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Bl CENG NEERED Tl SSUE CONSTRUCTS AND CARDI AC USES

THEREOF The invention is in the field of tissue
wee@roe®nt ng. This invention is directed to  PCT/US2007/061800

i mpl antation or attachment of bioengi neered tissue

constructs to pronote endothelialization and

vascul arization in the heart and rel ated tissues.

BACKGROUND OF THE | NVENTI ON Coronary heart disease is

the single | eading cause of death in Aneri oda

(RHOENGANTRBIR TR Gt L ANIRUCTS 439 CakPIAL RS Plpgror

Statistical Update"). This disease, as wth various

ot her cardi ovascul ar disorders, is characterized by

the narrow ng of arteries and inadequate blood flow to

cri tTheanveniiarsia ésthe Goldof tisshiy engénsaring. i Thiscayenhipn idkirsctedio

i mproving blood flowin a diseased or otherw se S
inameagied ohetchmém wbbivenginrorad tissse sansyyiateio Praadtn prfigihslialization

such as coronary by-pass surgery, angioplasty, and
aRNdsdulgizeivndmhe hSarcimdpeloteddisrues natural Iy i nvol ve

hi gh- degrees of inherent risk during and after

surgery, and often only provide a tenporary remedy to

cardiac ischema. In an effort to inprove the

prognosi s of SUurBACEGROUNIEOHTEE INVENTEONar t ,

physi ci ans and researchers have attenpted to use punps

t 0 ag&bsdry héadlschdeQyvhd Uinigle Geading Gusy of dtatteiv drmerize tlday

punps only act as tenporary assist devices during
(BMESBH Yeark REI6cRAMWOT 9P HGELhdSHroRe StafisiicallUjdard)t Miistdisease, as

for the cardiac condition. An alternative to coronary

w?t)ﬁ'v@x‘?oﬁﬁ ofRFcRUi eI M B oSdls, RICREEEAHAS by theinaR6WE oDirapids and
l[owin the heart is to induce tissues in the heart to

iJaQédgﬁht@%YMoQ'ﬂ%@zC{o¥ﬁ§§aﬂi§uesl nside the heart, either

congenitally or by acquisition, abnornmal openings,

hol egy . Qk1y 3bdNRicERReRES Yor iRBIVRG BidoaglohaaaRESRe@br diewise
heart or between the great vessels, causing blood to

dé@%&@ 'hgag{ i}n%l% Mvgslixgvyufgtft%[ R Rgch RUERoHES B-pask hﬁ‘%qf(,e

usu y congenital” and originate during fetal

A S 505 T SRR SRS ot
riskt ﬁllilrgntg afn(ri gl%rtsﬁl%exlyp SRIBHS Bﬁlyfppcfvrf@tai t&ﬁp&fwy%@rﬁecﬁ@@%fﬁﬂac f3themia.

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 surgery, 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
flow 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

blood to inappropriately flow therethrough. Such deformities are usually congenital and

originate during fetal life when the heart forms from a folded tube into a four chambered, two



10

15

20

25

nmuscul ar wal |, between the chanbers of the heart and
can cause significant problens. One such deformty or

wa@ledogo9290n patent foramen ovale, is a persistePtT/US2007/061800

one-way, usually flap-like opening in the wall between
the right atriumand left atriumof the heart. Since

left atrial pressure is normally higher than right

atrial pressure, the flap typically stays closed.

Under certain conditions, however, right atria

Ut susdem. e Thosgpialsfqranties aesplt ompheiseummete &rmgtiomef thewsptum, or
possibility for right to left shunting that can all ow
mpseder wilbbgwean therehambetsef Sypdearhing con capiat sighibeant Flobkmes.s
particularly problematic for patients who are prone to

f or mOmg swobdefpsmithondeffass 2 psigetfoamen v isv paisistersponeevay,
thronbosis or clotting abnormalities. It is also
usedliydlapdike beninghe thehwahltbetvepen thebrlghtadrilne budkleft achanbfthsheart.
may be inplicated in mgrai ne headaches. Moreover,

Sheretleft atrigiptdsané B narmealjyriogher then eplitiatial pregshyes theifias typically stays
(i.e., abnormal heart rhythns which can cause the
divgad. t Uiider ¢atain corditios] h@edve eibht)atrial pre@ufetxosRds RRGHal pressure,
abnormality, atrial fibrillation, the two upper

cehadnpe posaibilith eor hight th 14t sh@ntingtthe chredllowalsddecl Gt dnb the
right atria), quiver instead of beating effectively.

sPeeaid sRcilfiRnathié B pdBichiatly PRBlematiéiior pPRletts GHRAR profdAb ifftehing
atrial fibrillation, blood can stagnate on the walls

vafiéhs oMbl Gch ad ode Willddep 98in RASHLIHY R UBRineREn i8R ifies. Tt is
and into the brain, causing a stroke or a transient

s> PRReE that the §lintidd e o dd tRtveeeh ¥RIntREs| tYay HRIiAb it in migraine
cul -de-sac in the heart called the left atria

Rpendage due to its tendency to have | ow or stagnant

fl ow. Percutaneous closure of a patent foranmen oval e,

L aneous | . . !
Wek dre RSy, Sdrfdid Rie@hd rp?&le l‘?&ﬁﬂéﬂ%ﬁﬁ&% f(@é, a@ﬂor%%fﬁe@h

septal defect or a ventricular septa ect, a

PR FLRLLONl b B e ESROAIOR PR s,
SRRt S s L b B S Bl TR s,
q[ﬁw %nﬁ?%deof %!3%91‘71@ %ﬁ‘e(gl%gfﬁ[c %%CauQP? t\gﬁ ?t%lg ;g]io S egtf atnﬁ %m%%rgfelagfy(r during

O mahutacture; are Inconsis

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-sac 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



performance, require a technically conpl ex
i npl antation procedure, |ack anatom cconformability,
wa@ea7loexo2 t o conplications (e.g., thronbus forPel/Us2007/061800
chronic inflammuation, residual |eaks, perforations,
fractures, and cardi ac conduction system
di sturbances). Inproved devices and rel ated net hods
for closing cardiac openings, such as, for exanple, a
patent foranmen ovale, and for obllteratlng cardi ac
capfirmdlelityaes, leaglie hormﬁlcaﬁ‘ms (ex-athpinebus formatiqn, ghrppig inflammation,
appendage, are, therefore; needed. The field of tissue
regidul teeks, | er@oraimnbufme‘slrds; emémgndme eondugtionsy o dlisirpanceshe
principles of |ife sciences to understand the
st r Uedprovad devits fndelaied methade Fartclosing hargisc bpenings.rsuach antdr
pat hol ogi cal manmalian tissues. The goal of tissue
cxanpid) e patem dorhmert dvalefiendefoophigerbtingrudrditctcidet-@cs, such as, for
application of biological substitutes to restore,
5 ex¥BiplY, alof atridl app¥pdapy erd, iftfeseferef nebdddl ons. Thus, through
ti ssue engineering, it is possible to deS|gn and
manUfRGTW & tidsub ieRER@HAL CoBtindsi bised gintaing rledtdas @ith e principles
Bi oengi neered tissues can include cells that are

ot A5t 8idnte RS SRGErAbRIAh M tiubtugal B fudEioREITERfidrgkipOih nokAaAnd
ti ssues and synthetic or exogenous matrix scaffol ds.

p:iﬁikﬁo%]@d\lvnﬁhﬁﬁﬂ% 88 eadnt | %&ﬁ HEtiFFuSdngBeridgnEthi aa@loptheaitnd

grafted onto a host, be permanently i ncorporated

ul‘fﬂﬂa{}' Pﬁdﬂﬁoﬂ“@ﬁﬁol&ﬁh@ leosQﬁlte@ EPQEBRSinYiBladh, B igfpeVR A8 Gunctions.
by cells fromthe recipient host patlent Fabri cati on

10 TR, ?chg'uigg ﬁfﬁa%e\éﬁhff E]ttI% %% %1‘3@{5 d&ichURA HahuABRIR S biGhgineered

sca SCl e I ¢ chal enges I n creating

tﬁﬁﬁg mn el%ol?étgrpyn @1&%?15@&1634 ﬁs§§é§ &an IﬁHM\i%Yls at %Ugsdahy%&% with

present "1 nventl on rel ates to a net hod

a B&t%‘?ﬁ n{h?ali% 810191'n¥aﬁ§1§§13s tﬁcnod er%ehg‘tﬁlfﬁa?m@Mffolds The new

gans cul ar ates to

blog;?cﬁlrxgete}eattlss tnﬁlr ffn?c(flla %heﬁ) %lgﬁg& LitBL 'hb@f andBe Eéﬂd‘%ﬁ&ﬂﬁ/ 0

| za Ion a angl ogeneS| S 1

mgfe)l%rg%b 1"51%11 tll(} af'losgs E{D%’dé: fg)%gr%ég@elk B0 ?‘%Hldd%{éd g?gelg AV € K’éélpwnt
15 hgsé P%{%QJE %%Bg%alﬁgn 0’?) otéSﬁ@{] ?CW{QV%%Z{; §L aotgr g Szu£?| i %rg;ﬁ% q scalffold leads to

scientific challenges in creating the new bioengineered tissue.

SUMMARY OF THE INVENTION

The present invention relates to a method for promoting blood vessel formation in

tissues and organs. In particular, the method relates to implantation or attachment of cell-
20  matrix 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 healing
during cardiac surgery (e.g. by-pass surgery or heart valve replacement), promoting blood

25  vessel formation at anastomosis sites, and promoting vascularization and healing of ischemic
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during cardiac surgery (e.g. by-pass surgery or heart
val ve repl acenent), pronoting bl ood vessel formation

W@RooaneddnNosi s sites, and pronoting vascul ari REL/US2907/061800

and healing of ischem cor otherw se damaged tissues
such as skeletal nuscle, snmooth nuscle, brain tissue
or connective tissue. The invention is based in part
on the discovery that cell-matrix constructs, when
i mpl anted in the wound bed of patients with di abet i c
off aglorwisk demaged sissaecaipnty skelol pwgles braepth aybade, brain tissue or
endot hel i al i zati on and vascul ari zation, resulting in
congectivapssubary fornmati on and reduced i nfl anmation in
t he wounded tissue. The cell-matrix constructs secrete
a v éarFtiedtyentién iy baast] in asioincdhedigmovery dlelt cdlbmbfris somstructs, when
regenerati on and angi ogenesi s, nost notably vascul ar
irgNsnédielthealoumd bed b fatettowith dinbMEGSot Tlversj arw eaphble of inducing
enconpasses the application of the cell-matrix
rap RIS sthelialikAiod andgschlirizatome Eesulting ih e dpiltagdomatiodamioeduced
muscl e, to induce a new | ocal blood supply to the area
indBAnSHPPRIthe WaRided tidsegue renodel ing. A cell-matrix
construct inplant nmay al so be used to pronote

f or megd @N-rRftriAconBRict sBdrete @hAtY O B¥wiaESols @rifGS toissuen,
or obviate the need for, carotid endarterectony

%Hﬁ&zﬁfo}i aﬁa\@ﬁ%%'geﬁ@ﬁ Rbdt %Btaﬁl?&h@chlaf EnddtheRY @r&HHE fdcfr, or VEGF
ownst ream f of particles dislodged during the

Tﬁé RcEHIh %ﬁcom-ga%eﬂh@ 8hiHcatlon o8 el nhafri:A¢ohricBRddmESeddissues,
devi ce and rel ated nethods for percutaneously closing

1$ch%§‘ adh&d Q?rﬁﬂb RRlscle ltk?ﬁd@c%'a nfe%rloceaﬁ(ﬁlﬁ&i SippB tH A8 and support

oramen ova an atri al septal defect, orf a

r%ﬁﬁﬁ&ﬁ&%h@ﬁdﬁ ptal defect, and for percutaneously

teratlng cardi ac cuI de-sac, such as, for

exanpl gy nﬁtri:féohstﬂ%{ infbllan Qf?ﬁg@g@use&‘tégﬁeﬁxggfmlﬁgﬂ Aatural”

of the inventive device Includes east I n part, an

carott1c{ @ g%sF Elstrmtor ofs)<¥1£t8 Ig%gfc{ fof? %ﬁﬁ{j %Maﬁgregtﬁggg gllnrﬁéﬁt?{i‘fhich

I‘ X ‘construc naipre erre
c%&gf[eﬂgésléﬂt gtg%tlr b e & ot%%%wgsgxtre%]ﬁgﬂwﬁf%gﬁlcfeg Q{sfa)géet%adtrugag theC h

pgggﬂgb. construct wth a |ayer of

The present invention is also features a device and related methods for percutaneously
closing a cardiac opening, such as, for example, a patent foramen ovale, an atrial septal
defect, or a ventricular septal defect, and for percutaneously obliterating a cardiac cul-de-sac,
such as, for example, a left atrial appendage. A scaffold material of the inventive device
includes, at least in part, an extracellular matrix formed from cultured cells, such as a cell-
matrix construct. In a preferred embodiment, 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 of the invention express many physical,

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



keratinocytes cultured thereon to form an epi der nal
layer to result in a cultured bilayer skin construct.
wab@7oovur ed skin constructs of the inventi onPERPEBET061800
many physi cal, norphol ogi cal, and biochem cal features
of native skin. In an even nore preferredenbodi nent,
the cell-matrix construct is a tissue construct that
is simlar to the dermal |ayer of skin, a human der nal
construct, that is formed in a defined system
erploodiiméng,i thegeelematrisl eoristred isetisbue agnstructthpigs sigilete Miecdsrnal layer
undefi ned conponents during its culture. In the nost
ofukef ehwrech denoaldionstrutt, thiahie faymkd inredefingd gystest qomptising human-
the invention are fabricated in a chem cally defined
daived esits atliging 86 cignicaiip nadbénédmthpordntsdusimg ithoulture. In the most
chem cal | y undefi ned or non-human bi ol ogi ca
pRORO BABEmet, thebdlbmatAi’ cansiractsibf thofnvertion ast fbrivhtet én a
the af orenenti oned di sadvant ages associ ated with the
5 clbaéane Fefda\Wistém chlsrisaigthudae- defived meltscsht 86 cihiicillp ahddined or

In general, 1 n one aspect, the invention features an
nSERilnbQsi 016 Eal BoMpdehts BN@MLISAS & A6l Nt atrudire Gl Rmentioned
The occlu i ncl udes an overall support structure and

dRadVhMb 'ais)écl%d Q56 kteSieOidesSiBivh $n 6.6 B aftBilikifed d?@liminated.
overall support structure. At |east one of the

occlys %éﬁ@ra? hgl dr? dsP&ck, UBe Snfenfi®d lealBby biX oC&AE: MBE k- peldiineous
overal T support structure includes a netal, or,

tr@ﬁsﬁﬁ&ﬁﬁ%%@ﬁ&e FhecONLES @ﬂclgﬂ@i £n %Mﬂﬁlﬁ)%)o@ b’tﬁf&t@@ and Pplurality of

exanpl e pol yl actic aci In yet anot her enbodi nent

10 o&é\%w%%ﬁé LorRUARLYS thgt J\}étgl ggrdr{‘ Ghiddes Rofohkt dnP P )ﬂ‘ler@éclusmn

support structure an support structure. In

Mgﬂgpﬁﬁﬁggi&EQ£Mn£HﬁmH£&X'”Hl support structure and the

ort structure together forma clip. In

anot fe ovg{gﬁ%ﬁéﬁt{ﬁrpct&% ndldRXh Rt SHRAGKLR  UBHBpble

i ncl ud outwar dl'y éxtendin roxi ma

p@pns ang q§wma % a qy@&*ac tructure |ncludes a

dry’ex i ng dlstal arns. The

pr oxj na crure can connec |g§g
occl E@l © Woﬁﬁg ﬁ‘ae‘% té Ver al PR pStr(‘)lr € I? rlﬁ%e? %&eﬁ pimal
connect to a on.shel

’ dis
SR T T EHREY o1 -

sguectrcu(i‘leJ Eu?d’] t%g Hlsta{ sru%ggrt ytrrlrllchre together form a clip. In another embodiment, the
proximal support structure includes a plurality of outwardly extending proximal arms and the
distal support structure includes a plurality of outwardly extending distal arms. The proximal
support structure can connect to a proximal occlusion shell and the distal support structure

20  can connect to a distal occlusion shell.

In another aspect, the invention features an occluder for a percutaneous transluminal
procedure. The occluder includes an overall support structure and at least one occlusion shell
connected to the overall support structure. The at least one occlusion shell includes a cell-
matrix construct. In a particular embodiment, the at least one occlusion shell includes an

25  anti-thrombogenic substance.
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procedure. The occl uder includes an overall support
structure and at | east one occl usion shell connected
W eoovig2ooxer al | support structure. The at | easPCDIE2007/061800

occlusion shell includes a cellmatrix construct. In a
particul ar enbodi ment, the at |east one occl usion
shell includes an anti-thronbogeni c substance.Iln yet

anot her aspect, the invention features a nmethod for

per cut aneous transl um nal closure of a cardi ac opening

I n alnpyatdnethtr aspévs theeiniadion freturd @sndtimsidiot pangytaneous transluminal

occluder into a heart of the patient and positioning
clofge ofxcdardieropating daspatipar Thalethotvirichides ihfeetingrandiceloder into a

opening to substantially occlude the cardi ac openi ng.
hddfeof@egatieit bnd paitioding tocoMédrat leass pafioliyt wilin thetcardacapehing

at | east one occlusion shell connected to the overal
tSHBRAT 1P bdcHEE tHeRardic dpeiasd. THR®cEGE iwheles sh@letall support

includes a cell-matrix construct. In sone enbodi nents

sttlctlrb bt AfRQGhe BcldsitR shalVeRhicR to tHRRvERN Shpport@REMIrBIAL least
is, for exanple, a patent foranmen ovale, an atri al

oRERLRKiof SeBGholudt a Belk idtixicomdtt. sept al defect. In
anot her enbodi nent, the overall support structure of

the AGEhEIRbodiRE S IEHisAsREKH RBhveHOR Wd cabdiddisplehin € isaftd

a distal support structure. The proxinmal support

e)t?‘e ntrﬁed‘ll%fa Eltg?ﬁgﬁﬁl%ﬁ baid, Qn el %ﬂaﬂ@e‘fec@, QEh Véﬂtﬁ&l@rﬂgtg R

support structure connects to a di

algc?ﬁér WS b 0N mSehb ové?“alpgfé)gbl‘\?w B{lﬁfurr]é ?Kﬁ}é@%cgug&] inSHBR A pkoximal

ructure 1s position I ac openi ng,

AR5 T RS, S 8 o
p%ol;]:?maﬁ %crzcgllxs esggi%ﬂdntge dilstQ{ ﬁl@%&l‘*{ %@%I‘em%ﬁn&?sgg G Wistal B&lusion shell.
Y

Imventon ures a ne er cut aneous

trapsl um nal qbl it ti . . ' -de- '

AR B AR 0k PR PG oS a0 Do o
into.a heart t at | ent .an I tioni t .
pisgrerioan srahed BeREeLie s BR SrR foRarhr ey giges of e
sgc to substantially obliterate the cardiac

C@ﬁ@?&@@@gt. The occl uder includes an overall support

structure and at | east one pcclusio ell connected. .
o t et peRboassh bt S EE LS § TR ST GRGes vanlumina
ogﬁérlaga%gfgﬁ (%gﬁzltcl cgl}-gg—gsﬁ%gt? 2 pg}[ieg’s | 'llh_e rrrnaetthrold%ncﬁl? e? Enrsgr(t;l%g arl gccluder

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 embodiment of this
aspect of the invention, the cardiac cul-de-sac is a left atrial appendage.

