplesisforteamyptes anpatentfarameniovalyamatialiseptal defect, or a
ventricular septal defect In another embodiment, the overall support
PGt BY BE ECIRARAR CRITEEH PrpdEr Fosupon serctsreceneca shel
_distal ort structure. The proximal support structure connects to a
e N B S St Pheiae o &
oeistabacabsion shelkiAnartian.ahihe oyverall SuppQrtstructure is o .
positioned within the cardiac opening, while the prOX|ma]I occlusion she
agithithebdistalb acetusian shell are positioned on different sides of the
cardiac opening. 15Also described herein is a method for percutaneous
transluminal obliteration of 2 cardiac cul-de-sac in a patient. The method
includes inserting an occluder into a heart of the patient and positioning
the occluder at least partially within the cardiac cul-de-sac to substantially
obliterate the cardiac cul-de-sac. The occluder includes an overall support
structure and at least one occlusion shell connected to the overall support
structure. At least one occlusion shell includes a cell-matrix construct. In
one example aspect of the invention, the cardiac cul-de-sac is a left atrial
appendage. Also described herein is a method for making an occluder for
a percutaneous transluminal procedure. The method includes providing an
overall support structure and connecting a plurality of occlusion shells to
the overall support structure. At least one of the plurality of occlusion
shells includes a cell-matrix construct. WO
2007/092902PCT/US2007/061800

ha
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In various examples, at least one occlusion shell that includes the
wgellsmatiyconstruct is, for example, sewn, laminated, or glyed-A%tH87 /051500
overall support structure and coated with a non-thronabogenic substance
as a coating. Also described herein are bioengineered tissue constructs of

cultured cells 5and endogenously produced extracellular matrix
components without the requirement of exogenous matrix components or
network support or scaffold members. The invention can thus
advaftsyestia e tadth attiiely htichinTar E8IRERE human matrix
cﬁ%&ﬁ%ﬁ:% %9&998 110\4 mgéﬁ Gﬁll?nf%&%(ﬁm{%%s W@Qm&!"@n occluder mto a
bioengineered tissue construct is designed for use in humans. 10Also
releseribed-nereinasesmatheds: farproducing dissugcnsugis AYiiac opening
stimulation of cells in culture, such as fibroblasts, to produce extracellular
tnetsixoteponentsiwithoircthewolition: of dithersxole o vsamtitripport
components, network support, or scaffold members. Also described herein
StErESIOHderSE Mo eRIEMGTEsle st TR TSall RO e FEElIs A least
Oggltéjrj%éisu%pﬁ_ §ﬂgg%pelé)lg§é , n;]o tp(%%uct? egdracellular matrix components in
& défifed mediim system an /6 Without the use of undefined or
non'%@?{‘gdﬁﬁ%‘?& piglogical components, such as bovine serum or
organ extracts ' Fﬂurther, this tissue construct can be made by serial
eseedingsaphdiftarent celklypesito produsea, euliurettissye-pangtiet that
mimics the cell composition and tissue structures of 70native tissues. Still
afgfthertiditisstidbeonstritict vy producas ahths et hdsemibides byrouftaréd
cells without the need for scaffold support or the addition of exogenous

SRR ST A AL S BhsPRsEE ctre. THES BIRSHYth CRBPE SEHEIES RS 0 &

PETE %OCQ%H&?%%H%;i‘f&ﬁeha"i‘s’%ﬁ'%??b'o%f%%%& bfoeaa%&ytc?ﬂgi&%%l‘é‘gl}émn shell
removed Trom the culture apparatus In which It IS forme and‘ irectly

AlRnsplapted wih o uline NGGCia ifPY-SHRRA, Rl F AL B.LINGA O white the
testing applications.

proximal occlusion shell and the distal occlusion shell are positioned on different sides of the
cardiac opening.

Also described herein is a method for percutaneous transiuminal
obliteration of a cardiac cul-de-sac in a patient. The method includes inserting an cecluder
into & heart of the patient and positioning the occluder at least pariially within the cardiac cul-
de-sac to substantially obliterate the cardisc cul-de-sac. The occluder inclades an overall
support structure and at least one ocelusion shell connected to the overall support structure.
At least one occlusion shell includes a cell-matrix construct. In one example
aspect of the invention, the cardiac cul-de-sac is a left atrial appendage.

Also described herein is a method for making an occluder for a
percutanecus transluminal procedure. The method incindes providing an overall support

structure and connecting a plurality of cechision shells to the overall support structure. Al

least ope of the plurality of occlusion shells includes a cell-matrix construct.
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The tissue constructs are useful for clinical purposes such as grafting 5to

W0 anpatientwith tissue or organ defect, such as skin ulcer or RfaEHEZWE7 ftod #5¢

vitro tissue testing or animal grafting such as for safety testing or
validation of pharmaceutical, cosmetic, and chemical products.
DESCRIPTION OF THE FIGURES In the drawings, like reference
characters generally refer to the same parts throughout 10the different
views vAlso; therditawingssanesnatineoessalily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention.
thitipghedasidacgiaphidepletifyitie I creasda evllagen v6AcERIcA Bs
determined by hydroxyproline assay as compared to the cell number in
o IR FESHEEAPHOT SR CRI PRy A CBRGITUSE HoREPoa i

Example 1. 15Figure 2 is.a photomicrograph (objective, 29x)ef a fixed,
paratfil %%Cﬁg?fdéeéﬁl‘ﬁ%&%é O 1}?162% Sélgs?é% S é\llﬁn“e(g:section of a cell-matrix

anfoRguchirmssdfram culiugd-human denmal-fikrohlastsin chemicalyor

defined medium at 21 days. The porous membrane appears as a thin
extfpnsiucenthantdbelow theconstrugh Figuresdishowsitransmissiomntion can

electron microscope images of two magnifications of a 20cell-matrix
thgombtrotetfornetk frowhestiltlyedth v eBlmaldiBropidsE i CHEMITy

defined medium at 21 dgyleFi u{geﬁ_fA#.s a 7600X maabgnificatiqq S ov.vingd "
PRS0 SN SRS st S ETTEIRG: AR T OF EBtaG e e S BERE & thig™=
ﬁ%%’;'%%ﬁ%; Figure 3B is a 19000X magnification of fully formed

Use . . i s .
endogenous collagen fibers demonstrating fibril arrangement and packing.

Figure Msisasphetomisrogr aph debjegive.20X) wiadixedspayaffin

embedded, hematoxylin and eosin stained section of a cultured skin
stoosistrecoforiiséd dnttohe midadlyfibroblasts, to produce extracellular matrix components
without the addition of either exogenous matrix components, networlk support, or scaffold
members.

Also deseribed herein are methods for producing tissue constructs by

stimulation of cells in culture, such as fibroblasts, to produce extracellular matilx components
in a defined medium system and/or without the use of undefined or non-human-derived
biological components, such as bovine serum or organ extracis.

Further, this tissue consirpet can be made by gerial seedings of different cell types to
produce a cultured tissue construct that mimics the cell composition and tissue structures of
native tissues.

S1ill further, the tissue construct is produced and self-assembied by cultured celis

without the need for scaffold support or the addition of exogenous extracelinlar matrix

COmMponents.
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defined media in the absence of exogenous matrix components
wCamrsing a cell-matrix construct formed from cultured humergienialossao
fibroblasts in chemically defined medium with 5a multilayered,
differentiated epidermis formed from cultured human keratinocytes in
chemically defined medium. Figure 5 is a cutaway view of a heart
illustrating a patent foramen ovale. Figure 6 is a partial
crossssectional view of another heall stratiog. aleftalrial agnendage.
10Figuré 7 1s"a’schématic top view of an occluder according to an
calisirative sbodiment of the JaVeDtRPerams iFigHIS 8 i§ Bsehemadieecty
cross-sectional view of the illustrative occluder shown in Figure 7,
tranigune: isacsehematiciomyiewofan eettdeciadcordingitozanptiagrons.
illustrative 15embodiment of the invention. Figure 10 is a schematic side
view ok theullustrative occkedefshdwnarn Figure 9cFhyurelingis a
schematic perspective view of an occluder according to another illustrative

© grBiSEINER BT AVEhTRRE. Such 2SEigh AP TS Sehaimatit pErSpEctive
eiewofan geclider for oblierating a cardiag, pulz0dersac ALCAIIN0 0 ARs.

Fant of

ative e e invention: Figure 13'Is a schematic
aREiRRecive vigw of an occluder for obliterating a cardiac cul-de-sac
according to another illustrative embodiment of the invention. Figures

14A-14E illustrate the stEgyasiraaoor ding to: afidGiliistiative embodiment of

the invention, for delivering an occluder to an anatomical site in the bod

of a fratherfta@snes, like reference characters generally refer o the same parts thronghout
the different views. Also, the drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention.

Figure 1 is a graph depicting the increase in collagen concentration as determined by
hydroxyproline assay as compared to the cell number in the human neonatal foreslan cell
derived dermal construct described in Example L.

Figure 2 is a photomicrograph (objective 20x) of a fixed, paraffin embedded,
hematoxylin and eosin stained section of 2 cell-matrix construct formed from cultured human
dermal fibroblasts in chemically defined medium at 21 days. The porous membrane appears
as a thin translncent band below the construct.

Figure 3 shows transmission electron microscope Images of two magnifications of a
cell-matrix construct formed from cultured human dermal fibroblasts in chemically defmed
medium at 21 days. Figure 3A is a2 7600X magnification showing endogenous matrix
including alignment of collagen fibers between the fibroblasts. Figure 3B is a 19000X
magnification of fully formed endogenous coltagen fibers demonstrating fibril arrangement

and packing.
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DETAILED DESCRIPTION OF THE INVENTION The present
invention relates to a method for promoting blood vessel formation in

wissiesame organs of a subject, particularly a human subjegl-17 RafHiCH Ao

the method relates to implantation or attachment of a cell-matrix construct
to promote endothelialization and 5angiogenesis in the heart and related
tissues. The invention has a variety of applications including, but not
limited to, promoting repair of and regeneration of damaged cardiac
muscle, promoting vascularization and li uring c fiac urgery
(e.g. é’;g-‘ﬁ%ééssaﬁqgoet?? o ?%aéjzr? é(%\/agirveep ac ??1%%‘6 p Mo lﬁli8“%31‘LC")Clé)g((*i({’/esseI

nOUMAtAR AlaNasamAsS.SiEs o ADLL REMALRG NASFY!RHZRH N BTk SemAIr
of damaged 10skeletal muscle, connective tissue, or other tissues.

sEieretefare icwiEebi RRgiTeersshiMnghisStmponsiiCis aHe ol eartpletely
cell assembled and must rely on either the addition or incorporation of

cexagenbusahiitnx cdmpbients drrsyhifetidestermbersifelstivfotedengtium with
support, or both. The bioengineered tissue constructs described herein
saxhibprthyiPerivad el eoRia o T RS HEEE o FRIT e RIls

are deriv (% The tissue constructs thus produced can be used for grafting
c%%%eg{ﬁé 116?df3FFﬁIWro testing.  One preferred embodiment is a

cell-mairix canstict comprisinga.firsheallibibe andiendegsaossly

produced extracellular matrix wherein the first cell type is capable of

synthegizing iaagsesraingsexirasphvtacaitictacproduaaiing celf mdtrix
construct 20Another preferred embodiment is a bilayer construct

appemrgsing a first cell type and endogenously produced extracellular
matrix and a layer of cells of a second type disposed thereon or within the
cell-nfage dohastiermainian B nE ot Pt ding o AlotE e red
eerg{p(ggi%eor}ttis a c%ll.brrqatrix construct comprising fibroblasts, such as

th i (Ijm)from élerr'nis, to form a cultured dermal construct.

0ose aerive

Figure 8 is a schematic cross-sectional view of the illustrative occluder shown in
Figure 7.

Figure 9 is a schematic top view of an cccluder according to another illustrative
embodiment of the invention.

Figure 10 is a schematic side view of the illustrative occluder shown in Figure 9.

Figure 11 is a schematic perspective view of an occluder according to another
illustrative embodiment of the invention.

Figure 12 is a schematic perspective view of an occluder for obliterating a cardiac cul-
de-sac according to an illustrative embodiment of the invention.

Figure 13 is a schematic perspective view of an occluder for obliterating a cardiac cul-
de-sac according to another illustrative embodiment of the invention.

Figures 14A-14E illustrate the stages, according to an illustrative embodiment of the

invention, for delivering an occluder to an anatomical site in the body of a patient.
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Another more preferred embodiment is a cell-matrix construct comprising
fibroblasts, such as those derived from derrnis, to form a cultured dermal

Wg%gm,g_g(yyith a layer of keratinocytes cultured thereon to fegw/athan/o61800

epidermal layer to result in a cultured bilayer sldn construct. The cultured
skin constructs of the invention express many physical, 5morphological,
and biochemical features of native skin. In an even more preferred
embodiment, the cell-matrix construct is a tissue construct that is similar to

the dermal Iayerég,lsmﬁg %@Mﬁéﬁﬁéﬁ%%é@Iwormed ina

defined system compriSing human- izing no chemically

undefined, coMPANENLS, AUEIBOS Flltuen 1Pl ing Mast Pleler @mation in

embodiment, the tissue constructs of the invention are fabricated in a
ideemigally defipecksysiepemuipnis nphumahide ived telistbiit nethod reiates
chemically undefined or non-human biological components or cells.
tinimplattsiorativateihend ipf e nebimbiaimoastohiorwamin snirbeirbrvimtped

is genetically engineered to have improved properties for inducing

ROt b RIEHE G A0 B8 Fomote formation of new blood vessels
in the heart or other tissues, It.iS 10 be g%rstgq%p%ggﬁg p&,g ‘a’i‘h
the arﬂ%ﬁvggﬁ?ﬁlo ‘“%‘%%"5*%‘5%85%? hacgtﬁeﬁ%/ﬂé a 1ce%’l-r%atrix constru’lé!t by0 ¢

s perAtingaelisdhat release differentlerels afangiogenicfasiorss Fidsaling

example, vascular smooth muscle cells, preferably aortic smooth muscle
daieity; ardidnovearid procupessubistanticiamaitec VipGtieat), muomeatingdrinel
fibroblasts. Therefore, by utilizing 20aortic smooth muscle cells instead of
PRl BN BHAIBYOBIaNs habRrunnine eetmlaatioe andfrnaisofgmased

enhanced angiogenic activity. In, another embodiment, the invention

PSS SN A T B S IR AEBFischemic damage to heart, brain,
viscergl.Qigans Q& INBEIAIRYUES 15l EXARRIR AL NORM RVl

limitation, one embodiment of the invention entails attaching a cell-matrix
Lensbiuehin afk2eischamieragioniobaheadfolawing srypearealatrix

infarction to promote vascularization of the
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 patient 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 extracellnlar matrix to produce the cell-matrix construct.

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, such

as those derived from dermis, to form a cultured dermal constract.

10
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heart and regeneration of damaged cardiac muscle cells. In the case of
cerebral ischemia (e.g. resulting from a stroke and/or elevated intracranial

wBrassuisdhe cell-matrix construct may include fibroblasts, peyigdgliabeisen
cells, neural stem cells, astrocytes, fibroblasts transfected with nerve
growth factor, or a combination thereof. Such a cell-matrix construct
comprising 5any of these cells is, placed directly on the cerebral cortex or
surgically implanted in the region of ischemia. In a more preferred
embogdinRaL,ihe Methed JonKealn PYaiSIble MYRGAIEIBL RGASID A AL,
promoting angiogenesis is to apply a cell-matrix construct to the iIschemic
damage aeaahsigindhecellmativsenstasshenmtisesaurad: of
neonatal dermal 10 fibroblasts. Benefits of neonatal dermal fibroblasts is
ithatitbeyaiebelieteeio hdvarplasticiqualitios; meaning thatithel/telayer skin
capable of transdifferentiation; are ideal for an hypoxic environment; and,
carsthelieVbeastedsefe coRsEaH A ST SRECT RIS PRVIRYEHHEs to not
induce rejection_by the s;lgject. These cells also deliver products

IB?&H’&’E%?FH}{"S@IE‘,’%%C BHOWRRIT _5%?5?313?1'd cytoldnes and therefore
e”¢°%&%@§$&%~%}%ﬁ&?&é the sURiset 5,000 6aIS. AR TS teRRKA S Qstmct
results in microvessel formation to increase local perfusion in the treated

fmyacardisng 40 amesipieiened embadinent) tigeat mattixicenstiel
has been produced in the absence of animal-derived components and in

ditemicadtynd eftingdbioy buresnrddiecdnellsodeingtroahtaitcehyvestegmdous
matrix materials or synthetic polymers, such as a mesh support. In a
srapiReP ot Rg EheBB¥ment, the cell-matrix construct further comprises

cells 20 selected from thegg ou Etnsggingcogétb%neo JEO¥V;1 1eg\é§edfe%gégted
cells, SBHRSHIC SIS LER ,é)‘%%ehl or tefis thekiding ehdothehal

or ce

a%rﬁ’&?e%%ﬁze&l&n%@@@&%%&%% gels). skrletal myebladeimically undefined

cardiomyocytes; or, endothelial cells, smooth muscle cells, fibroblasts and

Hregeniancelisgesivethiormedinege. tissue. In yet another
embodiment, the invention encompasses application of a cell-matrix

25constractitoratiyetissudiororgifitdnproinote aHgiogBmesknpiianss with
congestive heart failure symptoms including wall thinngﬁé reduced

gt el RAReTEh Y PR RS EER S SRERE RSty De used to

SogaEmen ol el MRH CuRy gl iR comRIRIDiRg.gardiac tissue to
educe these symptoms. One preferred embodiment o the invention

comprisgs A, siikeiuraldavenef atirast epastvpeohexiraeadaic activity of a
matrix-producing cells and endogenously produced extracellular matrix
celi-matrix construct by incorporating cells that release different levels of angiogenic factors.
For example, vascular smooth muscle cells, preferably aortic smooth muscle cells, are known
to produce substantially more VEGF than human dermal fibroblasts. Therefore, by utilizing
aortic smooth muscle cells instead of or in addition to fibroblasts, one can culture cell-matrix
constructs with enhanced angiogenic activity.

In another embodiment, the invention encompasses a method of treatment of ischemic
damage to heart, brain, visceral organs or peripheral tissues. For example, and not by way of

limitation, one embodiment of the invention entails attaching a cell-matrix construct 0 an

ischemic region of a heart following myocardial infarction to promote vascularization of the

11
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components, more simply termed "matrix”, wherein the matrix is
completely cell-synthesized and assembled by culturing the cells. This

“Jag%%ﬁgggin termed a "cell-matrix construct” or a "ceII-magB(#%g%%? /?1618%
t t

because the cells secrete and contain themselves within and through their
matrix. The cultured tissue constructs do not require, thus do not include,
exogenous 10 matrix components, that is, matrix components not
produced by the cultured cells but introduced by other means. In a more

d embodi t, the cell-matrix construct produced. by human .
A i TR 3 SR LR S 0 i G BTGl Bt e
LOIRGERSIMIA IR DAty RsR. Af:AYdencad by SI9Con MiCroscany g,

matrix is fibrous in nature comprising collagen that exhibits the

GURHerHSRIGeredi NN bandiRgriatierneds wel-teagipaskingransfected
organization of fibrils and fibril bundles similar to native collagen. Delayed

vetiuctione8P 8- RAG bhasdbisvteditve pi cSercecel-bath:typestranddypesng
collagen in these constructs, the predominant collagen types found in
%R/%WW&%%WW&%@%%%@ GPHTRFheMIStCUEraisHy makyted in the
techniques, the dermal cell-matrix construct stains positively for decorin, a
Jermatarsuitate proteoglycan known to be associated with collagen fibrils

and 2Qbeligyed o seguiale il diameler iy G PEEari GRRARR Gy ocardial

visualized in the construct with TEM. The produced tissue also stains
pasitive daf ievasa anpxkacellilas matheglynapieteiroieund, #ofhe ischemic
example, in mesenchyme or tissues under repair. Much like tissue under
fepaieirpviyo viheedissiie pddueed itouiuce hambsen shiowasd tadnoraasdermal
its ratio of type Ito type HI collagen as the matrix is formed. While not

{thetagsto Berstunt By Heskrasit b insve dir db e drdsmpdniae spdpstic

space between them,quickly with,a laose nx WO . .
S o B P JSB00 Ao AL R gl gn eose
SAmpnsed: ahmastlyhinedd sollagenang ihsenrestn iaptNeAFRRROR o not
this loose matrix with a denser matrix comprlsed of mostly type I collagen.
ihbeprejdutechgel-ntiaxt habbe esiishbwicib-aqntdinglyedsainp gyis Ansh as
(GAG), such as hyaluronic acid (HA); fibronectin; proteoglycans besides
gerdrifrdanipabosigijesnuibesars psaaerl i sronier &b Shefakiget’s own cells.

%sc ?esg)%?gigsocg %gl?l?ssig %Qrgfes%iép%(gknugtoigxizctg %in(?:;re(ztis-e local perfusion in the ireated
myocardium. In a most preferred embodiment, this cell-matrix construct has been produced
in the absence of animal-derived components and in chemically defined culture media and
does not contain any exogenous matrix materials or gynthetic polymers, such as a mesh
support. In a variation of this embodiment, the cell-matrix construct firther comprises cells
selected from the group consisting oft bone marrow-derived stem cells, embryonic stem cells,
progenitor cells (inchuding endothelial progenitor cells, cardiac progenitor cells), skeletal
myoblasts, cardiomyocytes; or, endothelial cells, smooth muscle cells, fibroblasts and
progenitor cells derived from adipose tissue.

In yet another embodiment, the invention encompasses application of a cell-matrix

construct 1o any tissue or organ to promote angiogenesis. Patienis with congestive heart

12
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chondroitin-0-sulfate; di-chondroitin-4-sulfate; di-chondroitin-6-sulfate;
di-chondroitin-4,6- sulfate; di-chondroitin-4-sulfate-UA-2S; and

w8iehanRdspitin-6-sulfate-UA-2S. These structural and biochewigatieatuseso

exhibit themselves as the construct develops in culture and are

distinctively evident when the construct approaches its final form. The
presence of 10 these components in fully formed cultured dermal
cell-matrix construct indicates that the construct has structural and
Ripchemicalieatures AP eaching that f RAMA SR Bmetion WBISHEN
aforementioned list is a list of biochemical and structural features a
reutterechsel-matrosons et farmes from-demialdibrell astsmipehtusdd daaliac
recognized that cultured cell-matrix constructs foirned from other types of
thibrotl astscnilicproguc@many of these 15features and others phenotypic

for tissue type from which they originated. In some cases, fibroblasts can

be indibIsTEX ERLI BT SO ISTE e ATFBIERE By AR ARThRLAFSE one

v Ofselil{%xe coelilc a?taa(,:i}’irggy %‘Cc%lx S;[:I&%%gg ’erol ok%ér%{)%s g%?on &c@&ee%&sce‘ﬁ&%”ﬁ%{u'
t{ﬁ’e erred em odtlnment 0] e invention I1s a cell-matrix layer having secon

é@ﬂ%}}gﬂﬁ%zglﬁpr%?f%ﬁg% SRk Pe:BerANd layer: fCells IS Hired ABesized

the cell-matrix layer to form a 20 bioengineered bilayered tissue construct.
aHi asseareeprefettadienmbodimentiths adlldotthesedanddayenarembiruct” or
epithelial origin. In the most preferred embodiment, the second layer
«Conhiprisels doledtdecmsaihn ddratrroyrebotatitogettiel oiithingsd through
cell-matrix layer, a cell-matrix construct formed from dermal fibroblasts

Bicre b EROT TR RCHS TBRRIT BIaRHRN TR r CBIM BB Vit SRAT 1
SRS IHEL RN b BRI SRCEITALRES 1 B enmulliayhled:

ra ,an ferentiated layer of Keratinocytes t Ibit a basal

iARLcBIBNIARASRAAY B o SnBFePleH 13 YaTRN8rS IRIUDN QAR UBs thite
skin construct has a well-developed basement membrane present at the

meducad-epidesmaleund fibrobissexhibited tyhtransprissiomaeteciromiration of
microscopy (TEM). The basement membrane appears thickest around )
Jeleareimis shresy nikike o0y PRING HA GHIFIS THECEHPEIRTPRREY '8ftous in
VIE collagen, as Hvisu Iize% TEM. The anchor'c{‘ng?fibritl)s can seen
PR B i YRSER A ST PGB i regecred O7 nim banding paitern, as vel
as packing organization of fibrils and fibril bundles similar to native collagen. Delayed
reduction SDS-PAGE has detected the presence of both type I and type I collagen in these
constructs, the predominant collagen types found in native human skin. Using standard
immunohistochemistry (THIC) techniques, the dermal cell-matrix construct stains positively
for decorin, a dermatan sulfate proteoglycan known to be associated with collagen fibrils and
believed to regulate fibril diameter in vivo. Decorin can also be visualized in the construct
with TEM. The produced tissue also stains positive for tenascin, an extracelfular matrix
glycoprotein found, for example, in mesenchyme or tissues under repair. Much like tissue
under repair in vivo, the tissue produced in culture has been shown to increase its ratio of

type I to type I11 collagen as the matrix is formed. While not wishing to be bound by theory,

it is believed that the cells fill in the open space between them quickly with a Joose matrix

13
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entrapping the collagen fibrils in the dermal layer. These anchoring fibrils,
as well as other basement membrane components, are secreted by

wéenatinseytes. It is also known that while keratinocytes are eapatst®wfosisos

secreting basement membrane components on their own, a recognizable
basement membrane will not form in the absence of fibroblasts.
10Immunohistochemical staining of the skin construct of the present
invention has also shown that laminin, a basement membrane protein is

REERLAL- A RS e Rt hithe.pugnipn o fassringa ealmmaiixnd

construct, a first cell type, an extracellular matrix-producing cell type, is
mecaactis asubsiaierculidredieand indicadiaisyhifi esizdy and Sediatendibe
organized extracellular matrix around them to form a 15cell-matrix
wotistrdctlltmarivtite bprefberen tarstksd eyeheinpenieisd ShHacuchithe
cell- matrix construct is seeded with cells of a second cell type and ar

hahiiPal B5 1SR bifRrar et bR SRt R e SORIOTE Bt Ea FREABY, a
full .thick i ing.f imilar.t i kini
(i R ,gafﬁggfﬂe%%_nﬂfﬁé PRYngIERIER SITUAL, &.ﬂ%ﬁmgm gikin is

ormed by culturing fibro , such as human dermal fibroblasts, under

aenditiens sufficient ipingues matrixsynthesisde i Bees bimashb@fin-4,6-
20dermal cells and matrix, a dermal layer, onto which human epithelial
aefs;: sichuas-eratinodyies Aard; seedechanbldutttredandét-¢onditisas
sufficient to form a fully differentiated stratified epidermal layer.
sPeretbrad bivshyreit unEh g hrrsalyss asdohRIBIS Ui By Bsaiire

inventign comprises: a) culturing at least onesrt?l(xtlra?%gllula[r csence of

LRI eEIPY B8 t{ﬁec‘g‘ﬁggﬁgg%?a&%sg% SR S aciars:
e%é@én%%éﬂ?n‘%@%%%l? %&:ﬁ&ﬁ’&iﬂ@d%é@:ﬂ&%@@%ﬁ@&r é(ﬁ'@guct indicates that the

construct has structural and biochemical features approaching that of normal dermis.

While the aforementioned Hst is a list of biochemical and structural features a cultured
celi-matrix construct formed 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 components by either chemical
exposure or contact, physical stresses, or by transgenic means. Another preferred
embodiment of the invention is a cell-matrix layer having second layer of cells disposed
thereon. The second layer of cells is cultured on the cell-matrix layer to form a
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 culiured human keratinocytes that together with a first cell-matrix layer, a cell-
matrix construct formed from dermal fibroblasts and endogenous matrix to form a dermal
layer, comprise a living skin construct. When fully formed, the epidermal layeris a

multilayered, stratified, and well-differentiated layer of keratinocytes that exhibit a basal
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(b) stimulating the cells of step (a) to synthesize, secrete, and organize
extracellular matrix components to form a tissue-construct comprised of

weells-andsgaatrix synthesized by 5those cells; wherein stepsgay}aaehéPsisoe

may be done simultaneously or consecutively.  To form a bilayer tissue
construct comprising a cell-matrix construct and a second cell layer
thereon, the method additionally comprises the step of: (c) culturing cells
of a second type on a surface of the formed tissue-construct to produce a
bilayered tissue construct An extracellular matrix- rodﬂig:ing. cell type Epr
. t hias
e P LRI by B Ay 1 R CHAble o ek Ce B =
%E@U&%@%H&%@Hﬁ&éﬁ%}éﬁ% %MP&%%&HQI%@&H&M%@@%H@%HM%
matrix components to form a cell-matrix construct. More than one

iextraseiulaemat i predipe TESE Hipsmayehercumtised deptormbitkest around
cell-matrix construct. Cells of different cell types or tissue origins may be

eultdrmobtogetherdisdbyminehreing Hrol i vonmlerivehrdiymoiponiests. as
and structures similar to those found in native tissues. For example, the

vissalirrd e DRAE TR G ARSI R M58 RSP HEDR SthBssemii] pechimeapd
ith it t d t of ext Il trix that J t Il
oSSR ML RSl e e

pro ype. Alternativ

HRRHEGRIOAHCING SRl AYBRMAY Bisq-hemixadwiothet 6eH tWBes thatvhile

form specialized tissue structures in the tissue but do not substantially
eentsilayies tocthp avesildomationcakthetnaltix-aspepohaithe ¢ellnvatrix
construct, such as in certain skin 20constructs of the invention. 'While
raghgExbickdtalaenhatrpreduBing Esiipiee slapnbe aidtuobiagiscordance

with this inventjon, the preferred cell types for use in this invention are

TR RASH AP THEL SHEM . RASTSIERimE ' b RPERt dPEefbPBbR &0 shown
Rk %?JB ; %a&&%ﬂgﬂg@&gﬁggﬁj@g gsor[ggs%g{ive tissue cells, most

ell i
preferably human dermal fibroblasts found in human dermis for the

produgfiopaf A Rubapraer madeeastiuskhibobiash el oaanRE A ¥irst cell

produce a number of extracellular matrix proteins, primarily collagen.
Tiere aneassirdsaitypeyoiiscliageihy produedddiy fibrotttastspiowb et
type | collagen is the most prevalent in vivo. Human fibroblast cell strains

A B BIISEAR R ASAUHABR PERSEH CEE RN BTt feet fgrm @
Donate male forepkin, dermis,tendon: e molial ot cipgsy,
matrix construct is seeded with cells of a second cell type and are cultured to form bilayered
fissue coustruct. In a more preferred method, a full thickness skin construct having features
similar to native nmman skin is formed by culturing fibroblasts, such as human dermal
fibroblasts, 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
keratinocytes, are seeded and cultured under conditions sufficient to form a fully
differentiated stratified epidermal layer.