In a further aspect, the invention features 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.
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aspect of the invention, the cardiac cul-de-sac is a
| eft atrial appendage. In a further aspect, the

w0 pooggioon features a method for maki ng an occPa@mMEs200D061800

a percutaneous translum nal procedure. The nethod

i ncl udes providing an overall support structure and
connecting a plurality of occlusion shells to the

overal | support structure. At |east one of the

plurality of occlusion shells includes a cell-matrix

cons i Yartous epokedimesitssofdlip aweehof the inentian at leaspenetocelpsipthghell

i nvention, at |east one occlusion shell that includes

that dnckusles thegell-metris sarstmeids, forexample, seyatpnimated cglued to the

| am nated, or glued to the overall support structure
oxpiall genpod dtrudturh ard ¢voted htharmoodleninbogsnisstlzstrnee 282 eoating.
coating. The invention is further directed to

bi oedle mventiod it fugbaraireaebtohbirensingfedtissteLnoesirucs loff sulung cells
endogenously produced extracel lular matri x conmponents

anil eldpgenoubleg prodyesdreetmeeilulaf mexo gen@nsntsreithowt tleosqimeapehtof
or network support or scaffold nenbers. The invention
egagenbisusataxivanioageo oisieywdre suppde oesthifold nyenfbenmTihe ifBntion can
cells, and human matri x conmponents produced by those

tingl aldsantdgesusyrmpde entibig ol leinkin @eIM ket med nidu$Setinponents
construct is designed for use in humans. The invention
praduaddstsy Hose @ellspfbr banipid, RMES the OlochgiAebKal tREetdoBtMSt is designed for
constructs by stinmulation of cells in culture, such as

k¢ rieblaast s, to produce extracel lular matrix

conponents wi thout the addition of either exogenous

Mat r itke BOBRRA X UWIsh, difdEibARY KeBR RS Produbing SiSRE EQsBhucts by
menbers. The invention is al so dlrecteg to nethods Tor

sERMQEAHEH el BURIE A0S LsUTbrébldl, Rikdiubalit@BeiRiar &Rt oldponents
culture, such as fibroblasts, to produce extracellular

withohd the SRITRAREBikIRr bbeBndiS tlaBEL B AR ﬁé{%&%@{/bg!a&f scaffold

w t hout the use of undefined or non-human-der
ineR0i cal conponents, such as bovine serum or organ
extracts. Further, this tissue construct can be made

by sepi alvgﬁﬁﬁ@é aﬁ%sdh%&e&j{ofrflé?ﬁctﬁﬁtg{r%%d#]ci%é Bﬁg%@éﬁp&gwe

a cultured tissue construct

SGRIRAS &f ks 8 leu}ré,ssﬁ&leas‘ﬁ%%ﬂs{éf t%?)ro%fuce extracellular matrix 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 extracts.

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

Still further, the tissue construct is produced and self-assembled by cultured cells
without the need for scaffold support or the addition of exogenous extracellular matrix

components.
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native tissues. Still further, the tissue construct is
produced and sel f-assenbled by cultured cells w thout
wo b@7nexo2 f or scaffold support or the additi onP@f/US2007/061800
exogenous extracellular matrix conmponents. The strength
characteristics of the tissue constructs nake it
handl eable for it to be easily and peel ably renoved
fromthe culture apparatus in which it is fornmed and
directly transplanted wi thout the need for any support
or caestrengtl chapcieristica bf the tissus cansgucippiliedbandlgable ke to be
ti ssue constructs of the invention are useful for
eagily midqpetlaply rposes fremche @dtugrapparamgintwhich ipmtforaetl apd diectly
ti ssue or organ defect, such as skin ulcer or wound,
tramsplhugted withatit themedd fosany shpstt argareier iarcliniad] og testfirty apglicti ofs.
as for safety testing or validation of pharnaceutical,
C 0S MEHeitBsueabaktiabte of the invertiod uet s efuDRBEIRIEAT hidbsek-suthies grafting
FIGURES In the draw ngs, |ike reference characters

to@SRAER N tisQfe®i ofgan HdTect SacPasRRIntulcek B WoMgidpsitfot in@itro tissue
different views. Al so, the drawi ngs are not

teaﬁfg% afifdal graftﬁiF $6chlag for eaMBlyasstify bmula@mm@e?x@rrmhdeuum|cegneuc
pl aced upon illustrating the principles o

aldBhER{chQRoafctsgure 1 is a graph depicting the increase
in collagen concentration as determ ned by

hydr oxyprol i ne aspaycREPTCONRH edetrgGtRescel | nunmber in
t he human neonatal foreskin cell derived derna

con %ﬁﬁ’e‘:&ra\gﬁ§§ ik ORG e BRI e]aeraﬁir %fér% thel 's&n@parts throughout

photon1crogr (objective 20x) of fixed, paraffin

g IRRALE grew'é] AR Wdrmngsor ngoga%&@h t@%galé g&hﬁa%ﬁ ifead

-ma rx COﬁStI’UCt romcul turé uman

g%x%‘aﬁ? Ibqlhg Bfa %ﬁ ﬁl tﬁg %{Qé)%k gbés ek gﬁr%t{@ﬁdi umat 2 1

OI‘O rs as

E { gnnksél%ﬂg bt rfst Ex@ﬂ?d@?&lﬁg"m‘e I'ﬁ?creca%ﬁtcroﬂ n cn’):ﬂcgl#{faﬁoé 25 Rined by

Sl on ron-mecr oscope I

h}é%f}{]yagogf: g %s{igyggs (%fe Qre? ?%th%ﬁbr[ Iéﬁsﬁtelg erh’? %a&rﬁnggr}'af@ gorésﬁcﬂlrgell
erl

derived Iaermal construct described in Example 1.

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

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

and packing.
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mediumat 2 1 days. Figure 3A is a 7600X magni fication
showi ng endogenous matri x including alignnent of
wa@eiozagpem f i bers between the fibroblasts. Fi gup€r/BRon%061800
a 19000X magni fication of fully formed endogenous
coll agen fibers denonstrating fibril arrangenment and
packi ng. Figure 4 is a photom crograph (objective 20X)
of a fixed, paraffin enbedded, hematoxylin and eosin
stained section of a cultured skin construct forned in
chefigias 4 ¥ adehioiondctogrepti @bjeetiveR6XabEeficed, priraffin ogbetided
matri x conponents conprising a cell-matrix construct
heheraxgtin fndosvsinustained egbtinu pfencudteredakin fepistroft farsted in ehemically
chemcally defined mediumw th a nmultilayered,
deffinéd medinin té elshemgeiof exogemous antrixccofnpomanesidotprisiolg h vetamatrix
keratinocytes in chemcally defined nedium Figure 5
cdnBtnit fohedaym\chRwedlunfanhieaiidl fibtdblastk irattiemdcatly pefiret nedium with
foranen ovale. Figure 6 is a partial cross-sectiona
a MuRMyefed 2t BRtatddepIdernhik Fibd bmRglnded Bitanddefdtideytes in
appendage Fi gure is a schematic top view of an

cREfdaf 8 ARAGRIUMNY to an illustrative enbodi nent of
the invention. Figure 8 is a schematic cross-sectiona

Vi eV Qfre 50 diktdwhS iR benciE AlubelRing S HeNeA: foRnkeh BWIe 7.

Figure 9 is a schematic top view of an occl uder

acc qfl?irg gid :%)zﬁm fcﬂ)@é’ sdchibdaBHERLE R RN RO Bkt a TR trial

i nven gure 10 is a schematic side view of the
aﬂ%ﬁﬂégratlve occluder shown in Figure 9. Figure 11 is
X emati c perspective view of an occl uder according

t o afqgﬁrgg is éé&%&tkﬂ%t ViEw PP HRBL ac%rdfng ol#ﬁ‘l’lgsﬁltah@é‘

IS a scC I C perspective Vi

erggodn%{%lﬂ)f{h?mvggtlld erating a cardiac cul de- sac

accor 6 an 1Tl ustrative embodi ment of the
| nv e[*qig:;lllrg@ is a schematic cross-sectional view of the illustrative occluder shown in

Figure 7.

Figure 9 is a schematic top view of an occluder 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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Figure 13 is a schematic perspective view of an
occluder for obliterating a cardiac cul de- sac

w@ewoneghony to another illustrative enbodi ment PET/UR®07/061800

i nvention. Figures 14A-14E illustrate the stages,
according to an illustrative enbodi nent of the

i nvention, for delivering an occluder to an anatom ca
site in the body of a patient.DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention relates to a

met hod for pPEFBILERQ DRS6HIPTIOIECF THEIMVMENHONY ti ssues
and organs of a subject, particularly a human subj ect.

| n p&hd presghtanyentiberatag¢shio d mediod fearpremotinghl ad tvagseldirmotion in
attachnment of a cell-matrix construct to pronote
tigsudndridelrgaat ofzatubipnt, partcwdaty Ogene silgedt.rin phdiciieathe natidd relates
related tissues. The invention has a variety of
t@jnglldnCaivh ongtatiadnt df ncpll-thattix natstridt mo preshote@ndqgheiatitatiog and
repair of and regeneration of damaged cardi ac nuscl e,
apFioFenbsigig thearatt had iekddditsueand heal i ng during cardi ac
surgery (e.g. by-pass surgery or heart valve

r epl aEEiedtibn hidraomEbiy g afliosibny Behéingf W AGtlindfedad, promoting
anastonosi s sites, and pronoting vascul ari zati on and

répRRF ﬁn&%gdﬂ&ﬁﬁ@ﬁ&f akebet Aldilusete, preomptiabiifarizhifchlé8d healing
or other tissues. Heretofore, current engi neered

dufivd dagdidd s%ﬁg‘é%r ©QNSY-pass bifre@y Or RAk vERERIp&IEhdnt Btdmoting blood

assenbl ed and nust rely on either the addltlon or

vEREIGH RIS ARaBEmEIANUBI) Q-kBp ORIk SRR AN a9 Ppair of damaged
synthetic nenbers for structure or support, or both.

sﬂ_eﬁéaltﬂld%@l@ gaonﬁe%fneéingsﬁé BHEN&ARGIE UCt S described herein
exhi bit many of the native features of the tissue from

whi CHe gL, cﬁﬁ‘éﬂt%n%ﬁ@eréjlq{\)lﬁ/geﬂsue-l_&ﬁstltub@%.l‘éeno@ (gﬁgglétglgtc@ll

t hus produce can be used for grafting to a patient or

aésg{nr)fe@ ale hhd rélf 54 élﬂQr thgdgdﬂ&ﬁgr‘%ﬁd'og&)friﬁ{rsg %‘fl E{I%Pﬁouk Thaftix

mat ri X construct conpri sing type and

CSRARRDGHS IR AHESY AEXRIAGEL] bt TRELLX uherein the

type 1's capab SI zi ng and

i 2|C Ir _ﬁlé l{lgengéltggorgé ﬁésh(y t;(ﬁlr Kﬁﬁ% (gesélb%? g el?%gﬂ’&t % of the {1at1ve
features oéf¥he tlsgu%%c}ng %ﬁlch %f%‘m:efls a{rQ gerlved I 'h%e tls%ue const}(u%% tl?us 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 extracellular 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 construct.

10
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endogenousl y produced extracellular matrix and a | ayer
of cells of a second type disposed thereon or within
wWa b@7024992 matri x construct formed by the firstPCBEUE2007/061800
type. A nore preferred enbodinent is a cell-matrix
construct conprising fibroblasts, such as those
derived fromderms, to forma cultured dernal
construct. Another nore preferred enbodinent is a
cell-matrix construct conprising fibroblasts, such as
t hosénetherimaseiprefeord embordimentise dedrmatex eenstrunt eMmprasingefibroblasts,
construct with a |ayer of keratinocytes cultured
stdhes dose daivedirom dernep ital formel cultergé dertmel qoagitct witha dayer of
cul tured bilayer skin construct. The cultured skin
kematigtcytec tidtuctl thenenito femtanepiderapi ks toreasylt plasiltoet bilayer skin
nor phol ogi cal, and bi ochem cal features of native
coistrict. The antugdekinronserups of e invdntemieapliessemdny phixdcal,
cell-matrix construct is a tissue construct that is
nforpHolcgfcal, nd fieché@icabfeatury of natife §bin.n, a human der nal
construct, that is forned in a defined system
CONPIn 43 Réh MbleRFefelId evidddiah, thelblil-hiafix@niiticcih anisa@lcbnstruct
undefi ned conponents during its culture. In the nost

t BfsBhile ¢ QOBQRITRR: of $iE alhufiShl GerfRNEInkHEE, Shadls fhfveed in 2
invention are fabricated in a chemcally defined

dSH R R&ER H&ﬁﬁrﬁiﬂf@&uﬁﬂ%&i@ﬁ%ﬁé&ﬁili@ﬁ% h& cldlicdll§ undefined
chem cal | y undefined or non-human bi ol ogi ca

cERPRRNE AEnds GRbkS. In an alternative enbodi ment of
the invention, a cell matrix construct that is

genef G fdodt pRAIGHRRRTB Hinte:, RRRsue TBARYEE o PO REEAL BA%rd fbricated
i nduci ng angi ogenesi s nmay be used to pronote formation

iPl ¢ %ﬂ%a‘ﬂk 9%1‘?}16& @fs?é?lll §orhﬁ’ris§@%uﬁﬁﬁ‘-_rdlterli\%ﬁ ORIk nd E3HESy uhdefined

is to be understood that one ski ed in the art can

O?ﬁg}{.ﬁﬁ}lantgﬂgc&g&% lois BNV ty of a cell-matrix

construct Incorporating cells that rel ease

di ffﬁ{&%teﬁ&a&e' eﬁlb%inféﬂ%fq @L&tiaa%tcgfl atrEonSHAMRASs

vascul ar snooth nuscle ce preferably aortic snooth

T e
o PR BRI Behel hacs oTr

It is to be understood that one skilled in the art can control the angiogenic activity of a
cell-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 to an

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

11



constructs wi th enhanced angi ogenic activity. In
anot her enbodi nent, the invention enconpasses a net hod
w@booroeavnent of i schem ¢ damage to heart, br aP€if/Uus2007/061800

vi sceral organs or peripheral tissues. For exanple,
and not by way of limtation, one enbodi nent of the
invention entails attaching a cell-matrix construct to
an ischemc region of a heart follow ng nyocardi a
infarction to pronote vascul ari zation of theheart and
heastradaegenerationadf dampged serding ndisele collys &1 the eask ofcergbrpl dsghemia (e.g.
case of cerebral ischema (e.g. resulting froma
resultioR &omrditroke @idédoy alerated intracaomia preasurgrteseellrnadiriz fastruct may
cell-matrix construct may include fibroblasts, neura
ingluida fibooblasts, neneliglal cals preumbbtbs celdss batocytese fibroblasts transfected
fibroblasts transfected with nerve growh factor, or a
withmbivie gtdvah fiactver e afcomfuationahaedf] St o deli-meanris tansigdct comprising
conprising any of these cells is, placed directly on

5 ahyhef taese ebltsds, ptoed direcidy orsfie gérelarhl aprtenpy sardicadly iriplai&l in the
region of ischema. In a nore preferred enbodi nent,
régiéh ¢fadchediaf or treating reversible nyocardial ischem a
and pronoting angi ogenesis is to apply a cell-matrix
CONSty WChofeOpreRfed 2HBEdTEnd AR GRIRE CRr 1HeBi@ILIRNerkiBR myocardial
cell-matrix construct conprises cultured neonat al

idpEnm@l anfii R6GRSISi0cBRBE ik S a@ﬁl negdliahatix d8hdMbt to the ischemic
fibroblasts is that they are Yleved to have plastic

deMAdel take@S WwHERANI (Y dehRMatdiNe¥ndfRt CRRPALE &lltured neonatal dermal
transdifferentiation; are ideal for an hypoxic

10 ﬁ%fb‘ﬁla'é@n"ﬁﬁéﬁts @f‘ﬁ’eonﬁﬁledelﬁﬁiﬂ' f?o\f@djasksols %t #k8re believed to have plastic
bi oconpati bl e, and i nmuno-privileged as"to not 1 nduc

ﬁﬁitf‘eg:t ﬁl@iﬁu%ythﬁth@le? YRy @'Jf)table me@aﬂﬁcﬁﬁéﬂeﬁmﬁh?oar? &hda¥ 881 an gypoxm

pro ucts produced by cells, such as growt’h factors an

eftdh ofﬂkﬂe Qteﬁnda neh f)eﬁil%fe%ftg _P%isgféc BidEAGSati 1es atinf] ﬁ%—ﬂ}ivﬁé(geh Qg to not

subject”s dwn ce fepair also resu

r[q%lfefé lt%}/ %ﬁ&ﬁ) Ihg I G@&J&o@hésg célﬁcarlﬁa(feﬂvér%?@duc@ gﬁ'gdﬁ%édgﬂf deﬁ§ such as

eate fum L erre
g}%éﬂz If]a%g)rio ?I{a%&'{ h(fﬁ]esc %e fﬂtlé\';&g}e elﬂélc?ilr&) %%{Q ?Pgﬂcoﬁ chsumerlgt ?wn cells.
15 ’I‘ijl rle naﬁxg ﬁlgo res#lttsemrqglcfoves%ga]ll fsogngeﬁloggﬁilﬁc%?a% Ei‘orgza ;))/eﬁ%lpgn 11% Jbehtreated

FReR el I RREbiebmel et Ak irecHontt Sl Bt produced

in the absence of animal-derived components and in chemically defined culture media and

does not contain any exogenous matrix materials or synthetic polymers, such as a mesh

support. In a variation of this embodiment, the cell-matrix construct further comprises cells
20  selected from the group consisting of: bone marrow-derived stem cells, embryonic stem cells,

progenitor cells (including 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

25  construct to any tissue or organ to promote angiogenesis. Patients with congestive heart

12



selected fromthe group consisting of: bone
marr ow-derived stemcells, enbryonic stemcells,
w@e@gemodnr cells (including endothelial progePCT/082007/061800
cells, cardiac progenitor cells), skeletal nyoblasts,
cardi onyocytes; or, endothelial cells, snmooth nuscle
cells, fibroblasts and progenitor cells derived from
adi pose tissue. In yet another enbodi ment, the
invention enconpasses application of a cell-matrix
fadlgrespty mpptomnstieeledine walkipamgy redicgd Menteuhar svpB tfienction and ejection
angi ogenesis. Patients with congestive heartfailure
frastiops o benedt fromn thy eneteftmentiof p celymardgosgcite gompromisgd cardiac
wal | function and ejection fractions may benefit from
tigshe toondpcathenesymptdmsa cel | -matri x construct to
conprom sed cardiac tissue to reduce these synptons.
One Qnepreferred erebdiddéntrefithe ofvertive compsses b stmuatwaidayes efat deast one
structural layer of at |east one type of extracellular
5  typabf éxtrapslmthy eiatrix-reddcinganith aad dodpeamusty\pr@luodisxaacellular matrix
extracel lular matri x conponents, nore sinply terned
cOmpinenty, "morakigdpsi trnbdde niamix| wherdin ¢emutet Blcympletely cell-synthesized
cel |l -synthesi zed and assenbled by culturing the cells.
anddsSenbAyESy dustutiey thé Bells THiE thyar is G@kin-téraiet b Xcaiomnstik 96dstruct” or
or a "cell-matrix |ayer" because the cells secrete and

a C@Uititfix dyerBRtMesthvbdil setradshd ddhRutherhdBie withiah& through
The cultured tissue constructs do not require, thus do

tHRBImatie | THEQUItEXO HRNOtthshiRks"d %0t RITRIN) e Yo nbthiAdludeS exogenous
matri x conponents not produced by the cultured cells

10  nftHx doffpbRGHS Bt ibxmlmlzib SSmpPRaSnot pfod@cdMYyahPEELLH L but

enbodi ment, the cell-matrix construct produced by

i BRRd B¢ bR} mbdnl! B B PrfSreaRAMDdIMR NN AY e matrix construct
predom nant concentration of collagen simlar to

pRRhded By Hliinn dAaEHHARGES st BSde! a%ecf&rﬁ{is{ﬁ? E&i@é’mrﬁ{imof

matrix“is fibrous in nature conprising collagen that

cﬁﬁgérpﬁ.i#ﬁalt tB ﬂatg}ké_%f(ﬂl? s SHAGRES S}%l@&pﬁﬁl?@%@ﬁgﬁiﬁ?ﬁg ?{'ﬁ?brous in

as we as pac I Ng organlzatlon (0] !
R B SR PR B v

15 a&c%a]Bﬁigg E%%i%ﬂ%%%ff iﬁBrﬂg Qxl?osﬁbrﬁ BOENEA TR 1§ Eﬁlﬁlr\{@ E%ga%%% Bikyea

pes t1toun n native
t j nohj st m str ). techni qu he .
TR ORI b B SR PG ot in s

constructs, the predominant collagen types found in native human skin. Using standard
immunohistochemistry (IHC) techniques, the dermal cell-matrix construct stains positively
for decorin, a dermatan sulfate proteoglycan known to be associated with collagen fibrils and
20  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 extracellular 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 III collagen as the matrix is formed. While not wishing to be bound by theory,

25  itis believed that the cells fill in the open space between them quickly with a loose matrix
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for decorin, a dermatan sul fate proteoglycan known to
be associated with collagen fibrils and believed to
wo egalogaoe2 fi bril dianmeter in vivo. Decorin canPEl/BE82008061800
visualized in the construct with TEM The produced
ti ssue also stains positive for tenascin, an
extracel lular matrix glycoprotein found, for exanple,
i n mesenchyne or tissues under repair. Mich Iike
ti ssue under repair in vivo, the tissue produced in
aplpgaws o Samlaiion Hiswi 6omprissd phmpsthdepei licolagen andfibroyqstin,jand

to type |1l collagen as the matrix is fornmed. Wile
thegtrempdshthisgoese niperipwiilnel déngenthasink gomyrised ef mesitly dyped coltegen. The
the cells fill in the open space between them quickly

pridubedecell- omrix s be¢nchnah cgentin gygpsaminbglydaon(GAG) sech as
conprised of nostly type in collagen and fibronectin,
haaldrontvewid(BAgd@irortehiirs praagty camtbesideswetdringucteasdéglycan and
matri x conprised of nostly type | collagen. The
vprszaneed aqedfile nhdulfated hysodamann giybamnudhas dohyaduronic acid; di-

gl ycosam nogl ycans (GAG, such as hyaluronic acid
chbiyoitid-0nkdne ali-cigndpritd-@ e@laye; dnchoh@ditihes sulRed di-dhofdtotin-4,6-
as biglycan and versican; and, a profile of sulfated
sglifat€ As- Ao ndagline-ailfts U A anddi-chyiad o1t @Bisal fRETUR-2S. These

di chondroitin- O sulfate; di-chondroitin-4-sulfate,;
stHicteandid bichdic £l feanlrbPdx@ibitdhenGBRBHsAhd doRstfucbdevelob Atc@lture
di - chondroitin-4-sul fate-UA-2S; and

afldl 2@ AR Rk RidentSitleh #eBobirudSppbagRe its fihdl %ﬂa}f athe Rdence of
bi ochem cal features exhibit thensel ves as the