Therefore, one method of obtaining the tissue constructs of the present invention

COMmprises;
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5mucosa, and intestine. The human cells may include but need not be
limited to fibroblasts, but may include: smooth muscle cells, chondrocytes

W@g%%ggﬂgonnective tissue cells of mesenchymal origin. Itjg-psefarsedsisos

but not required, that the origin of the matrix-producing cell used in the
production of a tissue construct be derived from a tissue type that it is to
resemble or mimic after employing the culturing methods of the invention.
For instance, in 10 the embodiment where a skin-construct is produced,
the prefeiieemat it cing oell s dhpRiAR DIEIPRY R ARITRL of
origin. In another preferred embodiment, fibroblasts isolated by
dniceslissestionfromdbe dermakpapiiasethainfallisies-cambedised to
produce the matrix alone or in association with other fibroblasts. In the
embotimentwirer &acebsnéalepGristruptisgpradened, 1hé orgatipe proetdinigr
cell is derived from corneal stroma. Cell donors may vary in 15

TS IBPPRENEE B 2tietis eRyIet AeNvER P BB ReskiseTghesized by

embrygs, neonates, or. older individuals including adults. Embryonic
*B?Beg%ﬁﬁib‘f’”&“éﬁg‘ &?8&?5)53%?&%%5&@%& uﬁ%ﬂ%OH%gyOB%‘Jﬁss‘i&aﬁ‘ﬁe e
inventan and ndysedde. difersaiiaie o develop inte e destied /58U8nd el
Although human cells are preferred for use in the invention, the cells to be
1bsedhindhe 0 methrdiahithesre-netiniedds celle fummhnnak sOdreesnd
Cells from other mammalian species including, but not limited to, equine,
igpming, pofcine’, tho fimesdirduevinsisou teeswrredearspé tieseswobiagt.
mouse or rat may be used. In addition, cells that are spontaneously,
chemﬁawtﬁﬁvﬁmﬁgﬁe@@@% FatoRminAnE Eaire BrERivagrRale any cell
engine redfell m?%agl 0 be used in tmﬁainvention. For those

. o
SRR HA BT At T Thai Brie L1 SE B chi e oe

DPSHARS, Ph HScQREEMR L MR- S UGBS M eSO LROENAL AN e
WO 2007/092902PCT/U S2007/061800 genetically modified or

iransipeiadics dsll opmindy tecahoel sodbive eiimarexspaciestoCiisvédifferent
sources may be used. ~ Recombinant or genetically-engineered cells
qeihiybrs ersésdunchEns roeubtioH BfthessdiARY i surste et dere eomplgnentary

tissue construct that acts as a drug delivery %raft,for a patient 516%1%]9
SAEROGEHY a0 ST EPPE I RRSaeES B RS RSHE Wit SRS Stftic.

SHE Al r%%%{&%%% %emg%gud%!é’%a%%@% &E‘él%’éh\(&%e@r%&é@%{&%?{@%&%

cell products, growth factors, normones, peptldes or proteins for a

SPRHAURYS AMRUN ST Hime o258 Readednnsndidlegicalbehamically, or
thermally signaled due to the conditions present in the patient. Either long
AShshaitdynhgenecplotuotexpresdiongsdesirable; dependingloritthehssecll
types that form specialized tissue structures in the tissue but do not substantially contribute to
the overall formation of the matrix aspect of the cell-matrix construct, such as in certain skin
constructs of the invention.

While any extracellular matrix-producing cell type may be used in accordance with
this invention, the preferred cell types for use in this invention are derived from mesenchyme.
More preferred cell types are fibroblasts, stromal cells, and other supporting connective tissue

cells, most preferably human dermal fibroblasts found in human dermis for the production of

a human dermal construct. Fibroblast cells, generally, produce a number of extracellular
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10indication of the cultured tissue construct. Long term expression is
desirable when the cultured tissue construct is implanted to deliver

wihsangutig,products to a patient for an extended period of 4R -cs007/061300

Conversely, short term expression is desired in instances where the
cultured tissue construct is grafted to a patient having a wound where the
cells of the cultured tissue construct are to promote normal or near-normal
healing or to reduce scarification of the 15wound site. Once the wound
e eplet B RAE QIRAUGSHIQRLIDE.CHNRASoUR onStiuEl i, 00
dse Tt el 3 be

longer needéd or may no fonger be desired at the sité. may als

geneticallyenginaered donexsy essiieins aldiferent WRes Pibroblast cell

extracellular matrix components which are either 'normal’ but expressed at
highdevels: dedned ified dmisobaeofmyntesyiakedngraft sevias: D prsing male
extracellular matrix and living cells that is therapeutically advantageous
Sotdleimstavi donivunty e aihdicra ehtitadr et acrbdneovasd suberization,
or minimized scar or_keloid formation, These procedures are generaél%gl}ﬁ@1
s,

RAE0H AR S H S nd S PETRSS Trs Mvdrd oeedeat i imicride &
Hda f&tﬁ@é%&%ﬁ! GO &a&[@o@%&é egﬁ.gﬁ hgﬁégég;ﬁegtﬁ&feb%zs%}f

(1989), incorporated herein by referenc of the above-mentionée
wypescRfaellsare includeswithin: ihe definiion.ofr oMatrbrRdNeiNg 6alkine
as used in this 25invention. The predominant major extracellular
ealtrxdcorhp pnehtiro diicEchinychiviololtist slds fildrilian ealtagany paricuiody
collagen type I. Fibrillar collagen is a key component in the cell-matrix
SHhiTer Aowevser e mianissulivape oo insité tovmdigicdir instance, in
t%omlggis d oft o%%/ thiﬁ rotein or protejn type. For instance, other . i
Coltagens, Both fibHtiar SHe ROt bRt SCo Mg o e o Reswl 2
sHeBiAe coleasn ARSIk el MeaXdmdlh Ml d Koo lindl f%&'l%bféﬁsvis()ﬁated

XV, XVI, XVII, XVIII, XIX, may be produced by use of the appropriate ce

bypeicHinRiaiynatbere dtixp raitinsnhiclbanhe.prRAusets 8Rfuce the matrix
deposited using the current method include, but are not limited to elastin;
Protcoghsariatigeival deadtimobiebiylyeds; conlglioepr elsirs: suofedsonstruct is
tenascin; vitronectin; fibronectin; laminin, thrombospondin 10I, and

RS R BE RS N RESe L it AeH Ry PR Aol donors may vary in

development and age. Cells may be derived from donor tissues of embryos, neonates, or
ofder individuals including adults. Embryoric progenitor cells such as mesenchymal stem
cells may be used in the invention and induced to differentiate to develop into the desired
tissue.

Although human cells are preferred for use in the invention, the cells to be nsed in the
method of the are not limited to cells from human sources. Cells from other mammalian
species including, but not limited to, equine, canine, porcine, bovine, and ovine sources; or
rodent species such as mouse or rat may be used. In addition, cells that are spontaneously,
chemically or virally transfected or recombinant cells or genetically engineered cells may
also be used in this invention. For those embodiments that incorporate more than one cell

type, chimeric mixtures of normal cells from two or more sources; mixtures of normal and
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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
wiotdbe,fosmation of a three-dimensional tissue-like structure, SuHafle £elkeo
growth surfaces on which the cells can be grown can be any biologically
compatible material to which the cells can adhere and 15provide an
anchoring means for the cell-matrix construct to form. Materials such as
glass; stainless steel; polymers, including polyearbonate, polystyrene,
polyvinyl c(gl%ri e, polyyinylidene, polydimethylsiloxane, fluoropolymers,.
AL ST B A Bt P e S ocesre
g }Ijlll , rgagj%%uggﬁ or silicon crystals may be used as a ce_II growth
surfaces. The cell growth surface material may be chemically treated or
20magdifisdy gleetosiatically shargedd esizantedavithi hiclegieatscsuebiate
poly-I-lysine or peptides. An example of a peptide coating is ROD peptide.
Mihilesfredissue consttettsfitheoizventibst misybeduedaiionyesdiithicetationt
growth surface, a cell growth surface with pores that communicate both
st RRtehI S A BE BRI ARS8 BRBIY BR AearRaiitact il
medium to the developjng tissue. constryct or 25for contact from onl
TR Bwqﬁcg %{Eﬁtg? Ver borg}%% a%e éﬁc TeCo gl an&:erH Uuct

r‘a’éign VI ateral con acr?a ows m%iglumsf(?%ontact

Hath. e fon and bottom. Suraces,of theideyg!onRingcansitustlormaximah

surface area exposure to the nutrients contained in the medium. Medium
pRa:eke9, cantasinnly thehatomelidhestamiiegeditsacissitarchnsitit.
so that the top surface may be exposed to air, as in the development of a
Btleuted: skishovnstrusticinedpeefapres iou i des yedseldecatisg hat® Biflizes a
carrier insert, a culture-treated permeable member, such as a porous

indesriorReTe I S iered SpRR Qe I the- RO EHE FERESHEB R AR kRt fe

Spieal, e Memprane. i SSGHEA 0 ae 1AL RUISL FIREPR af

L]
amework that IS Iinser within and Iinterraces ase, such as a

RIFhAr Gultarsrdish. thah caRResaov ared Mithss dics Giteia Y RSealRs where the

incorporating a carrier insert with a porous membrane are known in the art
angrer eptetenraciforscasftng ayptidiHeiingentiomandacabdestsibtdndurad
number United States Patents in the field, some of which have been made
TomITreRtiathrei it R ey RSETTOERE SeBinh e tupdura gEiption of the
5,366,893, 5,358,871, 5,21 ,920,@,026,649&4,8 1,6%;1, 4 %08&%.42, the struct
Wb O AT L i SO PR A SR R e S a fire

vessels e, employed, hey lBsuSCaRsiEtI RIodHERd.00 ARsRUlAGRAly
e me %rane, pre%rgbly the top, upwardly facing |
engineered to express proteins or different types of extracellular matrix components which
are either ‘normal’ but expressed af high levels or modified in some way to make a graft
device comprising extracelilular matrix and living cells that is therapentically advantageous
for improved wound healing, facilitated or directed neovascularization, or minimized scar or
keloid formation. These procedures are generally 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 ebove-mentionsd

types of cells are included within the definition of a “matrix-producing cell” as used in this

invention.
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15surface 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

weUiwrgdngdia for providing nutrients to the underside of theggultEes7/061806

through the membrane, thus allowing the cells to be fed bilaterally or
solely from the bottom side. A 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 20passage of nutrients
containgsljrdsiidse: Mediumnie dna.Pelien siface.ohthtcalbmattiiasts is
construct, such as by capillary action. Preferred pore sizes are about less
a3 mibmnspbukrényedétyee erpabotibAlikrmitgasito abort 3 oaeronShe
more preferably between about 0.2 microns to about 1 micron and most
prifardbly EIsaEGamistierdhivdratroian (s 6 atfic herlisitetitpoydscay somprised of
Sﬁriy)lq ed. In the case of human dermal fibroblasts, the most preferred

t

SHaPIgioB SORTESIB St RAUTT e piber SY s bR I Eise gpbrgiibriliar
BRAULOARANGA0R. OO MR, ONESIERAeRSAIRQL ANANAR RS,
e ability to alt throug

of the cell but also of e ce its '$hape ‘and pass
shesome sabor a0z, s, mpoxtent M@@%—ﬁ%ﬁ&%&vfsgu@@bﬁﬁ%&&%am
surface but does not incorporate or envelop the substrate so it is
reinppabiéfiary ibfuchasDy-pealingwlittuntinpnalfercenddsposied etk the
shape of the tissue construct formed is dictated 5 by the size of the vessel
SUFFAL B SRR EHIBRaIR GRA R SIS rsVo s By BEtiergls T ypush 2o dendrby or

%% ular or ?haged with rounded corner angles, or irregularly shaped.

SHAE ST AILB AT AL SPEsTRo IR 5L e st Leanspondin
E%Hé%@&&ri&%‘émﬁs%ﬁ@mﬂqgfgag}mmﬁ @;’;ica' structure of

native tissue. To account for greater surface areas or the growth

substrate npeipgrianaty cavieselleae seadedlatnersuriasa athatissue
greater volume of media is 10needed to sufficiently bathe and nourish the

edlize\Wishastheufivsudisbofsthu ot Tslknlititowhet aldvetiertitiSamsinglef a
layer cell-matrix construct or a bilayer construct, it is removed by peeling

fomdimsriambrane Sin st oty sy aoth pafiesron whichebgsrllyean

S5t consiut offoe Ipvention do not xely on sytyetic,r biorgeortable
memapers 1or, such as'a mes emper 1or tne tformation o e lissue

SRVRIEUS S cheeDes HNEMRALIHALINILSE: AS B OXERRA KMl IR

material. In systems where a
stainless steel; polymers, including polycarbonate, polystyrene, polyviny! chioride,

polyvinylidene, polydimethylsiloxane, fluoropolymers, and fluorinated ethylene propylene;
and silicon substrates, including fused silica, polysilicon, or silicon crystals may be nsed as a
cell growth surfaces. The cell growth surface material may be chemically treated or
modified, electrostatically charged, or coated with biologicals such as poly-I-lysine or
peptides. An example of a peptide coating is RGD peptide.

While the tissue construct of the invention may be grown on a solid cell growth
surface, a cell growth surface with pores that communicate both top and bottom surfaces of
the membrane to allow bilateral contact of the medium to the developing tissue construct or

for contact from only below the culture is preferred. Bilateral contact allows medium to
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mesh member is employed, the cells are cultured on the mesh member
and growing on either side and within the interstices of the mesh to

w&IYEIRRapd incorporate the mesh within the cultured tissugeppghiselacison
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 20rely on synthetic mesh members are found in U.S.
Patent Numbers 5,580,781, 5,443,950, 5,266,480, 5,032,508, 4,963,489

oL0, Naught ng)itf%'é poo G, Syt for the predustion.of the,call:matiXce arca

ayer may be either static or may employ a perfusion means to the culture

media iibestalic syt thesulturenedisr sisikpschrelativaiyine

motionless as contrasted to the perfusion system where the medium is in
hakenotion: Haeipedisien dkmedivmafiedis the iviabitiaroftydeetispeatdo air,

augments the development of the matrix layer. Perfusion means include,
abut Gealewstaimiteicd fe:culiie AR SRBIS SRRSO PR R IR ire

culture dish subjacent (belowéﬁr adjac?(?nt to the substrate carrier brane fhat
UG A ISHBHERE TUSH T MEGiTia: Buhiping meditim.

um; pumping mediu

.within ar through the cult ish. mber; itating. the;cultures
Kok %&é Qe‘fk%@ grvfg%{%)g%%ﬁé%n%fﬁfg}rgiorﬁ?%g%ﬁ%%%ucedTin alroller ©

Dottle. Pihenperfusien neansFan bedetarninesib eneisiitadiniine asse,
for use in the method of the invention. Culture media formulations

ssthitabledat ciselinrthesprbsent invervtod ait sdléctodtrasesdnithep@iting a
types to be cultured and the tissue structure to be produced. The culture

cerdeliinpethitie peEdamentrEnsfse IO RaIR S gL aPfte RS TrBed &Y foryme out
e R e i B B e PRI IR E 00 P
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 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 surfac.e allow for the passage of culture media for providing nutrients to the
wnderside of the culture through the membrane, thus aliowing the cells to be fed bilaterally or
solely from the bottom side. A preferred pore size is one that is small enough that it does not
allow for the growth of cells through the membrage, yet large enough to allow for fiee
passage of nutrients contained in culture medium to the bottom surface of the celi-tnatrix
construct, such as by capillary action. Preferred pore sizes are about less than 3 microns but
range between about 0.1 microns to about 3 microns, more preferably between about 0.2
microns to about I micron and most preferably about 0.4 micron to about 0.6 micron sized
pores are emplayed. In the case of human dermal fibroblasts, the most preferred material is

polycarbonate having & pore size is between about 0.4 to about 0.6 microns. The maximum
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In some instances, such as in the fabrication of bioengineered bilayer skin
constructs of the present invention, the media composition varies with

w8asatage of fabrication as different supplementation is negessatydss 1300
different purposes. In a preferred method, the cell- matrix layer is formed

under defined conditions, that is, cultured in chemically defined 15media.
In another preferred method, a tissue construct comprises a cell-matrix
layer provided with a second layer of cells disposed and cultured thereon

pg{téees:%%g@*&scﬁ%k t@{,@%n%% Sultyrad &ra;?bgteﬂ@oeﬁ%e%}ﬂa{fgmg RBYSIRM i1

y, t ssue construct comprises a cell-matrix layer fabricated

sndendefined mediacandiions andiaseeonddoyeriosmned hereen sndek o

undefined media conditions. In the converse, the tissue construct
ihomphiecisiadde; collimedsbcdaye pmepbb faliratesh ind emuvdefiiedui eclih as
conditions and the second layer formed thereon under defined media
orrditiarisitr ménind Bred iR cad e Ut fehfcors iy plsrane s distated
is, media free of undefined animal organ ﬁr issue extréa ts, for exa@eple,

r:?g round or

et Rty PR Sy B SR PR OB A PATS B h S BPEE8Y
%%1{ &nsifgeagé&f%ﬁa QL RIRIFINS, @qgﬁ%st&r_ﬁeég&fﬁfQ%Qgg&?%%gt?a@e%%ugy I &e

st preferred embodiment, the media is free of undefined components

@nd; definaddiologisal comnens ma e ived-dEom ReREY MANSOSIEES: mimic
Although the addition of undefined components is not preferred, they may

thephsedanacaordeicewithsthe Tisclosetifongthodsataayppsaint hequitwte
in order to fabricate successfully a tissue construct. When the invention is

whpeE. Granaionilyserseridd Hopals CBSctrtied g el Haag et media is
M B A G T R A
formed, whether it is a single layer cell-mairix construct or a bilayer construct, it is removed
by peeling from the membrane substrate before grafling to a patient.

The cultured tissue constructs of the invention do not rely on synthetic or
hiorcsorbable members for, such as & mesh member for the formation of the tissue constructs.
The mesh member is organized as a woven, a knit, or a felt material. In systems where a
mesh member is employed, the cells are culiured on the mesh member and growing on either
side and within the interstices of the mesh to envelop and incorporate the mesh within the
culturad 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,
5,266,480, 5,032,508, 4,963,439 to Naughion, et al,

The system for the production of the cell-matrix layer may be either static or may
employ a perfusion means to the culture media. In the static system, the culture mediurm is
still and relatively motionless as contrasted to the perfusion system where the medium 18 in

motion. The perfusion of medium affects the viability of the cells and augments the
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defined human tissue construct. Synthetic functional equivalents may also
be added to supplement chemically defined media within the purview of

wibSoHsfinigign of chemically defined for use in the most prefgrrgdsqa07/061800

fabrication method. Generally, one of skill in the art of cell culture will be
able to determine suitable natural human, human recombinant, or 10
synthetic equivalents to commonly known animal components to
supplement the culture media of the invention without undue investigation

S permentation. The adyaniages nusing, sudh a.constiuctin e cliic
ISt e concern of adventitious animal or cross-species virus

&%&EQ&H Nt Ang:iRieatoR S iminished. Hls‘ib&ﬂ%é@ﬁ‘ﬁ(&%ﬂ%&%é@&m 1o the
advantages of a chemically defined construct is that when tested, there is

heschansaief thasasigishring.beantounses diledaihe, pesence afiibe
undefined components. Culture medium is comprised of a nutrient
bibie ashalhglubthelsuppibmeiecbwitteuihestompbaentsr T hiehshiletaking
artisan can determine appropriate nutrient bases in the art of animal cell

R HA s ShEbR e xbEelheh fo Sttt n it proatising meaasean be

sonsttudt of the.pyention, Many commercilly avalisble ptient sources
are usertul on the practce o he present invention. ese’include

commefgially.ayailhleitient SoRreeswhichesHRBlY Inganic.salise@based

energy source, amino acids, and B-vitamins such as Dulbecco's Modified
fagiasiMediuobERMWRMY 2Minimakizssantiad 186l ti(ddE M)i\ddifd: Réftn
1640; Iscove's Modified Dulbecco's Medium (EDMEM). Minimal Essential
Tre i usnd(MIE NG aneeiifin Tolureuivediiaitiona Siaplaptrrelliere withmatrix
phospholipid precursors and non-essential amino 25acids. Commercially

sieste oA e saen e R R ise L dGie R ™ Hino acids, nucleic

acids,.enzyme cofactors, phosphelpid pr ors..and.inorgani I
melud P e B R T P S R e
yandRecanseatiations Alkhasalmesia Rravideachasic pith e sesugs asfor
cells in the form of glucose, amino acids, vitamins, and inorganic ions,
ttietheroilnetiteidrdsieeedin o mffonsntspdie. moshpiefertedthadehe cell-
S5medium of the invention comprises a nutrient base of either calcium-free
BeEWEEIGURTIY Badu ot mrddifrbticig 1628 it evfiurpt (D MENFaly, defined
alternatively , DMEM and IﬂBac{n's.E&Z between a 3-to-1 rafio toalto-3 .. .
P PR R o R e R PR B GBRERTO A WA v er rovide
GANPROSNIS.SUCh asiemipR acids SR RCIR snaaM haimneR g Pafmed

culture media for the culture of cells of the invention are
cultured in a defined culture media system. Alternatively, the tissue construct comprises a

cell-matrix layer fabricated under defined media conditions and a second layer formed
thereon under undefined media conditions. In the converse, the tissue construct comprises a
cell-matrix layer may 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 animal organ or tissue extracts, for example, serum, pituitary extract, hypothalamic
extract, placental extract, or embryonic extract or proteins and factors secreted by feeder

cells. In a most preferred embodiment, the media is free of undefined components and
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10described in United States Patent No. 5,712,163 to Parenteau and in
International PCT Publication No. WO 95/31473, the disclosures of which
wosdnespprated herein by reference. Other media are knowp iRiBe k106
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, 15 the base medium is supplemented with the
followjng components known to the skilled artisan in apimal cell cul
S e e D R
AR Q:RRosPhRN-ghanolamineswherein.conerniralions. anshsubstiiutons
for the supplements may be determined by the skilled artisan. Insulin is a
Relveeptide hermpbathatpramateaiheupiakesiigluchseanthamin®/hen the
acids 20to provide long term benefits over multiple passages.
iSepiienentaivnoftinsotinordarsilindikesirowtrdbutoie(BR)inlyaEdsgdry
for long term culture as there will be eventual depletion of the cells' ability

CRETOPRERE GTCHSERHRP AN RIS B A SE i Ry RN LT eSS EYEL T @

RRRCORpe, ke n maY becdervad om eineLanimak, o fxaplgAgyIne,

Yy reco Inant means as human recombinant insulin.

szgﬁﬁgﬁ{&{&h%wﬁ?@eml inapQuidiRraialifyias areamisaly-dsiinedicany

component not dérived from a non-human biological source. Insulin
REpplanesiation iscahisahle fassatial awtivaticerendys grovdiet] oithert of
media at a wide range of concentrations. A preferred concentration range
dellivetrecrihboutiod detpvemitets it RBER! humat, MoK pretariBiiattabout

5 ng/ml to about 400 ng/ml, and most preferably at about 375 ng/ml.
SR AR LN BB SPUHE ELIPB) SAREREH o PRATIE SE8teen

fadtot 3&‘&%&&%&%&4 Figamavipesasilydetermined byang.of skl in
Iﬁwe art fo OI]I1 I

r the cell types chosen for culture.  “Transferrin is in the

Medinm IaRIANSRAUBAURLR Jsakkis dnessenbal iiseolemenipecies
found in serum. As iron can be toxic to cells in its free form, in serum it is

BHpRbad itneals hdintdtotransieniviel dobnoshptionainge efvantages of a
preferably between about 0.05 to

chemically defined construct is that when tested, there is no chance of the results being
confounded due to the presence of the undefined components.

Culture medium is comprised of a nutrient base usually further supplemented with
other components, The skilled artisan can determine appropriate nutrient bases in the art of
animal cell culture with reasonable expectations for successfully producing a tissue construct
of the invention. Many commercially available nutrient sources are useful on the practice of
the present invention. These include commercially available nutrient sources which supply
inorganic salts, an energy source, amino acids, and B-vitamins such as Dulbecco’s Modified
Bagle’s Medium (DMEM); Minimal Essential Medium (MEM); M199; RPMI 1640; Iscove’s
Modified Dulbecco’s Medium (EDMEM). Minimal Essential Medium (MEM) and M199

require additional supplementation with phospholipid precursors and nor-essential amino

acids, Commercially available vitamin-rich mixtures that supply additional amine acids,
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10about 50 1g/ml, more preferably at about 5 pg/ml. Triiodothyronine (T3)
is a basic component and is the active form of thyroid hormone that is

wiiShidashinthe medium to maintain rates of cell metabo'ismPCT/@szoe}mmgno
Trilodothyronine is supplemented to the medium at a concentration range

between about 0 to about 400 pM, more preferably between about 2 to
about 200 pM and most preferably at about 20 pM. 15Either or both
ethanolamine and o-phosphoryl-ethanolamine, which are phospholipids,
%8&99&%%&8%& fung jc8§§ i j Rostant precursor in the ingsitol pathway.
and fatty acid me%abollésm,’ élup il@nﬁ’Ieﬁrt?gle’fl"onS %?’Ifl&d}'sn?ltfgff] écrséagsbllprﬁgﬁﬁ s

foundiineserum, ismesessans in@rsersun-inieemedivim. Ehanslamine epd.:
o-phosphoryl-ethanolamine are provided to media at a concentration

rangephstdeebesboutitd-Sotecaliout1OxIM fonare ZRdprefendhtyaitiabokinins,
x 104 M. Throughout the culture duration, the base medium is
#droEEY Sub prepten e Wil olser meditponeatsts. ilde ceosyntiesid bre
diﬁerenti{? on or to improve cell growth such as hydrocortisone, selenium,

BRI ﬁ‘?ﬁ?ﬁ%‘.’“‘m COmPRRTFSOBEEher - BEER S TR

Syl f Wé@@mg@i%ﬁx}% ﬁ?ﬁﬁ&g%ggﬁ%ﬂgﬁ% 4 g%{%’ AT s .12

differentiated characteristics such as invo

teansglutaminase,eontent- (RubingpalivdiyCell Physiol., 138:208-214
(1986)). Therefore, hydrocortisone is a desirable additive in instances

wherelthelsschadactesistigicarebé neficiainpuctnasichtixfanmation abwh
keratin%%yte sheet garafts or skin constructs. Hydrocortisone may be

PR et Bt SRt sHang @etiabs drosorghstiraBeurvgion are
ugiml, mast.preferably between about 0.4 ug/m1 to 16 mg/mi,

R LS R oo TR e S pemien e Pt

BIBRSHI ﬁa.w@@ym‘mt@@'&ysam&e&’f%&&‘59%&@&@{9&%&%%‘#@erefeme.

provided at a concentration range of about 10-9M to about 10-7M; most
(prieferaily &b abou b X aHnBM asTihesatnitesaeiE Haluamine saresamidis in

some nutrient bases and may be added in
Enzymology, 58:44-93 (1979), or for other appropriate chemically defined media, in
Beottenstein et al., Methods in Enzymology, 58:94-109 (1979). In the preferred smbodiment,
the base mediura is supplemented with the following components known to the skilled artisan
in animal cell culture: insulin, transferrin, trifodothyronine {13}, and either or both
ethanolamine and o-phosphoryl-ethanolamine, wherein concentrations and substitutions for
the supplements may be determined by the skilled artisan.

Insulin is a polypeptide hormone that promotes the uptake of glucose and amino acids
1o provide long term benefits over multiple passages. Supplementation of insulin or insulin-
like growth factor (IGF} is necessary for long term culiure as there will be eventual depletion
of the cells” ability to uptake giucose and amino acids and possible degradation of the cell
phenotype. Insulin may be derived from either animal, for example bovine, human sources,

or by recombinant means as human recombinant insulin. Therefore, 2 human insulin would

qualify as a chemically defined component not derived from a non-human biological source.
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10 cases where there is none or insufficient amounts present. L-glutamine
may also be provided in stable form such as that sold under the mark,

wUiaMA»L Tm (Gibco BRL, Grand Island, NY). GlutalMAXpd FRisihgs 100
stable dipeptide form of L-alanyl-L-glutamine and may be used

interchangeably with L-glutamine and is provided in equimolar
concentrations as a substitute to L-glutamine. The dipeptide provides
stability to L-glutamine from degradation over time 15in storage and

during incubatjon that can | t ﬁceﬁz%ig{ in.t 1{3 %%M%R@&%Hﬁ%@%n
I%SfJE{ig%ulR%emethgaon 18 v1sab?s 01 gﬁé, §1uelb Xn A dgl 'ﬁ ??1

mine in medium. Typica ase medium Is supplemented

HthReferablvhetvsan Abaut lavieRRou 6.50Ms BRareREBIRIADIY. o/mi 1o

between about 2 mM to about 5 inM, and most preferably 4 mM

sbogl SAM MO MGE wraldhitky ki dhoutG poyvth dfeadiors A0 qly/as, epidessnpleferably
growth factor (EGF) may also be added to the 20medium to aid in the
abshaislistirmemlofthereulttr eeneeroabrnre &1 §unienplsasiip el Egin
native form or recombinant form may be used. Human forms, native, or
SFREOh AR BRESTE A [FErdrRaY Rl ifet e RSP B FB AR &
t&glé{pg%%gi\ﬁaleegtfgontﬁging no non- human biological components. EGF

[

CIL0OS [ . . .
< &h optional componen% and may be provided at a concentration

betwegn,abeut i 10N ceie Praferabiybatvean ARoutBsatkOtrace
ng/mL The medium described above is typically prepared as set forth

chehewv fidawenverit. She iich benederstaod that thdreoimponestsofitbeupplicd
present invention may be prepared and assembled using conventional
tprfsthdgnieyy eomisailitacRretnEr phisiear brsienbdsbitissharkhtinih

the art to substitute certain components with an appropriate analogous or

BRI CsH AN HRRISIRAYE AP Beh# BY the purposes of availability or
econqimy a0 artive @& a:sirpilar EesilinNatrAlyRGEHIIRG W ACIB S one

may be substituted with recombinant or synthetic growth factors that have

pimilaraualitie mand dpsuitsnwhennused dndenpadennantaiafdigronine is
invention. Media in accordance with the present invention are sterile.

stielilacnampohe ntsiane 4Goughtsterilege iendeneebstefile Hyout 400 pM,
conventional procedures, such as filtration, after
more preferably between about 2 to about 200 pM and most preferably at about 20 pM.
Bither or both ethanolamine and o-phosphoryl-ethanclamine, 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 2 serum-free medium. Bthanolamine and o-phosphoryl-ethanolamine are
provided to media at a concentration range between about 10°® to about 107 M, more
preferably at about 1 x 107 M.
Throughout the culture duration, the base medium is additionally supplemented with
other components to induce synthesis or differentiation or to improve cell growth such as
hydrocortisone, selenjum, and L-glutamine.

Hydrocortisone has been shown in keratinocyte culture to promote keratinocyte

phenotype and therefore enhance differentiated characteristics such as involucrin and
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preparation. Proper aseptic procedures were used throughout the
following Examples. DMEM and F-12 are first combined and the individual

wEOMPRLSALs are then added to complete the medium. Stock sphutinRsRises

all components can be stored at -20'C., with the exception of nutrient
source that can be stored at 4 C. All stock solutions are prepared at
15500X final concentrations listed above. A stock solution of insulin,
transferrin and triiodothyronine (all from Sigma) is prepared as follows:

| | nol i '
e A e A D A e
Brdhangh transfersin is Q&@@mda@amteﬁnmgc@ar&%%ékmﬂe&%@&%

diluted in water to a 500X concentration. Ethanolamine and o-
2Ophddphdryh étheniiamine af edissatvedhreiyaits 10 SQ0Xeencentration
and are filter sterilized. Progesterone is dissolved in absolute ethanol and

didresaiiehaaie Perytiidedris sprossiiteoivess b sl itd egiahiolehee 4.0
diluted in phosphate buffered sallneﬁSPBS) Selenium is dissolved in water

b Bh LSRR SRRARRE Stepd tp ]éé"lg/ e purchased sterile and is
dissolygd in PR (ﬁgenlne I gliificult to dissolve Ut may, be gadissoved
by any number S methode Known 1o those X tg;]e art. Serum

@h@ﬁ&ﬁy{hmeynpsr@&i@&ﬁ}%eeﬁ@ REQMRANSNES ﬂa&t@@ra@. stabilizehenm i

solution and are presently derived from either human or animal sources.
FHobexaMpietorbman eyl mathuefink SAbar ovine Etum albumin
(BSA) may be added for prolonged storage to maintain the activity of the

prog egf@rﬁﬁ’é“a?fadé@m%&@ SO THHee et tsh 38 Bithbe Hlsied in

immediate after # n or, stored at 4 C._If stored, EGF should not
FEL A0SR TR TS GRTA BFHEBIon SR REFIG o TN ETRBN RS RO BFB{r=d

e Slte, AfNARGEPIAAGING K8 IS AN RAdN ieS RRIE mented Wit lang,

additional agents that promote matrix synthesis and deposition by the

Reljs Ghhgse supplenieniabregs:argealbrompajible; definechia Aadghused
degree of purity and are free of contaminants. The medium used to
ptodvogaidy celfrhathbetaiperis! Ipterided! rainkiprocheetioetinme diurmtibstitute
to L-giutamine. The dipeptide provides stability to L-glutamine from degradation over time
m storage and during incubation that can lead io uncertainty in the effective conceniration of
L-ghrtamine in medium. Typically, the base medium is supplemented with preferably
between about 1 mM to about 6 mM, more preferably between about 2 mM to about 5 mM,
and most preferably 4 mM L-ghiamine or GlutaMAX-1™™,

Growth factors such as epidermal growth factor (EGF) may also be added to the
medium to aid in the establishment of the cultures through cell scale-up and seeding. EGF in
native form or recombinant form may be used. Fluman forms, native or recombinant, of EGF
are prefefred for use in the medium when fabricating a skin equivalent containing no non-

human bicological components. EGF is an optional component and may be provided at a

concentiration between about 1 to 15 ng/mL, more preferably between about 5 to 10 ng/mL.
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To prepare the matrix production medium, the base medium is
supplemented with an ascorbate derivative such as sodium ascorbate,

W@%Wg'@@gid, or one of its more chemically stable derivativessuch@sis1goo

L-ascorbic acid phosphate magnesium salt n-hydrate. Ascorbate is added
to promote hydroxylation of proline and secretion of procollagen, a soluble
precursor 15 to deposited collagen molecules. Ascorbate has also been
shown to be an important cofactor for post-translational processing of

other %ﬂéyﬁ@aéfémsu@%@Mgrgg}&@fgg@é%&%&%@%ﬂ%&b&@ Hagen.: i

synthesis. While not wishing to be bound by theory, supplementing the
snediur With-amnmagidsdnyelved 40 pEIeiBns LSS EONEEYESCE Hdtar
energy by not requiring the cells 20 produce the amino acids themselves.
Therdbditiongebprolime s m:glybiveispreigbie o ds itheypasiwbiras:tive. It is
hydroxylated form of proline, hydroxyproline, are basic amino acids that

Ak e st BB REaR CAMIRR GGt 7al it eappraiate analogous or

atrix-production medium is gptionally su mented with a  neutral .
S L A BESI OE R T i BRGE ive o
yithout i%s%?.’?ﬁ%ﬁi??!é@&?{ngbg%@_@ﬁ&@%tﬁ%'?B%ﬁ&iﬁﬁa@%&%&%ﬂﬁ%@! or
its presence in the matrix production medium may collagen processing
antheepasitiomaiareonsistantivkpinesn shmplesyinegpnafene: roukmbe
polymer is polyethylene glycol (PEG), which has been shown to promote

i ditroproicessing of the soluble precursor procollagen produced by the
cultured cells to matrix deposited collagen. Tissue culture glrade PEG

within Wiﬁﬁﬁgﬁéﬂ?ﬁéﬁi BRSBTS ALEEE BB RI ?r‘?ﬂﬂ@&ﬁ?ﬁ?ﬂ axe
eight), more preferably.between apout 3400,to about 3700 MW i
N O SRR RS aRonl SEan SOt bl e

fregiagiin theyraeliod JpADeal GRRGRBIANANE Rk BRGUE VWAL ARIRSS,

preferably about 0.01% wi/v to about 0.5% w/v, more preferably between
BIMIEN QX5 wé\fiter adoobiinOd2%d iA/inthdsiqreterabiyiabouh e QBI&IwWIV.
Other culture grade neutral polymers such dextran, preferably 10dextran

quaplet romsdtpp yirskdongigmbyllsrataeatiip e ymgabf20 C. with the
30,000-40,000 MW, may also be used 3"‘&9 nt{:glntra ion% at about 5% wjv
BrREon SF SR BE Wg&h"%{b%ﬁt%ﬁ%?ﬁo \Aﬁ\‘/ ABBEE BT, P

g@)@ﬁ@ﬁ@%@é&g@%@ﬁ%@%%&%@.‘@%@ﬁ&%&&t&-ﬁ%w{x&m&&h&a%t?rab'y

out 0.05% wi/v. Other cell culture grade and cell-compatible agents that

enhaneae£allge RRIOTeESNE Seshaaposilionmaydisrscaiaineghythe
skilled routineer in the 15art of mammalian cell culture.

dissolved in absolute ethanol in IN hydrochloric acid (HC)) at a 2:1 ratio. Insulin is
dissolved in difute HCI (approximately 0.1N) and irangferrin is dissolved in water. 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
sterilized. Progesterone ig dissolved in absolute ethanol and diluted with water.
Hydrocortisone is dissolved in absolute ethanol an{i diluted in phosphate buffered saline
(PBS). Selenium is dissolved in water to 500X concentration and filter sterilized. EGF is

purchased sicrile and is dissolved in PBS. Adenine is difficult to dissclve but may be

dissoived by any number of methods known to those skilled in the art. Serum albumin may
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When the cell producing cells are confluent, and the culture medium is
supplemented with components that assist in matrix synthesis, secretion,

wahargaization, the cells are said to be stimulated to form &crmsze07/061800

tissue-construct comprised of cells and matrix synthesized by those cells.
20Therefore, a preferred matrix production medium formulation

comprises: a base 3:1 mixture of Dulbecco's Modified Eagle's Medium
(DMEM) (high glucose formulation, without L-glutamine) and Hams F-I2
Redimstnplemanisd with sither,4m L gluamine.or seivalgnt, 2,
ng/ml epidermal growth factor, 0.4 tig/m1 hydrocortisone, | X [0'M
ethanclamifted dadoMorphespberyFetbanaiamingaSsmgilinsinesa) or
ug/m1 transferrin, 20 25pM triiodothyronine, 6.78 ng/m1 selenium, 50
Tyl deramodbbica®Gid A Raydimtitiep folipw]oy@ storage to maintain the activity of
2007/092902PCT/US2007/061800 and 0.1 pg/ml glycine. To the
BrovpetibroRTEal iy Totek priaimacdisghdi g eMEeilepassdimoad anly after
culture. to alter t re,.amo of the extracellular matri
SRR St ARl RS SR R e

transcgiption @%Qﬁ%}%@@ﬁ%@ﬂ%@?%yl% Qﬁfﬁgéjtl@tﬁaﬁ%l«mcing cells, the

transcription. Examples of polypeptide growth factors include
hdasiorminggeastiviacionhetal 106h6 it 3lonand-tiasyeplasminapenosition
activator (TPA), both of which are known to upregulate collagen synthesis.
abherliset ks Ivup sttt igdokl amasBtigationbpodt 285 1088 gh 987)e of
Pardes et al,, Journal of Investigative Dermatology, 100:549 (1993). An

B 259 SR IRRYRHTaa i tHAE SR S O RS R CHBATE Lt

Itgrilvglcu ar eé l..-Journal of, Molecular and Cellular Cardiology
%4:5’75{][%8%6}{(‘%r g%“ 10The Cuftures are maintained in an incubator to

ensure spificiRntenviranRRntabsonditionsobeniiolied 1eMRREaILed with an

humidity, and gas mixture for the culture of cells. Preferred conditions are
petvbeeniabativ84:4C dsadiont 380G tenoxenpieferd oty 37 ol & withe alemically
atmosphere between about 5-10 1% CO2 and a relative humidity (RI)

Pt dervabrara-20 0o e 1l pheretredrmsisodmBHD thulee|-mugikete is

construct is a dermal canstryct formed of
ac?dgg io promote hydroxylation oy proﬁme ang secretion of procollagen, a soluble precursor

to deposited collagen molecules. Ascorbate bas also been shown to be an important cofactor
for post-transiaitonal processing of other enzymes as well as an upregulator of type I and type
I collagen synthesis.

While not wishing to be bound by theory, supplementing the medium with amino
acids involved in protein synthesis conserves cellular energy by not requiring the cells
produce the amino acids themselves. The addition of proline and glycine is preferred as they,
as well as the hydroxylated form of proline, hydroxyproline, are basic amino acids that make
up the structure of collagen.

While not required, the matrix-production medium is optionally supplemented with a
neutral polymer, The cell-matrix constructs of the invention may be produced without 2

neutral polymer, but again not wishing to be bound by theory, its presence in the matrix
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dermal fibroblasts and their secreted matrix. Preferably, human dermal
fibroblasts are used, derived as primary cells from dermis or more

wh'sferablypfrom serially passaged or subcultured from estallisRed 66Hos1800

stocks or banks that have been screened against viral and bacterial
contamination and tested for purity. Cells are cultured under sufficient
conditions in 20 growth medium to cause them to proliferate to an
appropriate number for seeding the cells to the culture substrate on which

fRo iR SelmAtRY E&@M%@%Q%X@%egﬁ%ﬁ from frpzap.aehatocks

may be seeded directly to the culture substrate. Once sufficient cell

anpherOhayeheenehiainetnee!lsedionvesieadanHRpederionomR@en shown
suitable culture surface and cultured under appropriate growth conditions

toronyig 2SEGMfitsatssiscstiof cdlige prahesprofespddzentbotivaéhy, e deltsd
are seeded on a porous membprane that is submerged to allow medium

R EQCPHER B Re ket rEitfto B Fih & s e Cantbdn B agrap By een about
| ded in either b h medi
e e S RO B R R A S

CRIPIEN 1900 £-8.210D: SRUSICRISROre REgfeiakly. Bahueen:aRout 3.x

105 cells/cm?2 to about 6.6 x 105 5cells/cm' and most preferably at about
@6 thdheilig/enyXdhéce isnpernsguns e ebokimatieraseaof ftheaitiode): 0.01%
Cultures are cultured in growth medium to establish the culture and are
wiHtaralh s bEweenaip e id e ConfileAts atwihktivafethey arest

indgléc chm'caleg by changing the medium to matrix production medium

R e ﬂﬂ@é&ﬁ(&t@y‘fhé@%‘fﬂ%&ﬁg%ﬁ%ﬁ SEtrek RV BB S aRiTAT e
U d irectly in. 10 i i

e R o S 00

RRedRdud dtds & Methadibal Jeguiteshigher R2e R ABRIIIRRen abiM 106

the culture, fibroblasts organize the secreted matrix molecules to form a
tHrge dimetsionaitissmestiersttybttredoubdg Q02 EXbItiSigrRIfidRRES w/v, most
contractile forces to cause the forming cell-matrix construct to contract

RIAtTRRIFRsBIOHG e Cfierecd straeireaictbesenaifjescars helde
eer%?u'; et \clz\é)?lztlgetnhxgleo%e% %}{E s.lr\glc} Qeg gssi’gori? g}%xbg'é%geﬁ%é @?ﬂé‘é@lﬁﬁ?&é‘@@w in the
art of mannnalién cell culiure.

When the cell producing cells are confluent, and the culture medium is supplemented
with components that assist in matrix synthesis, secretion, or organization, the cells are said
to be stimulated to form a tissue-construct comprised of cells and matrix synthesized by those
cells.

Therefore, a preferred matrix production medium formulation comprises: a bage 3:1
mixture of Dulbecco’s Modified Eagle’s Medium (DMEM) (high glucose formulation,
without L-glutamine) and Hams F-12 medium supplemented with either 4 mM L~glutamine
or equivalent, 5 ng/ml epidermal growth factor, 0.4 pg/ml hydrocortisone, 1 x 107°M
ethanolamine, 1 x 10 M o-phosphoryl-ethanolamine, 5 ug/ml insulin, 5 yug/ml transferrin, 20

pM triiodothyronine, 6.78 ng/ml selenium, 50 ng/mi L-ascorbic acid, 0.2 pg/m! L-proline,
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time, the secreted matrix increases in thickness and organization. The
time necessary for creating a cell-matrix construct is dependent on the
wability,Rbihe initial seeding density, the cell type, the age of §pe el iNGsis60
and the ability of the cell line to synthesize and secrete matrix. When fully
formed, the constructs of the invention have bulk thickness due to the
20fibrous matrix produced and organized by the cells; they are not
ordinary confluent or overly confluent cell cultures where the cells may be
laasely. gdheisah o eash peL-Ehefhroy %Q%Mr%%%ﬁ)gﬁﬁ%@i{sr WGP e
cohesive tissue-like propeérties unlike ordinary cultures because they resist
phisdieaiid amageiostehtRsteaENguonalackipeg onith 4amuting RARMINGSIR @ed.
clinical setting. In the fabrication of a cultured dermal construct, the cells
Wilistorganzrgngianizécp2Busatide srotthd themetsespimtieteelboitburenic salis
surface preferably at least about 30 microns in thickness or more, more

rERErEBI brAtiRsEn BRI e o TaR Rt snRliaarid yarer Bidke st instude
f f th : thick h b btaj [
ey 135%%6&‘0 [anS, *fg’f’&%’.%@gp'e& Q&%?,%glsrﬁ?é,\/g%ﬁg%% aé'gggﬂqm o

excess o microns and are suli or us

@HEH%iw%&ﬁ%&&&%ﬁgy%@%%%@%%%?QurﬁM‘ 3 PRI

preferred method, an epitheli | layer is applied to one surface,

Prefeabiby the: tops-upsaIdly faringssuHacewhiner celkmatibe constideied 0
the cell-matrix construct, epithelial cells may be seeded and cultured
eS8 19 oriacraitlayrivsiraniopitrbet simtheanodkepre fenddtion is
method§ keratinocytes derived from skin are grown on the cell construct to

BT SRiHFEBEIGEL: 17 HAEP DY otEsHit wih B el elomyedts BmHial®92)
e o e

cell-matrix construct to form a corneal construc ce

Qe oLeoss Ay daaaremaN thaiee) - matx eersiust . folm.a gagtruct

of oral mucosa. Epithelial cells from esophagus may be seeded on the
pefhmdtrbeditnstnebovermineqistuctbhessphageal fissly 37 + 1°C with
Uroepithelial cells from the urogenital tract may be seeded on the
welbmathixcortswercthoufdrid & trstrustdf thuredpitihiely mhDikeraekisoof 20-
epithelial origin may be selected to form a construct of tissue from which
6se cells were derived.

In the preferred embodiment, the cell-matrix construct is a dermal construct formed of
dermal fibroblasts and their secreted matrix. Preferably, human dermal fibroblasts are used,
derived as primary cells from dermis or more preferably from serially passaged or
subcultured from established cell stocks or banks that have been screened against viral and
bacterial contamination and tested for purity. Cells are cultured wnder sufficient conditions in
growth medium to cause them to proliferate to an appropriate number for seeding the cells to
the culture substrate on which to form a cell-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
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Methods for providing epidermal cells to a dermal substrate, and methods
for their culture, including induction of differentiation and comification to

W@ggﬂﬁ,gljmrentiated keratinocyte layer are known in the art@neh@se7/061800

described in U.S. Patent No. 5,712,163 to 20Parenteau, et al. and in U.S.
Patent No. 5,536,656 to Kemp, et al., the contents of which are
incorporated herein by reference. Typically to perform the
epidermalization of the cell-matrix construct, keratinocytes are seeded to

%%8%%%}15‘&B&%ﬁ%%&%ﬂg%%‘éE%%”Q&’%%&%thﬁﬂéﬂ% lﬁX%ﬁéﬁr%%}skS e

ree cell layerst eratinocytes are then induced to

plifferentiniede fopm apnultisyerepideiriis-and areithendnoucediia semifnd
to form a stratum 25 comeum. In the method of forming a
differdntiatetieepltiarnnal layfece suboultilyedtivesatihonytes] At ectakent fromohie
cell stock and their cell numbers are expanded. When an necessary
himbErcolisens marenseanidbhaee they e Bleissaphombme Comdrd

substrgte, suspended, counted ;i uted and then seeded to the top surface
%Ei t e%fé‘ﬁgs @5

SRR Al HRAT RIESHER At 2 SHAYRBe i A58t Sy gpgmeter arce of

&%'L%é%ggg} f:%@égfgééta?e%t&%ﬁ &%&%49@&53% Prefeirbly between.abaW nired

1.0x1 m2 to about 1.0 x 105 cells/cm2, and most preferably at

AU diaBolOdooslision? «Iire.senstneis aradhep incubateddenbeiyeasn
about 60 to about 90 minutes at 37 1C, 10% CO2 to allow the

Keraginpibytesdomatiachiifitestheitnoustiniom thdeconstregista e synthesis and
submerged in epidermalization medium. After a sufficient length of time in
PR ?ﬁ@i@@@gﬁﬁﬁa&%@s%?&ﬁéﬁiﬂé@aﬁ@%@% foereeried CTHdht
mo#fola er %crgt)sslthe cel_g[]-lmatri qole strui_;rt. O{ﬂc conflu(&an'gg,t e cell media
RO AHEIA0 P L R ARG To i r AR e 1o TAGeS Lelf- Prodicior
gifiereptation\Whana:mylilaysLeRitbem das;formed, comification

media is then used and the culture is brought to the air-liquid interface.

For theditfematiatios abtisiamitiaation ot kenatidosytesrifiectrl $odtem a three
exposed to a dry or low humidity air-liquid 15interface. A dry or
fometnipmidiissiatbkiagictare bet dhan erdibradeadivpingaoacipt comestiechyge the
moisture levels of skin. With time, keratinpcgy&es will express most or all

iHWHER BXpTREE thededis
conditions.

gxchanges are made every two to three days with fresh matrix production medium and with
time, the secreted mairix increasss in thickness and organization. The time necessary for
creating a cell-matrix construct is dependent on the ability of 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. When fully formed, the constructs of the invention have bulk thickness due to the
fibrous matrix produced and organized by the cells; they are not ordinary confluent or overly
confluent cell cultures where the cells may be loosely adherent to each other. The fibrous
guality gives the constructs cohesive tissue-like properties unlike ordinary cultures because
they resist physical damage, such as tearing or cracking, with routine handling in a clinical
setting. In the fabrication of a cultured dermal construct, the cells will form an organized

matrix around themselves on the cell culture surface preferably at least about 30 microns i
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As mentioned above, the system for the production of a cell-matrix
construct may be used in the formation of a corneal construct. The corneal
wSRialialgells can be derived from 20a variety of mammalieragizeese1800
The preferred epithelial cell is a rabbit or human comeal epithelial cell
(corneal keratinocyte) but any mammalian corneal keratinocyte may be
used. Other epithelial keratinocytes such as those derived from the sclera
(outer white opaque portion) of the eye or epidermis may be substituted,
ARHEERL %?ﬂ!&&ﬁﬁ&&%f&%&%ﬁ%&{;%%ﬁ- dinthe smethodhianfoiiRdRoss the
corneal construct, the medium is removed from the culture insert
s2Eteontaipingnbeeelionaitx canstivat hand dts stabunth Mosmal rabbifcrons
corneal epithelial cells are expanded via subculture, trypsinized to
agevsithidnioros ithestulwredisol strplfeatvns pdntet dh cator diviadion are
and seeded on top of the membrane at a density between about 7.2 x 104
need¥out 1.4 x 105 cells/cm2. The constructs are then incubated without

mediyi for about foyr haurs a1 37,1, 19%.CO2 10 Allow e epiheial
cells t8 AEEHTATter 5 el a%rﬁ ?ﬁe CORStrUcts are su merged’in”’

p?e%ﬂ%%%’ MaiptenaneaMedivm EMMIahnsen-etalsat892:) dB8el-matrix

epithelial cells are cultured until the cell-matrix construct is covered with
dhewepithelindiee s Gampleteries smf wpiihe lindireover dge eambiayer tissue
ascertained by a variety of methods, for illustration by staining the culture
awittrecs SluthemoftINitdeBiersiifitd ¢REOOT ferpiee Sisrnthip araret s afifke)
Once the cell-matrix construct is covered, after approximately 10sey

o ST A e BB A RSTEEL R R SRS 2D St
Sfificlent corpea r@ﬁ'ﬁé&%""@%‘%&“ S &%&é&"(}nﬁ%égéii??{%f&l&ﬁ&%uifb%hl a
0 the Surtace of the Construct t6 maintain a moist interface without
ShHbmesionqf erpithalial lavenclha cRRSIEURS B erhicubatadat 3rkukC,
10% CO2, and greater than 60% humidity, with the CMM, making media
changes; Asinecessary ofpidatiy;otlarcéptimis pdisremlastbfagnthey be seeded
differentiation, but not the comification of the epithelial cell layer, as
oreibe sebryarbETensioat letforTor eredTr af ewrbtasal faseee pitReNtclialcells from
surface is e{%)osed 0 a mojst ad'lr-li%Hid itr;terface. I\{Itet ods f%];p ov{di ga
HOTRBAH AL TG e PE &SR PLSeAbed U E  Pate I N B 37481510

@%ﬁﬁ%&% M%%Q@%f%mmmﬂ&ﬁgi{tﬁe&?% interface dsintended loimeas

a culture environment which is regulated so that the surface of the

consiniet 20siscBneistryvithitigh humidity, but not dry or submerged. The
exact level of moisture and humidity in the culture environment is not

criticalyihiods Shouidibiaseffisionn yaitoist derphiumiisrcavoidnateofs farakiin
of comified cells. A moist interface_can be characterized as trying to

¥ v VI
cApRAte SRS GRS TS B e R ayan 0 o & iftincd

keratinocyte layer are known in the art and are described in U.S. Patent No. 5,712,163 to

Parentean, et al. and in U.S. Patent No. 5,536,656 to Kemp, et al., the contents of which are
incorporated herein by reference. Typically to perform the epidermalization of the cell-
matrix construct, keratinocyies are seeded to the cell-matrix construct and cultured thereon
until the layer is about one to three cell layers thick. The keratinocytes are then induced to
differentiate to form a multilayer epidermis and are then induced to cornify to form a stratum

COFNeum.,
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In an alternate preferred embodiment, a seeding of a second
matrix-producing cell 25may be performed on a first formed cell-matrix

wEORsMELE9 obtain a thicker cell-matrix construct or a bilaygﬁgﬁ}gm@,tﬁ%gm

construct. The second seeding can be performed with the same cell type
or strain or with a different cell type or strain, depending on the desired
result. The second seeding is performed under the same conditions
employing the procedures and matrix production medium used in the
production of the first layer. i 1891 '
i SR Lo DRE' SR e eSS S e e e
FOmRAReR! Rfles Rl mAttkPacking.densibioaliect waund healingy
when the construct is grafted to a patient. The first cell seeding produces
rambatiiX @nalegobsiobiensd itulastaydnofidenmibs authoreuiense)yuppalkied
layer of Type | collagen and constituent extracellular matrix components.

cThsededibriel cafl Beedindpivodld irotiites o gl shiiilarorsine plapitany

10layer of dermis ¢haracterized by looser.collagen fibrils and extracellular
SRR AR IS TR SRR L GEIAY PSHLS EHRBr SR
ST hoihahyaiit gt yadngiealing, R A% MPIONSd A3k 1o
take or graft integration or the minimization or preve

tion of scar
dormationyinanetharpefarad.ermbadimentemixed oelbRopulations.of wa
or more cell types 15may be cultured together during the formation of a

e madkigoonsinget hedidachthrak at least. ongeofithawadltypabeusashists are
capable of synthesizing extracellular matrix. The second cell type may be
sobeaneelde dnidepartatoo theditivs usliumctibiseot gk véibpepartdurarthe
structural features of the tissue construct, For instance, in the production

st EatRbHrLC AR AFSHBIRIE OB BB e TR a b Ray ™
FA0e Sl Wi e etaRedcing. £2/5.20.0 levc e ammalion..

of epithelial’appendabes or their components. Epidermal appendages

SYERASSNEAEREERRACEOHS: 4 ARSI HCIHRS QLGN RARGN R Raon media
follicle structures or components may form when cultured together with

itheemadsiept oousingcslisoizpithetial eligu aydérde five thérdififiethgiation and
appendageal structures of gland and hair located in deep dermis, such as
dynifiiatiai os ket ot idelcrile EecHpewERs fryoroHaImRIdk pr-liquid

glandular L ) . .
interface. A dry or low-humidity interface can be characterized as trying to duplicate the low

moisture levels of skin. With time, keratinocytes will express most or all keratins and other
features found in native skin when exposed to these conditions.

As mentioned above, the system for the production of a cell-matrix construct may be
used in the formation of a corneal construct. The corneal epithelial cells can be derived from
a variety of mammalian sources, The preferred epithelial cell is a rabbit or human corneal
epithelial cell (corneal keratinocyte) but any mammalian corneal keratinocyte may be used.
Other epithelial keratinocytes such as those derived from the sclera (outer white opaque
portion) of the eye or epidermis may be substituted, but corneal keratinocytes are preferable.
In the method for forming a corneal construct, the medium is removed from the culture insert

{containing the cell-matrix construct) and its susround. Normal rabbit corneal epithelial cells
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skin that constitute WO 2007/092902PCT/US2007/061800 skin may also

W@g@%@ﬂ@uch as melanocytes, Langerhans cells, and Merkel-g&4847/061860

Similarly, vascular endothelial cells may be co-cultured to produce
rudimentary components for new vasculature formation. Adipocytes may
also be cultured with the matrix-producing cells to form a construct used
for reconstructive surgery. As alternate mode of delivery of this 5 second

£ LIYRG INGCRNE A I&ﬁlﬂﬂr}{z%ﬁ%&l e 8% 3SROLGh 8% BRaHanasment of

any number of spots of cells on or within a forming or completely formed

eeptissur RiRinx feuincalized developmerthobiiesestmetisnasy borseatbout
the cells within the cell-matrix construct, the cells may be injected between
Tiiexttp ardbdoticm sirfatieenivitflinwnstostk nrattisg fontiectetigitoigredinm for
form specialized structures and perform their specialized function. 10To
Hrot e kot Jaydrediigsstedenbinticie ariraesderlint attedy sh fter

comprising a matrix-producing cell type or a non-matrix-producing cell

BB LA Sa O e LU TIASIO s Yot M e BRAHRISHR D (hritiddoRnson
Sell-als sRnSiushar el IR A0SR he ek Gelk mal Gonsluel Qe
S ing of ce

ce "Iayer IS Tonreq, a second see S comprising a matrix-

frogusing cellstypenisisepdedopithaiion suace obdhe trsteebmaliety of
construct or cell layer 15and cultured for a time under conditions sufficient
tedords sdvsndice bynsainiegtestrinotonithhes fihgtopor3tilkcb @ muffe (1:10,000
second cell-matrix construct, a third seeding of a third cell type is seeded

amdcuhtirduiiviadrdim cientecbnartionaiss predtckithevaind tayerPmesanReately
example, to produce a three-Ja ﬁr cor ealdg[onstruc the cell ofé?xe fgst ;
B B B BT ST R RBRETEI G atRY SuibHTas ‘ol surtcien
sndathalial cells HsSEcenm el MRe AN EPIRIRR GE IS 00 canngetive

tissue origin, such as corneal keratocytes; and the third cell type may
Compice ealis:oh epithelial-arg wishehsaseomaalrapi thedial galgerAThe
another example of a three-layer construct of skin, the cell of the first
seeding mainbbotdastutdroright oprevideceonmipormditsioridity, with the
vascularization, the cells of the second seeding may comprise dermal
b g orietih heersnaaniresERstiicaly sérve Hgea Rremsall-construct,

and (e ople ol 2o seeding iy be SO GIRUPRYes o

necessary in the production of a corneal construct, the epithelial cell surface is exposed to a
moist air-liquid interface. Methods for providing a moist air-liguid interface are described in
U.S. Patent No. 5,374,515 1o Parenteau. As used hersin, the term “moist interface” is
intended t0 mean a culiure environment which is regulated so that the surface of the construct
is moist, with high humidity, but not dry or submerged. The exact level of moisture and
humidity in the cubture environment is not critical, but it should be sufficiently moist and
humid to avoeid the formation of comified cells. A moist interface can be characierized as
frying to duplicate similar moisture levels of the human eye.

In an alternate preferred embodiment, a seeding of a second matrix-producing cell

may be performed on a first formed cell-matrix construct to obtain a thicker cell-matrix

34



10

15

20

25

WO 2007/092902PCT/US2007/061800 Tissue constructs of the
invention can be stored at cryogenic temperatures when vitrification or

wEYRPrRssryation methods are employed. Methods for vitrifigatianaftissuge

constructs are described in U.S. Patent No, 5,518,878 and methods for
cryopreservation are described in U.S. Patent Nos. 5,689,961 and
5,891,617 and in International PCT Application 5WO 96/24018, the
disclosures of which are incorporated herein by reference. The skin
SRBHYCIS: Qhithis IRVERLAR SARHRe USRE IR JiesUe dRsicau e RS IRRdR WiliGhe
toxicology tests. Test systems that incorporate skin constructs for testing
puiposes R e desaribedin U Ratent NoASImil02:-theidisclosiyg-gfd result.
which is incorporated herein by reference. Because the cell produced skin
Eonsteoet fradizgiikaristoeturslcaiid semsreodimponameisa binpheredures and
organization to skin, it can be a valuable test system as an alternative or

EdaAartn ReE R Eh i e mreictios i dolabiastptiBhe ity Paring

Y Cases SleEvensss.0 &ﬁfﬁ#ﬂ%&%-@ s LIeduction of fhe S%Eéxeﬂf‘% irix
een shown tdgmlmlC several o1 e processes exﬁw’?bffgﬁ In pro UCﬁOﬂ O?