RS ipbabntIRMBIPRImbd el ol WE2naR BY1- Ritfix %@%&qﬁdlya%ésxhat the
evi dent when the construct approaches its final form

OGRS &R RIrA fana ﬁ%&%nﬁ&ﬁé@ﬁﬁ‘e@ tSprbath{nglthat of RSB dermis.
cul tured der mal | -matrix construct i ndi cates that

the ¢ams ttﬂe%%reﬁéﬁloﬁ&f M isurat oﬂﬂ&h%ﬁﬁ%ﬁ‘sﬁﬁéméﬁ’@&ﬂe?é cultured

approachi ng that of nornal derms

8 ﬁfaﬁﬂ?&&hit&?@ﬁn}létﬁﬁrom e ﬁt%b séF}sR&ﬁ@Hé fé@& %9 that cultured

structura eatures a cu ture matri X C nstruct

crel?-'flﬂﬁgg cfoflﬁmcﬁ %ﬁﬂ%h fxfohpg t}&%% Sf ﬁﬂr&blg‘slgsoxyill r@cﬁlc gna? of thege

recogni ze at culture matri X construc

% ragggea P%ﬁ{e o%ﬁag(t, fogrh?sqlg %g%& Ml!:ﬂ th% S%‘iﬁa‘?ed‘?[ﬂ ¥orge cases,

ers “phenot yprc i ssue
AT I%H%c% Y ae A e ghhes;
SISO SRR Y AR Bt
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 cultured 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 layer is a

multilayered, stratified, and well-differentiated layer of keratinocytes that exhibit a basal
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enbodi nent of the invention is a cell-matrix |ayer
havi ng second | ayer of cells disposed thereon. The

w@emongkodnyer of cells is cultured on the cel | PEEUS10R7/061800

| ayer to form a bi oengi neered bilayered tissue

construct. In a nore preferred enbodi nent, the cells

of the second | ayer are of epithelial origin. In the

nost preferred enbodi nent, the second | ayer conprises

cul tured human keratinocytes that together with a

lafyery & supcabldal hapery 4 grainegrdpyer andeadtiatvat edrxeuon deskivtcofisimetdds a
fromdernmal fibroblasts and endogenous matrix to form
wall-devehaped bayment neorpanie peesentlai the Agmekepidermalgtmation as dghéited by
fully formed, the epidermal layer is a nmultilayered,
tradseradsiohiekdtronamidroasd py( EM).e T thas @hentl mlempene efpears thickest around
kerati nocytes that exhibit a basallayer, a suprabasa
hérBMedmos6mé] MBtltk@by hiryieringafitdilthsttaredoniprisar sfeypa VIT bellagen, as
skin construct has a well-devel oped basenent nenbrane
vBIASENby PEML TRe SRhofdg BRileRh B dxiig flofth@baseiBitMen®ane and
by transm ssion electron mcroscopy (TEM. The

eﬁ%ﬁﬁg e COBAHRE BBAIs FPME AbSnal Ry &K THEse @ﬁ@féﬂﬁl% fibrils, as well as other
hem desnosones, marked by anchoring fibrils that are

bERRBht nEhrafe CBMB@ne}(El ar€ QcheAVY keASinddyted altiiZzQeh owh Mt while

The anchorlng fibrils can seen exiting fromthe

n%fiam@%@seaﬁ@k BASEARR bR cGRbSRAR Bn il dwirSa
W the der "ayer ese anchoring fibrils, as welfl

%ﬁgﬂiéﬂﬁrba%%ﬁ{%&hblﬁﬁé‘gﬁggb? f&ﬁqp%%&eﬁm &ffﬁar&%{set ed by

at1 nocytes known t hat

S
Irﬁ%&ﬁt&h@&ﬁ&h%ﬁ s@a’irﬁrtlé %lﬁne &Instﬁﬁ:? 51ethé ﬁrgsetﬁ?ﬁx%m has also shown

rane conponen Ir own, cogni za

ﬂg?% astggg%ﬁﬂgnw% ?@%ﬁléﬁ IﬁgtgrﬁlﬁSS§PC$hgfskln
con an a::i)%felg%d ﬁlgﬁO(P éf‘otﬁee ﬂ(’edﬁg}{ ?&tfbx?{]n%éacs‘ell%gtﬁ %%ﬁtt J‘ﬁgst cell

| am n

t)g)r&e z};ne ﬁﬁ%ci,e 1B ma [I‘l{( Ipro ucm% c‘?lvt?ré% '1303@?(1‘ 810 a &%g@rggg cBitured, and

cons
[ 1.ul t d
O e e 5
|
o e
hod of th ti f th I .
LRI TN LN -

and are cultured to fo a
tissue construct. In a more preferre metﬁ’oé ¥Lﬁ{tﬁlckness skin construct having features

similar to native human 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

comprises:
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tissue construct. In a nore preferred nethod, a ful

t hi ckness skin construct having features simlar to
woaa7eeobuman skin is fornmed by cul turing fi brpdl/ES1087/061800

such as human dermal fibroblasts, under conditions

sufficient to induce matrix synthesis to forma

cell-matrix of dermal cells and matrix, a dernal

| ayer, onto which hunman epithelial cells, such as

keratinocytes, are seeded and cul tured under

cond(® cehsing af lpast prerpxtrecslipler matsix fopeduging icflf wpeinttheabsence of

stratified epidermal |ayer. Therefore, one nethod of

exgeadusienace helan hajyy eonspmsats aa Srugural huppprt gseler; and,

i nvention conprises:(a) culturing at |east one

ext r &y elihuktng thecells of gep@oi sygthesde] secreeandrorganize extracellular

absence of exogenous extracellular matrix conponents

noitrizacaiponattogornsanigyoe-tonsurd esmprandl of delly arsitmanik sytnitegized by

the cells of step (a) to synthesize, secrete, and

tloosg edlisz@heraih stepe(a) adab) @t e done simpbnentsy dracohwtiivaly.

ti ssue-construct conprised of cells and matri x

synt e sérzetbilayertthaseom@ubicomphigngh teliSheps comruandd & Bdcond cell

may be done sinultaneously or consecutively. To forma

1djet BR6N, theSiBetRo CAIRiohal B coBids Hisd shg o 9 bhltuMAL télk of a second

construct and a second cell |ayer thereon, the nethod

@ Gntal s@ifadel oy tHe GoMRIel HiSe bR uSERP @ﬁuce(aq)ﬂ ﬁé&éd filshd\@nstruct.
cells of a second type on a sur ace of the forned

ti SSUQAee@RSHNIAGhattiR pRIIAEHE Ee1ay R foPYR e tdvEBHHA may be any cell
construct. An extracellular matrix-producing cell type

tfiRlcaphbe dfPprdddSing ML GH: %Xceﬁlﬁla@&){tr&%lﬂn SRR 2f@BRRNiSing the
of producing and secreting extracellular natrlx

eﬁ@d&@@lﬂﬁ%&ﬁn@@&nﬁbﬁ%m@tbﬂﬂ a EOEmENk BGE U NYre TBR Y)hexextracellular
Cor‘r'ponents to forma cell-matrix construct. Mre t

R Fr6 i AGEll1 YR md e el }JP&H‘Q& RAHG DEiCHAtix Eé{r%eﬁ?gate?seof different

cultured to forma“cel matri X construct

cgl!lérg &Qifssu%%hkmg }ﬁg Be 961m¥éd§§%§gag£§cagfnﬂﬁ?uer rﬁrg(rﬁl)(/:g %I}lﬂérﬁ&tary

er as a mxture to pro

oGAPRAAR t%éstpa@fare%ﬁfn&ﬁ&& Wtﬁgie%ﬁgdl iR hath@ nmgf equr oundid he

I ssues or exa hée extrace

e%ceféﬁi H{lﬁgyﬁf‘oﬁgcngféed t%%eprgzﬁr%% %re E}én% m xeeldI 1&13{9[8 produce

anoun ac e
a?grtn&luﬁ o% %racelﬁllarr] cr)r}atr&ot a8 sI 1'1&4 Bl 9%? %uce\(i by%e ftlrlstrcse tfp%l |

Alternatively, the extracellular matrix-producing cell type may also be mixed with other cell
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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Al ternatively, the extracellular matrix-produci ng cel

type may al so be mxed with other cell types that form
w@p@ciglodzed tissue structures in the tissue bRECT/US20ND061800

substantially contribute to the overall formation of

the matrix aspect of the cell-matrix construct, such

as in certain skin constructs of the invention. Wile

any extracellular matri x-producing cell type may be

used in_accordance with this invention, the preferred

gy Pojpins spieRtily sellagen. {Thiee areeuerel tupes &F eolldgens peadugaddm

mesenchynme. More preferred cell types are fibroblasts,

fibrobénvta) haveavess typa f gollsgendis theumsbprevatent sovine diinen fitirgdase cell

cells, nost preferably human dermal fibroblasts found

sirminheawebe deevadi fionf onummbee ofyouthes tinchnling bt notivaiedde nemiate male

construct. Fibroblast cells, generally, produce a

fonasktig rdexmfis, éartdomdedd, ulnbilina tcoids, cprtiddge) ursthrapedrmaal stioyna, oral

col l agen. There are several types of collagens

nprcoghy erelinteytidei Mhobhmat lls meowvktle bityip&l ot 6O lilmAGED fibfoblasts,

the nost prevalent in vivo. Human fibrobl ast cel

bat hey Msludansohtithatdicleadld, chondfochesriel ot c61eE6R Sissue cells of

i ncluding, but not limted to neonate nal e foreskin,

il Eth$mallo@igho 1 is btefgred bubhétir€Rlire€ Al the gfntdf Iﬂﬁ:@lﬁatrlx—producmg

urethra, corneal stroma, oral nucosa, I ntestine.

ceih Bsel i1 pEiubifon/OEY tidue kodBud bt daerd flrd)ﬁlta #8ud thISE hadt k@
fibroblasts, but may include: snooth nuscle ce

r&BMBRIP ﬁﬂﬁlﬁﬁﬁﬂ@ﬂ@iﬂﬂb}hﬁg the @ﬁlﬁﬁﬁig imégholit SEHEING&ltos. p& instance, in
mesenchymal origin. is preferred, but not required,

thadtboliteenPivh&t A sgihi- cBﬁb@ru&ﬁJ; rodudali ?ﬁ%ﬁﬁbﬁﬁe&ﬁhﬂnx &ﬁcfng cellis a

the production of a tlssue const be derlv froma

ffbko%ﬁié? pl¥Ro1y BP&en‘nBl origint @y ﬁﬁm}e?erﬁﬁ b Rifme! ﬁlﬁ'ﬁblla_jts isolated

enpl oying the culturing methods of the invention

bl %ﬁ&%@ﬁ&ctldl{‘ﬁ&ﬂ theQiThRA] gﬁﬁﬁg ofMBE1I8eSdth Be E&B% Flléﬁltlce tfe matrix

produced, the preferred matriXx-producing cel

afo‘nppoﬁl ?%Erah@‘g Itﬁ" 5@1&1 ﬁ/b{@r{)as%e rIﬁrﬂJe egfbb&*ﬂgnt \g{}geaf@o‘i&%f construct is

preferre ment roblasts 1'so

p@&ﬁﬁﬁdihé SRk %d&&@gg lhsedegi%(gﬁl)m Q@ﬁx&h sf??rgi z'i'l] Jonors fay vary in

tles can
PG RRAELR Rl Sf’ﬁe%éYedcons?#naiwa}wss OEFOEW%&@OI%% o
@f {nd bcﬁ%fg d&?ucp x%lacde ts. ﬁrr?bdg(?nréclf }\érgﬁ%w{pr mﬁlg g)lrg: gxghléie}n{;}glnn}%gem
CQI% rﬁja%lr %gd It en}ngc%%grrl artld RANCER to diffS atae to ’deve?op 1nto%§e desued
tissue.

Although human cells are preferred for use in the invention, the cells to be used 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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ol der individuals including adults. Enbryonic
progenitor cells such as nesenchynmal stemcells nmay be
w@e@do092901 he i nvention and induced to differentCHUS200D061800
develop into the desired tissue. Al though human cells
are preferred for use in the invention, the cells to
be used in the method of the are not Iimted to cells
from human sources. Cells from other manmal i an species
including, but not Iimted to, equine, canine,
geneticpily enodified oniegnsfentdd oslisner msigturas @f cells of fvaenmors precieser tissue
such as nouse or rat may be used. In addition, cells
sdubfat may be sygdnt aneously, chemically or virally
transfected or reconbinant cells or genetically -
engieenbidat el bahetitwly ahgineddal aeeday be tdeid & the pedtdton of the
For those enbodi nents that incorporate nore than one
cétEhhtrik ¥fiRtrud b Eredtt 6 tissux totisetet efat My dval drageddlisedy ropaf fovwpatient
or nore sources; mxtures of normal andgenetically
ndBRRk il @dsdiNedel PuTHh@Ed 66ll §redc;or Gtatikxtvdtiesthebpdab. Sheddells
two or nore species or tissue sources nmay be used.

mBE pRIRIA telRler BARESdtieAI vid/th€ BARREDHDhasell pritads,Reowth
used in the production of the cell-matrix construct to

tloRh&rdnds, SpHBeCR PRItEiHCHor b BRkinAGk Smd8ntdf Bind Gr Skelebde@when

graft for a patient needing increased |evels of

b{%&gi&gg)%, lcﬁ&llil:alﬁrf SAHGEA1P Eiéﬁd'l&ﬁfug%‘ﬁle WhdditiAs pREmARAHS pdlient.

s may "produce and deliver to the patient via

Ehile 1863t Eho&@t%ﬁfgéﬂ%%du&eéxk)rem&qg BdsFrabl8 ¥ RAR R Re

or nories, pep es'or protelns tor a contlnuous anmount

R e

In

cﬁlgl?edQ%gde%%Bstma & 6 | Iglgc?({]e% dgﬁve‘? Hl%f&h%&t%%ﬂl@@ %o @f)aﬁgﬂ%r an

expression 1s des epen e use
B 001 A b AR Bl 680
oGRS e P LS LE HY  BAAPRILDS BISHR re
RSBSOS RS PR R Bl Risuton ot
B 5 ch BB oL PR P8R B s DR G
arrg:en%rlénr]g(e)rr Ilire%!ie cgarlrllaiyr}l lgnrge} l?e Je(sei(rje%ca? thse%%er:.i &iellcs arlrtlaiycglli]so%fe ggrpe%cally
engineered to express proteins or different types of extracellular matrix components which
are either ‘normal’ but expressed at high levels or modified in some way to make a graft
device comprising extracellular matrix and living cells that is therapeutically advantageous
for improved wound healing, facilitated or directed neovascularization, or minimized scar or
keloid formation. These procedures are generally known in the art, and are described in
Sambrook et al, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, Cold
Spring Harbor, NY (1989), incorporated herein by reference. All of the above-mentioned

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

invention.
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wound site. Once the wound has heal ed, the gene
products fromthe cultured tissue construct are no

wo evgee2oneeded or nay no | onger be desired at PEEUSI00B061800

Cells may al so be genetically engi neered to express

proteins or different types of extracellular matrix

conponents which are either 'normal' but expressed at

high levels or nodified in sone way to make a graft

devi conprising.extracel lular, matrix and livin .

cel | 47 RRdbmipayt QJﬁé{'i‘l“ieﬁ%JF‘i DAty GAAR RGP XIuF L by fbroblasts s

ﬁg@éov d wound Feali g, facilitated or directed ]
BLAgeH R COMFER{RE i Hibelle caMlagsh isadiey icamponent in the

formation. These procedures are generally known in the

csﬁt@at%ﬁmaw: BREPT, Hudinvention b Exbedmited to wBirises domprised of

C oni ng, A Laboratory Manual, Cold Spring Harbor

qoispthis pTEtRin QT RteinfyPa-aias dstanegy otherombiygens, et fibuillar and non-fibrillar

herein by reference. Al of the above-nentioned types

cotlagegfiog! the eollagen famiy swahtab collageretyplesfIl, Ailt Vo IV, ¥, AL, VIIL, IX, X,

"matri x-producing cell"™ as used in this invention. The

X EdordlhadV, ¥ VLY 6 ¥IL KXy mambe praducedipoment the appropriate

produced by fibroblasts is fibrillar collagen,

qoH iypec Ginzilerly, atlesr matyerproteine whichEatbbé produced add degesited ssimg the

key conponent in the cell-matrix structure; however,

quite niethodnndhoie, hus areoiot Yimitdrkto lelastirt; @obtdoglyemtsrsiehess decorin or

conprised of only this protein or protein type. For

tiglg¢aanweglycoproeins sudhl aa gmagin; bistohedtinpfitbrbhedtin;dMdinin, thrombospondin

non-fibrillar collagen fromthe collagen famly such

Taandehtcosagamglyepes GIAIG) stith aslhyaluMnicMdtid (MAD., VI, 1 X5X,

X, X, Xpi, XIV, XV, XVI, XVn, XVIIl, XI X, my be

pr od The thatix-pisdacif célhB cappedpra wiRl Gethble ForRBimal cell or tissue

Simlarly, other matri x proteins which can be produced

calhigte daE0S af dtlurd Slish Ofldsk eor ¢ollet- 8ot e, atidtOMowd EriBiefordtion of a

are not limted to elastin; proteoglycans such as

thle€ QimeRsiOial Bésfé-YiRSdHucRire. HueKIDEQL @bWh sBHERs 88 which the cells can

tenascin; vitronectin; fbronectin; |amnin,

e letaas poasli tolbgicALofipHENS AMANT WERA She( B RanSHERe &R
hyal uronic acid %FMQ. Tﬁe matri x- producing cell is

pedtideHn@EcHofin @ mEAR 61 ths BUIL AR chRbrudRd b, §8dHaRlsuch as glass;
tissue culture, such as a culture dish, f k, or

I'as

ST I} o (AR pUUB LT G,
BTy Racak o BRagRe B silRA D i 36 BfthdrS afi@Buorinated ethylene propylene;
and silicon substrates, including fused silica, polysilicon, or silicon crystals may be used 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-l-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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be grown can be any biologically conpatible nmateri al
to which the cells can adhere and provide an anchoring

wore@n®fer the cell-matrix construct to form REL/E81087/661800
such as gl ass; stainless steel; polyners, including
pol ycar bonat e, pol ystyrene, polyvinyl chloride,
pol yvi nyl i dene, pol ydi net hyl si | oxane, fl uoropol yners,
and fluorinated ethyl ene propyl ene; and silicon
substrates, including fused silica, polysilicon, or

cagitdct b thertgrsand |bsttera yurfeessfdly deyelapiag Fonsiyuch frmaximal surface area
surfaces. The cell growh surface nmaterial nay be

explosure tethé yuttiendstonthined imthe infedimch, M¢dion mos elao cemact guly the
charged, or coated with biologicals such as

betwnyeflthd fesime culturgkstucdesstrudhsoghatip tep aifrfage pepbé ekposed to air,
coating is RGD peptide. Wiile the tissue construct of

ad inehd developran ofmgulthred gkiawonsancta Thebiefbreé bhltuye vaskdh is one that
surface, a cell growh surface with pores that

uSIoRE Y Birgatisschod dultiepraard pooicabiinsubbogels af pdrii® membrane that
menbrane to allow bilateral contact of the nmediumto

istsigeA@eh ORICHRUrE V&6l oalns feaiun Tyl Gt rAchbrifediecured to
only below the culture is preferred. Bilateral contact

ofd drdWs 2 ARl Re kD& R rambwb Rt IshBsctiePwahid ah@inte@fites with a base,
surfaces of the devel opi ng construct for maxi nal

sutilab A58 iRk BRANSXPGSHARaA Be EdV8red Wifhi 2l TukBREBisEB Grdotporating a
the nedium Medium nmay al so contact only the bottom of

carh6r Qb ovbuls WeRfbrdnk 32U 0FANSIE YR hnPare bR@drel B8 h@Ping out

surface may be exposed to air, as in the devel opnent

tRfinRnfsH %Inldra?éjdénlgib@d GONSIHE UniteiNBatly kB iR %e%g(f, Yd:fe of which

vessel 1s one that utilizes a carrier insert,

hé bl ﬁa&écﬁﬁﬁ&%iﬁga@ﬁ%g‘?inﬁﬁﬁﬂg@oﬁﬂs‘%ﬁcéss,%@%ﬁ%ﬂ,&éé,éoz,
menbrane that is suspended in the culture vesse