LR A W RS %&%&Hﬁg%ﬂ%ﬁ%‘f@ afRREANRRAHS: NRSYRIEMstruct is

described can be a valuable tool in the analysis of wound repair and

tiasue thhgetenatitn anddirthetifoptbautestingraitanatysisohehemiealayer
and/or physical stimulants of wound repair. The cell-matrix construct of
ohdeprasenponvemion pacirbasset Tnva lepfegroinsipphcatenissickeing,

but not limited to, promoting repair, of and regeneration of damaged

BRSO HRIGENE: prBhiBERY VelstiririzIAbH Bivtesh H&%r‘?ﬁ&‘lé%%‘ai%%Pf‘Pﬂl&W
REPERUd REBRRS.Q L0 Bl 0PAMIAING (ERIBGRMEAN. RIORHRD

ood vessel formation at"anastomosis sites, and promoting

Magew aization apd 1ep alkohisahRe Mik-RLalhe pitsaa mAges BRSO tirect

muscle, cardiac muscle, skeletal muscle, connective tissue or brain tissue.
Therd bHatmatixcbenstpcived ghetpresengraifvaidforionay te aitacheatcoor
various locations on the heart, including the epicardium, myocardium and
BRTBERARG PR E PPEHNBte 25angiogenesis in the region of attachment.
Meanfnf%go t%?%?&%@ﬁ ié’ln(% lfl) gﬁe%%tn%gga@ t?elill L@gﬁgﬁm of two or more cell types
may be cultured together during the formation of a cell-matrix construct provided that at least
one of the cell types used is capable of synthesizing extraceHular matrix. The second cell
type may be one needed to perform other tissue functions or to develop particular structural
features of the tissue construct, For instance, in the production of a skin construct, dermal
papilla cells or epithelial cells from adnexas may be cultured with the mawrix-producing cells
to allow the formation of epithelial appendages or their components. Epidermal appendages
such as sweat or sebaceous gland structurss or components or hair follicle structures or
components may form when cultured together with the matrix-producing cells. Epithelial
cells may be derived from the appendageal siructures of gland and hair located in deep

dermis, such as by microdissection, and include eccrine cells, myoepithelial cells, glandular

secretory cells, hair folticle stem cells. Other cell types normally found in skin that constitute
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to, direct adherence between the stromal tissue and the heart tissue,
biological glue, synthetic glue, laser dyes, or hydrogel. A number of

w&omMeksially available hemostatic agents and sealants can@isgsbgitsadaen

In an embodiment of the invention utilizing direct adherence, the
cell-matrix construct 5is placed directly onto the heart or an adjoining
vessel and the product attaches via natural cellular attachment. This
method has been demonstrated in studies of wound healing in patients

WithAiabetic foatculcRis . R R iRk ed.e0pROIMESRt . AGRIHRALRS, Similarly,

construct is attached to the heart or adjoining vessel using a surgical glue,
preftinblyombiel ogitahglue suchtasadibritgiadihetsecohiofRtinghie
as a surgical adhesive is well known. Fibrin glue compositions are known
Yeseplasue fyigationt, Nt 1mMa9 b0 627 87OvaEt S, 200552) danighels o
derived fibrin may be autologous (e.g., see U.S. Pat. No. 5,643,192). The
T SR BEINOHS R 7 SREB HUR RIS dlifhd AP BT FOAR AfS hvem dfshis

MUERIENL Ol {)%%s(gﬁ?ﬂa%%gmgﬁ&é%g?rx?\%'r

liposomes containing one, or
‘“2'?%%@?5% %3%"%18%% Dgﬁ include via’injection (e.g.,"seé
o7 3R RLPYARFAYING (S Br S8GTekeBy RahNOS 2308288 3docatized

5,759,171). Kits are also available for applying fibrin glue compositions
{evgorseaildiShdtadtriNmrbs 318 f2dihe celiinmdinatiier Rinbadimentiacdasercells
dye is applied to the heart and/or vessel wall, the cell-matrix construct, or
Bt aniericthratsendbrigratdsetionteizsprophiattanislieretigthio thelprieo
to the tissues. . - .

grow, Torm specialized structures and perform their specialized function.

To produce a three-layered tissue construct, a first seeding of cells comprising &
matrix-producing cell type or a non-matrix-producing cell type is seeded on the culture
substrate for a time sufficient to produce a cell-matrix construct or a cell layer. Once the first
cell-matrix construct or cell Tayer is formed, a second seeding of cells comprising a matrix-
producing cell type is seeded on the top surface of the first cell-matrix construct or cell layer
and cultured for a time under conditions sufficient to form a second cell-matrix construct on
the first construct. On the second cefl-matrix construct, a third seeding of a third cell type is
seeded and cultured under sufficient conditions to produce the third layer. As an example, to
produce a three-layer corneal construct, the cell of the first cell-type may be comprised of
endothelial origm, such as corneal endothelial cells; the second cell type may comprise cells
of connective tissue origin, such as corneal keratocytes; and the third cell type may comprise
cells of epithelial origin, such as corneal epithelial cells. As another example of a three-layer
constract of skin, the cell of the first seeding may be of vascular origin to provide
components for vascularization, the cells of the second seeding may comprise dermal

fibroblasts to form a cell-matrix construct to serve as a dermal construct, and the cells of the

third seeding may be epidermal keratinocytes to form an epidermal layer.
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20In another embodiment, the cell-matrix construct is attached to the
heart or vessel using a hydrogel. A number of natural and synthetic

waymesigmaterials are sufficient for forming suitable hydregaluszao7os1800

compositions. For example, polysaccharides, e.g., alginate, may be
crosslinked with divalent cations, polyphosphazenes and polyacrylates are
crosslinked ionically or by ultraviolet polymerization (U.S. Pat. No.
5,709,854). Alternatively, a synthetic surgical glue such as 2-octyl
cyancagdaiedRERMABRMNRGL BIRIGORINC: SOmeRd S Ib AR
used to attach the cell-matrix construct.  In an alternative embodiment
kithefiresent ipveatiotythetelsmatixtorstrivkiie ddourdd ficathe htdyher
a blood vessel using one or more sutures, including, but not limited to,
CBBSUES Bra A FIoeH IS Satniddo Bthi8dr (at ol FasHy @ TeaMetpeare

e i Pt e

\98%%%%%%9&&%%%&%&& b RIS ﬁ%g@%&sed- The
cell-matrix construct may be implante Fo promote vdscularization, repair
and 19regenerationeldamadeseardiacniagliesdadbnefaiad for in vito
embodiment, the cell-matrix construct will be applied to a vessel to sprout
toraivnlbiyackize Seelsstadoy-passciqggedsbn blockedafteriedg pdrpesiose:
blood flow to the heart. In another embodiment, the cell-matrix construct
deanrbeddp plieteimetint & thdhBsdisrdasey aoriiiivieiyirraiveddwedure.
%{ue tiss%e can be agﬁ)lie%fto romote vascularization and blood flow to
if

ifz e RECrSNE Snordy %Q T EgEn& BI b REAR 1 EEu & flowing

i ONAGR i IRRIGHon, YheD Q&%‘%@ng@ SEUMA X CORSIGE 10 JNE-NedLtr

epicardium or myocardium, it will be necessary to open'the pericardium

rébScdhehearSach oL ienapRicat an.bieweveraitaching 2 ellyoatrix
construct to the endocardium may be accomplished by inserting a
edBttiorervosprithcd e Vioepiotrdivent el exwfitheahbem shodattening wveral of
attaching the cell-matrix construct to the wall of 20the ventricle. It is

s ererres e S sttisahantisio wel rraver sl ebsaradn go Perast
of this, the system described can be a valuable tool in the analysis of wound repair and tissue

generation and further for the testing and analysis of chemical and/or physical stimmlants of

~ wound repair.

The cell-matrix construct of the present invention may be used in a variety of
applications including, but not limited to, promoting repair of and regeneration of damaged
cardiac muscle, promoting vascularization and healing during cardiac surgery (e.g., by-pass
surgery or heart valve replacement), promoting blood vessel formation at anastomosis sites,
and promoting vascularization and repair of ischemic or otherwise damaged smooth muscle,
cardiac muscle, skeletal muscle, connective tissue or brain tissue.

The cell-matrix construct of the present invention may be attached to various

locations on the heart, including the epicardium, myocardium and endocardium, to promote

angiogenesis in the region of attachment. Means for attachment include, but are not limited
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flow to support microvessel formation, neovascularization, and
angiogenesis. The angiogenic activity of the cell-matrix construct may

Wal;&)g&%gd for treating anastomoses. An anastomosis is gdefinedas@Rseo

operative union between two hollow or tubular structures or an opening
created by surgery, trauma or disease between two or more separate
25spaces or organs (see, e.g., Stedman's Medical Dictionary, 26th Ed,
Williams & Willcins Baltimore, Md.). For instance, anastomotic sites arise

from the introdugction of a vascular graft during a coronary, artery hyp .
R AT B SR L B L A P B e
g%%‘ﬁgé"ﬂp Reeduies-agael-malrb consitictisplaced:al theaiiolgents and
downstream attachment of the bypass graft to promote angiogenesis upon
sastarationiof bleed 5 flow to that site, i.e., to form additional arteries

arising from the connection sites in addition to promoting healing of the

site. Eramphbsdimthwe ofdbeineanfiend:titine dirpriteghereise]ifted-tpatix construct
precapillary (between arterioles), Riolan's (marginal artery of the colon

‘e oL TS A IER KoM UREHES) HoftaPLyafeafietes Ve neturel
e g S S S AP R ARIRLL A R

rmino-términal (artery to vein) and cavo-pulmonary (treating 10cyanotic

Nerrdiseans.by. anasiemosing the right pulmonary artery to the superior
vena cava). In one embodiment, the cell-matrix construct is wrapped

arountgh the-anestemiatittrsite, to-piamote desting iohthehsitéo (e heart or adjoining
endothelialization). As described above, encompassed within the scope of
theshvértiopnigicehabith oecforkis afiriosereir sadhiag dlmmigkigethe use of
including, but nat limited.to, heart, brain_peripheral 15tissues angd visceral

APER R RS TR BB G P A 16 AR BRI G YBRP FERe giE &
s%%iﬂ%ﬁgatyﬁe&a%!m, e, 8 sutbie, adhesive pr athermeansas, desatioed

above. The implantéd cell-matrix construct promotes formation of new

Rleasyassels @pd kealing Ofsthe damaged lisseap bsdREesa o veIign

also features an occluder incorporating a cell-matrix construct 20for
eldBing bandianapenitys; S, dorsxanple campatericibafivg Gwatese.
%nSd lzgtr. Nos. 4,359,049 and 5,605,541) and include via injection (e.g., see U.S. Pat. No.
4,874,368) or by spraying (e.g., see U.S. Pat. Nos. 5,368,563 and 5,759,171). Kits are also
available for applying fibrin glue compositions (e.g., see U.S. Pat. No. 5,318,524).

In another embodiment, a laser dye is applied to the heart and/or vessel wall, the cell-
matrix construct, or both, and activated using a laser of the appropriate wavelength to adhere
to the tissues.

In another embodiment, the cell-matrix construct is attached to the heart or vessel
using a hydrogel. A number of natural and synthetic polymeric materials are sufficient for
forming suitable hydrogel compositions. For example, polysaccharides, e.g., alginate, may

be crosslinked with divalent cations, polyphosphazenes and polyacrylates are crosslinked

ionically or by uliraviolet polymerization (U.S. Pat. No. 5,709,854). Alternatively, a
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obliterating cardiac cul-de-sacs, such as, for example, a left atrial
appendage. The occluder includes a structural framework and at least one

W@gg}j%i&gnghell. In one embodiment, a cell-matrix constructgg-attashaeds1seo

onto the structural framework of the occluder to form the at least one
occlusion shell in its entirety. In another embodiment, a pre-existing
occlusion shell is 25first connected (e.g., sewn, laminated, or glued) to the
structural framework of the occluder and then enhanced by attaching a
S@maga eRnstuGlihareQn:, rigue.t-fepicisrauavarviewmeba heart

00. The heart 100 includes a septum 104 that divides a right atrium 108
Ssamrallefiatyimay b4 2ssthe sSepiubs ddnaci des@useptum primum 116
and a septum secundum 120. An exemplary cardiac opening, a patent
foramiarvsdirtetiembeitiser Yaheorreeted syie Beckibersihepredant
invention is located between the septum primum 116 and the se

) . tum .
SSEUGHEITT B! 1R AtERSTET e SV B TS ABHER R B R ABREeA o
lui jcation bet he right atri ium 112
S o e B R S tne

Jigbtatrium 108 teuthsdeft aigum ddle- dhthsunatentdorasnen-avaect 24 is

not closed or obstructed in some 10manner, a patient can be placed at a
thighendidh-feman embaliciairaketuring Figuie afdepictslaspartiglically, although
cross-sectional view of another heart 160. The heart 160 includes an aorta
s decssefilyerdicle 168, a left atrium 172, and a fossa ovalis 176. The
heart 160 also includes an exegﬁplaq{ cardiac cul-de-saci, a left atrial.

it

appendSGE TBa B S I S B A PP B P RIS B R ST B TR Ry g £
venti

o0 cRlan: &fb%g{aﬁ ingonditions, clatsmay fopmsiain e Il atrak

appendage 18 e left atrial appendage 180 is not closed or

QRskhueted in spmeimanngtcaRiarhisRcad atdugh viskef hagagdhe
clots pass through the heart 160 and into the brain, causing a stroke or a
tarksibnteagchenh iesaitablkeolif ore Staeiviots lanwdoiudeb R0 wathalokd-ofatrix
being used for the percutaneous transiuminal closure of a cardiac

%ﬁ@ﬁ{ﬁg‘{f MHﬁdtéirgﬁlm E%Wﬁt‘i\‘?@'télrﬂ%ﬂ fmxélmagy ﬁqgasive procedure, The

tissue can be applied to promote vascularization and blood flow to minimize necrosis and/or
promote regeneration of heart tigsue following a myocardial infarction. When attaching a
cell-matrix construct to the heart epicardium or myocardium, it will be necessary to open the
pericardium (Le., the heart sac) prior to application. However, attaching a cell-matrix
construct to the endocardium may be accomplished by inserting a catheter or similar device
into a ventricle of the heart and adhering or attaching the cell-matrix construct to the wall of
the ventricle. It is preferred that the site of attachment should have a reasonably good blood
flow to support microvessel formation, neovascularization, and angiogenesis.

The angiogenic activity of the cell-matrix construct may also be used for treating
anastomoses. An anastomosis is defined as an operative union between two hollow or tubular
structures or an opening created by surgery, trauma or disease between two or more separate

spaces or organs (see, e.g., Stedman's Medical Dictionary, 26" Bd, Williams & Wilkins,
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20invention. The occluder 200 includes an overall support structure 204
and at least one occlusion shell 208 that is connected to the overall

woYRPRE,sthucture 204. For example, the occluder 200 inclugles/bwmoros1800
occlusion shells 208 that are connected to the overall support structure

204: a proximal occlusion shell 212 (i.e., an occlusion shell that is closest
to a physician when the physician is implanting the occluder 200 into a
body of a patient) and an 250pposite, distal occlusion shell 216. As

paescrbed belaw:RlHeashoRR AscISIaN SRe-208 d Sneqalad N Rascular

cell-matrix construct, or, alternatively, is itself made entirely of the
coelimagixoanstiustery bypsopelfef@badiment;dive, dveralk Supportsstivoture

204 includes a proximal support structure 220, for connecting to and
osappertpiepth&sréRimelcsediisicrrsharpr 2oaTiag HRksed shippsie of

structure 224, for connecting to and supportlngﬁt)he distal occlusion Sh?ﬂlcoé

dowes R Brok th e QB FE Pt (R RIPE' Y5 G 51 S T Bt Sapspar” ©
5 ﬂ?%r;‘%g%?fséez‘{éat% %’8%9&%%%%@%%%83%@5% EXIENHNGAIMS addition

ypica ur or more outwardly extending arms, to support each of their
1 SRREGHNE, O8I SIaR- 308! 154141218 11D PR RPTRAdiRRIAL, 86 SROWNIRited

igure 8, the proximal support structure 220 includes four outwardly

e xiengimgrpexinal 1Gaines?RBcand thergistasup pbitestoliotgrerRRdog the
similarly includes four outwardly extending distal arms 232. In one

neddiscaifriefheobaeteoERWaR R BRtER ARiA TS LR R bIASBLY S8 REEt It
of including three or more resilient coils 236 .radially spaced from a center

el At e e S e

used. In

10 HeE! Q&ﬁé@&@é’gyh&a;&%%% ﬁ%ﬂ%ﬁ&%ﬁﬂﬁ%&g@&%ﬁ%ﬁ%ﬁlcava}.

upport structure 224 are mechanically secured together by wire 244.
Alternative imoinet-maapsesuchasoisi-examaieplaseswe dingemayobe site

used to secure the proximal support structure 220 to the distal support
teieiteh2dibg of the site (i.e., endothelialization).
As described above, encompassed within the scope of the invention is a method for
treating ischomic damage in tissues igciuding, but not limited to, heart, brain peripheral
15  tissues and visceral organs. A cell-matrix construct implant is attached to the ischemic site
using natural adherence, a suture, adhesive or other means as described above. The
implanted cell-matrix construct promotes formation of new blood vessels and healing of the
damaged tissue.
The present invention also features an occluder incorporating a cell-mairix construct
20 for closing cardiac openings, such as, for example, 2 patent foramen ovale, and for
obliterating cardiac cul-de-sacs, such as, for example, a left atrial appendage. The occluder
includes a structural framework and at least one occlusion shell. In one embodiment, a cell-
matrix construct is attached onto the structural framework of the occluder to form the at least

one occlusion shell in its entirety. In another embodiment, & pre-existing occlusion shell is

25  first connected (e.g., sewn, laminated, or glued) 1o the structural framework of the occluder
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Figure 9 depicts a cross-sectional view of the occluder 200 illustrated in
Figure 8. Four arms 228, 232, are shown. 20Figures 10 and 11 depict an

WS%'&’!?!}%E% 0' according to another iIIustratlive e.mbpdiment 9{7%5200710613%
invention. An overall support structure 204', which includes a proximal

support structure 220", for supporting a proximal occlusion shell 212', and
a distal support structure 224', for supporting a distal occlusion shell 216',
is shaped as a clip. Figure 12 depicts an occluder 200" according to

ek another lusyatve smbodinent 250l e, iyeiion. Again, an overal

support structur ms a clip an Sa proximal support

structyite, 228 def i SHRRAHNY RPEOXIMAL 968! usion-shalikdlu R @ fistalod
support structure 224", for supporting a distal occlusion shell 216". Figures
th3: ahvib dsladizhicti@nmodd tdder 206" accarding Tasstfirandiicnitusisatiegnm
embodiment of the invention. As shown, an overall support structure 204"
Prehytes & wdrtpaptBusraEide At Pn deharisre RASdRd S plialftpafibtpsamen
252 for connecting to and supporting an acclusion shell 208". The le

5 L2y 18 o AT L REA ARG FICEMEHIShy 2980 Bt
i @Q%%%%%%%“ﬁ 3k %r%é%ﬁﬂ%{ ‘s%%{xg&%}z%rﬁw f%ﬁgﬁ g %b%&‘eﬁ”o@%“fﬁz 13,

or, a tively, so as to ne a su stantlally spherical outer surface, as

Shows i Gigue.ld dhhe.ocslusionshel 208 wandie sonnecteshdatheAe8sim

252 so as to cover the entire 10 substantially hemispherical outer surface,
illastratedde Eagrinedidjtaa siiowcduetitheneniigeostilostbintial tcsitie rgalm 108
outer surface, illustrated in Figure 14, or so as to cover any portions

indrest atrivph bl écftRfI¥ ot yoer Wity Jobis aejsitersd o IRjiréIduzure,

in various TembodiE;mnts,ﬂp@grtic,u arl\é?liséefual in cloi‘in%%ardiac openings
THRRFaS B RateRT B RIHEN VAl TEH ATFiaR SBREAf dBR8EL, or a ventricular
septalgdaiect il NeOeETR 200 JaBICIERA W SHOMES: 1St 448, TYREQHSs0
embodiments, particularly useful for obliterating cardiac cul-de-sacs such
asradefindoal appandagericle 168, e left atrinm 172, and a fossa ovalis 176. The heart
160 also includes an exemplary cardiac cul-de-sac, a left atrial appendage 180, that is to be
obliterated by the occluder of the present invention. Under certain conditions, clots may form
in the left atrial appendage 180. If the left atrial appendage 180 is not closed or obstructed in
some manner, a patient is placed at high risk of having the clots pags through the heart 160
and into the brain, causing a stroke or a transient ischemic attack,

Figure 8 depicts an occluder 200, capable of being used for the percutaneous
transhumninal closure of a cardiac opening, according to an illusirative exnbodiment of the
invention. The occluder 200 includes an overall support structure 204 and at least one
occlusion shell 208 that is connected 1o the overall support structure 204. For example, the
cecluder 200 includes two occlusion shells 208 that are connecied to the overall support
structure 204: a proximal occlusion shell 212 (i.e., an occlusion shell that is closest to a

physician when the physician is implanting the occluder 200 inte 2 body of a patient) and an

opposite, distal occlusion shell 216. As described below, at least one occlusion shell 208 is
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As would be readily apparent to one skilled in the art, the overall support
structure 204 can assume any shape or configuration and is not limited to

W@ﬁ,{%@%ary embodiments 20discussed above. In oneeMhotimatoe

the overall support structure 204 is fabricated from metal, such as, for
example, stainless steel, a nickel-titanium alloy (e.g., Nitinol, which is
manufactured by Nitinol Devices and Components of Freemont, Calif.), or
a nickel-cobalt-chromiummolybdenum alloy (e.g., MP35N.RTM., which is
Mgr&q& %ég &)ﬂéﬁﬁ&ngﬂoﬂ{%a@ﬂ%ﬁfg%@éﬁ %H@%ﬂﬂd?@fkhg@&—maﬁﬁx
metal may be capable of corroding in the body of a patient. “Alternatively,
dhewaetal may be corrosion resistant. In other embodiments, the overall
support structure 204 is fabricated from bioresorbable or biodegradeable
polymirsnserchodsndot, Sranepié spatytaticacid,0doivblyeolipracits] support
polydioxanone, polyethylene glycol, and polycapralactone Moreover, the

BVETHTR %%fbﬁ%frf’%?ﬁ%?ﬂﬁé‘?@é SRR B EgSROIEOA r%%iWé‘rﬁ’P %W}c%}r? and a distal
ther S ined below, be collapsed w sheath fo
sug ana%m l%r 3 Fﬁ%meﬁm%ﬁ/t ]aréd 5% esﬁftm té; £s%i ehxsxon slimdl?£\(g oth

omical’s herearter,

deploymant, e eaRrALe & iIP.Re R & CRIHIAG ORI can Iiﬁciude an;

accordance with the present invention, in a preferred embodiment, at least

ontacd usiaisiek2084s madepaihe fenirehsardnWpaty Easdng arms, to
cell-matrix construct, such as, 10for example, a cell-matrix construct
BORIPrigicefi Broblegsrstiye cbrhisithobeld éised frdmode pmbodimidoi#s ahown in
cultured dermal construct with a I%yer of keratinocytes cultured thereon to

R S ReaT e TR SRt AR AP G e iR AL
cuI skin constructs f the invention expres hysic
anr%srpﬁd?og@glaasmdsﬂ%cﬁes%%%refeaufrnég of Shati %lgé s?ld% Ploﬁxévr?rg eeﬁ" tﬁﬁlg%g
dJeieredembodiment, the cell-matrix construct is a tissue 15construct
that is similar to the dermal layer of skin, a human dermal construct, that is
formehh ibha cléfodeck sy stehvoomphisigihiinp ansde rvd el isagtili 2ingroxmit of
chemically undefined components during its culture. In the most preferred
ipeham AemotROEersHat o tonitrsdidlypasecthFemtioirarerfnidlied in a

emic fined. stem com r|5| n-derived cells but no

R e T N G B o G (o
Sedain gaq@egemrﬁfve 1he Gelhmatix coNsUcLS, SombINed MR cured

anti-thrombotic material such as heparin.
together by wire 244. Alternatively, other means, such as, for example, laser welding, may

be used to secure the proximal support structure 220 1o the distal support structure 224,

Figure 9 depicts a cross-sectional view of the occluder 200 illustrated in Figure 8.
Four arms 228, 232, are shown.

Figures 10 and 11 depict an occluder 200 according to another illustrative
embodiment of the mvention. An overall support structure 204, which includes a proximal
support structure 220", for supporting & proximal occlusion shell 212!, and a distal support
structure 224", for supporting a distal occlusion shell 216, is shaped as a clip.

Figure 12 depicts an occluder 200" according to yet another illustrative embodiment

of the invention, Again, an overall support structure 204" forms a clip and includes a
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Alternatively, in another embodiment, a pre-existing occlusion shell 208 is
covered with a cell-matrix construct. In one such embodiment, the

WS %%%% occlusion shell 208 is  first attached to the 0\6%@5%8%&800

structu 4 of the occluder 200 and then enhanced by 25attac
cell-matrix thereon, Alternatively, the pre-existing occlusion shell 208 can
be laminated, glued, or attached by, for example, hooks or thermal
welding to the overall support structure 204. In one embodiment, for

e?(%“m"ﬁt'gu B{mc%'?%@ clisig ﬁE%:%Q%%?@ DEIBNNAIeHI0 e, dical

bvera port structure such e overall support structure 204 is

ancansyaied entirely ytrtspmuttgea@rﬁaﬁmmg@%a%mshell 208. The

pre-existing 5occlusion shell 208 may be made from a synthetic material
such asgies éxamiplé deppoblresicndalid{egaordingavetiliomkthttathpodyiester
fabric), a polyvinyl sponge (e.g., lvalone, manufactured by Unipoint
hrdhgdmies), gHde GREGRIP IR EANFE 31 aNcetbuinaed Yot iitionsésg e sentral
(ePTFE) material, or a metal mesh. Thgg? O%élstmg occlusion shell may

aEBEah BSRLRS os bib BB sble ﬁ%ﬁ&t&ﬁt&%ﬁ%ﬁmﬂ%m
850 o&%&%@g »10pol-lactic acid, t%%%&@d%&t@e%&gr&th%c egrt%e'éhtt?mn

which bioresorbable sutlires are made. In one embodlment e occlusion

shelb208, whichis:sithenentialiuipmed i an-aliernativel iephanced By

the cell-matrix construct described above, is non-porous and prevents the
passayenfsiuids thibarsibtenddt) tplizecdtaine duibfpdh ednipolamtaiigmuofl4.
the 150ccluder 200. Alternatively, in another embodiment, the occlusion

Thefeolisios HistbiRS i radRaRIERedo fglRt i intd the stdoemtfell 208,

yt]lgsrtgt?t}/aﬁy%m%gp rtca? I(L)J‘%Or gu%ace lustrated in Figure 13, s0 as to cover the entire
substantially spherical outer surface, illustrated in Figure 14, or so as {o cover any portions
thereof.

Thre occluders 200, 200", and 200" depicied in Figures 3-7 are, in various
embodiments, particularly useful in closing cardiac openings such as a patent foramen ovale,
an airial septal defect, or a ventricular septal defect. The occluder 200™ depicted in Figures
13-14 is, in various embodiments, particularly useful for obliterating cardiac cul-de-sacs such
ag a left atrial appendage.

As would be readily apparent to one skilled in the art, the overall support structure
204 can assume any shape or configuration and is not limited to the exemplary embodiments
discussed above.

In one embodiment, the overall support structure 204 is fabricated from metal, such
as, for example, stainless steel, a nickel-tiantum alloy (e.g., Nitinol, which is manufactured
by Nitinol Devices and Components of Freemont, Calif.), or a nickel-cobalt-chromium-
molybdenum alloy (e.g., MP35SN.RTM., which is manufactured by SPS Technologies, Inc. of

Jenkiniown, Pa.). The metal may be capable of corroding in the body of & patient.
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cardiac opening. In one embodiment, the cell-matrix is combined with a
substance for stimulating tissue growth (e.g., a physiological reactive
wEhGigal, Alternatively, in another embodiment, the cell-mafrix;is itgelf a4
substance for stimulating tissue growth. In another 20embodiment, the
growth stimulating substance is a growth factor or cytolcine, such as a
vascular endothelial growth factor, a basic fibro growth factor, or an
angiogenic growth factor, or a combination of growth factors and
R¥tokines, hystanailierambadinent.die srowih himdiaing subsianee 1o
a pharmacological agént for stimulating tissue growth, such as, for
exaopitutelioef a samednd difiereatiypessdnabiethe-col-poatiis, such as,
construct or genes. 25In still another embodiment, heparin is ionically or
covsiemlly pdyldett toithecdegiusiornshaiolWiosanone, polyethylene glveol, and
2007/092902PCT/1jS2007/061800 208, and/or coated on the cell-matrix
RESHERTHAC BR e AMRSEPBH HRR1Y trie brprpsiohusien HHormbTEnzinatnd resilient
onstruct forming the whole or,a payt of the occlusion shell 208, to render
e LR L e VLB A B e
AERHRAN A0S ZOR andian e eall Mt GONSIUELIQ TSRACE It 10 dod o
non-thrombogenie and/orrt)o accelerate the 'healing 5process. igures
ddhdt4kgepicithegtages for delivering the occluder 200, according to an
illustrative embodiment of the invention, percutaneously to an anatomical
site inftfsdotsdycofeth Attantfor clusitignaicamiderog eningl 400y, suthsasydor
example, a patent foramen ovale, an atrial septal defect, or a ventricular
PRy HRLLO RIS AR I TEUFEL A7 2% SR e RS fRse TSk fed 25,
into the cardiac opening 400, as is typically, performed by one skilled in the
: %]Ft{?jéﬁlg%cac Gder B0 i then foat élay Il%%% A Fg%aé’ns o\g i6 Sheath 44
fpdiadyansediirarghauinedurnan408 il pesitionsd el adistalend,,
412 of the sheath 404. Referring to Figure 14B, the distal occlusion shell
26 of dhidecnd iider 206sis: hertbleaskithyat elandisiat-heaneharmber 46
through the distal end 412 of the sheath 404. The distal occlusion shell
crrErBfe ASTESETtB A TS IR eme Yedils ey mTindoderieth wdbiectivorcy fiedres

l%ack int%a roximal heart chamher 420, as illustrated in Figure 14C, to
LA Rt B BRSNS BB o W S PSR e

&atdiae eReniagACH d08.AarHIAG R 5 40 cclyded it
the distal side. AI\S sh(gwn ?n I%ig%?é %%[ﬁ)y%%ﬁ g g%éﬁ%%ﬁéntsﬁrgﬁ’fﬁﬁ %?gl]med
iwitGeavinaeuificigndistanea iealayedhepioxinm acsisinn shelRd 2 to
be released from 20the distal end 412 of the sheath 404. The proximal
cooalusion Ghalg 29 pulipren drailitomatioafiyred embodiment, the cell-matrix construets

of the invention are fabricated in a chemically defined system comprising human-derived
cells but no chemically undefined or non-human biological components or cells. In certain
embodiments, the cell-matrix construct is combined with an anti-thrombotic material such as
heparin.

Alternatively, in another embodiment, 2 pre-existing occlusion shell 208 is covered
with a cell-matrix construct. In one such embodiment, the pre-existing occlusion shell 208 is
first attached to the overall support structure 204 of the occluder 200 and then enhanced by

attaching a cell-matrix thereon. Alternatively, the pre-existing occlusion shell 208 can be
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and resiliently to lie against a proximal surface 428 of the cardiac opening
400, occluding the cardiac opening 400 from the proximal side. The

w6424 is then withdrawn from the patient's body, leavigghehing thssoo
opened occluder 200. As shown in Figure 14E, the occlusion shells 212,

216 are positioned on either side of the cardiac opening 400 and the
250ccluder 200 is permanently implanted within the body of the patient.
WO 2007/092902PCT/US2007/061 00 In another embodiment, where,

dafexanplRqthedeitriial appeadage Ieavitea.ohlileralian as dRerpyifor

stroke, the stages for delivering an occluder (e.g., the occluder 200"
sdppatibedabog Withreterentedn Higuresld andtd)iaithedefiasnahel 208
appendage differ from the stages immediately described above.
Bpbeiivaiicdip Hysiehar gnppperforniecthi.5oridhallthe traged fwphort structure
reference to Figure 14A. That is, the physician first inserts a sheath 404
AR tahiatbrie e in A aps e iR ol o el ) e Hrrerbsying
onge skilled.jn the art, and,then loads.the occluder 200", in a collapsed

B R S A B N R R B B e
M@@?{%@B@HQ&%‘M@@HW%i@ﬂﬁ'p@%?ﬂ&%@%t@?gg igtahepd 412
of the sheath 404. Because the anatomical structure of the left atrial
mppentdageblQdiffers fromtihal bt aopHighPforamen) cvadepadedtrial septal
defect, or a ventricular septal defect, the operator then simply places the
noéciitdnoetivitscid TEfe bt b e A ded rRcddarr syshtitgo sbaigg shell

200" e%% nds automatically and resiliently to ermanen_tIY clgse off the left

BN BUBHR Y8 TOE BPHRETBYE SrrerrRa et fop T SRir: AoriShrieEpe
p%flgm;%{%@\é%%%lj-sﬁl%%% H“&h%?.%i%i?%@%&% @i&?e%ﬁ%ﬁé{%ﬂr@l%?t&@

restore or re the skin due to injury or disease. Indications for grafting
B skin construct include but are not limited to plastic or reconstructive
surgery, skin wounds, bums, psoriasis, venous and diabetic ulcers, and
basal leetheamdindneat, Skirnchmsonxits IG0heimben tivheneatugg fldrtedbghor,
protect the wounded tissue, and then serve as a scaffold for the ingrowth

st wbepred bydsardvaatil songiuct described above, is non-perous and

prevents the passage of {inids that are intended 1o be retained by the implantation of the
occluder 200. Alternatively, in another embodiment, the occlusion shell 208 is porous to
facilitate tissue ingrowth into the occlusion shell 208, thereby promoting occlusion of the
cardiac opening. In one embodiment, the cell-matrix is combined with a substance for
stimulating tissue growth (e.g., a physiological reactive chemical). Alternatively, in another
embodiment, the cell-matrix is itself a substance for stimulating tissue growth., In another
embodiment, the growth stimulating substance is a growth factor or cytokine, such as a
vascular endothelial growth factor, a basic fibro growth factor, or an angiogenic growth
factor, or a combination of growth factors and cytokines. In yet another embodiment, the
growth stimylating substance is a pharmacological agent for stimulating tissue growth, such
as, for example, cells of a same or different type as that in the celi-mafrix construct or genes.

In still another embodiment, heparin is ionically or covalently bonded to the occlusion shell
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20level of organization of the tissue produced in this invention would also
serve to ease and possibly speed up the actions of wound repair. The

W&eﬂ}ﬁ%\;%}gonstructs of the invention have cohesive proper, l@"ﬁfug 0071061800

"Cohesive” as used herein, means being able to maintain physical unitary
integrity and tissue-like handing properties. The physical properties that
primarily give the constructs of the invention 25cohesive properties are
bullc thickness and fibrous matrix structure. The fibrous extracellular

DARLEX IS 95%%%%@&&%@@'&%&&5%&%@'&%&%&o%’l%-t t@l%roégﬁ)&rr%( shell and the
components, mainly fibrillar collagen arranged in fibrils and fibri 11bunéles,

enthgivescthercenshimois theinbulk: 7he: cethalieLanativets. of tb&er i non-
invention are handleable, that is, they can be manually peeled from their
duuhe substidtenatittbupmiciiriarcslipporpotispedializethtbalsharmhg and/or
applied 5 to the patient or to a testing apparatus. It can withstand damage
Oeerlseatl rrysareie ferirgirom BitmPaB R AR e dlertivetedihie ing
wg)tpe%éjt detriment to the structure or function. When applied to a patient,
?ﬁey can be secured in place by sutures or staples. To graft the skin

construghlhepresaahinR iiRde AR, e diRlloMeR IR RIeRIe.,

according to standard practice. For burn indications, the burne

iites:tivbentOgratactfie tovbeiprepareddonthegratinahsiithe bumasay of
skin area is completely excised. Excised beds will appear clean and
Thetieatipupinies teehigifsorsunalivl skbragdepeparntial, thickne s avennesle, an
due to sur%i{cal excision, the pre-operative area is shaved, if necessary,

PHEAREEH (Fea A Antriss spriah Aept Refarinrafirabitvinshertitht is
line. I thesi all ists of intrad [ . .
H9f m@r%% s fli? ﬁfgrd%@%sen%ggdﬁsgﬁ%ﬁy C?c%ﬁla%fﬁr?%'lgx / geégger?sécélllﬁ% étllaﬂ% art,

administration of lidocaine or epinep or

PRCRmRishe, i Hel ARl UaRH Wb EQMAY Srskin 4 3D ARPIORIAI  ushout
depth, creating a deep patrtial thickness wound. Hemostasis can be
thehievedyuochmosessiaint a distal end 412 of the sheath 404. Referring to Figure 14B,
the distal occlusion shell 216 of the occluder 200 is then released into a distal heart chamber
416 through the distal end 412 of the sheath 404, The distal occlusion shell 216 opens
autornatically and resiliently. The sheath 404 is then pulled back into a proximal heart
chamber 420, as illustrated in Figure 14C, to seat the distal occlusion shell 216 against a
distal wall surface 424 of the cardiac opening 400. The cardiac opening 400 is thereby
occluded from the distal side. As shown in Figure 14D, the sheath 404 is then further
withdrawn a sufficient distance to allow the proximal occiusion sheil 212 to be released from
the distal end 412 of the sheath 404. The proximal occlusion shell 212 opens automatically
and resiliently to lie against a proximal surface 428 of the cardiac opening 400, occluding the
cardiac opening 400 from the proximal side. The sheath 404 is then withdrawn from the
patient’s body, leaving behind the opened occluder 200. As shown in Figure 14E, the

acclusion shells 212, 216 are positioned on either side of the cardiac opening 400 and the

occiuder 200 is permanently implanted within the body of the patient,
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with epinephrine containing lidocaine and by electrocautery. The skin
construct is then applied to the wound bed and, if necessary, is secured

W@&@#Mi@& or stapling in place, then bolstered and bandagegdwiton7/0s1860

appropriate dressings. 20The skin construct of the present invention may
also be meshed prior grafting to a patient. Meshing improves conformation
of the skin construct to the wound bed and provides a means for draining
wound exudate from beneath the graft. The term 'meshing’ is defined as a

mechanigalmeiinshRywhigha issusdsparoratedwitbslite do fonm.a

net-like arrangement. Meshlng is preferably obtained by the use of a
abbrereintionahekiny foe sivelre2b  AHYIVIBRE)y BIOQRhAGTNM ). £ B cottiticr
also manually score or perforate a tissue with a WO

260 FenodedsprTiis rdorostdisssapetdi 4 tebel el Madhedestimadeier
fge expanded by stretchlng the skin so that the slits are opened and then

e th s BETERPRRISH PRESHE e SRRSO P ot he
s@a? I‘llvgt?a@f\mrﬂ%g 9 p?%g%igur%emﬁtl\f%%{ t%ShﬁdsEchaqu ﬁps %sertg E Bm c?l 3(}4

OUt expansion, simply as a sheet with ah ar a gemen unexpanae

1ﬂﬂ%eT@ﬁéH%§ﬁfeQ§“ﬁlﬁ0@;§m%@§M§9ﬁl i @@%@(}%%ﬁm in the art,
e DO

patient's own skin from another area o y. Tissue constructs may
alsthdrdvedpdrforatioiss 200 e hestratipss @mﬂh@mﬁﬁoﬂfﬁ\ﬂﬁm byRaih@e sheath
means. Fenestrations may be applied manually using a laser, punch,

“Cealpen xedre %O&ﬁ then R oREhATE sl wmeiAPE PRSP Rg t the
dayﬁ 0982 (%Lg ot er han surg%al wounds or burn areas. Other

wounds sach RO hiesrEsgi gﬁ%t%%at]sst’a%@ﬁ%ﬂ{%q}ﬁ%?g}imdage
EXDSURRCRA &%ﬁ&%@ﬂé@%ﬂ?péh%ﬁ%%t&i‘&%&%%% 93580 et et

Other congenital skin diseases such as epidermolysis bu llosa may efit
@semalle operator then simply places the occluder 200" into the left atrial appendage.

Placed as such, the occluder 200™ expands awtomatically and resiliently to permanently close
off the left atrial appendage.

One of the most preferred uses for the skin constructs of this invention is for grafting
or implantation in a2 mammalian host to restore or repair the skin due to injury or disease.
Indications for grafting of a skin construct include but are not limited to plastic or
reconstructive surgery, skin wounds, burms, psoriasis, venous and diabetic ulcers, and basal
cell carcinoma. Skin constructs of the invention are useful to both protect the wounded
tissue, and then serve as a scaffold for the ingrowth of the host tissue. It is believed that the
level of organization of the tissue produced in this invention would also serve to ease and
possibly speed up the actions of wound repair.

The cell matrix constructs of the invention have cohesive properties. “Cohesive” as
used herein, means being able to maintain physical unitary integrity and tissue-like handing
properties. The physical properties that primarily give the constructs of the invention

cohesive properties are bulk thickness and fibrous matrix structure. The fbrous extracellular
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The following examples are provided to better explain the practice of the
present invention and should not be interpreted in any way to limit the

“@c%%ggglze present invention. Those skilled in the art will rg@g@i@%@ﬁgﬁ%m

various modifications can be made to the methods 15described herein
while not departing from the spirit and scope of the present invention.
EXAMPLES Example 1: Formation of a Collagenous Matrix by Human
Neonatal Foreskin Fibroblasts Human neonatal foreskin fibroblasts
@5@3%&%&@&@59%@&?9&% JNCoiARION; M) Wars seafseal 2105
cells/162 cm2 tissue culture t%eatgd ask1 Costar Corp., C,gambr%dggl, ZQ/O
KA kD QraE CFORUA NgHaWED Mgl Nnd bR @RV BnEAQEI R bulk.
consisted of: Dulbecco's Modified Eagle's medium (DMEM) (high glucose
fornwalatiemixwithout s git derminetBiowy hittdlce bla\bik e strile;aliR)manually
supplemented with 10% newborn calf serum (NBCS) (HyClone _
Pebest S in A oy RH A A AR A5FRT TURROTERh RRECTEie itk lear applied
lkersville, MD). The cells werg maintained in an incupator at 37 re with
R b P e e R S PR SR R BER
RIERBIAEL A FAMIL BNEEY, WA HAREINGR T SROQHAR A0 R0 when

three days. After 8 days in culture, the cells had grown to confluence, that

impthe eellshad, forned aqrackedimanelay ermleng thelattom of the
tissue culture flask, and the medium was aspirated from the culture flask.
To rinde grtrienbingersisieriiétitterschphospivate buktead el wesis
added to the bottom of each culture flask and then aspirated from the 5

RESRE CRardinerts PARUEEATTOT tOTTRESK B eRtiaRTg s MR et effse e
gl%{é(%dmah% o(géowhé}%%%r’t%@/algg [s%vtﬂla%'thM %}nggf S%Chagéaésils( a})nd tee?tlgxcjsed.
0CKINng to ens%r comple e%:roverage Olp'[ e monc]ffayer. (SU?%BFGS ere

mluneskioHhe Jpsubaiah A3 seemnasdhacalls wereseleasgd 2mabgf RRE

(Soybean Trypsin Inhibitor) was added to each flask and mixed with the
sugpestsian:ids shopdhergictiondfithelippsiopyarsenssafihehoall S speasian
was 10removed from the flasks and evenly divided between sterile,

eyl veharagEtsrdbslcatisoireeoliesis By camfifugntiomalsaline. Local
approximately 800-100Q x g for 5 minutes. . Cells were resuspended
B LR e T KB AT 5% 08 S PP SBE ot

OIS 84 MIGLI0ROMEAIER. 24 ANMARTEIRCHSSHE GUIYE bepled lasare
(TRANSWELL Coming Costar) in a sbc-well tray at a density o 3.0 x 106
gels/inserhd@. Beep partial thickness wound. Hemostasis can be achieved by compression
with epinephrine containing lidocaine and by electrocautery. The skin constroet is then
applied to the wound bed and, if necessary, is secured by suturing or stapling in place, then
bolstered and bandaged with appropriate dressings.

The skin construct of the present invention may also be meshed prior grafting to a
patient. Meshing improves conformation of the skin construct to the wound bed and provides
a means for draining wound exudate from beneath the graft. The term ‘meshing’ is defined
as a mechanical method by which a tissue is perforated with siits to form a net-like

arrangement. Meshing is preferably obtained by the use of a conventional skin mesher

(ZIMMER®; BIOPLASTY®). One could also manually score or perforate a tissue with a
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15 x 105 cells/cm2). The cells were maintained in an incubator at 37 1C
with an atmosphere of 10 1% CO2 and fed fresh production medium

w43 days for 21 days. The production medium comprisedioaaidi seo
base mixture of DMEM and Hams F-12 medium (Quality Biologics

Gaithersburg, MD), 4 rnM GlutaMAX-1Tm (Gibco BRL, Grand Island, NY)
and additives to a resultant concentration of: 5 ng/m1 human recombinant
epidermal 20 growth factor (Upstate Biotechnology Lake Placid, NY), 2%

DANDOrY calliserriEHYRIOnSy boganakHak) DR i HNOBRIISONRS are
(Sigma St. Louis, MO), | x le M ethanolarnine (Fluka, Ronkonkoma, NY

AGSIgraded dpxit04oNbowahosphorxethdmolaninki€SigmayiSts L ovis),abea
ug/m1 insulin (Sigma, St. Louis, MO), 5 ng/mltransferrin (Sigma, St. Louis,
witopome Mg tHyfomr (S GrEc SR o IROPLIaHY 6198 pgrpiion,
seleniur%é?égrma Aldrich 25 Fine Chemicals Co. Milwa%k e},{_WIg, 50
SHOPHAIPE ¢ B 28 ANERIRES CHETRTRAISTG RS- (g meshed skin cOnstruct may

BTOSR0RECTHISR0LISEARUARIOAE AZ0RN P adalmLL argine

ouls, 1 glycine (Sigma, St. Louis, MO) and
B:LB%:pRly- etiiens ahucali(REE)3AN93OL MM LCalbGulure grafe)kans.

(Sigma, St. Louis, MO). Samples for histological analysis were taken at
Ftaysrtidhd mmob2 draihcdfixedhalibudopn &iar, thenhe mblpddecdie papaffin. The
formalin fixed samples were embedded in paraffin and 5 micrometer

sectioFh e wwrimed Witk Feisioiam Roaplied LY aEEs fdsg Tan surgical

REEEestaoun e a1, ong ok sated es DR i e

o'tenra picked microsco

r%%ygég%n%%h@(ﬁgg%%ﬁem%%aﬁ{mienﬂoq&@r@@c@&a@L%Q%%%E@tiék -

sults for two different cell strains of human dermal fibroblasts are
Sdpemar deddecdablach Wbich:-ahewss theidhicknesamefiithewagll-matrix

construct as it develops. Table 1: Thickness (microns) Day 0 Day 7
The foliowing examples are provided fo better explain the practice of the present
invention and should not be interpreted in any way to limit the scope of the present invention.
Those skilled in the art will recognize that various modifications can be made 1o the methods
described herein while not departing from the spirit and scope of the present invention.
EXAMPLES
Example 1: Formation of a Collagenous Matrix by Human Neonatal Foreskin Fibroblasts
Human neonatal foreskin 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. The growth medium consisted of:
Dulbeceo’s Modified Fagle's medivm (ODMEM) (high glucose formulation, without L-
ghitamine, 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

atmosphere of 10 = 1% COy. The medium was replaced with freshly prepared medium every
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Day 14 Day 21 B119 Average (n=3) 0 30.33 2.61 63.33 4.40 84.00 4.67
B156 Average (n=4) 042.00 5.14 63.85 4.50 76.25 8.84

WO 2007/092962 PCTAISZH0T/G6IRG0

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 mnse the monolayer, sterile-fillered phosphate
Luffered saline was added to the bottom of sach 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 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 1o each flagk 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 tbes. Cells
were collected by centrifugation at approximately R00-1000 x g for 3 minutes.

Cells were resuspended using fresh medium to a concentration of 3.0 x 10° cefls/mi,
and seeded onto 0.4 micron pore size, 24 mm diameter tissue culture ireated inserts
(TRANSWELL®, Corning Costar) in a six-well fray at a density of 3.0 x 10° cells/insert (6.6
< 10° cells/em®). The cells were maintained in an incubator at 37 % 1°C with an atmosphere
of 10 = 1% €O, and fed fresh production medium every 2 to 3 days for 21 days. The
production medium comprised: a 3:1 bage mixture of DMEM and Hams F-12 medium
(Quality Biologics Gaithersburg, M), 4 mM GlutaMAX-1" (Gibco BRY., Grand Island,
NY) and additives to a resultant concentration of 5 ng/ml human recombinant epidermal
growth factor (Upstate Biotechnology Lake Placid, NY), 2% newborn calf serum (Hyclone,
Logan, Utah), 0.4 pg/ml hydrocortisone (Sigma St. Louis, MO}, 1 x 10™* M othanolamine
(Fluka, Ronkonkoma, NY ACS grade), 1 % 10 M o-phosphowi-ethanolarrﬁne (Sigma, St
Louis,), 5 ng/ml insulin (Sigma, 5t. 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 Co., Milwaukee, WI), 50 ng/ml L-ascorbic acid (WAKQ Chemicals USA,
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Samples were also submitted for collagen concentration analysis on days
7, 14, and 21. Collagen content was estimated by employing a

W gl&tjm%g]g assay for hydroxyproline 15 content known in theayka07/06 1800
Woessner, 1961). At those same timepoints cell number was also

determined. Table 2 is a summary of collagen concentration and Table 3
is a summary of the cell data from cell-matrix constructs produced from
two different cell strains (B156 and B119) using the procedure described

ARoYes. i1 2Q0Y PQ%%@JJE&%QQ&Q@&%Q%@P!&%M@%% (Sigme, St
(pg/cm2) Day 0 Day 7 Day 14 Day 21 3119 Average (n=3) 0°93.69 22.73
Louis, MO) and 0.05% poly-ethylene giycol (PEG) 3400-3700 MW (cell culiure 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
procedures known in the art. Using H&E stained slides, thickness measurements were made
to ten randomly picked microscopic figlds utilizing a 10X eyepiece loaded with a 10 mm/100
micrometer reticle,

Results for two different cell straing 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
(0=3)
. B156 Average [0 42.00:+5.14 63.85+4.50 76.25 4 8.84
(n=4)

Samples were also submitted for collagen concentration analysis on days 7, 14, and
21. Collegen content was estimated by employing a colorimetric assay for hydroxyproline
content known in the art (Woessner, 1961). At those same timepoints cell number was aiso
determined. Table 2 is a summary of collagen concentration and Table 3 is 2 summary of the
cell data from cell-matrix constructs produced from two different cell strains (B156 and

B119) using the procedure described above.
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241.66 21.08 396.30 29.38 3156 Average (n=3) 0 107.14 17.16 301.93
23.91 457.51 25.00 Table 3: Cells (cells’cm2) Day 0 Day 7 Day 14 Day

Wajzmmﬂgz%z PCT/US2007/061896
Table 2: Collagen (ug/om?)
Day Day 7 Day 14 Day 21
BI119 Average (0 93.694£22.73 (241.66+£21.08 [396.3029.38
(re=3)
B156 Average |0 107.14 £ 17,16 130193+ 2321 (45751 +25.00
(=3}
Table 3: Cells (cells/cm®)
Day Day 7 Day 14 Day 21
{B119 Average (6.6 x 10° 118%44x10° 114+ 1.7x10 |13.9=12%10°
|m=3)
B156 Average |6.6x 10° 13.1£05x 10° |140£21x10° [17.121.7x10°
(n=3)

Samples of the human cell derived dermal matrix from days 7, 14, and 21 were

analyzed by delayed reduction SDS-PAGE to determine coliagen composition revealing type

T and type III collagen aipha bands in the samples.

Biochemical characteristics of the

dermal

matrix  were determined using

immunohistochemical methods. Fibroneetin identification was carried out on paraffin fixed

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

South San Francisco, CA). Tenascin presence was determined by primary anti-tenascin

aniibody staining (Dako, Carpintheria, CA) followed by anti-mouse horseradish peroxidase

labeled antibody (Calbiochem) as a secondary antibody. Samples were visualized by

applying diaminobenzyne (Sigma St. Louis, MO) and counterstained with Nuclear Fast red,
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8119 Average (n=3) 6.6 x 10511.8 4.4 x 105 11.4 1.7 x 105 13.9 1.2 x
105 13156 Average (r3) 6.6 x 105 13.1 0.5x10514.0 2.1x1057.1 1.7

W g 092902 Samples of the human cell derived dermal mai;
égﬁj and 21 were analyzed by delayed reduction SDS-PAG@EI%%(QM%OD

determine co_IIagen composition revealing type 51 and type Il collagen
alpha bands in the _sample_s. Biochemical characteristics of the dermal
matrix were determined using immunohistochemical methods. Fibronectin

entiigationias earied oyl o Reralfiniadsentians using tasylyusds

_ vidin-biotin system (Zymed Laboratories the, South San

ETaReisEsy SQlivkenascin gresencamas determindd ydphinarsence of 0.44
anti-tenascin 10 antibody staining (Dako, Carpintheria, CA) followed by

oRRti-BIaUSE horseTadishBeoritnse kibleled ah fasw) e as ROt
secondary antibody. Samples were visualized by applying

Sﬁgiétiﬂ'n%benzyne (Sigma St. Louis, MO) and counterstained with Nuclear
ast red.

Example 2: Full Thickness Skin Construct

Using a dermal construct formed using the method described in Example 1, normal
human neonatal foreskin epidermal keratinocytes (originated at Organogenesis, Inc. Canton,
MA) were plated onto the cell-matrix construct o form the epidermal layer of the skin
construct,

The medium was aseptically removed from the culture insert and its surrounds,
Normal human epidermal keratinocytes were scaled up to passage 4 from frozen subculture
cell stock to confluence. Cells were then released from the culture dishes using trypsin-
versene, pooled, centrifuged to form a cell pellet, resuspended in gpidermalization medivm,
counted and seeded on top of the membrane at a deusity of 4.5 x 10" celis/on®. The
constructs are then incubated for 90 minutes at 37 1°C, 10% CO; to allow the keratinocytes
to aftach. After the incubation, the constructs were submerged in epidermalization medium.
The epidermalization medium is composed of: a 3:1 base mixture of Dulbecco’s Modified
Fagle’s Medium (DMEM) (high glucose formulation, without 1-glutamine (BioWhittaker,
Walkersville, MD) and Hams F-12 medium (Guality Biologics Gaithersburg, MD),
gupplemented with 0.4 pg/ml Iydrocortisone (Sigma St. Louis, MO), 1 = 0% M
ethanolamine (Fluka, Ronkonkoma, NY), 1 x 10" M O-phosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 pg/m! msulin (Sigma, 5t. Louis, MO), 5 pg/ml transferrin (Sigma, St Louis,
MO), 20 oM triiodothyronipe (Sigma, St. Louis, MO), 6.78 ng/ml selenium (Aldrich), 24.4
pg/ml adenine (Sigma Aldrich Fine Chemicals Company, Mitwaukee, WI), 4 mM L-

glutarnine (BioWhittaker, Walkersville, MD), 0.3% chelated new born calf serum (Hyclone,
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WO 2007/092902PCT/US2007/061800  Glycosaminoglycan (GAG)
guantification was performed on 21 day samples using the previously

Wgeﬁﬁﬁ %%Qiﬁnethod (Farndale, 1986). The assay showed th‘?pEﬁ%%%@f;sm

g);rams of GAG per cm2 in a sample of human cell derived derma
matrix taken 21 days post seeding. SExample 2: Full Thicicness Skin
Construct Using a dermal construct formed using the method
described in Example 1, normal human neonatal foreskin epidermal

ﬂg%a%tm%x s §98ginated al.Qaanoaenesis, NG, Canton,; MA) werepjated 1

o the céll-matrix constriict to form the epidermal layer 6f the Skin

LORBHUGHLAAT Ba e Was 3Septitaiiche T d oM the.Geiture) INSekk/mi
and its surrounds. Normal human epidermal keratinocytes were scaled up

doipasshgeirdmidraZéin Suboultorescelt. st iamrbiflueyme gSellsywiereuliate
then released from the culture dishes using trypsin- versene, pooled,
Ceprrifirge M bTsinm Beédispdiibt, Faygepengedipre pitarhiz dtiopritaauirtion
counted and seeded on top of the membrane at a density of 4.5 x 104
Refiaredes 2 fRe f%%:%h%tﬂa&gfa?@%hen incubated for 90 minutes at 37 1C,

10% 2 llow,the keratinocytes to attach. After the incubation, the
constfolE G B A B OB SR AR e 1 Bl o

Spidermalizationmedium ISEAMPESEERS drdsh RARSMING Aon, without L-
Dulbecco's Modified

glutamine, BioWhittaker, Walkergville, MD), Hams F-12 medium (Quality Riologics,
Gaithersburg, MD), supplemented with 0.4 ng/mi hydrocortisone {Sigma, St. Touls, MO), I x
10" ethanolamine (Fluka, Ronkonkoma, NY), 1 X 16" o-phosphoryl-ethanolamine (Sigma,
St. Louis, MO), 5 pg/ml insulin (Sigma, St Louis, MO), 5 pg/ml transferrin (Sigma, St
Louis, MO), 20 pM tritodothyronine {(Sigma, St. Louis, MO), and 6.78 ng/m! selenium
(Sigina Aldrich Fine Chemicals Company, Milwaukee, WI), 24.4 pg/ml adenine (Sigma
Aldrich Fine Chemicals Company), 4 mM L-glutamine (BioWhittaker, Walkersville, MD),
0.3% chelated new born calf serum (BioWhittaker, Walkersville, MD), 0.628 ng/ml
progesterone (Amersham, Arfington Heights, L), 50 ug/ml sodivm ascorbate, 265 pg/ml
caicium chloride (Mallinckrodt, Chesterfield, MO), and 50 pg/ml gentamycin sulfate
(Amersham, Arlington Heights, IL). Again the construct was incubated at 37 £ 1'C, 10%
CQO; for 2 days.

After the 2 days the carrier containing the construct was aseptically transferred to new
culturing trays with a sufficient amount comification media, 9 mL, to achieve a fluid level
Just to the surface of the carrier membrane to maintain a dry interface to allow stratification
of the epithelial layer. The constructs were incubated at 37 + 1°C, 10% COs, and low
humidity, in media with media changes every 2-3 days for 7 days. This medium is composed

of: a 1:I mixture of Dulbecco’s modified Eagle’s medium (DMEM) (high glucose
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Eagle's Medium (DMEM) (high glucose formulation, without L-glutamine
(BioWhittaker, Walkersville, MD) and Hams F-12 medium (Quality

walogics zaithersburg, MD), 20 supplemented with 0.4 i9/Rdy/psa007/061800
hydrocortisone (Sigma St. Louis, MO), 1 x 104 M ethanolamine (Fluke,

Ronkonkoma, NY), 1 x 104 M 0-phosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 uglml insulin (Sigma, St. Louis, MO), 5 ug/m1 transferrin
(Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO),

Bra QN SRR UTAIRED s R vl O RS RIDESIIMAAIGTICH EiGm
Chemicals Company, Milwaukee, WI), 4 mM L25glutamine (BioWhittaker,

WialleersvilewMB)i:r%ehpibieshnavnbers call serypm{Hyealonsisbeg@igma,
Utah), 0.628 ng/ml progesterone (Amersham Arlington Heights, IL), 50
Suglmitid, adeyrbate $6divm siab¢Bigima (BldrichREinerRhemitils Compahwl o-
Milwaukee, WI), 10 ng/rnl epidermal growth factor (Life Technologies Inc.,
rByhembicsp gt GeatemSiciosisiidie X Ameshastlin(imperSHbigitsMO), 5
The constructs were cultured in the epidermalization Smedium for 2 days
w7 trapsfeningiaeye, St vy 2P0 daindelhorenins StipmieRjelranis. MO),
media composed of; 3:1 mixture of Dulbecco's modified Eagle's medium

COMERR (HTGF it S8 R hutd dbrt St S E RS e, ‘HiO fitafc &rhemicals
RS END 1§§v§?§eg§%@ﬁ%‘%i%g R Ao G Byorum

, Supplemen cortisorye (Srgim ouis,

(Mgiﬁhktéklzg %@@Mﬂ@ IW%dﬁlm’ B&B&OQ&%%FB& '\L}Q’ %éé%lf' gentamycin

o-phosphoryl-ethanolamine’(Sigma, St. Louis, MO), 5 jig/ml insulin

sCHEMAnRth i MEDnTRAIR IANSIRIIN 4SYMA cShink@Ltivs D ko DoPNb:e
triiodothyronine (Sigma, St. Louis, MO), and 6.78 ng/ml selenium (Sigma

dafdriekitRihe Shemivals’ Caynpathys Milweattoee MAl)R4 Thigiminadennsediom
(Sigma Aldrich Fine Chemicals Company), 4 mM L-glutamine

WS CWRREERE S MR EdtauRIof PP eces D ok iERd IBrels et disph G R high
BioWhittaker, Walkersville, MD), 0.628 ng/ml progesterone (Amersham,
R A IR L o Ao e DK R By e 12
| IRCICLOAL & il ! [ i in is
A S M R W SRR . Lo,

Nispbated @t 34 Stand@iade QiR Rdaysudaaftanthe; 2,days e Catbiehory-
containing the construct was aseptically transferred to new culturing trays
eibithobe i ¢ phanfouhbdenifitatio p ghedispBnikigasachigveis fam,levak/mi
just to the surface of the carrier membrane to maintain a dry interface to
eansifrar Gligeatidh o MEpHRE IR ajedotredon itents Stdreninddbatendt. 78
n§7 1C, 10% CO2, and low humidity, in media with media changes every

B AEe P gy, A s ReHpGemgany, Milwankee, WD, 24.4 higim]

ademine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-glutamine
(BioWhittaker, Walkersville, MD), 1% new born calf serum (BioWhittaker, Walkersville,
MD), and 50 pg/ml gentamycin sulfate (Amersham, Arlington Heights, IL).

Final samples were submitted for hemotoxylin and eosin processing as described in
Example 1 to determine gross appearance under light microscopy. The resulting construct
consisted of a lower (dermal) layer consisting of fibroblasts surrounded by matrix having
features described in Example 1, and was completely overlaid by a multilayered, stratified

and well-differentiated layer of keratinocytes that exhibit a basal layer, a suprabasal layer, a
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250f; a 1:1 mixture of Dulbecco's modified Eagle's medium (DMEM) (high
glucose formulation, without L-glutamine BioWhittaker, Walkersville, MD),
WQEZ% ,medium (Quality Biologics, Gaithersburg, MD), $¢RpleBaenietkon
with 0.4 pg/m1 hydrocortisone (Sigma, St, Louis, MO), 1 x 104 M
ethanolamine (Fluka, Ronkonkoma, NY), 1 xi M
ophosphoryl-ethanolamine (Sigma, St. Louis, MO), 5 pg/ml insulin (Sigma,
St. Louis, MO), 5 5 ug/m1 transferrin (Sigma, St. Louis, MO), 20 pM

%uﬁﬂatw&@m@mc%eh&%ma t@aJ&QQM%enmg‘sﬁﬁ'%{s% has a

4.4 jig/m1 adenine (Sigma Aldrich Fine Chemicals Company), 4 mi\.
weglutaamipal @@MH@H&@&Q&M&@@J@@Hewh«zua)qaz&@a@watpgmbﬁa{fag%mmd by
(BioWhittaker, Walkersville, MD), 50 ug/m1 sodium ascorbate, and 50
pymigentaevyon sigf@gAiEhalihe Arionton kteighis; ib)esdttickaaysund
the construct was fed for 10 more 10 daés with changes every 2-3 days

ridss maspTishdRekshadiarrtorme AvsTn BRbRee AHEwiRsh %&@@&Hﬁ%’@@en,

f b df d EM) (hi
R B o R o Tt oVt P - SVl o e
Hams kil mediuny g@@mm 9@@;&%@@ relurgMR). 9 énfﬁg{m basernent

hydrocortisone (Sigma St. Louis, MO), 1 x 104 M ethanolamine (Fluka,
Rankenkogna.opl¥ikid, Xwa-Lsvbenphesphaiy- db.ethanolrmineSigma. biotia
St. Louis, MO), 5 utg/m1 insulin (Sigma, St. Louis, MO), 5 ug/m1

g ferrin (SigrsalySine CerssdO] 20.pM triiodothyronine (Sigma, St.