58861884 31338 8’7"'?@!2‘1{'5?9%&?5!6'28,%% Y871 B84 ﬁ%@,@@ﬂ%&é QscRRENS §€lwhich
fo 0 t'ubdl ar rk that iIs

oné “end a merber “or ’f f anewd

a%@:?o%?&o?&ed"ﬁe]& h vl | t%lh&:tﬁ%e{s 3ecn | Jelsefl o %ﬁ%ofbﬁ?@e fSuét

or cu ure e cover
Cul t ur. s i ti i ' i .
oHPMESTRRREREoRDGRRASEAN Moty 956t B

e 5 B o DR AP TGRGD P
B S e B BRSO U ot AShIE D
u?cﬁ:gssl%’ %gﬁ%‘%‘?ﬂ‘é&éﬁ ?g Qt ¢ ]glhr%glﬁahg %hgufs aﬂbv%iggg' ’th667cééﬂs t% ’bg 968(1’ b?fﬁ%fally 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
passage of nutrients contained in culture medium to the bottom surface of the cell-matrix
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 1 micron and most preferably about 0.4 micron to about 0.6 micron sized
pores are employed. In the case of human dermal fibroblasts, the most preferred material is

polycarbonate having a pore size is between about 0.4 to about 0.6 microns. The maximum

20



10

15

20

25

are incorporated herein. Wen these types of culture
vessel s are enployed, the tissueconstruct is produced

worooone29sur f ace of the nenbrane, preferably theCT/o82007/061800

upwardly facing surface and the culture is contacted

by cell nmedia on both top and bottom surfaces. The

pores in the growh surface allow for the passage of
culture nedia for providing nutrients to the underside

of the culture through the nenbrane, thus allow ng the
pewsisize degengendtodlylvin|the sgealf the coll butallselthe fhilgynof the céibtotatienits
side. A preferred pore size is one that is snal

skape ayhpash dirough tickoesminate. 3 ik oupdrent thdtehagisowet likeebnstmet agheres to
t hrough t he nmenbrane, yet |arge enough to allow for
thersaefaqedms dops nof incouparate nt enveloptleisnietraieso Giud teroeatiefiom io such as
to the bottom surface of the cell-matrix construct,

b$ pedling Svithymig ail Ifdred. YThacizé el shifseadfalid xdudmdnanst oasedat Gictated
about less than 3 microns but range between about 0.1

bt sRRSf HHR v@ReLurfdcebr Gle@ibane BB KBidiBirewa b dbsREMNBBbe round or
about 0.2 mcrons to about 1 mcron and nost

aREBdrer slip¥d arb@ kttun@edﬂcomef:&@bs tQ 1@$gmatﬂyghﬁ>em S\!ilﬁﬁat&l &8falso be
pores are enployed. In the case of human der nal

fhi &c8Rloa®Ht %5 2 koI tHBﬁfdu&raesﬁl%eﬂ%QnﬁﬁEtQB firdrfdcS with a wound or mimic
pol ycarbonate having a pore size is between about 0.4

tRephAOH ktrfbtére BF £4190 Bssud Mo 5&@ afer Shrfle HEREIUR %;&hh

only on the size of the cell but also the ability o

sﬁlﬂ?rat@ eﬂrbp&r@orﬁt 1l §lord defls D 8RB ARIPASE L Jﬁﬁ%%gé%tetr BSiume of media is

nmbr ane. I's Inportant that the tissue

ng&ﬁﬁ td H@fici 2%5@1@ aﬁcfnc}uhtﬁwﬁy EJI%C mﬂtthedtgglfé c%ﬁétruct is finally

|ncorporate r enve op e substrate so
Et'&é){%lh le eﬁ“f‘na %5( &E&Hcpgr 2%1 gerr@oﬁgnq@tj it is removed
orce e Sl ze sha e o e tissue onstr
I f
bﬁaﬁwﬁ%@*ﬁ%}éb %%91&1%9 fibs %ﬁgb&*@% It%‘-‘a%%‘@%? ﬁaysﬂre ?S‘Snd

or apg uéu e%ﬁg?u@%ﬁﬁs%g%%{ Ind ?’H’QI%IO% d p r%fy ofl S?Ptﬁet‘?tic oF

irregu

Oﬁ%ssr"b“@sgl Htef AP bt DR tf%Eﬁ’%ﬁyg%ﬁf&éﬁi&%*ﬁ Gpmgtructs
18 iR atiR o Siiectes f SOV b stbicr Brdngond h R RS
SR HERLEs ElpoT Bl iRl 5h U ateh SRR Cnddry e o cither
s S g B OF TSI e IR B e FUEE B Tsh Wit the

bi | ayer construc IS re
culture(%/ tissue construct. ”}he tllnal construc{TR)rmed 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, 4,963,489 to Naughton, 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 medium is
still and relatively motionless as contrasted to the perfusion system where the medium is in

motion. The perfusion of medium affects the viability of the cells and augments the
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by peeling fromthe nenbrane substrate before grafting
to a patient. The cultured tissue constructs of the

WO pweneioon do not rely on synthetic or bioresoP@HDE®07/061800
menbers for, such as a nesh nenber for the formation
of the tissue constructs. The nesh nenber is organi zed
as a woven, a knit, or a felt material. In systens
where a nesh nenber is enployed, the cells are
cultured on the nesh nenber and growi ng on either side
devedppwientifnha metrik fayer. dterfption wéans insludediut erg nehlimitesido:anting a
i ncorporate the nesh within the cultured tissue
negnsticstider orthaorfized ahpalienistiremiture alishrsubjbsenhidelowil sr adiraent to the
i ncorporate such a mesh rely on it for physica
sshspe carriemmdnfagringothe kultubeaerpbrese tofticthe tadies; pussingmedium
constructs that rely on synthetic nesh nenbers are
whthinnot through. the ciPaikeadith d¥ehdnatres; donthB4Yitdfdg thd culéhids @8Don a shaking
5, 266, 480, 5,032,508, 4,963,489 toNaughton, et al. The
oS etdtiag platiornh;e rlling BhrédBeddh atrblRr BEttlb.- OBkf petfukial Glean¥Rin be
be either static or may enpl oy a perfusion neans to
dtteenified Bylsne sKied i thd 4t foh@sest feinfetlfdTf @ inteiorc Ul t ure
mediumis still and relatively notionless as

cont Caisire thellia frR14GAS MRAIN S Uselift MeWRRER iR RAHHEAE SHRckeRl based
in notion. The perfusion of nedium affects the

oM irRkell kyfp¥s RfbelchRurb@hd dSih&iFuAHABRALS bb BRUGMAl FRIBIHIrdhedium
the matrix layer. Perfusion neans include, but are not

thak Muk&Oanki P 8¢ cufRYBGIltOnSAde AR pRImITPLAN drdB, matrix
inpeller in the culture dish subjacent (belo or

: nthe . e Loe oW
sgrg egg,emd M}gﬁ;&;g«éﬁg@g)%ﬁmhﬁ% FRE L &R 3&&@ Wi.ng the

ure ne stir unmpi ng nmedi um

Wi t hinrb_oﬁxre iﬁstfgneéég%hch Q?ingl Sl%bﬁ&tigﬂ §1{;bi Ingfél@%?@ﬁﬂ : exgs‘f{ﬂ%éo}{stmcts

agitating the culture on a sha rotatin

oBRRr TR an e LapRRRAIARE b 8ok Rutir Ak s

d@e[n%ng ?ué)%%%nggﬁ{l?ryﬁ %e%eaﬁa T Eﬁ?f‘é@?%bu?éos%sg ﬁn iﬁg}ée%%]eid t eéhod, the cell-

la Tornmu 1I"ons Sul
o0 PR R BB B abe Pl gfly bt
BT PRI AT T e S e rovies
Vgﬁ%\,\sﬁ?%g lirag/t I[ét)e(c]eﬁy @'g?hoggi aglid ag\lﬁgedvtihgrgiorll \ivké/rei\ﬁwblolh cgﬁ = gsd ar(e) :
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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In some instances, such as in the fabrication of
bi oengi neered bil ayer skin constructs of the present

WO pweneioon, the nedia conmposition varies wth BEDS2007/061800

stage of fabrication as different supplenentation is
necessary for different purposes. In a preferred
nmet hod, the cellmatrix layer is fornmed under defined
conditions, that is, cultured in chemcally defined
medi a. In another preferred nethod, a tissue construct
defoxp biokegakcoppbhentrederivad frery aon-huroan sdergesni Althozgls the eddition of
| ayer of cells disposed and cultured thereon wherein
utdzfihedo@indpotepas natpeefenrdd; thew chay he esed &f acnerdarse vtithrtke disclosed
medi a system Alternatively, the tissue construct
me oy it aesp@Entde bultumainrarder kafgbicafeainedessditliych tisnatasonstafct. i®tlen the
nmedi a conditions and a second | ayer forned thereon
inveiEtRn iUdaedd oneatilirag sareeiddiuinb O Bells chlfuréd@inpaihemicsky ddfined
ti ssue construct conprises a cell-matrix |ayer may be

chApneRR i ed RERAMOoWHIE Blunae thifoarcey) tidirésuAs tignid cblid@uct is a
second | ayer fornmed thereon under defined nedia

d6mREhnh AGsudddastHze Bintehe fin6@nhYeqdRblet that Wish BE @dded to
nmedia is preferred, that is, nedia free of undefined

pldARht QERRBIPHeinbS fid@ia With{ARE urvie@lof MeARhiBon §EheMIcally
ituitary extract, hypothal am c extract, placental

d6%el 86t tuse AthERD }S%@érﬁ‘edQﬁrfcﬁﬁn Bdthddl Q;eﬁélﬁﬁ’y 206 of A4t Bike art of
secreted by feedér cells. In a nost preferred

c<9 #e%ﬂ e afﬂ@%‘o &@%Qin%e sﬁmtbﬁee&ugél Y Hﬂﬁ‘fﬁuﬁﬁﬁ r&BABRRNGS

i ned bi ol ogl cal conponent s deri'ved from

S%%tlblé 1&1%% %gtﬁmoﬁié/ fkgr i Jngﬁcoﬂ'ffnghénltsqg sﬁ%lééﬂg?{hb R&ithre

'S not may be

ni%ﬁ%%&“ %%Qﬁ:\%n% \pltﬁoqgungug ﬁlvgsi gtld?ieotr gﬁe&ﬁ@fx aﬁ&y "ﬂﬁ' a'a@an'ta%es in

ture ord rlca e succ t1ssue
usglgg euec% ég&}%r\l{n%ﬁp%hé:g réwns tﬁ%}ttﬁe n%ezrll ﬁfaidgf% %95“21 qllﬂgl &J F&)lsﬁ%ecws
onents. derj

vfrﬁsng%)rnggﬁlfatl II;]'fm mFectlon 18 q{rrﬂols}?e%n hffln?es é% cgi?arlo t%g &gﬁfages ofa

i SSue ons Fuct

g §a%écéﬁ* FeusiRl Shanie St%#@ﬁf@é%?%haa%% ftﬁ‘dresu“a e
f t f ch [
@g“%)‘,lqﬁlg@j otP %@éesfﬂﬁcetolﬁgleﬁwggenﬁ{i ‘g(lf%{?()?‘gﬁgf ag r Ie(r:n af |ao ny
Cul R PP s mEse S e s e Brberiapfipapared wit
o!cﬂlhl'ej‘,pcl?orr]npolplelflnr’trs'51 nThreesl%?lng) Lr%?annt can getermine appropriate nutrient bases in the art of

nEn

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
Eagle’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 non-essential amino

acids. Commercially available vitamin-rich mixtures that supply additional amino acids,
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synthetic equivalents to commonly known ani nal
conponents to supplenent the culture nedia of the

w0 pooggioen wi t hout undue investigation or PCT/US2007/061800
experinmentation. The advantages in using such a
construct in the clinic is that the concern of
adventitious animal or cross-species virus
contami nation and infection is dimnished. In the
testing scenarig, the advantages of a chem cal
gl Al GBI YIRS Phesaiolipkiequeseseend ingrapnac solf fnglude Ham's
chance of the results being confounded due to the
Hob%e Slepcer-40, NGEC Lofiand NedCdaapsiveiiinvantng eapcentiatiotisust basal
is comprised of a nutrient base usually further
meadiAaireviena eagiogutrieniionse fereaiboin dhret form Fhglucoke, lafnénd acids, vitamins,
artisan can determ ne appropriate nutrient bases in
anéh gosganicadns ahogethdr waihlother bisiamediatdniponess dFteimhast preferred base
expectations for successfully producing a tissue
nooinsi pilth¢ ingéntioh eomprisent narient vhseyof ettrareslcibalfieg or low calcium
avai |l abl e nutrient sources are useful on the practice
Inflbdcbies Modied Eagle’s dfudivan(DMBRS cor) aheinate]e ODMEM dred Ham’s F-12
avai | abl e nutrient sources which supply inorganic
bkt o 3a0-1 eatRrtgy 1200 rat, rapdckivelaci ds, and B-vitam ns
such as Dul becco's Moddified Eagle's Medi um (DVEM ;
M ni maé bdss srbfubeib sufpitmemed MithcomPpBR8ts iRk ah6RQicids, growth
| scove's Modified Dul becco's Medium (EDMEM . M ni ma
fi8&€ bl 8brnidaek. uysfio MEMItuANEe LAY the @AlirE 6f RASbE th®RRbntion are
suppl enentati on with phospholipid precursors and

deRibEeSBAMite @ BtaRF PRIONtAGd. 812, FOITRafch Rl ¥ndBH itk @ Ral PCT
vitam n-rich nmixtures that supply additional am no

PABEASoMNG] W05 U S thellideYd¥Bre§ Of AREIOLS mc%@%@ﬁ‘ﬂefaﬁi l%r reference.
precursors, and inorganic salts include Hans ,

Jdfingedls alerolbm&léQ% su&f‘eg th¥ed Gisdidsrd 1&%'515%1\/&1{%@{&{,' M&thods in

concentrations, all basal nedia provid asi c

EANhoIBSY, 5§ Q&' 0% ?1 F79Y, ok bﬁxell Jﬂ)ﬁ}opﬁatg SRRl ggileﬂﬁéastﬁeﬁha in

am no acids, anlns gani c 10on t oget

BM&EItEté?ﬁ %ecﬁ IQ b(’fs g 69@911&6;9 @_}ﬂ? ﬂpt?lg J%E'e%fe @ggdément,

base nedi um of the i vent n CO[TpI' a nu rlen

tlﬁ%bé% {rxgﬁ{ug ?%ugblg%ﬁitﬁ %@&ﬁ@%@dnﬁ%&ﬁ l%g)t%%\?oe F:he skilled artisan
PR BB bk bl o3 S helelilt
em.aflaalﬁ%@QQJ‘(?—Bflc?Spﬁo%hetﬁa%o%mm%?w gr'e%%bn&ntraﬂo'ﬁ‘s 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
to provide long term benefits over multiple passages. Supplementation of insulin or insulin-
like growth factor (IGF) is necessary for long term culture as there will be eventual depletion
of the cells’ ability to uptake glucose 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, a human insulin would

qualify as a chemically defined component not derived from a non-human biological source.
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factors, and hornones. Defined culture nedia for the
culture of cells of the invention are described in
whpioreeko®t at es Patent No. 5,712,163 to Parent eBCI/E8zH07/061800
International PCT Publication No. WO 95/31473, the
di scl osures of which are incorporated herein by
reference. her nedia are known in the art such as
t hose di sclosed i n Ham and McKeehan, Methods in
Enzynol ogy, 58:44-93 (1979), or for other %Fprqgriape
IngHisrsupplementatiohiinasyisatdel foa seriah cuvation endeis progideg fo the media at a
Met hods i n Enzynol ogy, 58:94-109 (1979). In the
wishe ednge pEchneerititionse it prefeired doncentintieh nangei is behwpgnl abetdk lelgz/ml to
with the follow ng conponents known to the skilled
atant $0arp/mh mard prefierablyl ak abowt § pg/eil td atwul 406, ngtmlamsifregst praferably
triiodothyronine (T3), and either or both ethanol am ne
atabeut 37 p hgaphappiopridihieonotranaiiors, fovthe supp e mat@ndf st liniike
and substitutions for the supplenents nmay be
gidetiefeion ecthhy 1Ghe os KGH-D adayetet dasiBrdetdrminetl by omesofakill in the art for
pol ypepti de hornone that pronotes the uptake of
thgLeICYpE hogndbd cuurdci ds to provide long term benefits
over nultiple passages. Supplenentation of insulin or
| NS UbrbAdrdrke isOh toiediude 108 frof tréHspork fegRREAS SRnMs 4r0¢ssdn@BGrace
termculture as there will be eventual depletion of

elbhEntS&nasn sedth! Ak Yok EanttiRitei€toWeHERSH £RB ShrAMnRerualit BSupplied
and possi bl e degradati on of the cell phenotype.

tol AU d FPYarBRrEEs b 6itehtAioh Sink b 6f prefRiaBB betWRh alo620M5 &
bovi ne, human sources, or by reco&%|nant means as

! 5 AR PRk Uhddd 5 refore, a human insulin
amoﬂ?ﬂ“%ﬁdlifyﬂgs %f%henica# y defined conmponent not

der i wedidhRoRifRe m%@g&gg g@mn&&iaﬁ@ks tﬁ@alt&ieglfokﬁ%mh&fbid hormone

suppl enentation 1S a e for serial cultivation

th@lnig iI{CﬁldQ& %Vﬂméjﬁgdikﬁ b gl in%{j%?es akcd ﬂ’l\ét%ligxﬁ.n gﬁioﬁ&h?/rgnine is

concentrati ons. pr erred concentration range
oS5 Ry e T SR B O30l RSy p o

nost preferably at about 37 /q&P FORri at ¢
MG REEREp AT DS Pt £ RECSHID EREHRP REB gy 20 PR

growt h factor, such as I GF-I or 1GF-2, may be easily

det eFithieneiboyetbanelagrnesqad orphpgphorydcthpnolgngpe, prhichcags |

types chosen for culture. Transferrin is in the medium
plasphdlipisy, are adddepvheserfenptipmisiad Anpriaghpregirsn indthe wasifol pathway

trace
and fatty acid metabolism. Supplementation of lipids that are normally found in serum is
necessary in a serum-free medium. FEthanolamine and o-phosphoryl-ethanolamine are
provided to media at a concentration range between about 10 to about 10 M, more
preferably at about 1 x 10 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, selenium, 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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el ement found in serum As iron can be toxic to cells
inits free form in serumit is supplied to cells

whewngo2e t ransferrin at a concentrati on rangeP@f/US2007/061800
preferably between about 0.05 to about 50 ng/m, nore
preferably at about 5 ng/m . Triiodothyronine (T3) is
a basic conponent and is the active formof thyroid
hornmone that is included in the nediumto maintain
rates of cell netabolism Triiodothyronine is
kenappmcsiearsnegiutepineiecontenli (Bubinet 4., &t Fhysiak. il 38i20%A(1986)).
bet ween about 0 to about 400 pM nore preferably
Thete{oss hy droenrtisope isq debicabie a@dtivp M iastehcapwherpthefeahalattyristics are
about 20 pM Either or both ethanol am ne and
bengslebpich pyin-the foamaloamil keptinebyte bheat graftharspinebigtiuds.,
are added whose function is an inportant precursor in
Hyldencomissietnody hepatrdwided aamcortatttatioracnge ofebali@l(194/'ml to about 4.0
Suppl enmentation of lipids that are nornmally found in

5 ueailumostprafeclsls dawgen dboat Geng/ml to Beugimti um
Et hanol am ne and o- phosphoryl - et hanol anm ne are
pr ovseeduigs aed ® setunifréomekaiorradupplemeligerdee teeits of
about 10 6 to about 10 2 M nore preferably at about |
s¥lenifad ané[b?i’@iQd_ t AWy st GdlehidiemaiedirbAled d BeoR8Sfition range
[

mediumis a ionally supplenmented with other

of AFFRO NETNIS0 Adut (UM EmEY Preh@sdlPat@bowisis 1@V ation or
to inprove cell growth such as hydrocorti sone,

sel efthdlshindaskd -GN Geschbifl sQAROh TSR B AR RBPR: added in
shown in keratinocyte culture to pronote keratinocyte

10 RRENALXRRrOR Qoﬁé‘&riﬁsfuﬁfc?en?mﬂ%%r&ieﬁtf Qtéﬂtrafnﬁfe%g also be provided

characteristics such as involucrin andkeratinocCyte

it 518 Brits e RARA s AR DhER the (BRI B 1AL 17 GibddBRL, Grand Island,
Physiol ., 138:208-214 (1986)). Therefore,
PEIRRAEPI R R PR GBIl B TARETRY o s

ere the CcS are bene suc

iﬁtg%hd‘ngéﬁﬁl &V%—?}Eut&ﬁi&lggﬁﬂg E%Rr{glf}& B&Ze%%in%l%f tggceg{rati;bﬂ 5% a substitute

const UCtS: ocorti son rov
S POREIAE.AOEORIE BRSO O Bl Syt o

15 ir?%/gruwﬁe'p :itngre#élh%?lé ?I{]plétl)at%rg)lg g%te cg tée%g ?ﬁe lgnl'é:gl‘rftgirrlt?l?n ﬁ%%h@ctllvg concentration of
L-glutamine 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-glutamine or GlutaMAX-1™,

Growth factors such as epidermal growth factor (EGF) may also be added to the

20  medium to aid in the establishment of the cultures through cell scale-up and seeding. EGF in
pative form or recombinant form may be used. Human forms, native or recombinant, of EGF
are preferred for use in the medium when fabricating a skin equivalent containing no non-

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

concentration between about 1 to 15 ng/mL, more preferably between about 5 to 10 ng/mL.
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sel enium normal | y provided by serum Sel enium may be
provi ded at a concentration range of about 10 9 Mo

wW@bwan202 7 M nost preferably at about 5.3 x BROI/882007/061800

The amino acid L-glutamne is present in sone nutrient
bases and may be added in cases where there is none or

i nsufficient anmounts present. L-glutam ne nmay al so be
provided in stable formsuch as that sold under the

mark, G utaMAX-1(tm (G bco BRL, Gand Island, NY).

G ut dhpxedippdesqribed phove isdhpieallyipippred @eset & bsfow. However, it
L-al anyl - L-gl utam ne and may be used interchangeably

shplf be urflerstogdithae thesempenepis of the @es¢nt invgutiomohayrbe prepared and
concentrations as a substitute to L-glutam ne. The
agsopiiadivdiag peryeitineel rethddolagy wompatibleghitit their pleysicabproperties. It is
degradation over tine in storage and during incubation
wélbitnowamn the ad ta smbstitete cergaim¢omponerttdeitledf gpprdpviete analogous or
concentration of L-glutamne in nedium Typically, the
forgienaliydiquinales astinppigendot teelpwpdshs airaefitabihy yr deehos@eand arrive at
about 1nMto about 6 MM nore preferably between about
aximiArtresud.bNatiraly obduridwgerawthtfagore fray 86 bubsétutt¥with recombinant or
L-glutami ne or utaMAX-1(tm. Gowh factors such as

sg piheter gre th Gaotons thaf lawt eimilaEgh)itissRyid 8dseles Winadeled thepetBfnance
mediumto aid in the establishnment of the cultures
dfiitedtieitiGel | scal e-up and seeding. EGF in native form

or reconbi nant form may be used. Human forns, native

or I ecamth Bdidan@fwikiIhe preSenPmObiRioh 8 stdile. Ust&rilk BorhftBents are
medi um when fabricating a skin equival ent containing

BRI SRR Fenbiéred Q&KiIE BY cHRERRAEIPrSced e, shch RB1PRbh, ARRY
conponent and nay be provided at a concentration

G R B L A0y RE PARe

ISMBMCAk Y1 PSRRI &fhtAsedS8l tHeGhd: '
shoul d be urﬁder stood t ha?t teﬁ%&?g%g%%ns %?‘\étqfﬁeél ddbed to

BBREhe MBUEA! RRK wﬁ&ﬁ opglﬁ&%tp;%ngn%g §‘E%E9§! ar‘?gzd’éi, 0% the

conventi onal nethodol ogy conpa e Wt
a%e e(grgpared at

R ﬁi)l‘?@i] nua{eﬁpﬁﬁ}c!e Fiat czint bei s?or%@t |4.°5n %W]Stclcﬂ s!)lnﬁor%

"
substitute certain conponents wi th an appropria

| . . ! f
S?QFS ﬁ?lgl%ldﬁceﬂ{ratfoﬁp ﬁgtéé){l%ueyé ?{(})91% ér/ozi\gtfg)gtof ﬁ%ltlﬁang %algsr eenqrtl andg tr

purposes of avall abr’l no rive
bS] VR A B LA,
dissolved in absolute ethanol in 1N hydrochloric acid (HCI) at a 2:1 ratio. Insulin is
dissolved in dilute HCI (approximately 0.1N) and transferrin 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 is dissolved in absolute ethanol and diluted with water.
Hydrocortisone is dissolved in absolute ethanol and diluted in phosphate buffered saline
(PBS). Selenium is dissolved in water to 500X concentration and filter sterilized. EGF is

purchased sterile and is dissolved in PBS. Adenine is difficult to dissolve but may be

dissolved by any number of methods known to those skilled in the art. Serum albumin may
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synthetic growh factors that have simlar qualities
and results when used in the performnce of the

w0 pooggioen. Media in accordance with the preseP€T/US2007/061800
invention are sterile. Sterile conponents are bought
sterile or rendered sterile by conventiona
procedures, such as filtration, after preparation.
Proper aseptic procedures were used throughout the
fol | owi ng Exanples. DVEM and F-12 are first conbined
bgraddadrie coriin spmpanRgntscia sk trftabilize dhepmia solytieneandtage presently
conpl ete the nmedium_ Stock solutions of all conponents
deinedifeom pigiepbnman or apin@! souyges.hFqrigsarade, dpmian serwh albumin (HISA) or
nutrient source that can be stored at 4 0OC. Al stock
bowing s¢ramibamén (RS aray de adde@Fonprolomged stoorpe entpiataioths activity of
| isted above. A stock solution of insulin, transferrin
theprogesterand enhHEB sfoclesoligtons. f Flemdigmedn besitherapat mohately after
follows: triiodothyronine is initially dissolved in
redmeoition er, etbtedaod °C. NIf kidrddy BGEB slidubd not baedddd (ddlthe tithe &f use.
2:1ratio. Insulinis dissolved in dilute HC
( appiloxideretd édry the dENymarid ldysebysheculture dfsnathi:sprotineeh dells, the
water. The three are then m xed and diluted in water
rhaglivan 5QApHlansnedntithaiddbional Egdney thitprimee BAGIXGPRASR A Yikposition
et hanol am ne are dissolved in water to 500X
byaneeils.r Hicsosuppletieileagbitt 16 kelbt@fipatibBedbiinEl RFLREILILRS of
is dissolved in absolute ethanol and diluted with

POEityeind atdyfeble @€ EntanS04@s. i The Gheafial ¥4 td fro@fes BleWbB-nBtAaBR: is
and diluted in phosphate buffered saline (PBS).

1@l Pkl ipfoddétfnhadi N Water to 500X concentrati on
and filter sterilized. EGF is purchased sterile and is

di ssqbypePare tePRRrix ARANE nlediud, feibﬁw ﬂl}]e(%lﬁn 2 sﬁﬁﬁ&%{%té?}%h an

may be di ssol ved by any nunber of nethods known

abd¥aseee RiivAthve Judhihs bétfui blcorbaf) AELBIRIRE B FRYPRs AdHRHhRaty

certain conponents in order to stabilize themin

sﬁB1e%ﬁ%v%c@£s%-9§c§x%%k%p&%$ﬂg@éEﬁa%ésm ?Jhtrpg{déﬁgn .n%&orbate is

or ani mal sources. For ex n serum

2fHEIAY R%@d&%&ﬁﬁ&;ﬂjg@ r@&lﬁfé Thi se{cﬁﬁ’gﬂ o{@écl:otﬂgge%? 9 ?(ﬂ\églg {)recurs or

prol ohge orage to rmaintain the ac
USRI L REE SRS ) Q0TI AL LA oo
f%lrﬁ%:éﬁgtﬁatnﬁltgtiﬁa%o%%silfég o?lge'r ex'iEsz;r:neg' Qsowuélfjas%gtupr%%ul%t%g gfd type L and type
III 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 a

neutral polymer, but again not wishing to be bound by theory, its presence in the matrix
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In order to formthe cell-matrix |ayer by the culture
of matri x-producing cells, the nediumis suppl enented
wowah/ogadoi t i onal agents that pronote matri x syPeTES1087/061800

and deposition by the cells. These suppl enental agents
are cell-conpatible, defined to a high degree of
purity and are free of contam nants. The nedi um used
to produce the cell-matrix layer is terned "matrix

To prepare the matrix production

roducti op nmedi unj . . (
Pﬁ%‘ﬁmﬂ mediem may Collaesn PeFssng pislslcapitinngBomiconsisightly between
ascorbate derivative such as sodi um ascorbate,
S3RISH- bype piefered peutralnolyster ispolyeiyiene Blyael (REG), which thpebeen shown
derivatjves such as L-ascorbic acid phosphate
I RIPHOL Wt ecepsipg eftha solubguenursgr propelageidueduced by the cultured
pronot e hydroxyl ation of proline and secretion of
cgllte éﬂlﬂt@géﬂﬁps@d sollagen. elipue cdhwsogradoP e pabinttearangs etiwgen about
nol ecul es. Ascorbate has al so been shown to be an
1i0R§ torabawi: 4009 VA {mplefudar weight); orerps¢fatablybatwepr dmes3i00do about
of other enzynes as well as an upregul ator of type |
3300MW pseprefarredinl thiegeedis gfithdims ergion Whielegret BE Gwiosdehgtion®are for
be bound by theory, supplenenting the nediumwth
usgrinrtbe methdd may bohtwententmtipnostebout Syiwhes s, peaksesly elsout 0.01%
cellular energy by not requiring the cells produce the
vamtaaboaicd. 8% v/ enme prefesablylbeeweetibbut 0026% v @d abdet B2 w/v, most
glycine is preferred as they, as well as the
prafetnloly wbatt 6@5%0w/m Othepsutturd@adetiediralpyRaelsisaéh dedtren, preferably
basi c am no acids that make up the structure of
desttdnay40) .or Py VidylpatolidetlPVeY prafEebIi®t th ¥empPé SCHONI00210,000 MW,
mediumis optionally supplenmented with a neutra
9| 2§50 usele cEirRbtrafiBilsiak XbouO5PS tw/i 6 BssOpreteh®ly bR IaBut 0.01%
may be produced w thout a neutral pofyner, but again

wioto abostl. 5% /9 oifte PRERMINEH! BABYut 01028%RY/S %EMHe8t 0.5% W€ most
mat ri xproducti on medi um may col | agen processing and

pEEFRASY BbAD 0.05%Sy/6 O0ReSEttul tire RRIMMBRIccHRITRIpSb e S¥ts that
preferred neutral polyner is polyethylene glyco

chiRE6d colMBnGRoRaEn 288 Qe RPN nlaf bP LQBRLiRed BY tHd ikIRd routineer in the

processi ng of the sol uble precursor procollagen

aReHmaRiYcdingieyl tured cells to matrix deposited
col l agen. Tissue culture grade PEG within the range

bet WagR, Rk 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 base 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 10*M
ethanolamine, 1 x 10* M o-phosphoryl-ethanolamine, 5 ug/ml insulin, 5 pg/ml transferrin, 20

pM triiodothyronine, 6.78 ng/ml selenium, 50 ng/ml L-ascorbic acid, 0.2 pg/ml L-proline,
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1000 to about 4000 MW (nol ecul ar weight), nore
pref erably between about 3400 to about 3700 MWNVis
w@e@feser in the nedia of the invention. PrefRCT/Es20PE®B1800
concentrations are for use in the nethod my be at
concentrations at about 5% wv or |ess, preferably
about 0.01% w v to about 0.5% w v, nore preferably
bet ween about 0.025% w/ v to about 0.2% w v, nost
ferab abo 5% w her culture grade

aﬁ@ ﬁtl Pﬁm%v u’t& ‘gﬁeqﬂ?d%fé% Py u%?@?ré%hamayole@ﬁ%lraawts may be
T- 40, ol yvi nyl pyrrolidone (PVP referably in the
o 510 B GOA o PO 06 61 8 fsteelnan mats secreted
concentrations at about 5% w v or |ess, preferably
Thetanges BB icluge palypantide growEHaciors Jrageription fagtorseor inorganic salts
preferably between about 0.025% w v to about 0.2% w' v,
torpsfegpleteriellagsn jransseptiony Faswplay of polphetide@edwih daskdryinelude
grade and cel |l -conpati bl e agents that enhance col | agen

S tprdeeyss sgwinficidepas i (TGRS epd Hsuaptbemtrapeedtibator (TBA), both of
skilled routineer in the art of manmalian cel
vdudhtage know¥te mprebeate ebllagpr sydthesin gRaghbivet alr, Govrnel bf GRiital
and the culture nediumis supplenented with conmponents
Ipteatigation 7911 28 5+ 1Dt (1987);Bandeh etsil. s Jousmt o M vestigati®e Dermatology,
organi zation, the cells are said to be stinulated to
100648 E@993)s fueexenpletof acinogenipsdlishat stfuaek tollagatprogictibx s
synt hesi zed by those cells. Therefore, a preferred
camtnn.i ShiprkochacttiabyTonml sfdlevubin bad Celluld CARKAI68624: 7 SDRO €1992).
3:1 mxture of Dul becco's Mdified Eagle's Medi um

10 ( DVEBhe dubtuceh ag hinaed @raitidcabdtéito eMdutd ¥adicidat lvikoARERR)
and Hanms F-12 nedi um suppl enented with either 4 nmv
cbndifidnt antoneoldéd tempirvalecMimidiy, A8d pds rﬁi@tu?eeﬂ'omta cHIEANbALells.
factor, 0.4 ng/m hydrocortisone, 1 x

SRR , i
ey Fﬁiﬂddlﬂuﬁﬁ r&%&wrr%e? %ﬂowgn(g?gd??ﬁﬁgy‘b ‘ﬁ&ﬁ/?M&M 3£ 1T with

ah ﬁfrﬂogﬁ‘f%tenyew&hggmgg 2168\- ?/9 /(3'82 afci‘c? 11 Feﬁ]atwgh ra%gy %%Fmeen about 80-

L-ascorbi ¢ aci ine,a
0yC|ne. To the productlon nedlun1 ot her
pﬁarnacological agents nmay be added to the culture to

15 ﬁnﬁ%%rg bcﬁ%&gﬁ tg%%eﬁ;rgat gor}os];wcgt E%epeg%]tagl;ap%g%{ugl alr'med of
d%r orﬁbro{)las% 'c?nrdS thel% sre%rrétse ma I‘IX OE!}etfera% usmglrdelrrrrllﬁr ﬁ)r‘t])lla%ts 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 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 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

25  confluent sheet of cells. In the preferred embodiment, the cells are seeded on a porous
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to up-regul ate collagen transcription. Exanpl es of
pol ypeptide grow h factors include transformng growth

wo amvoe29beta 1 (TG--Bl) and ti ssue-pl asm nogenPCT/US2007/061800

activator (TPA), both of which are known to upregul ate
col |l agen synthesis. Raghow et al., Journal of dinica
I nvestigation, 79:1285-1288 (1987); Pardes et al.
Journal of Investigative Dermatology, 100:549 (1993).
An exanpl e of an inorganic salt that stinmulates

hf*ﬁ’(gélil'ﬁt prsgergencedie allgwaradiumeoniat Sk ety the culthre through the
Journal of Ml ecular and Cel | ul ar Cardi ol ogy
pops FRbdirglly thoye 2B referabdy, celistas sispeades! imgither bpssed giowtlamedia and
i ncubator to ensure sufficient environmental
ageoveetietl oo e cofl culome swfaceet atdengitybatwereabdutik dD1 aells/ambito about
gas n1xture for the culture of cells. Preferred
6cfon thtebliwrsn’ameretpetfombly batveet at@dt Tx 10’ cbven” Baba 6renr H°
preferably 37 1C with an atnnsphere bet ween about
cBHsldn® ahmOS) mefdrahlyrae hisduk 6.6 xHOMeadls/c® (dehy pdp @duasedenaierst area of
80- 90% In the preferred enbodi nent, the cell-matrix
tosgthdelcCulhBesardannedd it grsih mediuh od goeablist thelexlead and are cultured
fibroblasts and their secreted matrix. Preferably,
6 gt BentB oW % to L 00%| cashienéy £ whih dimedRdy At€Hhdaced RhéB4lY by
cells fromderms or nore preferably fromserially

chafHRgRImediuE UP Stk preficlidnamd dsh atdrighe dpre@lidte &Ie@ﬁlﬁﬁesm and
or banks that have been screened against viral and

sBaeldRIof BtiraaRlla Matdt, | TaRn aRdndi@St@6d, lOlls HélEdelist: difetlly &
are cultured under sufficient conditions in gr owm h

PRRELEUN hi LB BERIdaRAR LR AR Qiah%eeﬁ'cﬁﬁ thelbBsi@he @RS @R ?foﬁﬁ&ion
nunber for seeding the cells to the culture substirate

nRdiaMat B 1% 4 Qeth@d ﬂﬁhﬁe&tﬁ}ek higRdriskefifeQRRdifiddCt -
Alternatively, cells fromfrozen cell stocks may be

seedpdrigl he Gﬁﬂ:u)‘e t®rdolts Qﬁ‘@ahfié %e%é@é&& RAbBix P Sl form a three

sufficient cell 'nunbers have been obtal ne

dﬁﬁénﬂ%ﬁél edsi@nfle mg b HoRofextibits Bl ﬁt@oﬂﬂﬂicﬁle%fcfefﬁ%ause the

cul tured under appropriate gromﬁ condi tions

7 f&%oo d&nm&&’@% iEk?séaotntr%t alr %égfrt eggrogrhtﬁe Qﬁlﬁlfreeg ngtgate Media

ment S are se orousne

e&{]lﬁﬁ% ?{eu et t (%9) tﬁlleli q émg%lan glx %}9@ %?(?ducﬁ(gn%gf us Bhd with
tlgregé\l'? ﬁe%%é%’il’ maﬁguﬁ glcre%ge% Hxscﬁ)q%e[,]sg grgd (I)rgan?zla 1h g rThea’ume nercessary 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
quality 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 in
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are seeded on the cell culture surface at a density

bet ween about 1 x 105 cells/cn2 to about 6.6 x 10s
w@eire9onP, nore preferably between about 3 x BOBUS2007/061800

cells/cnm2 to about 6.6 x 105 cells/cn2' and nost

preferably at about 6.6 x 105 cells/cn2 (cells per

square centineter area of the surface). Cultures are

cultured in gromh mediumto establish the culture and

are cultured to between about 80%to 100% confl uence

thigkngssi o Foxg, more prefprakivebetwiren ebent 66 orabewl 120 migrontthiskiaprgss the

the mediumto matrix production nediumin order to

supace §litha membrrac:dipieresthickagsees deve keen oftaingd in excess of 120 microns

extracellular matrix. In an alternate nethod, cells

apd ere switailedorise éxtestipgion clyried eprilicgionsretiera suah gadataritiicitnesses are

the need to change fromthe basic nedia to the

npededuction media but it is a nethod that requires

hi gher seeding densities. During the culture,

fi br od meeprafergpdmatieod, reestheliad teayamisrapglisdnb easibweficd, 0

forma three dinensional tissue-like structure but do

posditratedy Hiehord, upwardlyffhdandurondfitiecdelingatifi:0comsBudt. 0T € thd $€ll-matrix

the formng cell-matrix construct to contract and pee

coiistrattf egithelinl tdlle neat bt WEeded aliisdultare @ theMdaal tafom 6 haulgieser d5sae

made every two to three days with fresh matrix

cPiishdletC [ 08 niverefiiredlethbd, lkedatifBeytet A@ive@ GHMISRE) H@ErHiWY on the

i ncreases in thickness and organi zation. The tine

cBIEERSER Yo fofth a SIif abrshictd I Gthdrphditd Denfboligienid Cdortedl epithelial
dependent on the ability of the initial seeding

cOIRNSikd ¥rmddBriel HerdiMB&tes! RSy ROl oh BR CBlhatlid ARstrnRPE form a
the ability of the cel'l line to synthesize and secrete

cBmbdlicynst e Epﬁ%lib]?’ceﬁ@ﬁﬁﬁ%e SrhemEBRShiyuet g?o@{l) ot 1€ cell-matrix

i nventi on have bul k thi ckness due to 'the fibrous

BBkt RIrRdUeRGruait ol 9RibsAe @Pf?lyeliﬁlr},%%lfﬁl)rh%éogg%% 4 Be seeded

not ordinary confluent or overly confluent

of ltﬂetdéfl—%ﬁn’f@&ﬁﬁr&cpﬁ) 56k laéoﬁgg'yct BEesh V%‘%h %‘iﬁs%g.hﬁﬁ%?fthetligl cells from

each other. The fibrous g Ity g e constructs
PR RASNREBE SERA b LS il
SRR s 20K PR RIATE DTG L8 e e o e
R PR BB03KIFhe RS’ on the cell oul ture surface

pr ef ﬁffeﬁllaldy fo?@rg%@?%tep%@%ﬁ%l cglg 3 .a %rﬁr{&?%&%agé, %%cg esél&(%gor their

nore, nore p ween a
cu tu%,%‘c%ucfirpé i%(lfuc‘?lglg 8ts (ﬁffgrgr?tiation and comification to form a differentiated