Louis, MO), and 6.78 ng/ml selenium (Sigma AIdrich Fine Chemicals

ilwaukee, WI 244%\%“1 ade AIdr .
%1 |cr§1)lls owm%gn%y, vz\?ﬁéu 3‘%3{1 Sé%unen@lo n%ta gPresml
Mitadkersville; MR v 0w daraicalf serum (BloWhlttaker Walkersville, 20
MD), and 50 pg/ml gentamycin sulfate (Amersham, Arlington Heights, IL).

Final s$amplosaverd Sudbiitt8ordolzkie matoeylinaidsasinsprocedsndeasibed in
described in Example | to determine gross appearance under light
Frerplechpl clihw e dhrirgssraderioch rriseatiagpn S wer (s iapsrseeded

cons |n of fibroblasts surrounded by matrix having features described in,
i e e %%%r%ﬁ&‘%@}‘%d?ﬁ?g%’?w PSR o o o

%Q?W?'L‘H&%f&%‘ﬁ%e@ ia}’@;f Qhkargtingcytagsthot oxibit g basal] a\¥8% fhen

suprabasal layer, a WO 2007/092902 CT/1iS2007/0618110 granular

1266 RB08 SHHatp IcemeIsRbSIar tethalehiskindm situndhemskibhout. More
construct has a well-developed basement membrane present at the
gheerherlipite medbjom ctivpigsiexHibited: bynirdmsmiSSidfFdlediromn F-12 medium
MICrosc Hﬁ%(TEM) The basement membrane agpears thickest around

%ﬂia@é 8i5inE8 I HEETRES M@néﬁwnal Hehre EShptised blagypd™)
Cc?cl & ‘geesnS S ? \ﬁxsu%!tlizi%dob Ta%Me eCt e\%r &f‘ 5 96 %tecglrncoslogy,
Can easll y be seen exiting from the b semen membrane a rapplng

iheccollagemibpyils 4Ne Rresenes ahlRRINGS: ?%@”’@dﬁ@%ﬁaﬂ% 10* M

glycoprotein, was shown using the previously described avidin-biotin

MEHINEERZ YIMMIC ReskniRvea Gresd om k87 Qs chaampterd? iy Vil sphoryl-
Formation of a Collagenous Matrix By Human Neonatal Foreskin 10

Fibrobiasts {(HigeficalipiDefifed Madininmsulin (Sigma, St Louis, MO), 5 ng/m}
transferria (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MQ), and 6.78
ng/ml selentum (Sigma Aldrich Fine Chemicals Company, Milwavkee, WI), 50 ng/mi L-
ascorbic acid (WAKO Chemicals USA, Inc.), 0.2 ug/ml.L—proline (Sigma, St. Louis, MO},

0.1 pg/mi glycine (Sigma, 5t. Louis, MO) and 0.05% poly-ethylene glycol (PEG) (Sigma, St.
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Human neonatal foreskin fibroblasts were expanded using the procedure
described in Example 1. Cells were then resuspended to a concentration
8ha X% k3G, gells/nil, and seeded on to 0.4 micron pore size, gdi oo 71061800
diameter tissue culture treated membrane inserts in a six- well tray at a
density of 3.0 x 106 cells/TW (6.6 x 105 cells/cm2). These cells were then
15 maintained as Example L with newborn calf serum omitted from the
media throughout. More specifically the medium contained: a base 3:1
nstuiesf BMEM Hamsfilamediym (Quality Biologics, GalthersitiGnd cen
MD), 4 mM GlutaMAX (Gibco BRL, Grand Island, NY) and additives: 5

ngitil hsimakwetedhinadirepidenal grontinfatiar dUpstate (cell number) and 5
Biotechnology, Lake Placid, NY), 0.4 jig/m1 hydrocortisone (Sigma, St.
fcollpgem O Bamels0 /e 200 thamelandined (RdkeroRerskofic benantidYlisagnd eosin
#02400 ACS grade), 1 x 104 M o-phosphoryl- ethanolamine (Sigma, St.
mﬁ%g ﬁﬁb&lg%t ﬁi‘j?ﬁ?i"ﬂlfmﬂarl(@fgﬁ%adﬁécfﬂ?f’&d& RS }rg/#ﬁf%%g% Fpffuation

M M t MO
ngvnl% 4 ng q’ﬁ'h% on(s%}u ownnzlo r|c mgﬂ&%emlca ‘!BtH!)SSe )gro in the

mI se enium gma

MilwaukeeWWby BANAMldnnASeorRicA0Id @%ﬁ@%&ﬁ@&y%ﬁf}&%&c BCdeing
0.2 jig/m1 L-proline (Sigma, St. Louis, MO),

procedure described in Example 1.

Table 4: Collagen (pg/cm®)

Day 0 Day 7 Day 14 Day 21
Average amount |0 197.63 21,96 1329.85%27.63 |[465.83 £40.46
of collagen in
each construct
(n=3)

Table 5: Cells (celis/cm®)

Day § Day 7 Day 14 Day 21

Average number}6.6 x 10° 78+22x10° 19.6+£25x10° [1.19+2.1x 10°
of cells in each

construct (n=3)

Besides endogenously produced fibrillar collagen, decorin and glycosaminoglycan

were also present in the cell-matrix construct.

Example 4: Full Thickness Skin Construct Formed Using Chemically Defined Media
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25 0.1 ug/m1 glycine (Sigma, St Louis, MO) and 0.05% poly-ethylene
glycol (PEG) (Sigma, St. WO 2007/092902PCT/CS2007/061800 Louis,

Wm37,§ﬁgagles were checked at day 7, 14, and 21 for collageriis2ee7/061800

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 I. Histological evaluation 5

demongirated fiakibesspnsiruais-aawnidetines mediumwasisisilatiQnder
those grown in the presence of 2% newborn calf serum. Samples also
dtenriedlp dsithedlyclaiifimonadtiniousngphot duréeescibebln Examplehiman
Table 4: Collagen (mg/cm2) Day 0 Day 7 Day 14 Day 21

neonatal foreskin epidermal keratinocytes were seeded on the top surface of the celi-matrix
construct to form the epidermal layer of the skin construct.

The medium was aseptically removed from the culture insert and ifs surrounds.
Normal human epidermal keratinocytes were scaled up to passage 4 from frozen subculture
cell stock 1o confluence. Cells were then released from the culture dishes using trypsine
versene, pooled, centrifuged to form 2 cell pellet, resuspended in epidermalization medium,
counted and seeded on top of the membrane at a density of 4.5 x 10* cells/cn®. The
constructs were then incubated for 90 minutes at 37 = 1'C, 10% CO, to allow the
keratinocytes to attach. Afier the incubation, the constructs were submerged in
epidermalization medivm. The epidermalization medium is composed of: a 3:1 base mixture
of Dulbecco’s Modified Eagle’s Medium (DMEM) (containing no glucose and no calcium,
BioWhittaker, Walkersville, MD) and Hams F-12 medium (Quality Biologics Gaithersburg,
MD), supplemented with 0.4 pg/ml hydrocortisone (Sigma St. Louis, MQ), 1 x 10 M
ethanolamine (Fluka, Ronkonkoma, NY), 1 x 10* M o-phosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 ug/ml insulin (Sigms, St. Louis, MQ), 5 pg/ml transferrin (Sigms, St. Louis,
M), 20 pM triiodothyronine (Sigma, St. Lowis, MO), 6.78 ng/ml selenium (Aldrich), 24.4
ug/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L.
glutamine (BioWhittaker, Walkersville, MD), 50 pg/mi L-ascorbate sodium salt (Sigma
Aldrich Fine Chemicals Company, Milwaukee, WI), 16 uM linoleic acid (Sigma, St. Louis,
MO ), 1 pM tocopherol Acetate (Sigima, St. Louis, MO) and 50 pg/ml gentamicin sulfate
{(Amersham, Arlington Heights, IL). The constructs were cultured in the epidermalization

medium for 2 days at 37+ 1°C, 10 % 1% CO,.

After 2 days the mediuvm was exchanged with fresh medium composed &s above, and
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Average amount of collagen in each construct (n=3) 0 107.63 21.96
329.85 27.63 465.83 49.46 Table 5: Cells (cells/cm2) Day 0 Day 7 Day

W6%007/(}92902 PCT/RIS2807/061800

returned to the incubator set at 37+ 1°C, 16 + 1% CO, for 2 days. After the 2 days, the carrier
containing the construct was aseptically fransferred to new culturing trays with sufficient
media to achieve a fluid level just to the surface of the carrier membrane 10 maintain the
developing construct at the air-liquid interface. The air contacting the top surface of the
forming epidermal layer allows stratification of the epithelial layer. The constructs were
incubated at 37 + 1°C, 10% CO;, and low humidity, in media with media changes every 2-3
days for 7 days. This medimm contained s 1:1 mixture of Dulbecco’s modified Eagle's
medium (DMEM) (containing no glucose and no calcium, BioWhittaker, Walkersville, MD),
Hams F-12 medivm (Quality Biologics, Gaithersburg, MD), supplemented with 0.4 pg/ml
hydrocortisone (Sigma, St. Louis, MO), 5 x 10 M ethanolamine (Fluka, Ronkonkoma, NY,
5 x 107 M o-phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5 pg/ml insulin (Sigma, St
Louts, MO), 5 pg/mi transferrin (Sigma, St. Lowis, MO), 20 pM triiodothyronine (Sigma, St.
Louis, MO), 6.78 ng/mn! selenium (Sigma Aldrich Fine Chemicals Company), 24.4 pg/m!
adenine (Sigma Aldrich Fine Chemicals Company), 4 mM L-glutemine (BioWhitiaker,
Walkersville, MD), 2.65 pg/mi calcium chloride (Mallinckrodt, Chesterfield, MO), 16 uM
linolcic acid (Sigma, St. Louis, MO ), 1 pM tocophcerol acetate (Sigma, St. Louis, MO), 1.25
mM serine (Sigma, St. Louis, MO), 0.64 mM choline chloride (Sigma, St. Louis, MO) and 50
pe/ml gentamicin sulfate (Amersham, Arlington Heights, IL). The cultures were fed every 2-
3 days, for 14 days.

Samples, in triplicate, were submitted 10, 12, and 14 days afier the construct was
lifted to the air-liquid interface for hematoxylin and eosin processing as described in Exampls
I to determine gross appearance under light microscopy. The resulting construct consisted of
a lower {dermal) layer consisting of fibroblasts surrounded by matrix having features as
described in Example 3, and was overlaid by a layer of stratified and differentiated

keratinocytes.
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Day 21 Average number of cells in each construct (n=3) 6.6 x 105 7.8 2.2
x 1059.6 2.5x 105 1.19 2.1x 105 10Besides endogenously produced

nglr{j}il%ﬁ%lggen, decorin and glycosaminoglycan were also#gﬁﬁg%(jﬂgmgm,

cell-matrix construct. Example 4: Full Thickness Skin Construct Formed
Using Chemically Defined Media WO 2007/092902PCT/US2007/061800
Using a 25 day dermal construct formed by human dermal fibroblasts
under chemically defined conditions similar to the method described in

a({;nQ'% 3, otmal humandseonatelipieskin epidernal ﬁﬁﬁ%‘ﬁ”%}{%ﬁé WelBon

seeded on the top surface of the cell- matrix construct to form the
Epidasmmal layer of the skin construct. 5The medium was aseptically
removed from the culture insert and its surrounds.

Cell-matrix constructs were formed using the same rwethod described in Example 1
replacing the human neonatal foreskin fibroblasts with human Achilles tendon fibroblasts
(HATF.). Following 21 days in production medium, samples were also submitted for H&E
staining and thickness determination using the procedure described in Example 1. The
resulting construct was visualized as a cell matnx tissue like construct with a thickness of

75.00 = 27.58 microns (u=2). Endogenously produced fibrillar collagen, decorin and

glycosaminoglvean were also present in the construct..

Example 6: In Vitro Formation Of A Collagenous Matrix By
Transfected Human Neonatal Foreskin Fibroblasts

Transfected human dermal fibroblasts were produced using the following procedure.
One vial of jJCRIP-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 flagks were fad a growth mediurn, and maintained in an incubator at
37+ 1°C with an atmosphere of 10 = 1% CO;. The growth medium consisted of: Dulbecco’s
modified Eagle’s medium (DMEM) (high glucose formulation, without L-glutamine,
BioWhittaker, Walkersville, MD) supplemented with 10% newborn calf serum (HyClone
Laboratories, Inc., Logan, Utah) and 4 mM L-glutamine (BioWhittaker, Walkersville, MD).
On the same day, 1 vial of human neonata] foreskin fibroblast (HDFB156) was also thawed
and plated at 1.5 x 10° cells/162 cm® flask (Corning Costar, Cambridge, MA). After three
days the JCRIP PDGF-43 viral prodacers were fed with fresh growth medium. The HDFB156
were fed with the above growth medium plus 8 pg/ml polybrene (Sigma, St. Louis, MO).
The next day the HDFB156’s cells were infected as follows. The spent medium from the

JCRIP PDGF-43 viral producers was collected and filtered through a (.45 micron filter. &
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Normal human epidermal keratinocytes were scaled up to passage 4 from

frozen subculture cell stock to confluence. Cells were then released from
wihasutasg,dishes using trypsinversene, pooled, centrifugegta fosnmaaeedoo

pellet, resuspended in epidermalization medium, counted and seeded on

top of the membrane at a density of 4.5 x 104 cells/cm2. The 10

constructs were then incubated for 90 minutes at 37 1C, 10% CO2 to

allow the keratinocytes to attach. After the incubation, the constructs were
uSHRAMsraRd inRRIdesmRliz aliommedivpen Thedapidemalipatiomatiediumsishen

composed of: a 3:1 base mixture of Dulbecco's Modified Eagle's Medium
plRMEMh{canraitingiaaugisoseartet Ealciaraiowainakepedium. The day

Walkersville, MD) and Hams F-12 medium (Quality Biologics = . 2
afBaiterSBUrerd Bame) feappidmehted SRt AigITBHroco s GRE/ 162 o

(Sigma St. Louis, MO), 1 x 104 nolamine (Fluka,. Ronkonlcon
Rk R O BT (TG R oL Sl M S v
insulin (Sigma, St.loul )i IFBRSISIHR (R0 satind QUISHMO)
a%r%ﬁgr t%bd%ﬁﬁ%ﬁn‘ge%i%ﬁf%a?%fg%%ﬂi[s, %% , 6.78 ng/ml ‘selenium »
ASAldrich) B4 digy mb-adenings(Rigmalaldiichuhine GhanigalsiGem penyrypsin-
Milwaukee, WI), 4 inM L- 20 glutamine (BioWhittalcer, Walkersville, MD),
vaR g/ m dcragiedrbate sodiumdalt (SignaAtdriticrineehempédls monolayer.

Company, Milwaukee, WI), 16 p.M linoleic acid (Sigma, St. Louis, MO ),
GuihrocopharoRACk Ry IGHEOSTAESHR, FIB SHt S‘fﬁ’rﬁdﬁlﬁﬁ?@ge?ft%i&}nsjjaﬂ

sulfate (Amersham, Arlington Heights. IL).,The, constryc Ulttired, ig
e e SR PSS 2 By 1 e YT ME A Mor
ays.the iumawas exchanged yy i‘%é&ﬁ?@ﬂ@?@%&%mm%a&a&wme
tg%ﬁaWOO glgg%ZQDZPCT/USZOO?/ 618110 returned to the incubator
SRkaL 466, dAaddb LMokl daysicAfltentid.Zedalys:. tiielbander collected by
containing the construct was aseptically transferred to new culturing trays

it fapéficiesttappechavigeic ﬁi@v@&ﬂfﬁji’(ﬂé\?@ijﬁﬁﬁw- thecserfacereRupended in
carrier membrane to maintain the developin consﬁruct at&he a{r-liqyid
g é g rsf s the cells w

rerradh IrdE A eTRABH PmERST it G BPthe B BT RY epidermalr fed
layer allows stratification,of the epjtheli 8 fluted 10 2
N R Gt
&%@Qgggﬁ.eé’?rﬁ()%&l%‘/%ﬁﬁ%?&v@@ﬂéd{ﬁhﬁ%dﬁt@ﬂhﬂ@l@%h@iﬁgﬂr&é}&ma@c&
of Dulbecco's modified Eagle's medium (DMEM) (containing no glucose

248 nocaleiu, BioWitist iSOy eiersyaitel.tB) Mdanishe cellsretithen frozen 1
(Quality Biologics, Gaithersburg, MD), supplemented with 0.4 ug/m1 10
my/droedrtisehe{Sigma, St. Louis, MO), 5 x 10 M ethanolamine (Flulca,

Ronkonkoma, NY), 5 x 10-4 M o-phospharyl-ethanolami '

Louis, AR 'h%/ﬁﬁ il %ﬁi”'ﬁ%ié‘%%?§ .r%géuies}‘,am%i, g ug%r%%%%@éﬁﬁms *
lama, St LoYiS,, PN IOV RIRGIES IgHRsH1Rts kol SnM@nsonatal

gx%%%%il%ggn?a%%%%ﬁa Aldrich Fine Chemicals Coméany), ;4.4

wgiod, agdeningy SigmaAlerich fingdEhegnicala Cohyariy), denmdd growth factor

L-glutamine (BioWhittaker, 15 Walkersville, MD), 2.65 ug/ml calcium

chitapiied Maliiitcit rbuteC Hiasteifelraayn i ik Frstniog &t qesrglieg, Bpve oo

Louis, MO), 1 p_M tocophcrol acetate (Sigma, St Louis,.MO),. 1.25:m

deriné esﬁ‘gﬁ@aeﬁm: L BRI O B RFEhdHe éﬁfio?‘u"&%%“km m@?"gg for the

igma,
Louis, MQ) and 50 .. gentamici f | ' ine for
PR NI ST e g T PRt etRing ©
triph AnWE re;submistes 40, 62rpnd 14-daysaftacdhe censiructivastifteghoss
to the air-liquid interface for hematoxylin and eosin processing as _
desehied in Bxampiatkdod@enmikrel gross appesaradcbidagey RAE3.0 microns
microscopy. The resulting construct consisted of a lower (dermal) layer
consisting of fibroblasts surrounded by matrix having features as

described in Example 3, and was overdaid by a layer of stratified and
differentiated
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25keratinocytes. Example 5: In Vitro Formation of a Collagenous Matrix
by Human Achilles Tendon Fibroblasts Cell-matrix constructs were

W{p{m@%%pg the same method described in Example | replacingstigss1800

human neonatal foreskin fibroblasts with human Achilles tendon

fibroblasts 5 (HATE). Following 21 days in production medium, samples
were also submitted for H&E staining and thickness determination using

the procedure described in Example 1. The resulting construct was
(svplizpdasmcel- matthnlicsug ble constiuciwith adhicienens aE#42:00+0 be
27.58 microns (n=2). Endogenously produced fibrillar collagen, decorin
Andghtasathifaghyoaghwe rbcalsafnestht mntine CoN&tpngctvhild daxashpley 6 of
In Vitro Formation Of A Collagenous Matrix By Transfected Human
NEPhatarrétedreribroblasts  Transfected human dermal fibroblasts
were produced using the following procedure. One vial of jCRIP-43

Batsletdeies guh B ERCE) vl produgers (Morgan. J, et al)

was thawed, an e cells were seeded at 2 x 106 cells/162 cm?2 flask

(Coming; asarohant-@mpeidgReMMA). sLhese dlasks WRISRAAGIMIB | using

medium, and maintained in an incubator at 37th I'C with an atmosphere of
Hithah %e@R{IBFHdagrodethvad doivnncconsi Siediaf. :Dlibecapisiadaaificdl! excision
Eagle's medium (DME1v1) (high glucose formulation, without L-glutamine,

Bsnhieratée on alidsr SHYE N Bicsup plish Sritedird 69 ML drilamethods
lone Laboratories, Inc., Lagan, Ut 1d.4 mM L-glytami

R SR R e L TP i

Dsonaialioreskin froh %%tc{@?ﬁ#!g% yaglsethaved.and plaed Mehe of

x 106 cells/162 cm2 flask (Coming tar, Cambridge, MA). After three
ways thevdidl RS brisuyirmkpredusesiae facwith-ArrsheiowthThe graf:
medium. The HDFB156 were fed with the above growth medium plus 8
angimirpplyemi¢Signia iStcl ouis; MOE). X hemisxvimjcthecDEBLSE st cach
cells were infected as follows. The spent medium from the 25 jCRIP

tisseeit andithy BRrSHTERT e dReHoTE e giftseet fiPaa gt DB Mg Tim
filter. 8 WO 2007/09 2PC14182007/0618 /ml palyb
an J%%%n{ig{‘\%%?% a? leas%%Qe P%ﬁml uﬁs Qﬁ{lgsgs. q?m%g%qg‘. Bc%xeerr?&%\%aﬁ%t a thf:

sﬂltere spent medium. pent medium was then place

&&iﬁ%%ﬂ%}eﬁ@v%ﬁ e Q&Hﬁé.h%%l\é\(%@ dedhd r&.%ﬁﬁ)ﬁﬁ%@ then fixed in

medium. The day after the HDF were passed from p5 to p6 and seeded at
ralehsityooff2d X0 Goealitt] 62icin2iask ((2aming CostalinCGambridgdes were
MA). Cells were passed as follows; spent medium was

processed for H&E staining according to procedure described in Example 1. Grafts were
able to integrate with the mouse skin, with minimal contraction noted. Within 14 days of
grafting, the mouse epidermis had migrated completely over the graft. Using the H&ER
stained samples, vessels were obvious within the graft at 14 days, and throughout the
experiment. By gross observation and by H&E stained samples, it was determined that the

graft persisted and remained healthy looking contained living cells, no gross matrix

abnormalities, etc.) throughout the length of the experiment.

Example 8 Use of Full Thickness Skin Construct as A Skin Graft
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5 aspirated off. The flasks were then rinsed with a phosphate buffered
saline to remove any residual newborn calf serum. Cells were released

W q@%gzg&sk by adding 5 mL trypsinversene to each flask apd, genil¥ae 1800
rocking to ensure complete coverage of the monolayer. Cultures were
returned to the incubator. As soon as the cells were released, 5 mL of
SBTI (Soybean Trypsin Inhibitor) was added to each flask and mixed with
the suspension to stop 10 the action of the trypsin-versene. The
cellTrymaiuR bBHSRERSIAN WRRKEMRVRELITONT 18, IasteANth EXER, derma
divided between sterile, conical centrifuge tubes. Cells were collected by
cendsibugatiofn el dppraemately806n100ax golafab Binuies. huihe eelifinocytes
were resuspended in the growth media for seeding at the density listed
apoind. e p ey stbreicdliv vwwarénfdle: freidhrgrbiesteim8tuskinTestructs were
following day the cells were harvested as above, and diluted to a 15

AR P orIiEal Besied IO T BT San RO A IFG PO SBTRE TGP aced
f B ith 109% dimethyl sulfoxide (DMS Si , St.
B R e o P S s o

ouis, ere rozen A4
Broductieneidhecollagenous matixfonthisexanplesiilize:ihesameoos), e
procedure as Examples 1 and 3, replacing the human neonatal foresidn
fibroblastsiwith:h iman-peerated:20 foresiivifibeblasisttansfarmed tays 7, 14
produce high levels of platelet derived growth factor (PDGF) as described
above 2shinb ey ywepegrke T foeré Eretaimingpastelrsnirid exhdb ovvesom diaymice.
18 post seeding. Samples were also_stained using the avidin-biotin

EHTRSS P6PYRE BrEsERELCsE fibFarbtms I NY Bkamfiarass Bisissurronnds

E3

WeleIRKeR 20991 2 Pl seed g (NI SIANIY A2 ABSCHRAA: comosus
Example f and exhibited a sinfilar cell-matrix gross 2bappe rance tothat

deseiReddn Eeramplads with anpasuEedihickness Qa0 RIS ple. The
(N=1). PDGF output of the transfected cells in the cell-matrix construct
wasmeasyredstopie 406 thgintixdolyirtiSAh tr buffedt the fdunatioandf theaion n
culture (18 days) while control output of PDGF was undetectable.

BxaAisle Yoo vhenRemare orseied As Rt snivraend-doeomratiure
%onsgu(ftg.é(vere eriapared according to the methods in Example 1 using

SSCriDg X . .
Uman dermar ibroblasts derived from neonate foreskin and were grafted

onto ful excisiogounds:greated.onaudeathy mis Mg, Miss. alggng gy ell o

grafted according to the methods described by Parentéau, et al. (
hedisRigsureppiandaieh issincorpgiaiag ReRIR G WRER SXAmDatabe craft
14, 28 and 56 days for signs of adherence to the wound bed, evidence of
fromyibuhescosractin dréas of grafiitessTangpte semvdecdhrakioylarizptisisted
color). The graft areas were photographed while intact on the mice A )
mfb&r FRCE B e S AR L RLRR I p6ht, WHiF e g aREn T elgerin

eir surrounds were.excised along . with a surrounding rim of murine skin
e A S S IR s R R
murine skin were preserved in each sample. The explained tissue
Ezanple $ WerdithefofixgtbarDI 3. Phosphaténbaff erea:110%  riaimalin and
fixation in methanol. Formalin fixed samples were processed for H&E
stainingraeesidnTg! tpeviricnss dessnped shlEsemgsiess. Gaftsvierdvhblavere
to H‘uti%grate v(\?/gh the mouse ski%, with minimal contraction noted. Within 14

| |

GESDFOFRTYCERE Mot ST PRSI Rl iR ted OBt GRS, fhduman

grafbcbising.fh ?eﬁea%é%%as@{ﬂ&ﬂcﬁﬂmygﬁﬁstya%mﬁgﬁ%%%igg S VAN, N . oea.

graft at 14 days, and throughout the 20 experim y gross observation

ant:by dyi¥k slaned sanmples lvagdetpmingd hatthems alnaesisiach was

and remained healthy looking contained living cells, no gross matrix
bhoherlitiesyuetoipthmolighoiad td tbagthsofdthelexpenisented in base media to a

63



16

15

20

25

Example 8: Use of Full Thickness Skin Construct as A Skin Graft
Bilayer skin constructs were prepared as described in Example 2 using

Wﬁgm%{;ggﬁﬂnal fibroblasts derived from neonate foresldn in ¢he geimahs1s00

layer and human keratinocytes derived from a different neonate foreskin in
the epidermal layer. The skin constructs were able to be manually peeled
from the membrane, handled without carrier support, and placed 5 onto

the graft site. The bilayer skin constructs were grafted onto full excision
weskdsereateshanathymie nuge mise acaaiding t0 Ahemetheds size, 24 mm
described by Parenteau, et al. (1996), the disclosure of which is
incorporated hereinrhindepointsifon taking shmpylesaensitgays ¥, x14)° 281s/TW
56, and5184 da)és post-graft. The graft areas were photographed while

(At iOn eibs/amice. Rheiaridresfraie apieiined onficethbineaeh mpdepbinthe sced

and the graft areas and their surrounds 10 were excised alo?ﬁj Wi}h_,a .
gle's Medium

G PGPt irirfe "ERin'td APRENS: the PARTIRAINECAtHbSH
ELRN e IaRNANG ARBANG B DM WERRIRRE AR REAR

e explained tissue sa were then fixe osphate
auftered 1% dormalin @aifiaian in-methanal:bermalipdixedsanmpesbinant
were processed for H&E staining according to procedure described in
Epiamplie drodBT Hegrafisinte@nated aihitbie:blogy tisskie Pathin Rugys. Hyug/ml
gross observation as well as by histological appearance. By H&E staining,
aksselsiopord Viguafzdebgroliny Intol thehd ealirfdemieHoke, tRatenkithimn 7Y),
days of grafting. The grafts remained healthy and persisted through the

ExpEriMe AR AR AR CEMre R o - UG an i AT FVGHEERN 5t

taini Ist f id hown for. the,_.
e e de S S0 S R B 0 VA A h o O AR g ima. S
t&ma%oweg“(g%ogyﬁg salerhwiﬁ@ﬂgn%%%amt%mlﬁﬂs Company,

(originated at Organogenesis, Inc Canton, MA) were used in the
priesiictionwha stomahgonstriet oficernearCaaflgent srliutasofdainan The
keratocytes were released from their culture substrates using
prypsineverséne Whenmelsadell, sdpbeadrt tmypsirs iphibiBMyHsusEcl omedivm
neutralize the tr;d/:gqsin-versene, the cell suspension was 25centrifuged, the

sl dtioteis Candearbne Y et S A YedtisfrRldd frpusEland, NY)
dia. 0,2007/092902PCPUS2007/06180 ' f 3X10
aE.:nneg sé?ﬁﬁgga?e ﬁ/\srll%\/lmpﬁumaa%%combm&ﬁ rﬁacg:rma? ovghct%ggg mpr%?ag?a 10t?§|;nol%gy

ere seeded onto ICron pore size, me

fissus coltwre-treated sranswells.in, e iy ataaepsits af 3o dMsone

cells/TW (6.6 x 105 cells/cm2). These cultures were maintained overnight
iRisegdimedinvdhe seed mediudwas ComRORedofianase AL MRS 1 x

of Dulbecco's Modified Eagle's Medium 5 (DMEM) and Hams F-12

NI il mi(Quity Bitlogles Gaitiersb Gig LMD, al. pedorh s Glutégax, St. Lous,
(Gibco BRL, Grand Island, NY) and additives: 5 ng/ml human recombinant
MSluerrard st FR (S Ire) Hopst M BIS edhHERIGH Y AR @ PiRiemaa N L outs,
0.4 jig/ml hydrocortisone (Sigma St. Louis,. MQO), 1 X 104 M ethanoglam]
RO RO TR, ST M B B mytSeth SRl P EeTg g, 0
R QURC M) RUHIRAIBSHIR (RI9MS: Rbmpany), 0.2 pg/ml Lproline (Sigma, St
Louis, MO), 0.1 ug/ml! glycine (Sigma, St. Louis, MQ) and 0.05% poly-ethylene giycol
(PEG) (Sigma, St. Louis, MO, cell culture grade).