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

cormeum.
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surface of the nenbrane; however, thicknesses have
been obtained in excess of 120 mi crons and are
waeiorae2 f or use in testing or clinical appliPel/Us2087/061800
where such greater thicknesses are needed. In a nore
preferred nmethod, an epithelial cell layer is applied
to one surface, preferably the top, upwardly facing
surface of the cell-matrix construct. To the
cell-matrix construct, epithelial cells may be seeded
and Tadha methedl effemeng e differeatiaiedeniderml(laypp subcpiwgdlkeratinocytes
construct. In the nost preferred nethod, keratinocytes
ard dakiew Eemitheellstock angt theigeadlmmbarstareexpanided.c Bhen puracesyy
forma skin construct. In other preferred enbodi nents,
mgahren efigelle pavelbetn obitaiees) they arglrgepsekirorn theguhtvre ibstrate, suspended,
kerati nocytes, nay be seeded on the cell-matrix
cavnteds dilnetd and tHeo seeded todratepburboasf theicdll-mEpk comsirietlat a density
cells fromthe oral nucosa may be grown on the
ber@bdn ababird. x t@relvanttto bipouk 6.0m 18° calektr undre pfefapatdy between
mucosa. Epithelial cells fromesophagus may be seeded
alswit 1.0& 10&tdlls/omt to abowtar(st tiellyan’ ardmast pefesdblyatabaft 4.5 x 10*
esophageal tissue. Uroepithelial cells fromthe
cdlReeNThédontthRGtardlyn eukeddadetrech bisout 60 to-avaidtra0>minutes at 37
construct to forma construct of uroepithelium O her

+q&h 1189.af0 ABIat1BE HederaQfidcgted tdmci eA S&RChaMaticd, fRlcBAsBucts are
construct of tissue fromwhich those cells were

%(e& eﬁ% L}g(génli@l%n&%waﬁlﬁv A%Pg?xﬁﬁélgﬁ lid¥Bih o@alﬂe%n L@tufb, the

trate, and nmethods for their culture,

kérgﬁ:doldﬂt'e{% kfgg%érﬂdgﬂfe%f toq"blfn{ £E5 {: egﬁli etrﬂogala%?qcﬁ%rtﬂé Eell-matrix

orma erentl a ratinocyte | ayer are

éﬂ% E)g%et Jz)ﬁﬂ ntt tl?e'&ll?l{eﬁlaq@ 1étgﬁgs éhgn%dg) dlg@}eﬁ%loﬁ%edlum

arent eau, et a
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S are see rmtr I X cons
out
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mmsture ﬂ:vels 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 surround. Normal rabbit corneal epithelial cells

33



10

15

20

25

corneumIn the nmethod of formng a differentiated
epi dermal | ayer, subcul tured keratinocytes are taken

wo eavmo9dee2 cel | stock and their cell nunbers arBCT/US2007/061800

expanded. Wen an necessary nunber of cells have been
obtai ned, they are released fromthe culture

substrate, suspended, counted, diluted and then seeded

to the top surface of the cell-matrix construct at a
density between about 4. g X 103 cells/cn? to about 5.0

e Gpnded |VrasSPEwémrenff5¥pém&e F%rF’é’BY‘i/thB‘é‘t Reete aHBIRS sYbstyate,

104 cells/cn2 tg about x 105 cells/cnR, and nost
sptnendsddm pyltusg mediwgs ang sgedﬁd amiep o6 the sycanbpancFhdensity between about
constructs are then incubated for between about 60 to
TdblR’ toebawt hdtxeld aQIIS@m Tl congmucts@rg eminp@hated éthout medium for
keratinocytes to attach. After the incubation, the
abowtourliotss abd et § Gk GEd td allospthel enithelidl zeltsito attavh.dis fen

After a sufficient length of time in culture, the
ikambatidnnihe yoiestugts alkeisiticaged imQdmsgdNedttecict Meium (CMM) (Johnson
confl uent nonol ayer across the cell-matrix construct.
ebul & 9eN Thel epithelidl bellsaed dultbred uatilfiths ealllaitHio BorsGudt badgaed with
to differentiation nmediumto induce cel

thl dpfitRslRNtdIR! Comple\dhesn ofepifiblidl bawstipe 8 BdWBtdrdMedBFa variety of
formed, cornification nedia is then used and the

riefhdduf fBr illSsthitien B étaihBg itk uRine With@UWoRtibR beXfiasBe sutife (1:10,000
the differentiation and cornification of

i BhAbhAOGM LK) sakint§. Ofdel tBe AMEMMIPOGRAud R RvELY, aBEr ?I‘Ummately
humidity air-liquid interface. A dry or |ow humd

sb%@lﬁf'saﬁfé cERMube afé@@é’pﬁgatl@rtfaﬁﬁgﬁ&ﬁo tnE 'cﬁ‘lglrfn% tﬁ%ﬁl‘?ﬁffﬁmem

the Tow noisture | evels of sk

cbﬁlé@hxhﬁ%é{ﬁc%\?néeﬁdnl (CRXI %Sa%hfapé& fl ﬁ 1@) mu&% aJe If)%a 8@ Bflhe

other features found i nh native s en expose
i 0
ohfla 16 Qthdih OBy ?eﬁW%?%fﬁ%%ﬁﬁﬁ%%epﬁééﬁE@ér The
f 5 nst.r rnea
cé%.tﬁﬁ? e TRl PR 0 PEIRES: efé‘f’ Akt B P B R S e
.an_s The referre thellal cell is a

R e iBE iR Al Sé?f?"t emmee Do ik

k n cor er.ati nocyte

oy B G Aenion a8 noit SomiCehgon 0 oepeua §'alél%y<:=‘\ﬁrsas
t ose de ived fromthe sclera (outer whjte opaqu
AT R S S opedlituins eyl cell suace i @rgosed o a

but corneal kera es are preferabl e,
moist air-liquid mnterface. E\/Iet %or pr0v1d1ngpa moist air-liquid interface are described in

U.S. Patent No. 5,374,515 to Parenteau. As used herein, the term “moist interface” is
intended to mean a culture 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 culture environment is not critical, but it should be sufficiently moist and
humid to avoid the formation of cornified cells. A moist interface can be characterized as
trying 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
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In the nethod for formng a corneal construct, the
mediumis renoved fromthe culture insert (containing

W b@7024992 mat ri x construct) and its surround. MNOF/D81007/061800
rabbit corneal epithelial cellsare expanded via
subcul ture, trypsinized to renove themfromthe
cultures substrate, suspended in culture nedium and
seeded on top of the nenbrane at a density between
about 7.2 x 104 to about 1.4 x 105 cells/cnR. The )
cOBTIEr el daver eell-matiixicapsiiyel dde sacerbisedingennhaperermed siith the
four hours at 37 1C,_10% CO2 to allow the epithelial
sep padl e festraigter WP peliffarens calbiypoor streinedepeiing oncthe desired result.
subnerged in Corneal WMaintenance Medium (CMV) (Johnson
The segond sepding is)perfammespingerdhd same sendidons employinguheztocedtries and
the cell-matrix construct is covered with the
regbiix prefluction getlive: us@bimghepredrstion of thefiist hpdri &ne covle inggeforming
can be ascertained by a variety of methods, for
the deomidrse¢dingwitlya diffaieni eef tipeds tolbtan matnixtfornaed saihutiff@emt matrix
of Nile Blue sulfate (1:10,000 in phosphate buffered
cembomes) profikes er mitex padkingrdatsity xo effses wourchehlingowhed tigttonstruct is
after approximately seven days, the constructs are
gefepta cpdtieyt. tTha fisst e¢ll eddih®proéwes ahiatiixi anglogdud Y& theirdtidular layer
sufficient cornea maintenance nedium (CMM to achieve
ofi dérinid, d rdoew édnsdlyi packedlaydiodf Tyl laoBageh ahd@onsi&dt extedcelidar
maintain a noist interface w thout submersion of the
nediizt Eudipodéntd. aBiRrsecohl €elL@BEiLE WoillE pefd@cds AGkHYRE Sehilatto 3 papillary
1C, 10% CO2, and greater than 60% hum dity, with the

165D deBrtis OBaricREzad YRGS §olla%§n ARAesRPIMacAMRl S8k Another
three tinmes per week. For the differentiation, but not

réSR is0BE SichiCallitan By Jir&ﬁp@@{hteﬁﬁéﬂti@'su&%l:e 1hadPbuld ASo affect
necessary in the production of a corneal construct,

viougd BRIih$QLdheds i@BlobeSthh AKE of SafIRIAMn LPHR niRint ation or
air-liquid interface. Methods for providing a noist

peevEntlon @eb&r FMnstidiace are described in U S Patent No.
5,374,515 to Parenteau. As used herein, the term
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aracterize

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 matrix-producing cells
to allow the formation of epithelial appendages or their components. Epidermal appendages
such as sweat or sebaceous gland structures 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 structures of gland and hair located in deep
dermis, such as by microdissection, and include eccrine cells, myoepithelial cells, glandular

secretory cells, hair follicle stem cells. Other cell types normally found in skin that constitute
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trying to duplicate simlar noisture |levels of the

human eye. In an alternate preferred enbodi nent, a
waemdionyonf a second matri x- produci ng cell nmayP@EUS2007/061800

performed on a first formed cell-matrix construct to

obtain a thicker cell-matrixconstruct or a bilayer

cell-matrix construct. The second seedi ng can be

performed with the sanme cell type or strain or with a

ifferent cell type or strain, depending on the

SRS Pssorhs2dded sughys maduwpres bargerhgns cellp@nd dromked cellid Similarly,

the sane conditions enploying the procedures and

agaufar sngotheel cellsomanfeionrwtied & praduch sudimesdary comporshts foraew

first layer. One result in performng the second

vagaliturg fanmetipng Adiifocpteemey dled be qultpesd wathttiee iatvie-produsing cells to

formed with different matri x conponent profiles or

fevm # Ponsimunt ked dordesrabtryctivosuageie cAs aliermit therdl df deliwhest this

the construct is grafted to a patient. The first cel
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conmponents. The second cell seeding would produces a

deredlopimens ofithdsastricturésh & opagi tht eelly vithinethe efl1- S8k iRicSnstruct, the cells

characterized by | ooser collagen fibrils and

neaytbredn edtéd Beaveematierto andBoatbMetrfies Withid the tIEme®& O the cells to

cell type may produce a therapeutic substance t hat

graw | foknpdpacialikd emictuneiand phEahi ther spesiehzed Fudcibg, oved

graft take or graft integration or the mnim zation or

pr evea biodcedf thee MyefeahivBic cOiktrudtNa BROBERe Bf RUELERSising 2
enbodi nent, m xed cell popul ations of two or nore cell

ntayPeprodRynghRll eielovh 86h-hRERLIISTucAY NG b tbesleédeﬁ %Hq:ﬂe%ln?ta

a cell-matrix construct provided that at |east one o

stiBA@at6 Edrla IERASHHRLH JrédaRBAl-Ralk SHALARR L 2L M Byer. Once the first
extracellular matrix. The second cell type may %e one

cOleades dorstRer dreélMa9ihefortbd %Q@cofn?‘ gbiégfélg{a?%egla g&rﬂpﬁs@ﬁ’gezi Ahirix-

particul ar structural features o

pERINSHE Ml typdiQbechftBsARE 'ﬁllrp shitade R HRHAY ldQthgPilxgc{onégreuﬁ(c%Qell layer

construct; dernal papilfa cells or epit
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cells to allow the fornmation appen

Rkt 8O '&Qfﬂee&t:&dl c%ﬁﬁ%%%n@t%? %Qﬁ?@%%sg}gg ﬁgahﬁid gell type is

sweat or sebaceous gl and structures or

sdoatd arddQuuleh Gl Eadit SleE L €5 dons 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 origin, 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
construct 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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conmponents may form when cultured together with the
mat ri x-producing cells. Epithelial cells may be

waleso7wexdof r om t he appendageal structures of gl eemuUs2ed7/061800

hair located in deep derm s, such as by

m crodi ssection, and include eccrine cells,

myoepithelial cells, glandular secretory cells, hair
follicle stemcells. Oher cell types nornally found

in skin that constituteskin may al so be added such as

mel an&EYR Estructy 9 the AL &e Stared alasy ggsnic ¢enpesatures when
Simlarly, vascular endothelial cells may be

vitgtieiion oF eyorresepiaenmethedsaraesrnlered. Msihodhnvirification eftissue
vascul ature formati on. Adi pocytes may al so be cul tured
capsmcts e deserippdingf-ddatsnhljo.ced 88378 and wethods fooerpepresetvation are
used for reconstructive surgery. As alternate node of
dggeripgdeinyl). 9 Patent Hoss 868h86 lcand|5,89)16¢7 andhie IntednbtionaBBCT Application
| ocal |y seeded as a spot or as an arrangenent of any
WQPeeA0 6% thedistloswés afelhich apninoorpuvateth hereim biyoefhiengs. or
conpletely forned cell-tissue matrix for |ocalized

dev eTbpsianconstfuctshd shds myentioh varels usddingiad tésheysels!fsr in vitro
within the cell-matrix construct, the cells may be
toxajodugly debtsh Stevtepsterhstbattinprminde Hoi taRtrsoy foarehg piifoidsiire
the cell-matrix, for the cells to grow, form

deyoeibédaih iUiSeRhtent Nud]8a5,e62 tho displesur@6Miiikteis incd Rt Heze@tby
function. To produce a three-layered tissue construct,
referbiides Besaeeliha gelDirodibd skif CoTRfiich hatGidildFBirhidtire Hn@dHErk NY
cell type or a non-matrix-producing cell type IS

iy, aRiriRe ofuhitatiot tSHS it 3k Be & Pdluabid iR sseéhfl fid & #REative or
to produce a cell-matrix construct or a ceY | ayer.

répiucemérti€o fivetitnag of dmid@ttédtix ﬁﬁ@ﬁ%ﬁ%fé)ﬁ 0%ic®E hhd A& cheds
fornmed, a second seeding o% I's conprising a

effedtivenchy FPusdubd. TR produéRdn btsth§§1§ﬁ’|i§qla§%eh Qﬁovfrpt)gl nitfid %Q&al of

of the first cell-matri x construct or cel er an

tHeprddess8flexthMitedint frHRCHEIS mAGNE Wd1PRSe Hfoﬁ ol rﬁ(nih Vh’% Because

forma second cell-matri x construct

oE@RSE Yedtom §Rcritee c%h&ﬂeltom fib %n 3%%303’ r\xg)%d ae%alr and tissue

third seeding of a third ce type is see

obddivh @ﬂ’d MHH&%]%HJ bl %ﬂ{l a&%fy Jrkp c:Il gg‘%w?%%&ﬁ g@nglrﬂants of

third | ayer. an ex to pro
W@Qﬁgﬁ%ﬂu.construct t he ceII of the flrst cell-type may
be conprised of endothelial origin, such as cornea

e n d o‘flﬁ%ell %aﬂ%@éolrx&ruc{ &qhesﬁr&%ﬂgmg%ﬁon %gﬁ &%$ ¥ [Ls S

I s of connective tissue ori )

aﬂﬁﬁfzﬁfoﬁ? %Eﬁﬁmg,atﬁgnétrl‘lﬁﬁea ltJ gro?noltmg re\f)raai(re of B4 1§ regen raglon 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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cells of epithelial origin, such as corneal epithelial
cells. As another exanple of a three-layer construct
wo@Roogkoa2 t he cell of the first seedi ng may beP@f/US2007/061800
vascul ar origin to provide conmponents for
vascul ari zation, the cells of the second seedi ng nmay
conprise dermal fibroblasts to forma cell-matrix
construct to serve as a dermal construct, and the
cells of the third seeding nmay be eplderwa
tk direnat pehisespeebetwernithy yiomal m@v%\dﬁhﬁ heagtyisgue, Thiglegieal glue, synthetic
constructs of the invention can be stored at cryogenic
gluentpssr dyasr @diydioael. & intmbdriof earhmercisly evajlalple bereostedir agants and
nmet hods are enpl oyed. Methods for vitrification of
s¢alaptsioen elbobt naedt s are described in U S. Patent No.
5,518,878 and nethods for cryopreservation are
des chi daethbodintdnof tiRaiheantiodNodlizirty, e, ddbdreimpdhdodBlOrhatfid ¢onstruct
and in International PCT Application WO 96/ 24018, the
5  isdplsed asestigonnfthelat br ad ®1joiniag kgpeslahe the perdactratthohes via natural
reference. The skin constructs of this invention can
cERi14+a88Ehinant. THIS uRtHod Bhs teys tanthsfrasd indtidics bOwbh i healingdy
tests. Test systens that incorporate skin constructs
phitntstvat diskdtip WopeR&s. are described in US Patent No
4 835, 102 the discl osure of which is incorporated

her ejg f¥fefred 8hEYIGRent, BREAUAREIR dMRstER s aRE R RARE §dattRr adjoining
construct has simlar structure, and, nore

vbIRQKng @ts{lﬁéicap%lﬁé Bleddb1Ps gi@ﬂ)‘gﬁ:ﬁi Sk R asSKAiBin dlfe. FROURDS
a val uable test systemas an alternative or

10 'Bﬁﬁ’ LRC QB Mgt alihdéfe lib%@fkn%vn afbARbiub 8sthddiiohLdre known (e.g.,

absor ption, tOXICIty, and I n many cases effectiveness

séSB‘ URI 8HUGsS 4 414067 1%‘89#*8‘49' eﬁ’iﬁ 5%0 %g@ B KA Gy be

hown to m m c sever al esses exhibited I'n

Vi ng&gggéus?gﬁg aﬂﬁ%sg%%\%%yst eginl%g%h@ erg%%: Ir%ﬁ%gé&lude
(ﬁh&ﬁp!: eﬁo?aQAt IR % 8&? ¥ n‘?‘al gfx\f{-)eltqj&qrt\ %t?’%%h{ or UL (e.g., see.

ISSUG gener a |on an ng an

R SIS Llsog ke 8ko20A! ol dleaxée' kb AL & po

wound repair: rix cons 2Re presen

15 4 82)(135% gy %Xln%%eugs esge U% BatVRY. g’?é%’o@ n%%l iggqlt]ir)ogscs are &lso

“I"T'm'ted to P 1 'ng f
rat

R b B et Ao Ra R Sl T e e D BrERB MR

(e

' gIn’ anoMlelp err‘?bodiment, 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.