The celis were maintained in an incubator at 37 % 1'C with an atmosphere of 10% *

1% CO; and fed fresh production medium every 2-3 days for 20 days (for a total of 21 days
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10 Louis, MO), 5 ug/m1 transferrin (Sigma, St. Louis, MO), 20 pM
triiodothyronine (Sigma, St. Louis, MO ), and 6.78 ng/ml selenium (Sigma
whpeh Eipe Chemicals Company, Milwaukee, WI). Followipgthis:tlees 1800
cultures were fed fresh production medium. The production medium was
composed of: a base 3:1 mixture of DMEM, Hams F-12 medium (Quality
Biologics Gaithersburg, MD), 4mM GlutaMAX (Gibco BAL., Grand Island,
NY) 15 and additives: 5 ng/ml Human Recombinant Epidermal growth
ifaatmi-tUpstate Bisfeehpalogy hakeiiaaid Y depSbrneniomn. Gal LS iBut 40
(Hyclone, Logan, Utah), 0.4 ug/m1 hydrocortisone (Sigma,St. Louis, MO),
lisrck@4n ghethramo |animes(Fdi kg, RonedrnkomariNdd ACSgraie), Eidekdously
o-phosphoryl-ethanolamine (Sigma, St. Lo_uis,?, 5 ug/m1 insulin (Sigma,
pepdrcsdisomien csljighml trspdterith ESTREISElY SRSV RS QO IRt In the cell-
triiodothyronine (Sigma, St. Louis, 20 MO), and 6.78 ng/ml selenium
Té%ﬁn ffich Fine Chemicals Co., Milwaukee, WI), 50 ng/ml L-ascorbic
BEAAVAKR D shsmical earpamne QA agimHyarolie (Sigma, St
Louis, MO), 0.1 mg/m1 glycine (Sigma, St. Louis,"MO) and 0.05%
ah:elrens:alyaohRE S(SiumaciidauissMO, cell culture grade).
The cells were maintained in an incubator at 37 1C with an atmosphere of
10% Boi% SoRiahifedifrésivipred jctipnamediltnzeveryndsi3 daySioma0MA)
days (for a total of 21 days in culture. After 21 days in culture, the

KeFattrdtbaiad dRpERIEAY ATHRERAPRIS 76t 2h R APMASOHSH ARt disated

}
) db i in E lel. | )
e B SR R o
LS MUhihe eal-MarX CORSIUC R Ex3PPIs, I MiFiireimatien af-Aum

Collagenous Matrix By Human Neonatal Foreskin Fibroblasts Seeded in
(Pradvotibizivigatiese forkiuiman, naonatal-foraskin fiBroblasis foRginatedial MD)
Organogenesis, Inc. Canton, MA) were seeded at 1 x 105 cells/0.4 micron

syppempaéeWith A0 Hiagvdren s rerom e banstbabesatiars e, diseovetrhyand

TRANSWELL(r), Costar Corp, Cambridge, MA) and grown in 10 growth
G R AT TSl o Bl e SO RBa B RS i a0

.medium high glucose formulatiop, without L-glutamine,
e Ul Ry B e h SRS el ovry
%rw@h&w&ﬁgnembgf@g@ﬁemﬁe 1R9AD AR ARt ARV LGIIRINRE dish,
(BioWhittaker, Walkersville, MD). The cells were maintained in an

ARG vipddasiati@y plotiwtibnaneatno sphe telofulie 1 ¥eititd Fhermeabimrwas? + 1
replaced every 15 two to three days. After 9 days in culture the medium
Wasthopiramespiremotht) culttereQlighd nbfissp lprsddoiithprdductisry 2-3 days for

medium. The cells were maintained in an incubator at 37 1 C with an

ZhiEEph BT @GR T PR LB HAYRIPHEL hrotRicHoh Tretitf BIEH) ks F-
. roducti IR W f. :
s R SR A
MY, 4raiVetalulahine: (SinceiBlakaforanshildsiandichid) ana-adeitive spstate
ng/ml human recombinant epidermal growth factor (Upstate
BisteohiamngielaReaRiaat )NY) 28newbdfrnsealhséiwivit]Vobgme, Utah), 0.4
Logan, Utah), 0.4 pg/m1 hydrocortisone (Sigma St. Louis, MO), 1 x 104 M
M RO PR TS PR RUIGAESTIROYIK BARBIYED NV <A G SN etleraiplaming Hiwge, Ronkonkoma,
hosphoryl-ethanglamine (Sigma, St. Louis,), 5 jig/m1 insu_lin’\%Sigma

%&Sﬁigﬁaﬁﬁb}, 5 Jft/r] trAHGIRRH (S SEe GRS MO | 20 pm HE/ insulin
(gél‘%grar?gﬁ% Iﬁ(}%ﬁé 1%1 §taflsSLf%l-Jnlg '(Mgon?d, @:ﬁldLg‘lZg 10[9{5?&& ge)k%q}%roﬂothyronine

mica 0.,
(Sigma, St. Louis, MO), and 6.78 ng/ml selentum {Sigma Aldrich Fime Chemicals Co.,
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WO 2007(092902PCT/US2007/061800 Milwaukee, WI), 50 ng/ml
L-ascorbic acid (WAKO Pure Chemical Company), 02 ug/m1 Lproline
W@%%r/‘)%ﬁﬁzl-oms’ MO), 0.1 jig/m1 glycine (Sigma, St. Louis, MO).and. . a0
0.05% polyethylene glycol (PEG) (Sigma, St. Louis, MO, cell culture
grade). Samples were taken at day 21 and fixed in formalin, then
embedded in paraffin. The 5 formalin fixed samples were embedded in
paraffin and 5 micrometer section were stained with hematoxylin-eosin
HERLAceRIding loshniques.foylingly ieebitdhe attcbeing &S sajnes -
s1|ges, meastirements were made at ten randomly picked microscopic
pliglds wtlizing ek, Byepieqs (Rly mpiscARerasstnt gudeliilipgd 0)05% poly-
loaded with a 10mm/100 micrometer reticle (Olympus America Inc.,
il eNY PEGER Gonstrotctbaredtsy cdingitisaméthod are 10similar in
structure and biochemical composition to those created with Example

and harelesEasHEn thitkneseadresn fores'diohE ettt ffffﬁl’- The
Vitro Formation of A Collagengus.Matrix by Pig.Dermal Fi lasts Pid.ain
B P GOTALES LT B e ot S lcined
sgeded. at o 108,Cel8/b62 cra IssyRiquiua tieneddaskiCastan GarpreE
%%rﬁ%ﬁ%%t}éﬁ\ﬁﬂkg%%t&g%%éj) and %&éirﬁogv&ﬁgin g%)%v@%th n*eiedium as el
desqribeebelovw: s endhaediusn eansisteddkdiibecopis fisbdifigiizing 2
Eagle's medium (DMEM) (high glucose formulation, without L-glutamine,
Bio EiriiedcefOWatke rsvitdcaiD), Sdpplbmbiteloainh iths ftareafitsaimpeter

(HyClone Laboratories, Inc., Logan, Utah) and 4 rriM L-glutarnine.
REOR R ER S AIPRIEB SGHINTEF. 1 o SRR metod e

incubator at 37 I'C with an afmosphere of 10% 19 '
TS HE & R A 8 By LU pe e S O B et ie o
had formsd a-Ragkedipyversatihe.hottom 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 rnonolayer and
FrenpispirdtetifroRetnetianel endagmes ey Fon? tHed S Bt ding

5 ml trypsin-versene glutamipe (BioWhittaker, Wallcersville,.MD) to

ok A ey GO B TR GBI nd vt ol i o a5

e mono
dltures were tetumed to dbe JAgHBARLAS AN AR R LI AVRESH 3150) and
%Iggésé% il é??@%l (So;sbean Ttypsinslnhibitor) was added to each flask

@%@m%g@%%ﬁaﬁxﬁ@ih FUSRPRSIBNR. STap tghevacteniahthesisied of; Dulbecco’s
trypsinversene. The suspension was removed from the flasks and evenly

ivicied bBtpieentstérite, COMEM céhifugfecsbeSrCelisione re EoTie cteglgmine,
centrifugation at approximately 800-1000 x 5 g for 5 gglnute Cells V\ﬁgirye(:}{)ﬂc

P Vidviisge o SHECaNEd YD CORRSArEEb R ERs L Tod S SERE

seeded ontg 0.4 micro re size i I $SS| d
PR s oA ) S0 MBS R S )
%Qg%&m%%recrﬁamﬁgé@ mainiaines.oNernighting seedmedism The seed o,
m

edium consisted of a base 3:1 mixture of DMEM, Hams F-12 medium

(Quality: Biolngics, 5aitbessbing dvie4mi GipsaMaRuaioctiBRLe cells had

formed a packed layer at the bottom of the tissue culiure flagk, 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 mi trypsin-versene ghitarnine (BioWhittaker, Walkergville, MD) to each flask

and gently rocking to ensure complete coverage of the monolayer. Cultures were returned to
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10 Grand Island, NY) and additives: 5 ng/ml human recombinant
epidermal growth factor (Upstate Biotechnology Lake Placid, NY), 0.4

W" W(}Q%@cortisone (Sigma St. Louis, MO), 1 x 104 M etharolaf e 1s00

Fluka, Ronkonkoma, NY ACS grade), 1 x 104 M

o-phosphorylethanolamine (Sigma, St. Louis,), 5 jig/m1 insulin (Sigma, St.
Louis, MO), 5 jig/m1 transferrin (Sigma, St. Louis, MO), 20 pM
triiodothyronine (Sigma, St. Louis, MO), and 6.78 15 ng/m1 selenium
{RigMaAdrish Fnecheminalscedilyaukess Yihy X AWM L RSCRMIRIG )
acid (WAKO Pure Chemical Company), 0.2 ng/m1L-proline (Sigma, St.
woig M @) pahdif:l ang/mitedlydineh¢SighaspBisibo tisstdd @) ddbencellsyverssin-
maintained in an incubator at 37 with an atmosphere of 10 1% CO2 and
TerefresH b GBSt HEY iFmosse Aom Shg dipsitorr gagy Thadefdutetionsterile,

medium was composed of: a base 3:1 mixture of DMEM, Hams F-12

R AN & o BN e CUEr NS oS AR B Al 000
BRL.G I NY itives: | h i 6
%E)r 5 ﬁ%?tgss%lﬂ wele)r%?g %99@%&%3 E%u%%{% E:Y ucgglg%é%gg{n 0%\?%"?{8 %‘.eﬂs/mi,

pidermal growth factor tate Biote ogy, cid,

DRWboI calh serumHysRNg.d- 088, Uiahdid A4/ My drearisanf s in a
(Sigma St. Louis, MO), 1 x 104 M ethanolarnine (Fluka, Ronkonkoma, NY

ACSel nade); d dek0d i 08 phisk phbsilsetisahol ahiriy(Sign &8¢ wotlisgipBined
jig/mlinsulin 25(Sigma, St. Louis, MO), 5 p.g/m1 transferrin (Sigma, St.
PG IVIO Y edorediiind ot fermecdisiy masised (6LADIO)! angeerg DMEM,

/ml_seleniym (Sigma Aldrich Fine Chemicals Co., Milwaukee, WI), 50
R CTACEHBIE G P ARGt R HGon KO AT, L OIS {1620 BRL.
i [ .ot ] , u ine.(Si eIl .
S B b et e W MR e
aradae Aftrichndays thednedia was, v replases Withorrede etiphmadiums, Mo),

without newborn calf serum. This media was fed fresh to the cells every
23104yl faha0lmone (s, fRoksokahaf RE days ipadeiiure. 10 VEampighoryl-
were taken at day 21 and fixed in formalin, then embedded in paraffin.
fhradbimiain(fiest-sainpglesiwere ¢givédaadinn SiatinSanbosimidiehneleps/ml
section were stained with hemaz?(?ﬁylin-eosin (H&E) according to

{BEHATER VTSt 040k Y 4 OGS (S Snbe e, nd 678
. t teq rand icked mi ic fiel ,
mEgUEmenisere ade aLion andonly Pighed PICIGRCOBIO TS wrnvi

) k &
Zing a epiece (Olympus America’lnc., Melvill

2H0RAPR misrameleersicle (QI¥mpys Amshica iemaMeVilles NYo» Thg o 1

sample exhibited a structure composed of cells and matrix with a
jeeasyrethdhnkness: Aok, 203). 91 ¢ ticreas. Beses engdopenausiy: 37+ 1°C
produced fibrillar collagen, decorin and glycosaminoglycan were also
prdsenttiGimittre celomaltlixorstilfet ExmptidRnlmadinmeoematiddayt dor 7
Bilayer Skin Construct Containing Cells of Dermal Papilla A cell-matrix

oS nhatEr oo My T th ey dh oSS EX arhpie 3t lusing e ghfeM e o F-12
Foreskin Fi robé}assas irst matrix rn?u ing. cell type. Z cell-matri
o S S E B Rl S AR RO MR prend
RARHIAHON WHICHWAS TS HERSeRdRd WILIGIAINGGIER. 23 AdIrdesl (pstate
population, to fon-n a continuous epidermal layer over the cell-matrix and
Medernapapila pRES, NY), 2% newborn calf serum (Hyclone, Logan, Utah), 0.4
ng/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10™" M ethanolamine (Fluka, Ronkonkoma,
NY ACS grade), | x 10® M co-phosphoryl-ethanolamine (Sigma, St. Lowis,), 5 pg/ml insulin

(Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine

67



10

15

20

First, a cell-matrix construct was formed using human dermal fibroblasts
(HDF) derived from neonatal foreskin. HDF were scaled up by seeding
W@%{%ﬁ%@& 105 cells/162 25cm2 tissue culture treated flasle.¢GRatan R R0
Cambridge, MA) in growth medium consisting WO
2007/092902PCT/US2007/061800 of: Dulbecco's Modified Eagle's
medium (DMEM) (high glucose formulation, without Lglutamine,
BioWhittaker, Walkersville, MD) supplemented with 10% newborn calf
(%?éﬁ{g,] @NELCO\@@,(MJ%Q lﬁ%oﬁgﬁﬁﬁ'%éleﬁi\ﬁn k@\%ﬁz@'gmﬂ anekAcniMicals Co.,
L-glutamine (BicWhittaker, Walkersville, MD). When confluent, HDF were
veleased, fron) theplale. Usib@ il YBRINW3 K er sane apaites0spendedUsiRg-] 1-
fresh medium to a concentration of 3.0 x 106 cells/ml, and seeded onto
Bodimiigmpdle lsize, MOnh!dighmédydiss (B autdierastedged§.05% poly-
(TRANSWELL(r), Coming Costar) in a six-well tray at a density of 3.0 X _
efdcre R EPED. B TO5 LM F Rl e vt B smArittai e R aryas
incubator at 37, 1C with.an atmosphere of 10.1% CO2 and fed fres
Lot R e B R e D e
letailed i Fxamplerd oo mAligs e selmalixcansiusiiad formed, it
was seeded with spots of dermal papillae cells as a second cell
populgiiapiebesmahpapitld-gel issacra i screia Paptiatienteflspeeializgtdn. The
fibroblasts surrounded by the hair bulb of hair follicles to play a support
Trorealin theeh apmgrewirerOembralipd bil brsadan e iSoltsepyinierotisseetinged
hair follicles and 15 cultured in vitro using the method previously

HES CABE R OSDHYEY) ACeST PR CHRIENEVGT BSITHAF Papind €8Ik Hont e
P'f%}g '%Qin'_e'g IEI!: e!;llci!{:teﬁes' Béfn‘éﬂils?errpea%)éﬁcl ! %3%8513%(%? 8496};%] nqi]cei'thgod 19:f telds
Wwhich 1S mcorpofateamfl{ereln. hen a culture of der alppapl la cells reac
wopfluencetheyfoun augreaatemihal can Rerenlated onauitwerllasksmte oo
reform new aggregates. Dermal papillae were isolated from a skin biopsy
rofotaineet frofrica(@lyvaek dld:20apig.. Oétisiftorvine idemmapipapiiai@BR)ucture
were serially cultured in DMEM containing 20% of NBCS until passage 8.
sarepdveictedlirrd matex thehrDpeeaned drsianat Herh?dl pApill aviirans. Besides

structures, or aggregates, that each had a diameter approximatel
S S e T B e R RDVAER B i s
SYiureplate by yigoreus pipetting of medium against them, and then
seeded onto the Human Collagenous Matrix at the density of 200

aggregates per cm2. The aggregates were cultured submerged for an
Bdditibnadl 18 vy S imDNE N 283 NBBE wirksisprent medium exchanged
with fresh medium every 2-3 days. The cell-matrix cultures containing

AP At LR REr &8 HAvere seeded with keratinocytes and cultured

to form g santiguale spidsmakiaver veLins celkmal

le ?1@91 tl’f’ﬁﬁ?ﬁn Neonatal
derma papilae. Two erent constructs were made: the firstwit uman

ketatineevissadhesesandwithpiakaratinosyesToumal £pidesMatally seeded

keratinocytes were isolated from human neonatal foreskin (REP), or from
iy keratifolcyted (RER)calirng explomnt citgrouithido esizbieh iprimaryeded with
cultures. These cells were then cultured and expanded until passage 3 for
JipratiRy EEans, ol lifmep assalgion ity o suivrivetrairy dsrbiBsut S tothe celi-

days in cylture, cells ,
matrix ané: ’Hle enna?papﬂ}a cells.

First, a cell-matrix construct was formed using human dermal fibroblasts (HDF)
derived from neonatal foreskin. HDF were scaled up by seeding them at 5 x 10° cells/162

cr” tissue culture treated flask (Costar Corp., Cambridge, MA) in growth medium consisting
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10 were then released from the culture dishes using trypsin-versene,
pooled, centrifuged to form a cell pellet, resuspended in epidermalization
wiedium,founted and seeded on top of the membrane at a,density,0f koo

x 104 cells/cm’ for REP cells, or 1.6 x 105 cells/cm2 for PEP cells.
Epidermalized cultures were cultured for 12 days as previously described
in Example 15Final samples were submitted for hematoxylin and eosin
processing for light microscopy. The resulting skin constructs exhibited the

Q@SMQJ&PQMLEQL@@%@%%%ME%E%% Cgﬁﬁ%&@@k&%@faﬁ&?%ﬁﬁgt L-

of fibroblasts surrounded by endogenously produced matrix, including
endegen sty preticerhiibiflansoltag ety egerinianthglyeo sawibeolygairum
localized areas of dermal papilla cells and a continuous, stratified layer 20
OfeRatiiytites bdrosbitle Gull-egrix Corsteudtdamdlithectidemiat (B pilémttaker,
In both tissue constructs overlaid with either human or p 0% keratinocytes,

tHalkrerriis pdbina bsHtamTEY sty SRR avetpuraisrecth SOTR eéaagwwg trypsin-

undulatlo s of the erlaid gpithelium. D|fferent|ate eprttf
R LA s B AT AL CoTe ER R Ao S UL g, and

feilMeasurementhy Sapdwich E%'%@M%PQ{&Q&'Q&H@ WeSted inserts

measured in cell-matrix constructs formed by dermal WO
2000/B92802P CTiiH2 0044061 800: fibsn blasks dmaamrmrcantainm@lls/insert (6.6
medium and chemically defined medium according to the methods of
EXémplgcnand B)Fespectivelyre maDelhadatnixeonsivacts weéfe foifl@dvith an
circular 75 mm diameter carriers incorporating a porous membrane
trRANSWE L] O | BdringddeddipsErtedetsdeonediver calirmatei Bays for 23 days
constructs were prepared b addln 10 mL ammonium acetate buffer and

° protert il 19 ltdbe containing a cell-matrix construct.

T 6 S PR 8,60 e A A SOMAIAN 8L o derma
digestion, ‘the mixture was spun down an the supern ANt extract was

pransierad 10 2 separate whadanhyalienic.aaid asgay. A AecwelbBlaigion of
was coated with 50pL of 20 itg/mL HA binding protein in 0.1 M NaHCO3
sekitibredfickddastosedoovérhighttat4C bheDiate fasislthen pirgshegibresle in
times with 0.85% NaCl containing 0.05% Tween 20. To each well was

thre fadd geel 250 Destal ki 13p | atib i Serditath phosiskabesbrifer halo flkrdes and

H = 7.4 containing,3% BSA and 0.9% NaC1, PBS + 3% BSO()Xtand the

E Ipeeh B e HS R P & IS5 PEHOFReISISIR LY s iRahad thids fitee of
BURA SN CROtRIRING. Aaior IR B0: T O AIR(e ARIEN1954), e

added 50 ut of standard HA solutions 15 and extracts from bo

expednerakaoR dilnsrinelusingnvanaus dilvtians of thesgcansitionss reach
The plate was incubated at room temperature (about 20C) for 2 hours.
Fhdyskoe theys fien sgasiieidstihee dimés wikrBB 5% NHEY Sesktaittingform new
0.05% Twecn 20 and to each well was added 50 ML of biotinylated HA

%%g%tﬁsdrlﬁﬁﬁﬁil ARy ?ﬁ“’c&?ﬁgf‘éﬁl Rt S EPR ShiABRIpEr Rt dre el old

W, sh thr s.with O. 0.05%
%‘% g@% gth%n adaepél to eac wer S\?fﬁ%&“%ﬁ fﬁg@% taﬁmg g&/" of
1E3QQR iy er%% g hemladenas ttteﬁrtrteutt@tespfeeﬁ@mmae&m illa-like

temperature. The plate was then washed three times with 0.85% NaC
gontaising BefEdaityeenc20: andlddieachrwaltawas:atdedwWdR0 @i af 210 microns.
ortho-phenylenediamine substrate solution. The plate was incubated at
Brogarcrminte o FenwsetEm ke YeEp SirsyPadigsOPIBEIME of madivm

HC1. Finally, uysing a
a_gg:mst t‘gt yng lhe% se@da de onto the Human Collagenous Matrix at the density of 200
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25reader, the absorbance was read at 492 nrn and recorded. WO
2007/1)92902PCT/US2007/061800 Absorbance measurements were

wavsiagsesand converted to quantity measures. Circular cellspgit%oaos1800
constructs (75 mm diameter) formed in a serum containing media were

determined to each contain about 200ug hyaluronic acid while those
formed in chemically defined medium each contained about 1.5 mg
hyaluronic acid. 5Example 14: Physical Testing and Mechanical

Riepertiesotihe GallaMabeCopstiatRIOMMERd 1k TRERARIGA] days in
properties of the tissue constructs of Example 1 (cell-matrix construct),
IBMENM Pl 2N Bl midirixeoonstiunt wiflhackrdtinbeyienddien therepn)iand
Example 3 (cell-matrix construct formed in defined medium) were
quantifedepy-midirraiech famerin0dusw, mndle adistdhareosimigr weded with

assays used clinically (e,g. Dermaflex0, Cyberderm Inc., Media, PA, and

TR tE 6 COLTAEL 'Rz K S REBHS e ESERHARYY ST Vofed- e od the
AUl ﬁlé@.c‘%\9&”&&&%&?8&%@8&%&%rﬁé:tﬂf)e ﬁ%&%ﬁfﬁ‘%& &SRS, tho
cell-ma dg ? r ]b

rix construct was laid flat on a polycarbonate block centere er

BcewinAtical el 10:py0in dizmetes dlles Mith- ket onc Saling A-PRetAknan
plate with a circular hole corresponding to the 15 diameter of the
eylindticateskal WEPplasetovearithecsaimpliganttEmped tectheblackchtie o
samples were then inflated by infusing additional saline into the well with a

sipHderpmty. THE Yo stiftsy SHessurciivas wad arérmpdadpradiserage 3 for

ransducer. Pressurization was carried out untjl device failyre, the burst
BRI R A AEd A R IBE AT ol thePREn et ARG GRE: ol

{ ; ; t |
e e g e & B
amethpdiaf Rxample2 angdidbddiZ2emmddaiordiasamplescrll-oatsX of me
construct formed in defined medium 9enerated according to the method of
riexaimpled8 s densityT of deferriineclhéntcimEERM etiingopdintofthestigemafor PEP
matrix, samples (cell-matrix construct), taken at 21 days were pregared

S¥ndpiteeatire! FRLEB StPinh & & 2 PR 25 S5 die flofixample

emperature was determined by analysis with Mettler Toledo (Highston,
WO 2007/092902PCT/US2007/061800

Final samples were submitted for hematoxylin and eosin processing for light
microscopy. The resulting skin construcis exhibited the basic morphological organization
similar to skin: a dermal layer consisting of fibroblasts surrounded by endogenocusly
vroduced matrix, including endogencusly produced fibrillar collagen, decorin and
glycosaminoglycan, localized areas of dermal papilla celis and a continuous, stratified layer
of keratinocytes across the cell-matrix construct and the dermal papillae. In both tissue
constructs overlaid with either buman or pig keratinocyies, the dermal papilla maintained a
packed structure that induced small undulations of the overlaid epithelium. Differentiated

epithelial cells are often present close to the dermal papilla cells.

Example 13: Hyaluronic Acid Measurement by Sandwich ELISA

Hyabaronic acid (F{A) was measured in cell-matrix constructs formed by dermal
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NJ) differential scanning calorimeter (DSC product #DSC12E). For our
purposes, the melting temperature was determined by heating the sample

wdlomAe:apd 80 C at a rate of 1 C/minute. The average dengaturatinn’/os1s06
temperature for the samples is 60.8 1.2C (n=3). The suture retention and

pull strength of the epidermalized matrix created using the 5 procedures

in Examples 1 (cell-matrix construct) and 3 (cell-matrix construct formed in
defined medium) were measured to determine the suturability of the
fagoskiuctinseesadnclinioal sidlations: Sutukenetestinn sicengihaiiin2lo the
day old human dermal matrix was determined using method described in
mahedcaiFiaideal etdddesstscpudiiication for Vascular Graft Prosthesis
(Instruments, 1986) using a Mini-Bionex 858 test system (MTS systems

10Cofpor < RAMHEHOIE formRd)on ciggptid SahdRBE S BRI pIeFPorating
(cell-matrix constr ile strength.was.determined,to be 365 N/m: .
itk e AL S st

&%&aﬂz@m@e'%ﬁaﬁ&ﬂ%steyﬁtﬁgstwmh WASAEA0 Nifke buster THE FAULS/mL

retention strength for samples prepared according to Example | was 0.1
ointes ihase prepasedagetnging lorxanpleidic. Z2Nwixturd #@s incubated at
constructs created as described in Examples 1, 2 and 3 have been made

Gh Botiveaurgkh addiFsormaleiam efefieeTifa.clmsmigsaniaiesbyitiiewn and the
culturing techniques of all 3 methods are cohesive tissue-like structures

YSTBHEN BRI TR bR R IR AP RIREE Prifagsay. A D6-well
"neelable”, and.able t hysi led and '
ptﬁ%?wa%is f%atc?d“w;% %8 5&1‘3 BSp d&%&?ﬂ%ﬂ%%gne é'?‘)rtieg{?ﬁmﬁgﬁé%r .Hﬁgt]%%%nd

esting without mage occurring. ormai ono

&pllagrnous Matdx ByHumandNeanatahfosgskinkiablastsdnact containing

Chemically Defined Medium Human neonatal foreskin fibroblasts

wisfe Expantiedlusing thal precddundddé 366ipechinckxgnoplach. (dllswybraphate
then resuspended to a concentration of 3 x 106 cells/ml, and seeded 250n

wilra Hievsplpeie sizk couammediznieier wsshidedlifrb Héared hembrang the
AeTe a8k WRARVIRO2ROZRE TR REDRTIIRAIA, times with 0.85% Nac
containing 0.05% Tween 20. To the plate was then added 50 pL of standard HA solutions
aﬁd exiracis from both experimental conditions, inclhuding various dilntions of these
conditions. The plate was incubated at room teraperature (about 20°C) for 2 hours. The plate
was then washed three times with 0.85% NaCl containing 0.05% Tween 20 and to each well
was added 50 pL of biotinylated HA (1:2000 dilution) and then incubated for 2 hours at room
temperature. The plate was then washed three times with 0.85% NaCl containing 0.05%
Tween 20 and then added to each well was 50 pL of HRP-avidin D (1:3000 dilution). The
plate was then incubated for 45 minutes at room temperature. The plate was then washed
three times with 0.85% NaCl containing 0.05% Tween 20 and 1o each well was added 100 pL.
of ortho-phenyienediamine substrate solution. The plate was incubated at 37°C for 10
minutes. The reaction was stopped by addition of 50 pL of 1M HCL Finally, using a plaie

reader, the absorbance was read at 492 nm and recorded.
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well tray at a density of 3.0 x 106 cells/TW (6.6 x 105 cells/cm2). Cells in
this example were cultured in chemically defined medium throughout.

ng%m@ggbgn contained: a base 3:1 mixture of DMEM, Hamgdpd2:mediysa.
(Quality Biologics, Gaithersburg, MD), 4 mM GlutaMAX (Gibco BRL,

Grand Island, NY) and 5 additives: 5 ng/ml human recombinant epidermal
growth factor (Upstate Biotechnology, Lake Placid, NY), 1 x 104 M
ethanolamine (Fluka, Ronkonkoma, NY cat. #02400 ACS grade), | x 104

M o-phespbaiyd-elbanaainedigmarstd LayiscdM@h-a ng/mbransiRadives.
(Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO),
@ncBr 28 hglrnl:setesiues (Sigrma dddrich)Emed e micals: CarRjpamy media were
Milwaukee, WI), 50 ng/ml L-ascorbic 10acid (WAKO Chemicals USA, Inc),
fé?zeﬂay?ﬁﬂ 1 f@%@farﬁ@us{lﬂ%a@%yuoaflﬂgﬂ% GhyesrieTsiyinhgpically
é_gi 5, v %) ac] To thce b% ?qgjumhab ve, othe components were

GG TR L P AR ToR G tions® yauronic Hfig/m1 insulin (Sigma, St.

Louis, MO), 0. 4J|g/m1 hydrocortisone (Sigma, St. 15Louis, MO), 0.05%

Polyrathylens ghyrobdRi @a(EighaicatPlptiedMOhe?. 5 jig/m1 insulin
(Sigma, St. Louis, MO), 0.4 ug/m1 hydrocortisone (Sigma, St. Louis, MO).

GelB Mt/ dninsdlifrd@igmha, St. Louis, MO), 6 jig/m1 hydrocortisone
(Sigma, St. Louis, MO). ZOSamEIes were formalin fixed and processed for

hemo%&é‘ylfﬁeéli‘i’d‘%s HSEfhg Yhﬁgﬂisﬁﬁ crOREEE a?f%l?é@p\lﬁsba fcell-matrix
hlstolo I eva ﬁs de }99{%5 ttpe %Ondltl qn 2 |%Ck|0 d%é e
Harnon raie%pa para y Simitar ma rix'as fion T conet |ng {chs
Bipahemicalanalsismeash i leclagen Goenkaldns CRRIHHR! inflation
showed nearly the same amount of collagen in both: 168.7 7.98 ug/em?2
farsCangditanst withiRHG assomparedcdnibty 0:48 thégom@ferderm Inc.,

Condition 2 without PEG. Condition 3 containing high levels of WO
Medz/092002PCTIuEoth Hosegehazaka, Cologne, Germany) but mvolve higher

pressures including pressures able to burst the membrane. The sample cell-matrix construct
was laid flat on a polycarbonate block centered over a cylindrical well 10 mm in diameter
filled with normotonic saline. A metal plate with a circular hole corresponding to the
diameter of the cylindrical well was placed over the sample and ¢lamped to the block. The
samples were then inflated by infusing additional saline into the well with a syringe pump.
The resulting pressure was measured with a pressure transducer. Pressurization was carried
out until device failure, the burst strength, which averaged at 439.02 mm Hg for the cell-
matrix construct generated by the method of Example 1; 998.52 mm Hg for the samples of
the cell-mairix construct with 2 keratinocyte layer generated by the method of Example 2;
and, 1542.26 mm Hg for the samples cell-matrix construct formed in defined medium
generated according to the method of Exarnple 3.

To determine the thermal melting point of the dermal mairix, samples (cell-matrix
construct), taken at 21 days were prepared using procedure described in Example 1. The

samples denaturation temperature was determined by analysis with Mettler Toledo (Highston,
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insulin and hydrocortisone showed a higher expression of matrix,
including collagen, at a timepoint earlier than the other two conditions.

ng@%g,ﬁﬁdogenously produced fibrillar collagen, decorin agg/:sze07/061860

glycosaminoglycan were also present in the cell-matrix constructs in all
Conditions. The cultured dermal construct formed by the method of
Condition 2 of this 5 Example is shown in Figure 2. Shown in Figure 2 is a
photomicrograph of a fixed, paraffin embedded, hematoxylin and eosin
stpinessasliofafanselMalibeeQnSUsitan et Sommultur iU mMRPoses, the
dermal fibroblasts in chemically defined medium at 21 days. The porous
métnpramec=appe arss astarthinedranstutenttband e bywnthe sorrtittanddit of 1
can be seen that the cells grow on the surface of the membrane and do
Horemve|dpe indntsgiendiatantempraiee for Withiamaieis 00.8Ridure §v=3).
shows transmission electron microscope (TEM) images of two

E
magnifika i SFERit éacaRHndIesthsthice R?ﬁé?@ﬂ%%é‘ﬁ?&%’&tﬁ using the
ggc%gltl.-on% %f his EX?‘Z{]F%&?.I%&%% c%ggsr?gxgég%g ?'Aécl gmég%q Z:(ons‘hggi formed in

cs% xai.'m&ﬂas
agnitiCation’showing alignmen enous collagen fibers beétween

HREMBRRIASES. Flatg.38 4530 300X agnilicAtianOTJtihe TO5Beek: in certain

15endogenous collagen fibers demonstrating fibril arrangement and
pagkingimationt) dElGenddensofthigiExample; the cultuteddesmal matrix was
constructs formed comprise dermal fibroblasts and endogenously

prstueed wingrmehd Higvahalyufdrmestdadalieal fitsldaidspabkedion for Vascular
organization arranged between the cells. Their fibrous qualities, thickness,

Gt JoR¥RIE TSGR Yive tHE) coimeett tiebhiasrdbi SiteRgimtd aicutions

E) befgeel l}{ remqughzo om the culture membrane and handled as it is
OrpOELtion, eapolis T, . .
fransterred to a patieht to be treated with the construct, as in a graft or

implantyExamnpie,bé: FUlxERiokNeS&SKilERNSIEhct), hdJRIRAAZEMBY was
dermal construct formed by human dermal fibroblasts under chemically
defimek¢onditohsS atidor ditg ortiies npethod ofcGotidigion 2Z:auithodt REG)atrix
25described in Example 15, above, normal human neonatal foreskin
Btk e AaiHBOgES 10, ST071082988C TS 2007061800 were

seedeg on the top surface of the cell-matrix construct to form the

opilon R TG S S SR BT PP PRB LA o Gee s, s 014
femevRddiomihe Lulluer,neet Apd issirzpunds. Normal human

epidermal keratinocytes were scaled up to passage 4 from frozen _‘
subcultys@onstructs created as deseribed in Examples 1, 2 and 3 have been made in both 24
mm and 75 mm diameters. The constructs made by the culturing techniques of all 3 methods
are cohesive tissue-like structures are easily peeled form the membrane with minimal force,

hence “peelable”, and able to be physically handled and manipulated for use and testing

without damage occurring.

Example 15 In Vitro Formation of a Collagenous Matrix By Human Neonatal Foreslin
Fibrobiasts in Chemically Deﬁnéd Medium

Hurpan 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-
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5 cell stock to confluence. Cells were then released from the culture
dishes using trypsinversene, pooled, centrifuged to form a cell pellet,

wéesdshenged in epidermalization medium, counted and seedatkgtitopatoen

the membrane at a density of 4.5 x 104 cells/cm2. The constructs were
then incubated for 90 minutes at 37 th 1C, 10% CO2 to allow the
keratinocytes to attach. After the incubation, the constructs were
submerged in 10 epidermalization medium. The epidermalization medium
JSICOMResee.el a8 b hase ixtove @fdRulbesar/siipdifige ik agiecsample were
Medium (DMEM) (containing no glucose and no calcium, BioWhittaker,
AWatke isvitlenibAD) drfided anmbui: Igengddiim (Quality Biologics

Gaithersburg, MD), supplemented with 0.4 ug/m1 hydrocortisone (Sigma
St. Lothe, @y reatiedadimgnolariiie s eiied Eio ARBIKO I far ki ( Guality

10-4 M o-phosphoryl-ethanolami [ »k 15 L quis, MQ). 5 ug/
UG G PR OIS, TS SR Bl (it T o
.pM friio yronine (Si t.. L.oui '’ / Ny

e A e R AR Coamy. =

1viwalkae W) 1 4cmbt gl utminen (B Quvinitialeakkeiker sville ViR 480 ACS

jig/ml L-ascorbate sodium salt (Sigma Aldrich Fine Chemicals Company,

dditeja ke &) VWL o-Hifosibblinietéim deidiSiGiaas.Sti. LLeuis, ROMO Hg/mbivnsferrin

tocopherol Acetate (Sigma, St. Louis, MO) and 50 ug/m1 gentamicin

(Sigfere{AFrishER). ARialioHiPsgINening (Sigmey. §r3t¢@)vfé}% 6.78 ng/ml

cultured in the epidermalization medium for 2 days at 37 1C, 10 ééo/ )
i]g—r;hscorb;c

selesm (STER 9 i GBI DR AR GRER Suith e Shist

co 535 abo ndreturned to the incubatar setat 3¢ 1G9 498, o/
Bélgg%%r ﬁf?ﬁa\f{iﬁﬁé %‘des% ﬂ%gmcarré{a?l S%O#taihﬁ?g the construct g
Masaseplicady transtarsed to new culturing trays with sufficient media to
achieve a fluid level just to the surface of the carrier membrane to

maintdin the beuelopitigrcanstrecbhtthevajrohiguid interfadd:dT e tigse separate
contacting the top surface of the forming epidermal layer allows
serliifienition of the epithelial layer. The constructs were incubated at 37

1'C, 10% CO2, and low humidity, in media with media changes every. 2-3

5 daydfor PRy FiEN r‘(ﬁ%’/c%ﬁ‘fgmlg@a)a égl %(%ﬁfgl%f’ fgu %n(?cgégma’ 8t
modified Eagle' i M containi 0 n lcium,
BioWhitta Oél%wgﬁjcﬁe%% %%QXA%M%]%r%g i -Ig mgglsgér%%él?a%?ﬁ%igiggics,
Gaithgrshurg, YR, 54 3@%%&5?@@@%@3 )i 9/m L IVEIQCesiseReESiama, St.
St. Louis, MO), 5 x 10- ethanolamine (Fluka, Ronkonkoma, NY), 5 x
10-4 M oiphasphoryl-ethanolamine (Sigma, St. Louis, MO), 5 pg/m1

insulin (Sigma, St. 10 Louis, MO), 5 jig/m1 transferrin (Sigma, St. Louis,
MO), 20 pM wriiodotivyitanifet8idind o8k, DéUis MO o7 Srogiritae éhigm, St
(Sigma Aldrich Fine Chemicals Company), 24.4 mg/rril adenine (Sigma

Aldrich FiraisAélicals Company), 4 mM L-glutamine (BioWhittalcer,

Walkersville, MD), 2.65 jig/m1 calcium chlgride.(Mallincjcrod s
Cheste?HE; Wﬁsﬁ%ﬂﬁm bR L BRI s einins o

%ﬁpﬁb&@%%ﬁﬁ%Q [e12AF I SN ﬁaM%uéﬁ&? ada ML BRI (RI9M0Adition 2
. Louis, ), 0.64 rriM choline chloride (Sigma, St. Louis, MO) and 50
Ldafargentamicinrswiaie. tAmesshamnibrlingian Hehidntn). [ Theriiy s,
were fed every 2- 3 days, for 14 days. Samples, in triplicate, were
Bigoheitted 103193 mechutib gty sditgetitentn stribietopmsuiftctowethecarly the same
air-liquid interface for hematox-ylin and gosin processing as described in
EavnE cabeeadrdenmiipe ‘grosSSaanr didetfiden RghthmEidgespyparsd
The resulting congtruct was a bilayer skin construct consisted of ahlohwler ' of
e AR B P8 mesmsidtinG Bt Tar iBroblasts SISy BYRARX S =Ves ©
overlaid by an upper epidermal layer of stratified and differentiated
keratinocytes. The bilayer skin constrygt of this Example is shown in

Figure 4. Figure 4 is a photomicrograph of a fixed, paraffin embedded,
hematoxylin and eosin stained section of a 25cultured skin construct

formed in chemically defined media in the absence of exogenous
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matrix components comprising a cell-matrix construct formed from
cultured human dermal fibroblasts in chemically defined medium with a

- EUM%@F differentiated epidermis formed from cultured §{RaBq07/661800

eratinocytes in chemically defined medium. Example 17: Formation of a
Collagenous Matrix by Human Buccal Fibroblasts 5 The purpose 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
iRMEMRoNBIRIngEY RS MRdiira: Mt seys:to exanahelagen, at 2
number of cells further, buccal cells were harvested and passaged into

imiepoTnl S0H#ashe: abel (llxr 196 celiiiin:BM Escentaidiperd0Y MBES:d fibrillar
medium and cultured until confluence at which time the cells were
cpUpRpveisregn and Fydarpaseleraipse oo mediim WascHspitteePronrihia all
culture flask. To rinse the monolayer, sterile-filtered phosphate buffered

QR as SR PEB S OFEREH B e HasK ARG RerPaSHfad P’ s
he flasks..Cell | . fl '
£ R R e b R

A gRRtYLeeKINGL 3ri0 KSR SMRIRIS. CaveragaRithemanRiaweted from
Cultures were returned to the incubator. As soon as the cells were

diéteaddd:bamldof:SB Tib(Boybearcirypsiiy litiibitd rhwasiad ddddiy e aGhdlpskous
and mixed with the suspension to stop the action of the uypsin-versene.

TebERIP SURPEN S Gritifasars SR BRRO AT ITE tha sRESHRR Beh Graibfdea that the
between sterile, conical centrifuge tubes. Cells were collected b

“ER G 0GP AL HBEH STy B0 FBRGS 5P 9 T e e s arene
\{;ﬁﬁﬁﬁg@ed using fresh medium to a concentration of 3.0 x 106 cells/ml,
and seeded onto 0.4 micron pore size, 24 mm diameter tissue culture

treategijnserts (RANSMAnbis(n Corninen Castancipa SiKRvel tkeed aof two
density of 3.0 x 106 cells/insert (6.6 x 105 cells/cm2). The cells were
mginfaiiedsivanlrchdtorat@7stic Witheh atrilospitbed 26 Of@iog of this
CO2 and fed medium containing: a base 3:1 mixture of DMEM, Hams

Fexepap v by A0 GABE Bib 16 §id S0 Eartreh disatiyn iy oe diiere it ppdogenous
ib RL, Grand Island. NY d addlifi Ny | h ' t
c%%%%g 13’ be ra%%fl 1&?6%% la%atap%%aé gﬁ %e?s I&)é@é%&g?%c%%ﬁgﬁ %ﬁiir}%rr%ned

b
epiaermal growth factor (Upstate nology,

PATRLNUACOHISHIR CHEHRRaB RIS MOkt A fabligEhanolamine
(Fluka, Ronkonkoma, NY cat. #02400 ACS grade), 1 x 10-4 M o-

In all Conditions of this Example, the cultured dermal constructs formed comprise
dermal fibrobiasts and endogenously produced matrix. All have fully formed collagen fibrils
in packed organization arranged beiween the cells. Their fibrous qualities, thickness, and
cohesive integrity give the construct considerable strength {6 allow it to be peelably removed
from th_e culture membrane and handled as it is transferred to a patient to be treated with the

construct, as in a graft or impiant.

Example 16: Full Thickness Skin Construct
Using a 21 day dermal construct formed by human dermal fibroblasts under
chemically defined conditions according to the method of Condition 2 (without PEG)

described in Example 15, above, normal human neonatal foreskin epidermal keratinocytes
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5 phosphoryl-ethanolamine (Sigma, St. Louis, MO), 5 1.1g/m1 insulin
(Sigma, St. Louis, MO), 5 jig/m1 transferrin (Sigma, St. Louis, MO), 20 pM
wiliggathyeanine (Sigma, St. Louis, MO), and 6.78 ng/ml selgpigir 4R akoo
Aldrich Fine Chemicals Company, Milwaukee, WI), 50 ng/ml L-ascorbic
acid (WAKO Chemicals USA, Inc.), 0.2 jig/ml L-proline (Sigma, St. Louis,
MO), 0.1 jig/m1 glycine (Sigma, St Louis, MO) and 0.05% poly-ethylene
glycol (PEG) 10(Sigma, St. Louis, MO). At day 1 post seeding,
«+Hedivmwvasdepacadwith Serm:iae RiedustionMedic.axchanesd: of te
every 2-3 days for 21 days. At day 21, samples were fixed in formalin for
sihistelegy:iThree samples were used for protein and collagen production
analysis Collagen production for 24 mm diameter constructs averaged
519 1 pemoonstructsl Bseftispl] dapsdh Soitutbe Totakproteih Prb A clBFPTas.
24 mm diameter constructs averaged 210 jig per construct after 21 days in

Neumek BUmRs BRORBLARA A BECEAtibTTag Kehesinatix BoRstiore gubcultre

cultured tissue construct of oral connective tissu shqwed buccal . .
- . WIS Rine trypsin-
C?FEI%%'] sti)scé}li}rr%%lﬁ%’eg%;ss ma ?I;{E\?V |§66 e)fss?ér%rﬁ he Constiuct had s wypsi

v%é@??&) &H&l,( @éﬂ%ﬁﬁg %Yf;‘ogg gé&f@)@lﬁt} %slﬁ@n@@! |i%ﬁéf&ﬁﬁ:§{{ MChnedium,

Promotes Angiogeneésis This section demonstrates that a fibroblast-based
cGell-matix sensirustis capableahindiicing endathelializatiortaneis/cm®.  The
neovascularization. Providing such a biologically active material has been
colpsenie dvidniiacemetmiedpitiaBp formetioreadd reduce 1Harmfhatioriiiythdhe
25wound bed of patients with diabetic foot ulcers. The angiogenic

kprsientites oPcelitivhtrix ebhstifctiarertuscribe S HEIBILSTRca Higrereed in

range of techniques ingluding the rat.aortic_rin .assz;%, Slgdﬁé?_ltg)ﬂ%ase rischure

RSB IM BT W0 IREI RS ARG OSSR S FITSEREATE Reart nesle;
oF ARHYS!Y WOERRARIANS SUREA WA A8 RIMAR AdUAl VPR,

angiogenesis as well as the overall process. 5The fibronectin present in

Hhevaxinase lvlardmatnix Mso hasshesrFshometiiansiDulatesiologics Gaithersburg,
MD), supplemented with 0.4 ug/ml hydrocortisone (Sigma 8t. Louis, MO), 1 x 10 M
ethanolamine (Fluka, Ronkonkoma, NY), 1 x 10™* M o-phosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 pg/ml insuiin (Sigma, St. Louis, MO), 5 pug/ml transferrin (Sigma, St. Louis,
MO), 20 pM tritodothyronine (Sigma, St. Louis, MO), 6.78 ng/ml selenium (Aldrich), 24.4
ug/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-
glutemine (BioWhittaker, Walkersville, MD), 50 pg/m] L-ascorbate sodium salt (Sigma
Aldrich Fine Chemicals Company, Milwaukee, WI), 16 uM linoleic acid {(Sigma, St. Louis,
MO ), 1 uM tocopherol Acetate (Sigma, St. Louis, MO) and 50 pg/ml gentamicin sulfate
(Amersham, Arlington Heights, IL). The constructs were cultured in the epidermalization
medium for 2 days at 37+ 1°C, 10 % 1% CO,.

After 2 days the medium was exchanged with fresh medium composed as above, and

returned to the incubator set at 37+ 1°C, 10 % 1% CO, for 2 days. After the 2 days, the carrier

containing the construct was aseptically transferred to new culturing trays with sufficient
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the proliferation of endothelial cells, while the denatured collagen has
been proven to be a favorable substrate for human endothelial cell

waltdghment Bound growth factors in the matrix include TGRspgta ¢ us1500
HGF which are important in stimulating new capillary formation and

endothelialization. The matrix also contains laminin-1 which can serve to
inhibit initial 10 hyperplasia via the YIGSR peptide. The combination of
these matrix proteins along with naturally secreted growth factors offers a

Bbysiogical saldtianitodhesinyive NduGigR At AIA0LDESIS, EXPIRIG:L e
19: Aortic Ring Assay 15In the aortic ring assay, the ability of the

@ndothetiabiiaod vedsebliniggddmenesatamicipvesaeisdsiuses t@rface of the
demonstrate angiogenesis. Thoracic aortas from 1 to 2 month old

opraguer Davwidyarrileliens aretifistiisfentdheoosithehnl fteeMCDBIBETthe were
peri-aortic fibroadipose tissue is carefu%emoveq, the aortas is washed 8

insubstemhids Ghd Eut to“Pmprddpgtrranidiisn £ anedrunéhceriip £1pmps every 2-3
| illed with clotting fibri lution 20(20 pi 50 NITI

i S R R

M&Bﬁ%ﬁ@gﬁﬁn@ﬁ%ﬂ&' 'gﬁggé’e %@%QY&&%H} %?@\%ﬁ%@kﬂ:? (e\xl‘\éix;ﬁl g s MDD},

serum B131. The cultures are incubated at 37C. with 5% CO2,

iR madiwpiGhANesiey Ry SUaY saNeWhLiormes, MK RVesSeISAIL0.4 pe/ml
counted on days 3,7 and 14. 25Example 20: Stimulation of
hydseutdsizatiSipiraibose, BEfigardiabThiplanidtvaedels (FluGelsmakioma, NY),
construct-stimulated-vascularization is examined in vivo using a Severe
Combined-immhendetisierieni(@ (DR susenp ANl iptplantuinoigma, St
Results: The cell-matrix constructs secretes angiogenic growth factors.

e i), 5 waaricashstrCriseerStebaivariety o ghbwiedelbippsingdfrignst St
which are known to play an 5important role in tissue regeneration and

LikiolE e Sid S BAAM PRI P e it e g Gheatispls SRmpany), 244 pg/ml

Vasculagization in.Ischcmic Heart Tissue he. in vivo formatjon of, .
IO Vocu Ty SO AT BbrCH DR Radod Mhde AHEPIRORPAL ges

WRRINAM UFBY H1E86 YRES. 25 AN S e R (A AR MR RQY:-RiSiolaey ard

linoleic acid (Sigma, St. Louis, MO ), 1 uM tocopherol acetate (Sigma, St. Louis, MO), 1.25
mM serine (Sigma, St. Louis, MQO), 0.64 mM choline chioride (Sigma, St. Louis, MO) and 50
pg/ml gentamicin sulfate (Amersham, Arlington Heights, IL). The culturcs were fed cvery 2-
3 days, for 14 days,

Samples, in triplicate, were submitted 10, 12, and 14 days after the construct was
lifted to the air-liquid interface for hematoxylin and eosin processing as described in Example
I to determine gross appearance under light microscopy. The resulting construct was a
bilayer skin comstruct consisted of & lower dermal layer consisting of dermal fibroblasts
surrounded by matrix overlaid by an upper epidermal layer of stratified and differentiated
keratinocytes. The bilayer skin construct of this Example is shown in Figure 4. Figure 415 a
photomicrograph of a fixed, paraffin embedded, hematoxylin and eosin stained section of a

cultured skin construct formed in chemically defined media in the absence of exogenous
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histochemistry). Gross Morphology and Pathology Results With respect to
the implanted animals, cell-matrix constructs are well incorporated 15into

w@ﬁgmg\é@ﬂgeart tissue at the site of implantation. Moreoverptgys2007/061800
application of a cell- matrix constructs at the ischemic site results in the

visually observable formation of a number of new blood vessels in the
ischemic area that is not observed in untreated control animals. For
instance, it is possible to see numerous blood vessels in the area of

PR BRI HBING AL ERH ALY LORSIUE 20T REAES AMRRIOAIFE] dermal

observations demonstrate that a cell-matrix construct of the instant
fivendion is capabldipfpforiotingiangiggeacsistinheaad! tisSuentdisiolg@itimis
Results Light micrographs of sections obtained from normal,
rmekien SCUB Mbusekhatine 26illnsirandctliy dyfeadi zeadomof the

myocardium and the outer most portion of the heart's surface, the

ﬁ&i%ﬁfgﬁ%mﬂrﬁ&{@g 8%9@4?}%?@&%%@%% te“oﬁscc%fj‘lgl#ﬂ%ﬂﬁ%sa“d

Ik i .
venules. Compared to norm mice; the nﬁ%uctlon myocardial

infarctign Py-cA0RARNOCEHsIaRTesUlSIRdraaticaecreasedn them buccal
number of detectable venules present in the epicardial layer. 5In contrast,

fightmicrogiaph Srofrsectionsioklaimederorneeall-matrixtorgtidcr iré@atéskks in
hearts show numerous new vessels formed in the epicardial layer and the
PhéSericaiahidbieshbeansdimm thifivyodeidirarpu thgumber of cells further,

epicardial/myocardial interface. The histological results confirm the grass
RSAUROIBGIEL BBLBI RGBS S E S At D MG B e s g M

é@%ﬁgﬂ'ﬁ@ 1%@9%%@8”1%\@&1@9 Qr?d \é%ﬁﬁ?édf(ﬁﬁ%agb%@mé%e at which time the cells were

harvested.

To harvest the cells, the medium was aspirated from the culture flask. To rinse the
monolayer, sterile-filtered phosphate buffered saline was added to the bottom of each culture
flask and then aspirated from the flasks. Cells were released from the flask by adding 5 mL
trypsin-versene ghutamine (BioWhittaker, Walkersville, MD) 1o each flask and gently rocking
1o 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 Inkibitor) was added to each
flagk and mixed with the suspension to stop the action of the trypsin-versene. The cell
suspension was removed from the flasks and evenly divided between sterile, conical
centrifuge tubes. Cells were collected by centrifugation at approximately 800-1000 x g for 5
minutes.

Cells were resuspended using fresh medium to a concentration of 3.0 x 10° cells/ml,
and seeded onto 0.4 micron pore size, 24 mm diameter tissue culture freated inserts
(TRANSWELL®, Corning Costar) in a six-well tray at a density of 3.0 x 10° cells/insert (6.6
x 10° cells/cm™). The cells were maintained in an incubator at 37 + 1°C with an atmosphere

of 10 £ 1% CO; and fed medium containing; 2 base 3:1 mixture of DMEM, Hams F-12
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Histochemistry Results Light micrographs of sections of cell-matrix
construct hearts reveal the presence of vascular endothelial cells lining
whesastsig,the epicardium as well as venules and arterioles g,y s2a07/061800
myocardium. In contrast, little staining is observed of endothelial lined
vessels in the 15epicardium of control hearts. These results demonstrate
that cell-matrix of the instant invention stimulate angiogenesis in vivo.
Although the foregoing invention has been described in some detail by

fo f ] . ibc TR
mé‘%g&? S(tt‘é%%}l{%? é}&@%}&,%{ﬂ&kﬁ@ POSES LRI Gibeo BRL, Grand

g, it will Be obvious 16 one 200f skill in the art that certain
1s6hanges and madifisatonsanayhe prasticdivithinthe seope qhihe (Upstate
appended claims. WE CLAIM: 1. An occluder for a percutaneous
Bisanshopinal preCeditay vnmprising lanroveratie piaort, Structuis MO bt 107
least one occlusion shell, connected to the overall support structure,
Mcathprigingra dElikaaitivkoromect YoF pronioaAvAsEulardatioh af 107 M o-
mammalian tissue in vivo comggr ingﬁfibroblast cells,and endg enousl%
onetiion, s

DDA RIS . LR NS HAR iy CeetEqBts By e

fFifr blast, cells wherein said ngn iX,gonstruct is to b attacig.F? to th
AR LS o TnereAS e murREr OF BISOa Ve GBI i e o MO

a@w@% ti88YSim (sicha AIRLEIYSIR! FOLRSISUBNEMS tansiMmiBakyy, 50

osure Of a cardiac opening in a patient, comprising: an overall support

1 SHHEILERS ARGl leRakeneestisi o Shelk saMestad e ouisalh Sspposs,
structure and comprising a cell-matrix construct for promoting

M@ cularizatioghaimdignalidin tissue MOvarddhiptisimgyfitholblesebeht &)
endogenously produced extracellular matrix components naturally
(Yerretddisytdfbroblast cells, wherein said occluder is to be inserted into

a heart of the patient,.and wherein the occluder. is to be positioned. at | ,
o e R G AR S ARG Sl A P2 BOORE ) S,

e?&gf;%@@'eve?h ZQSTJA?S%@%’ Q{ag?!_d%iﬂh%; %eé‘ﬁﬂﬁlgg SRME B SUPROMatin for

structure of the ocduder comprises a proximal support structure and a
nilistabsupRestsshipietunertheproxifnats upparsitptotecdonardtitig to a

proximal occlusion shell and the distal support structure connecting to a

distaldekssionosheibnafed Whareihapeiticnivg e vEsigebA bt lenger construct
agartiall within the cardiac opening comprises positioning a Eortion of the

FethlfStpBort SifticttPEIHPRE LA Bperitg SRETBSTHBHIHE e e
zgqsox'mg'. gsclusion.shell and the.distal agiupion.hel on differembRigRs: obi-
d'Edrdiac opening.
mairix construct, a cultured tissue construct of oral conpective tissue, showed buccal

fibroblasts surrounded by matrix while physically, the construct had physical bulle and

integrity.

Example 18: The Cell-Matrix Construct Promotes Angiogenesis

This section demonstrates that a fibroblast-based cell-matrix construct is capable of
inducing endothelialization and neovascularization. Providing such a biologically active
material has been observed to induce new capillary formation and reduce inflammation in the

wound bed of patients with diabetic foot ulcers.
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ovale. defect. 4. The occluder of claim 2, wherein the cardiac opening is a
patent foramen 5. The occluder of claim 2, wherein the cardiac opening is

W@@O@"}F@Egﬁﬁptal defect. 6. The occluder of claim 2, wherein thergardiagos 1800
opening is a ventricular septal 7. The occluder of any one of claims

1-6, wherein the mammalian tissue is cardiac tissue, skeletal muscle,
smooth muscle, connective tissue or skin tissue. 8. The occluder of
any one of claims 1-7, wherein the cell-matrix construct is to be adhered

to th% rﬁpgnml %}lz}%n eo?()) %?e?gf @Qﬁ%rﬁ?ﬁéﬂ?ﬁf&%@;‘f@ €M bed beldv Bﬂﬁg a wide

occluder f claims 1-8, wherein the cell-matrix construct Is to

r:Rg: AtacheduQ hemammalion issug byanaibehneripoeans 4 Theivo

occluder of claim 9, wherein the attachment means is a suture, a biologic
inglidoosyntheticagiue, ischarssr et Gesachyeirbgsively, these assays cover a wide
range of the individual events in angiogenesis as well as the overall process.

The fibronectin present in the extracellular matrix also has been shown to stimulate

the proliferation of endothelial cells, while the denatured collagen has been proven fo be a
favorable substrate for uman endothelial cell attachment. Bound growth factors in the matrix
include TGF-beta and HGF which are important in stimulating new capillary formation and
endothelialization. The matrix also contains laminin-1 which can serve to inhibit initial
hyperplasia via the YIGSR peptide. The combination of these matrix proteins along with

naturally secreted growth factors offers a physiological sofution to the in vivo induction of

angiogenesis.

Example 19: Aortic Ring Assay

In the aortic ring assay, the ability of the endothelial blood vessel lining to generate
microvessels is used to demonsirate angiogenesis. Thoracic aortas from 1 to 2 month old
Sprague Dawley male rats are transferred to serum-free MCDB131. The pert-aortic
fibroadipose tissue is carefully removed, the aortas is washed 8 to 10 times and cut into 1 mm
lengths. Wells are punched in a 1.5% agarose gel and filled with clotting fibrinogen sclution
(20 pL 50 NIF units/mL bovine thrombin in 1 mL fibrinogen). The aortic rings is placed into
the centers of the wells. After clotting, the dishes are flooded with serum-free MCDBI31.
The cultfures are incubated at 37°C. with 5% CO,, with medium changes every 3 days. Newly

formed microvessels are counted on days 3, 7 and 14.

Example 20: Stimulation of Vascularization in a Mouse Epicardial Iraplant Model

30
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Cell-matrix construct-stimulated-vascularization is examined in vive using a Severe
Combined Immunodeficiency (SCID) mouse epicardial implant model.

Results: The cell-matrix constructs secrefes angiogenic growth factors. The cell-
matrix construct secretes a variety of growth factors, some of which are known to play an

5  important role in tissue regeneration and angiogenesis.

Example 21: Celi-Matrix Constructs Stimulate Vascularization in Ischemic

Heart Tissue

The in vivo formation of new blood vessels in celi-matrix construct treated mice and
10 controls is examined using three types of analyses (gross morphology, histology and

histochemistry).

Gross Morphology and Pathology Results
With respect to the implanted animals, cell-matrix constructs are well incorporated
15 into the native heart tissue at the site of implantation. Moreover, the application of a cell-
matrix constructs at the ischemic site resulis in the visually observable formation of a mumber
of new blood vessels in the ischemic area that is not observed in untreated control animals.
For instance, it is possible to see numerous blood vessels in the area of implantation using a
cell-matrix construct.
20 The gross morphological observations demonstrate that a cell-matrix construct of the

instant invention is capable of promoting angiogenesis in heart tissue.

Histology Resulis
Light micrographs of sections obtained from normal, untreated SCID mouse hearts

25  illustrate the organization of the myocardium and the outer mogt portion of the heart's
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surface, the epicardium. The myocardial layer contains arterioles, capillaries and venuies,
Compared to normal SCID mice, the induction of myocardial infarction by coronary
occlusion results in 2 dramatic decrease in the number of detectable venules present in the
epicardial layer.

Tn contrast, light micrographs of sections obtained from cell-matrix construct treated hearts
show numerous new vessels formed in the epicardial layer and the presence of arterioles
focated in the myocardium near the epicardial/myocardial interface. The histological results
confirm the gross morphological observations that the cell-matrix constructs of the ingtant

invention promote new, blood vessel formation.

Histochemistry Results

Light micrographs of sections of cell-matrix construct hearts reveal the presence of
vascular endothelial cells lining vessels in the epicardium as well as venules and arterioles in
myocardium. In contrast, little staining is observed of endothelial lined vessels in the
epicardium of control hearts. These results demonstrate that cell-matrix of the instant

invention stimulate angiogenesis in vivo,

Although the foregoing invention has been described in some detail by way of
iltustration and Examples for purposes of clarity and understanding, it will be cbvious to one
of skill in the art that certain changes and modifications may be practiced within the scope of

the appended claims.
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WE CLAIM:

1. An occluder for a percutaneous transiuminal procedure, comprising: an overall
support structure, and at least one occiusion shell, connected to the overall support structure,
comprising a cell-matrix construct for promoting vascularization of mammalian tissue in vivo
comprising fibroblast cells and endogencusly produced extracellular matrix components

naturally secreted by the fibroblast cells

wherein said cell matrix construct is to be attached o the mammalian tissue to increase

the number of blood vessels in the mammalian tissue.

2. An occluder for percutaneous transiuminal closure of a cardiac opening in a
patient, comprising: an overall support structure; and at least one occlusion shell connecled to
the overall support structure and comprising a cell-matrix construct for promoting
vascularization of mammalian tissue in vivo comprising fibroblast cells and endogenously
produced extraceliular matrix components naturally secreted by the fibroblast cells, wherein said
occluder is to be inserted into a heart of the patient, and wherein the occluder is to be
positioned at least partially within the cardiac opening to substantially ccclude the cardiac

opening.

3. The occluder of claim 2, wherein the overall support structure of the occluder
comprises a proximal support structure and a distal support structure, the proximal support
structure connecting to a proximal occlusion shell and the distal support structure connecting to
a distal occlusion shell, and wherein positioning the occiuder at least partially within the cardiac
opening comprises positioning a portion of the overall support structure within the cardiac
opening and positioning the proximal occlusion shell and the distal occlusion shell on different

sides of the cardiac opening.

4. The occluder of claim 2, wherein the cardiac opening is a patent foramen
ovale, '

5. The occluder of claim 2, wherein the cardiac opening is an atrial septal defect.

8. The occluder of claim 2, wherein the cardiac opening is a ventricular septal
defect.
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7. The occluder of any one of claims 1-6, wherein the mammalian tissue is cardiac

tissue, skeletal muscle, smooth muscie, connective tissue or skin fissue.

8. The occluder of any one of claims 1-7, wherein the cell-matrix construct is to be

adhered to the mammalian tissue by natural cellular attachment.

9. The occluder of any one of claims 1-8, wherein the cell-matrix construct is to be attached to

the mammalian tissue by an attachment means

10 The occluder of claim 8, wherein the attachment means is a suture, a biologic glue, a

synthetic glue, a laser dye or a hydrogel.
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