20 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 ultraviolet polymerization (U.S. Pat. No. 5,709,854). Alternatively, a
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surgery or heart valve replacenent), pronoting bl ood
vessel formation at anastonpsis sites, and pronoting

woamedant zati on and repair of ischem c or ot hB€TS®07/061800

damaged snoot h nuscl e, cardi ac nuscl e, skel etal
muscl e, connective tissue or brain tissue. The
cell-matrix construct of the present invention may be
attached to various locations on the heart, including

epi cardi.um ardlun1and endocar ronDte
SHi: Q‘érﬁgﬁ\d@“? wc ALl 42N SdSERL D] B Lo
atta Enggs | ude, but are not |imtedto, direct
SRR &ed ta @ttach thn agll-matEC eRRSEYR t he hear t
tissue, blologlcal glue, synthetic glue, |aser dyes,
or hifngdemative emhegrentef thiwrpssricingantign, Ahegeflaptix construct is
henostati c agents and seal ants can al so be used. In an
seavrdde Fhedearber a hleod yegsshusingrpngior {ow sgiresi nelading, but not limited to,
adherence, the cell-nmatrix construct is placed
SelP.r6e@ @nﬁj/71§hmrollmerﬁemﬁ@5(Ethi®n Cah Neslj 83l L 1412 98@8704HY t he
product attaches via natural cellular attachnment. This
prkglereproha polydmanbarmmoebtglagtiea dther stitalileaon diodegradeile or
healing in patients with diabetic foot ulcers. In a
bprdegredabdutndmetiensdnWhemsuteing; dombleiaxmaioresdlevuat tyipgally, although
attached to the heart or adjoining vessel using a
nsuregessally,gsete, preferably a biological glue such as a
fibrin glue. The use of fibrin glue as a surgica
adhe$heellimatrie consknaway bEiihplamediopeorsaapasuluiftisn, aspair and
known (e.g., see U S. Pat. Nos. 4,414,971; 4,627,879
regafleriticd YT dmh2ded @adiat enscler invagefbirdal dnibodiyent) €he cell-matrix
aut ol ogous (e.g., see U S. Pat. No. 5,643,192). The
cohstectaalipe apilicd fsa vasyel & speout Resh bided Fedehld fo®fdass clogged or
conponents, such as |iposones containing one or nore
bagRé arfiestHnd Gestde Blood 86 to fhke feartPBi anotNeSembbdadht, AeeBibhtrix
5,605,541) and include via injection (e.g., see U.S.

cB@h‘uctNQll béa Sﬁﬂéd 3R&Hy 6 the e Pist aNBin{iBal§-inva§i®€ pldcedure. The
Pat . 368,563 and 5,759, 171). Kits are also

38 lcmké Spfisfto %Opcﬁhdté Piclibdatish GldWeocAIIEROS nfihiB derofls and/or
see U. B 5,318,524). In another enbodinment, a

prERRARE re?é(n%ra!tl%n @pﬁ’éai'teﬂsﬂe%ﬁd&gné%%\?&caﬁpﬁ/lﬁﬁrcﬁﬁrq s’&’911eﬂ’@tlazlshmg a

the cellmatri x construct, or and acti vated using

c@ll-hﬁ'§&r009§ctrut:n@ IR Qﬁlbﬁ'ﬁﬁm\’@\’rﬁilog%ﬂ@i{lﬁ, t Qvﬂzligf?ﬁé'c@ssary to open the
pericardium (i.e., 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" Ed, Williams & Wilkins,
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to the tissues. In another enbodinent, the cell-matrix
construct is attached to the heart or vessel using a

whyarogeb2 A nunber of natural and synthetic ppCHIE2007061800

materials are sufficient for form ng suitable hydroge
conpositions. For exanple, polysaccharides, e.qg.,
al ginate, nmay be crosslinked with dival ent cations,
polyphosphazenes and pol yacryl ates are crosslinked
i oni cal | ul travi ol et _ pol riz t|on (Y. S.
Ngmog g gqulgita%e{ aél‘aﬁgqxpt\l;:eqltﬁs a mgr et ﬁnt.‘ro@{gl‘u@l? efaﬂ vascular
gl ue such as oct cyanoactr Iate g MABOND
SEEPERER COFPRALY, ar@ s gradt ( e %@@abewatr@ss@wn or
the cell-matrix construct. In an alternatlve i
orgAbBRISPIaRt IHEABRTpedwish @ cRinehiN copstruchis Plaged at ghetsite of
construct is secured to the heart or a blood vesse
dersistrepnpttackypeniof e Sypass eraft ta promaigiapg oganatis wwn restertiancpf blood
to, 5-0, 6-0 and 7-0 proline sutures (Ethicon Cat.
fiNw o tharaitd, 34, tgfprm 4¢dditiordl Rdies djsingdisin the eomnsetimesites in addition
pol ydi oxanone, polyglactin or other suitable
topoombtingdegmgaéd bleeitor Exingdes g thd abdcelasiitld meludatbet aranot limited
When suturing, double arned needles are typically,
toaptetapiliply (betvesreaesiors), RiolanisgendrginBhatare bf theredlon sonnecting the
construct nmay be inplanted to pronote vascul ari zati on,
mii @iednkd lefheblic egeies), aditadyyaémid fupered-nddd]dirderiormeed] eeind; portal
a preferred enbodi nent, the cell-matrix construct wl|
vée-idpdriverth date) ptemEisS-edrmimal GRE9Us vai\wnd cooduhasisey Grehting
by- pass cl ogged or bl ocked arteries and restore bl ood
canonk Heart HReshBRstastohidsiag e ight RiBeCN® Ry tolthesuperior vena cava).
cell-matrix construct wll be applied directly to the
hearth ods briighdandhit, th&edlliyiathiR baBtrv& iPFAGRAUERiInd THQnhdGHME site
can be applied to pronote vascul arization and bl ood

tof JréMbte Bedlin g bffihg @nd‘ﬁ%f efdotheBAIHARIn) Pr onot e regenerati on
of heart tissue followi ng a nyocardial infarction.

Whens pids@fal Bbva, nBbhpd¥8ddviithit @B %ogy 6t tht tvbR®nNe€ambihod for
epi cardi um or nyocardlun1 it wl e necessary to open

b B %@ﬁénﬁ@ﬂ'gﬁd'%]u( tissfes: m&{i‘(ﬁn{l SR ot ﬁﬁﬁ%d R hedft, BrBin peripheral
appl't cati on wever, atta Ingace 'natrlx

&S Qﬁ&eril%réa'ﬂ? A?E\gloﬁgthg 'cb‘rmr[}@dmpﬁnt%:%@md' t8 B s RY¥mic site

I nserti ng a cat heter or siml ar device
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-matrix construct
for closing cardiac openings, such as, for example, a 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, a pre-existing occlusion shell is

first connected (e.g., sewn, laminated, or glued) to the structural framework of the occluder
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into a ventricle of the heart and adhering or
attaching the cell-matrix construct to the wall of the

woeroddhe. It is preferred that the site of aPCHUKWBN061800

shoul d have a reasonably good bl ood flow to support

m crovessel formation, neovascul arization, and

angi ogenesi s. The angi ogenic activity of the

cell-matrix construct may al so be used for treating
anast onoses. An apastonosis is defined as an operative
aﬁﬁﬁ@ﬁ e‘ﬁ%f‘%@é’ﬁ aft%'gmﬁél celbragix ¢mpitnchhespR-uct ures or an
opening created by surgery, trauma or di sease between

t wo Blfgumiep%wg%y ¥ @ bewrt Hi0y ke heasel0 inclyyles a septum 104
Stedman's Medical Dictionary, 26th Ed, WIllianms &

that divides 2 peltairisy 108 fiam 3 lefimgium A2 AFhesepten 484 etitlpse septum
sites arise fromthe introduction of a vascul ar graft
peigminnly 6ané & septram secarduay 120b ymesgsmplanfdardiacAB@)ing, a patent foramen
procedure, during a bowel resection or organ

ovelan2plttznis.to bacoBrBaI1 by the @deindes of the pebdnt immention is located between
construct is placed at the site of downstream

tlet sepioimeEmiunoi 16tané theyspetsm sgeuafltm t120. priemateet farsgicogetie $246
upon restoration of blood flowto that site, i.e., to
ptoqides anldndesicibil fluad doatm@scation bétwgerd thoright Agiuanrodent ieneft atrium
sites in addition to pronoting healing of the site.

1EX &) heder certainmendidismsybliowsifoethelstunthgkefdlood Yionathe righitatrium 108
limted to, precapillary (between arterioles),

tdihe llefnatSurh B, Jif thlpaRhf forayne@lovild 2450 hertlsedoesblinitged i €ome

m ddle and left colic arteries), portal-systemc

MaBHEEE padienttatl B¢ Slhdclaes highertRE Fatlan “BbOISS stloRd, t al
vein-inferior vena cava), termno-termnal (artery to

vei NFigaRy &pdR-apditiaDEBssysebddniRMtiéw 8f £)BBPhdaf 18@at e heart 160
di sease by anastonosing the right pul nonary artery to

ifdNRle$ APt 64, 4QERV RN 168] B 18NS B PR b MossaloVSlis 176. The heart
cell-matrix construct is wapped around the

1808184 RERNCanSkidph® cRIGRIRLEIDER o 108 101 dpb&rdstd Bof thas to be
endot hel i alization). As described above, enconpassed

oBlifehated bR RERBE oPfhehiGert IMRREIO R dSy &HFEEEMJ g,rctlot% may form

treating 1schemc dafage in tissues inc I ng, bu

i f_hg]letf@ﬂ]ilil g?peggé%re 120.%?}6{16@% %ﬁ?érﬁagé 1803 ot c}%g%dt ori ogstructed in

VI Scera gans. mat r i onstruct 1 np

sGthd ﬂﬁtﬁfeg, atpgg’%rp & ﬂla%%] &Jﬂi@h@}toﬁf‘ hmgge Q%& raﬂl t%@gggﬁlggéa% 160

a SUF ure, esi've or O_ neans™ as descri _
aldfied AP LAM EhoGEL R b fi0HR IEhkihic Pggpot es formation

or new 06d veSsel s an heal | ng o e

Figure 8 depicts an occluder 200, capable of being used for the percutaneous

transluminal closure of a cardiac opening, according to an illustrative embodiment of the
invention. The occluder 200 includes an overall support structure 204 and at least one
occlusion shell 208 that is connected to the overall support structure 204. For example, the
occluder 200 includes two 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

opposite, distal occlusion shell 216. As described below, at least one occlusion shell 208 is
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damaged tissue. The present invention also features an
occl uder incorporating a cell-matrix construct for

w@b@siyxyorar di ac openi ngs, such as, for exanplBCT/ES2007/061800

pat ent foranmen ovale, and for obliterating cardi ac

cul -de-sacs, such as, for exanple, a left atrial
appendage. The occl uder includes a structura

framework and at | east one occlusion shell. In one

enq?di nt, a cellmtrix construct _ is_ attached aonto )
COHE gf{tﬁ Eelirainxcrniiagiork lismatingy g iselfrasdeeptislyioffhersell-matrix
at | east one occlusion shell inits entirety. In

CaPUffer enbodi ment, a pre-existing occlusion shell is
first connected (e.g., sewn, |lamnated, or glued) to

the &t Pecmbediment evwesalk support Hencoye POtiaelades atpisimal support
enhanced by attaching a cell-matrix construct thereon.
sriqiure @2@ forqonesctngtocnd awagrting 8w podximalnsalusion $61l 2Thend a distal
heart 100 includes a septum 104 that divides a right
seRportsate® 224,dn eonhesfing @tand suppddidg tikhiistsl @ptlusionldddll 216. Both
i ncl udes a septum prinmum 116 and a septum secundum
theapoximal ssrporpdtacyrec2Rp didithe dizead supgort atrgatre 24 daa timsiels any
oval e 124, that is to be corrected by the occl uder of
npnberprf est@natdly estendiriganns, sypiatiafed obabweatwdrdle esteptingarms, to
primum 116 and the septum secundum 120. The pat ent
stppogtreech atisdireredéiveroocatisisshalis 2B Tabheeniodintbnt, as shown in
comuni cation between the right atrium 108 and the

Figaifd 8, alier prosimalldpporthtruct 120 Gedlddas Fou€ owtehaidiyoigendiak bfwEmal
for the shunting of blood fromthe right atrium 108 to
atrive2Rehl ttdistal Sipbda stridturt D24 patiemt inbRAATEN RMWAr8y 424nding
is not closed or obstructed in sone manner, a patient
dzahatae 23baced at a higher risk for an enbolic stroke.
Figure 7 depicts a partial cross-sectional view of

anot fitdne B diméMOeacil BEWRRIAF dxtek@thel abt |iék@ﬁﬁer@lg bBREL AR a result of
164, a left ventricle 168, a left atrium 172, and a

ifcRES abi Sorb F&ilichN@ilN %Y fadihBPsRb&ORIME LUASESoRP240.

exenpl ary cardi ac cul -de-sac, a left atrial appendage

AlBRatitdl@lotheBrebifleR Quipbh sk fir@bEultYbd 3€3. OGS AGE o dBfienk NBe

present invention. Under certain conditions, clots may

pfoRiAl kippoR@trh&fik 284 fdddhe @B@%@P@%ﬁs&%%re oy al:et}ﬁeéh%{i%arl]ly secured

atrial ‘appendage 180 i s not or obstructe

BEN PYET, BRI oS RGPl By S04 ol vt e
be used to secure the proximal support structure 220 to the distal support structure 224.

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

Figures 10 and 11 depict an occluder 200' according to another illustrative
embodiment of the 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 yet another illustrative embodiment

of the invention. Again, an overall support structure 204" forms a clip and includes a
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and into the brain, causing a stroke or a transient
i schem c attack. Figure 8 depicts an occl uder 200,

we apad»onf bei ng used for the percutaneous  PCT/US2007/061800

transl um nal closure of a cardi ac opening, according

to an illustrative enbodi nrent of the invention. The

occl uder 200 includes an overall support structure 204
and at | east one occlusion shell 208 that is connected

o the overal | support structure 204. For exanple, the
SR FUPPOS G PHE Tl dor HEPOBRAE RSB Lvefupian sisl 21 jagnd a distal
are connected to the overall support structure 204: a
SHPROKS SRPS 2P U SPToMPROBENg @ dstal ogglusion shelh 2407 | usi on shel |
that is closest to a physician when the physician is

i mpl &iuresd 3 epd 1hdapich arpcchder 308t goeprdiagitp st apothertillustretjve
and an opposite, distal occlusion shell 216. As

ebodimepteef threinvetiont As dwen, el shppsristrugine|204"2 Bgludes a central
iscoated with a cell-matrix construct, or

agtheharenomechaniym 248 and sphflityef isgeRf2 foetonnedting eand supporting an
cell-matrix construct. In one enbodi nent, the overal
osclpypior sheB 20816 t Threde @42 canchecdmscrrd oo the iceratal gtapipoert mechanism
structure 220, for connecting to and supporting the

248 ex astaldelimocd ubstamialiy bérhisghefcal amer surfdtes bedhosu fxpBigtire 13, or,
structure 224, for connecting to and supporting the
afieragtivielyp scdsus idefinestsabdtanfidify spBatidal dlhe sprfsve] asghown pFagire 14.
structure 220 and the distal support structure 224 can
Tha otaiabtorsshyll PESYH@A be tommedtvbiodhe/le A 5RRE N B EBhe entire
typically four or nore outwardly extending arns, to
ssbypailly eadiphefical b suffePliastiawd i0 B RpteSiz08 SheLdver @d atire
216. In one enbodi nent, as shown in Figure 8, the
sPisExtialB spBeraDsiterStufats! iUhRrad O FiaGleUdest sbasHo OWerWaY Bdr¥ions
extendi ng proximal arns 228 and the distal support
tedrgafct ure 224 simlarly includes four outwardly
extendi ng distal arnms 232. In one enbodi ment, each

out Wath&lbath RISl 200200, A1dModSddpRedd ih Bule¥ 301 A8 8HlvARuE
result of |nclud|ng three or nore resilient coils 236

elBOdidkhty, ARAGAAY LEPMiRCBEN SdiRCoIthing#rch as a patent foramen ovale,
Al ternatively, other resilient support struc?ures

59 8 ST R0 e A R s
1@9@@@,%1 FRohy erﬁl%&ﬂflé?@s, particularly useful for obliterating cardiac cul-de-sacs such
as 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-titanium alloy (e.g., Nitinol, which is manufactured
by Nitinol Devices and Components of Freemont, Calif.), or a nickel-cobalt-chromium-

molybdenum alloy (e.g., MP35N.RTM., which is manufactured by SPS Technologies, Inc. of

Jenkintown, Pa.). The metal may be capable of corroding in the body of a patient.
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together by wire 244. Alternatively, other nmeans, such
as, for exanple, |aser welding, my be used to secure
W0 b@7p092983 mal support structure 220 to the di SPEI/US2007/061800
support structure 224. Figure 9 depicts a
cross-sectional view of the occluder 200 illustrated
in Figure 8. Four arnms 228, 232, are shown. Figures 10
and 11 depict an occluder 200" according to another
j ve epbodj nent of the invention. An overal

'k#u trat /

@ BB%V?IYQP? MERUPE BRoprrosigpfegistant dn phercembogimspisytie overall
support structure 220', faor supporting a proxinal
SBRIF P eHre QR4 9 Tabricaied figyPieressrispbleior bipgpmsndeelle polymarsesuch as,

224", for supporjin? a distal occlusion shell 216", is
ferrxpeplearoldaciiciagid, polygiycelia scidy @plydiosanane, pelyeibulene @90, and
according to yet another illustrative enbodi nent of
polysanrigdonc dfpreoxghithe, ovarall surporistructurp poyt candrerflesiblerand resilient.
204" forms a clip and includes aproxi mal support

Itsqap fBergiore, 2pexplairfed belowpproeollapsgd within@xsherth foo delivesi tomn

shell 212", and a distal support structure 224", for
anyppisel sitadn the Hodyt efla petalt ersi thereafteg luporR déplaynteny be egpaided to
and 14 depict an occluder 200'" according to stil
og¢ludereqardidc apstingit i ve enbodi ment of the invention. As
shown, an overall support structure 204'" includes a

cent fredccartianse Witk e presehidmiention 48a piefirrad phibddahedtyat Ofast one

| egs 252 for connecting to and supporting an occl usion
ostledidn BEIB208 is Thade, ety eRGiBlyamin fet, Gomnreell thtdiOcdni@uct, such as,
central attachnent nechanism 248 so as to define a
feudsmplatd @llinyatthe tonsPie comeisingUibesblatl §iek s thase ®RROMrdh
Figure 13, or, alternatively, so as to define a

dstntis t@foii alclifurs @ e Cevhstaidt ®ith 8 Wi T ReraBfoc§RO Whltukdd thereon to
Figure 14. The occl usion shell 208" can be connected

foren dnhe@ide8@S 138240 $€&uRSN 4 CuIGRMSiladdd ki BdristrBet. The cultured skin

substantially hemi spherical outer surface, illustrated
coidtrirttgbil tBe hentA eRSreds M9 pBYsidal rofHoldefa B BRELiBM ehAlal ¥atures
spherical outer surface, illustrated in Figure 14, or

oBRutS skif). MAVRKNerPRYreRRdrt kN toliflc80 the cIMLE1REEC is a ti
D00 500" At S0 b Pk SR the oo Ml hghE éﬁ’lfdgs{"?‘ﬁa“ssue

UL WSt RERSTH: FRAL AernBRaldrGkas | ayt1u1: R tiklmal &)ng{ngc%,i tff is formed

cardi ac openi ngs such as” a patent foranen oval e,
in a defined system comprising human-derived cells utilizing no chemically undefined

components during its culture. In the most preferred embodiment, the cell-matrix constructs
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, a 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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an atrial septal defect, or a ventricul ar septal
defect. The occluder 200'" depicted in Figures 13-14

WO 2907/0929var i ous enbodi ments, particul arly usefRdT/U82007/061800

obliterating cardiac cul -de-sacs such as a left atria
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 Iinited

to th di nents dlscussed above. In

BT A, Pl B X SEpp P e e oo e overal
fabrlcated fromnmetal, such as, for exanple, stainless
SWPRORH Struciug;204 . oin onp emhpdiment) fop gxapwley the DR-eXiHBE oceipsienshell 208

I s, manuf act ur ed by Ni ti nol Devices and Conponents of
CcpR g%]ﬁgxmated@é}hiepvgra $hppert structure 204, such that the overall support structure

ni ckel - cobal t - chrom ummol ybdenum al | oy (e. g

2fppomcarywpted opirdn Wltblnﬁhmmﬁaélsmmf:bwosﬁglm@& hfilg gicesting
Inc. of Jenkintown, Pa.). The nmetal may be capabl e of
ogelpsieuiihaly 20 imezhies m@;qum a syntietic ewteriAl suelr asafor veimple, kipelyester
metal nmay be corrosion resistant. In other

fémwisdelznrewoven ar feittod pelpdster Sabpiph p polgvinyicporge (94vakn®,
fabricated from bi oresorbabl e or bi odegradeabl e

npolfaowered by $nidvira $nduftaes, Encaofiliigh Ppiat, W.A0 tah expaniiel

pol ygl ycol i c acid, pol ydi oxanone, pol yethylene glycol,
palytttpiitorosipriee R 1O maldbin ke onvemetal heshOTheE prelexBtifpedclusion shell
structure 204 can be flexible and resilient. It can,
ntdyénsedad be madsfren plbivdegdddbed @ Wiorigodebleapsa ] wich B, ortexample,
sheath for delivery to an anatomcal site in the body

poly-lectipatidgmily-gaisttinaed efmbt @iteridlPBém S@Rh ®Y0F&BEbabR utures are
expanded to occlude a cardiac opening. |In accordance
maidé.h the present invention, in a preferred enbodi nent,
at | east one occlusion shell 208 is nmade, either

ent i Inedny efbodifeRatht ocdlistih shelC 249, whRh i Sfth&QRG M fotmed by or,
such as, for exanple a cell-mafrix construct

aRENRIVES| Sfladde® bR MledsH-FatrbUtoRstASt dBQ BRI Hsvl i€ Horl- %&'Hﬁs and
derms, to forma cultured dermal construct wth a

pleRWRS the hadsRIe I FIBRS el sre Gddabd f%%%lﬁﬁ&ﬁ% Ifé@&ﬁ%tgygiof the

epi dermal layer to result in a cultu er

3081 45 i, 041 M USSR
fRUIRKDBILE BlorWRRINM @8 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 stimulating substance is a pharmacological agent for stimulating tissue growth, such

as, for example, cells of a same or different type as that in the cell-matrix construct or genes.

In still another embodiment, heparin is ionically or covalently bonded to the occlusion shell
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of native skin. In an even nore preferred enbodi nent,
the cell-matrix construct is a tissue construct that

WO g00gimobar to the dermal |ayer of skin, a hunker/Uus200H061800

construct, that is formed in a defined system
conpri sing human-derived cells utilizing no chemcally
undefi ned conponents during its culture. In the nost

preferred enbodi ment, the cell-matrix constructs of
defi ned

nven e fabricated in a chem cal
20 oY B i ey ooutrd 8 Rk thpecheion Shell and the
Eenrcall un eflned or _non- human bi ol ogi cal
r‘?i%?f% “t?F Eminedhe Whole erra pertipf diepselpsienihsll 208, do render it non-
matrix construct is conbined with an
grﬁffﬁ O 5T Vel hERtpiRg orglinara apmie oy the occlusion shell 208 and/or
ternatively, in another enbodi nent, a pre-existing
callrat it casiamat toorgpder & nepispmbogshiclind(ottelabocteatte i healing
construct. In one such enbodi nent, the pre-existing
P§RSEISusi on shel | 208 is first attached to the overal
support structure 204 of the occluder 200 and then
enhafigaes DAL Ealepictthe siagee Fdr defintering the loeeladen 200, according to an
Alternatively, the pre-existing occlusion shell 208
iidustrativel carbiofianestiof thy ineaitionpemttaaaingy tdan anhomi@X gitgih e body of
hooks or thermal welding to the overall support
agatiend farctospg@ 4. caidinc openiey 00 uck ad, forferamEix arpateat fotdi®n ovale, an
pre-existing occlusion shell 208 can be lanm nated to
atrhabsepted defbdt, upporitulatseptelt defeet. Z04erritg I Figliat44 hesheath 404 is
overal |l support structure 204 is encapsul ated entirely
firdt irsemedtihe thr @rdiad gpehing 400; 4 19 3ypadalls belfdrme@8y oddilled in the art.
pre-existing occlusion shell 208 may be nmade from a
Ty ntdheter 200nimtien laledidorh 1asen 408 ofEXARBAUE 40Pard QYRS Bhroughout
fabric (e.g., a woven or knitted pol yester fabric), a

tipcibiyieti 408 unSiPPETRNéEata. distdl i PIAJFihe HBAMERE tRUFS AN P Figure 14B,
Uni point Industries, Inc. of H gh Point, N.C), an

tiexdiad declugicd gheeb I@(W theSRRIEYI08 REMEER -EE& ivBh %fs{a@heart@hamber

a netal nesh. The pre-existing occlusion she

i oskapd dhalidadad A romas dbagees aﬂx%kaks%al %Ecl&h&fsﬁé‘lpﬂﬁﬂ ke

mat eri al such as, for exanple, poly-lactic acid

aOhiti@ay aed ﬂeﬂhéﬁﬂ? 'Pﬁ&ﬁéat%@i@ ik ?uﬁed%%oc rox1mal hea

bi oresor babl e sutures are nade. n one e

cﬁhﬁleJeHMmQS #08taked2R BigudthiaNtol sSat B HELI BORiSS J,thl 5% %ggmt a

by or,
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 occlusion shell 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
occlusion shells 212, 216 are positioned on either side of the cardiac opening 400 and the

occluder 200 is permanently implanted within the body of the patient.
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alternatively, enhanced by the cell-matrix construct

descri bed above, is non-porous and prevents the
w@awgageonf fluids that are intended to be retBCTES00Y061800

the inplantation of the occluder 200. Alternatively,

i n anot her enbodi ment, the occlusion shell 208 is

porous to facilitate tissue ingrowh into the

occl usion shell 208, thereby pronoting occl usion of

the gardjac ning. In gne enbodi ment,. the .
cel | f%ﬁe&ef%%%wgi%@&, r expple tisdeth peial appendage requires

timulati tissue growmh (e.qg., a physiological
Oslétaré{l?%s “E‘% &l ‘enstyoke, ghe %%g%fqra%wpng #1 easBidpree-g., the occluder
qpﬁginent the cell-matrix is itself a substance for
209'7 drserher ARoe vt referpmemtorFisures 1ot hério distlefatrislmppendage differ
grow h stinulating substance is a growh factor or
fioythsteages immediataly dgsopibecdahons. Speeificailyl & pliysigiapwily performs the
factor, a basic fibro growh factor, or an angi ogenic
siggollbtiratedority refeganceitodtigrne hit.i Birat &f thg physidinnf fasttinsess astdath 404
_cytokines. In yet another enbodi ment, the growh
inge thenlyraani of gheslaty striahapperdegen apis sypiatlp berfirmall by gerdkilfed in the art,
stimulating tissue gromh, such as, for exanple, cells
asf then loadsghooeccHidef 2008nin atcyipsaispasttiat, into thdiemee 0 ¢ralid sh¥ath
construct or genes. In still another enbodi nent,
46rk pleheioacluderi200i sahdnyadeamcabtitamlughniut she hanshetds tuatit Jogitioned at the
occl usi on shel | 208, and/or coated on the cell-matrix
disehstdrdie tof thesheatedddBanrudalidunkiomi@l sthi¢hir®sf thdeftlatrRN&ppendage
the cell-matrix construct formng the whole or a part
dififerstfen thacdfagiacnt kudldn 02418, antatial SIpEE Heftdt, or a ventricular septal
nont hr onbogenic. Alternatively, proteins or cells are
defpg) theobetraor then Daply ey ths frluder2408 e AN et MBal appendage.
cell-matrix construct to render it non-thronbogenic

Piaud/ a9 KudhOtha ©Eethdsk 300" dxpendd 8RbinBLaRY BRERSiliedtlyI4p& fhanently close
14A- 14E depict the stages for delivering thé occluder

o283 lefogEioN Hberdlak an illustrative enbodi ment of the
i nvention, percutaneously to an anatomcal site in the

bodyoRf ofandabdt BRferfe@fus s fQShWirfcdndi kAR ﬂﬁ?ﬁq%rﬁign 498; gratting
such as, for exanple, a patent foranmen ovale, an

BAinbladlatiSe Rt t i ‘
BP0 0Ly Pl

. n Ied¥ 0 | i . ar i 'e. a . T ||
RS Psertflt AR A0y SRl 2L

performe e occC 200

rebShstrit@fe El?%g?,dskhmv@unﬁs, lblcfl[ﬁ?,rbséi@agisprlen{)&eanﬁ %ﬁ%g’@c uA}c()eg's, gr?adbasal

advanced r oughout
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 fibrous extracellular
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the lunen 408 until positioned at a distal end 412 of
the sheath 404. Referring to Figure 14B, the distal

woemionsidon shell 216 of the occluder 200 is theEI/US2007/061800

rel eased into a distal heart chanber 416 through the

distal end 412 of the sheath 404. The distal occl usion

shell 216 opens automatically and resiliently. The

sheath 404 is then pulled back into a proxi mal heart

cqanb%r 420, as illésthte? in Fi%ure 14C, to seat the

AT 51 ol ngt -y ABPYized pallaggm prdsquies mifrét coruppagns, mainly
urface 424 of the_cardi ac opening 400. The cardiac

@’ﬁ’é‘ﬁ’f Sogfagragraeed e fleipy autid Queles; Wi aives thpicopsifucts s bulkc

As shown in Figure 14D, the sheath 404 is then further

Thewalnmattix cquaipictsiod theprvegiion asphandieablg) thasvs, thes cpy lepanaraiblly
occl usion shell 212 to be released fromthe distal end

petled pmetheir apfturprsnbsiipte, withaat peassiensappasiow [spesiabinedstaels,|and applied
212 opens automatically and resiliently to |ie against

ta thermeientrar toguiestiag eppameduso fit ceh withstardi damagpaich agted@;, or stretching
occl udi ng the cardi ac opening 400 fromthe proxinmal

feingl erdingyamantipdation A the icknit withowidethicdieatvin tersonettfe@r function. When
patient's body, |eaving behind the opened occl uder

applied tA\s patientmthely taFbasecwed biplact b swoeh usstaplesshel |'s 212,

216 are positioned on either side of the cardiac
openilngraf0Be skindcdnseum ofthe pesen? Berition ped paieen) the\eraft area is

i nplanted within the body of the patient.ln another

peeprediacmnding totsemdard hoctieex Fopben iddivatibf the Blumbdivound sites to be
appendage requires obliteration as therapy for stroke,

grdfed ateag bs pleparedifilr ihegra @ that 1Cimed 8kin(aRaGs conipMely excised.
occl uder 200'" descri bed above with reference to

Hxcigett teds %1 @ppearkioan bad dlhallphitinRtied pliorap pRRERI otk Birtial
fromthe stages i mmedi ately descri bed above.

thiplaebsantid Jue 18 sBiesll ektidion, AR pre PEEHN e Beal i ghatd B Fhecessary,
illustrated with reference to Figure 14A. That is, the

cRlayseil GiitAn hhdibicrobis Qhtisepic kAR Hide® with SotHT8inef 1.0cal

the left atrial appendage, as is typically perforned

s RRe uslily badistsbridRaddtdel adislstt i8R of BaSint bee %ghﬁﬁéeo"r both.
2 he | unen 408 of

00"", in a collapsed position, into the [une

Od8 arcbi@ahidlis 40 mplifRdOf GdrmaB e 20ed tol rembeRiAd \éﬁ gﬁﬁ&)riate

t hroughout the lunen 408 unti|l positioned at t

delbiat c@éaﬁiﬁ@? dée%%aﬁfal g &Y %Hq g—%ﬁosgﬁg @%}‘fﬁ% a%ﬁgxéﬁéigbg compression

anat om ca ructure of the t atrral appen

eI hulol QRAiBRE 18bcafhcRfl BPLILRELANED UG odhrith 'l
septal defect, or a ventricular septal

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 slits 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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defect, the operator then sinply places the occl uder
200" into the left atrial appendage. Placed as such,

wao b@7ogobuder 200" " expands automatical |y and PCT/US2007/061800

resiliently to permanently close off the left atria
appendage. One of the nost preferred uses for the skin
constructs of this invention is for grafting or

i mplantation in a manmal i an host to restore or repair

t he skin que i S jcations fo

SEHB D1 e MGt B tutie R AR CBE s frtha the s ar
limted to plastic or reconstructive surgery skin

ORERSH dad hswnpéled foshe wawydded. Expsndedamesher] tisea irevidescioraund area
and basal cell carcinoma. Skin constructs of the
withreasipg soeragey ddiegptively, meshed skis sy tbe appliodavifhaeidxpansion,
tissue, and then serve as a scaffold for the ingrowth
sgmply per Hed twithiag grrangement of ubeprrded glits.hEhe mesbed shimtonstiuct may
organi zation of the tissue produced in this invention
baepiligd alogeorseith/ibe pyicoisevmsidn Howsndthy asgped theiypdy. hEissue
actions of wound repair. The cell matrix constructs of
colperuéth wen pis@ havk georetidne oF femespripsand paes provdekbyweterasans.
used herein, neans being able to maintain physica
Fengstratiops imay bgappliyd maially ssivga lasdrepuneln deatgpl preedie ot pies .

The physical properties that primarily give the
consTharkisconftruchef thaineattion mag bb eiliee tpwameds biheshar @rgical
bul k thickness and fibrous matrix structure. The

wiolutdsau dueetaas c@ihbivaundatuchxs venohoileaes] diabetio ulcers, decubitus ulcers
cell -synthesi zed col | agen and ot her matri x conponents,
niRierpeyiefidelartichlingrbenetit ba gpplicationasTgediidclbséd fir donstaRd Other
fibril bundles, and gives the constructs their bulk.
cditpenic bikin dB¢aséosucDBHIdarhdydf billlog hmHMeREAitQs walle

handl eabl e, that is, they can be nanually peeled from

t hei Thecfoliéwing e)&ﬁ’@ﬁés ra@d ovidéd 0 Bbter 3x 1 aih il BractieP BOHE pRfent
speci al i zed tool s, applied to the patient or to a

ifvesionn@d SHORRT it blémtejxﬁret‘é@[h My b5t ARMit RYR Tl br&Snt invention.
tearing or stretching fromordinary mani pulation in

ThR skilllbdinGhMrt WOUEcdBalA k%%oﬁ@mbmﬁceﬁfoﬁy&h%?nagé to the methods
function. Wien applied to a patient, they can

dSREb R rdil Rl AR Mg e YiriSInaRLER of 4R pgerségttlmztent?on

skin construct of 'the present” invention to a pati
the graft area is preparesagppEgi ng to standard
practice. For burn indications, the burned wound sites

Ek&nM€ 1: Formation of 2 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:
Dulbecco’s Modified Eagle’s medium (DMEM) (high glicose formulation, without L-
glutamine, BioWhittaker, Walkersville, MD) supplemented with 10% newborn calf serum
(NBCS) (HyClone Laboratories, Inc., Logan, Utah) and 4 mM L-glutamine (BioWhittaker,
Walkersville, MD). The cells were maintained in an incubator at 37 = 1°C with an

atmosphere of 10 + 1% CO,. The medium was replaced with freshly prepared medium every
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grafted are to be prepared for the graft so that the

burned skin area is conpletely excised. Excised beds
waowdorz/ogaeprear cl ean and clinically uninfected pPCDDS1007/061800

grafting. For deep partial thickness wounds due to

surgi cal excision, the pre-operative area i s shaved,

i f necessary, cleansed with an antim crobi al,

antiseptic skin cleanser and rinsed with nornal

sal i ne. Local anesthesia usual onsi sts .

i Figrdonl Al G S PRl grels ol G 8?‘8{86‘?°ﬁe‘8ﬁ"r‘?’ﬁ%e cells
or both. Once anesthesia is acco Ii,shed,1 a ernaaﬂpe g
hadgonmedch naskadanrppRynalonethe battomlthsiissug @l task. and the medum

creating a deep partial thickness wound. anqsé?sig
wesaaspirated drvine thedobiprec Bislsr e itee Hier ORISR pRiFHigraltered phosphate
containing |lidocaine and by el ectrocautery. The skin
bufferest saliot wes addedrio Sispiotter afceacth ulinee Haskiyad thyyaspyrted from the
necessary, is secured by suturing or stapling in .
flpkac eCells heere halkessed rfdn dred fkniagedingist mlapppsdpydssoe glutamine
dressings. The skin construct of the present invention
(BreWhitlaker, Weallps/ited MiP) 6r egphaflaskrapdt gently pagkiegto ensure complete
Meshi ng i nproves conformation of the skin construct to
chvRaoweand hadlgad Qulovisdese actmpeah® thorinabatpmi Agswaasdhe cells
exudate from beneath the graft. The term'nmeshing' is
waef feRe’d asmico fremIh aSuybedn Trepdiothhibjtonhias dded to sehefldsk and mixed
perforated with slits to forma net-1ike arrangenent.
widB sthé REspessidar &f aoRitleyactibi aif e trpysin-hesanse Tfe eell suspension was
conventional skin nmesher (ZI MVER(r); BIOPLASTY(r)).
1&RR 8 Behtnahisds ARDeRhlyYiHear Betweenperils catienl acrtiifigeigibes. Cells
wi th ascal pel or a needle. Meshed skin nay be expanded
Wit RHEQLY deftritilRtisldt Apsioxitdatty 30061080 kigfors minnpened
and then applied to the wound bed. Expanded neshed

ti SSPgIPEQY irdfSHeRHARE fREIEMedinho HRXhdERIrattRUE3dye 10° cells/ml,
Al ternatively, neshed skin may be applied w thout

2BXRERRH Oheo DdARlidtoRDoR SRECE4 Whih Ndidfetar Ei@NGTRIMe Bdated inserts
unexpanded slits. The neshed skin construct may be

(M#E%L@@@gmg{g ih DRiPAL @AY 4t CRWIySIEi3ID f [65reells/insert (6.6

i 500
another area of ‘the body. Tissue constructs may also

hay e 1%%2%'%81 c%ﬁ.'é_ngre HEneRtd AltdnQASibXOHatBATe 5 PR R hisl@ehosphere
be 6t her ans.

enestrations nmay be applied nmanually

OLSHE0 35 PR sseely ) oy T, i
p?ot ugtriont Irqn%criliu&u&gﬂp(fggd: a 3:1 base mixture of DMEM and Hams F-12 medium
(Quality Biologics Gaithersburg, MD), 4 mM GlutaMAX-1™ (Gibco BRL, 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 ethanolamine
(Fluka, Ronkonkoma, NY ACS grade), 1x10%°M o-phosphoryl-ethanolamine (Sigma, St.
Louis,), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 ug/ml transferrin (Sigma, St. Louis, MO),

20 pM triiodothyronine (Sigma, St. Louis, MO), and 6.78 ng/ml selenium (Sigma Aldrich

Fine Chemicals Co., Milwaukee, WI), 50 ng/ml L-ascorbic acid (WAKO Chemicals USA,
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wounds or burn areas. O her wounds such as venous
ul cers, diabetic ulcers, decubitus ulcers nmay

wexpenymore a heal ing benefit by application oPCT/Ig2007/061800

di scl osed skin construct. O her congenital skin

di seases such as epidernolysis bullosa may benefit as
well. The follow ng exanples are provided to better
expl ain the practice of the present invention and

' Ny / lim h
(Gl a 0P B2 e S LMo ORI | R Bciongsiems, St
tie MY hEO AR Ber Pt (REDS HOMANNEMIGCa cltre grado)

eparting fromthe spirit and scope of the present
(Pigtrantti oovis MOWPLES Exanpl e 1: Formation of a

Col | agenous Matrix by Human Neonatal Foreskin

Fi br 88rRlsy SorHeistalegieelowmalyals Wese daen retfdaps Gblldsing 21 and fixed in
(originated at Organogenesis, Inc. Canton, MA) were
fermatin dhei engbedderios perefting /The forowiin fikgbumptes wetsr emtted xitie garaffin
flask (Costar Corp., Canbridge, MA, cat # 3150) and
agd Swmiciemgten wiehtione dietamstaifé yittovitematoagliinseosoo (HES) edcording to
of : Dul becco's Mdified Eagle's nedium (DVEM (high
prficedvaesenpwn iw thetairto A Jsingi H&B stainkd) klites,thiokenes Bineadhietrieak &fere made
Wal kersville, MD) supplenented with 10% newborn calf
testen uand OMNBGEYke( Iy Glosmopic lfiakle nalizng £ 50X bywpiece loagsinyitdhd Bghm/100
and 4 mM L-gl utam ne (Bi owittaker, Wal kersville, M).
nif¢remetet teticleer e mai ntai ned in an incubator at 37 1 C

with an atnosphere of 10 1% CQ2. The nedi um was

r epl Resalls farttivo fdifésdult yelpstRpRrod tupee defa€ ViBfopla¥® afeQummarized in
three days. After 8 days in culture, the cells had
TefsloWwitich stork theahicknesd dfalie del-mdtt€cdiBirhd ah@deeRpeed a
packed nonol ayer al ong the bottom of the tissue
Tablk tiumidch&@s kmicadeh) the medium was aspirated fromthe
culture flask. To rinse the nonol ayer,
steriTe-TIpgfEd phosphare buf fersd Fat e wgRs 2

T
to the bottfom of eachjculture flask and ther pirate
A fram +tHA F!al/b\

d
r
I v f bkb. CUII~ Vetr=e€ “Ale"r‘;(_‘l 1 ULEL | Sa)
Brz%?:i%)ljih’%ljége rr_oitrypsi n-V(;Sosgéﬁhez@Cut qﬁ'“?ei?' ow?‘%%%é-ﬁ? ’
(@%ékersvil e, MD) to each flask and gently rjocking to
Endure conpl ete cover age of the nol ayer. Qultures

were returhed-to the {ncubator. As soon as tlhe cells
B156 Average |0 42.00+5.14 63.85+4.50 76.25 + 3.84

el
t

o

N

(n=4)

Samples were also submitted for collagen concentration analysis on days 7, 14, and
21. Collagen content was estimated by employing a colorimetric assay for hydroxyproline
content known in the art (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 above.
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were released 5 m of SBTI

(Soybean Trypsin |Inhibitor)

was added to each flask and m xed wth the suspension

W0 2003022902 he action of the trypsin-versene.

ThrCT'EE1007/061800

suspensi on was renoved fromthe flasks and evenly

di vi ded between sterile,

coni cal

centrifuge

Cells were collected by centrifugation at

Bl % Golbeenuelon

approxi mately 800- 1000 X g for 5 m nutes.

Ce

t ubes.

IIs wer e

and seeded onto 0.4 nicron pore
Size, 24 nTndlaneter tissue culture treated inserts

density of

( TRANSWELL (

Py 0 Cor ni ngD@p3t ar)

3.0 x 106 cells/insert

in

Day g4 x- wel |
(6.6 x 105

Dayay at a

BEI SvedpR)
at 37 1C

days. The

feesh pr odg

JoThe cells
M th an at ngsphere of

cti on nediu

mevery 2t

roduction nediun1conpr

VEFE: TRTH dDNEGs £ D1 88

0
o 3 days fo
ised: a 3:1

396.9%’@29.@ 8

1% CO and fe

r 2 1
base

B35 AVt
Blolom
bco BRL,

((rnes)ul tant (

5% (d)JW

ENV—and—H3
i t her sbur d
Grand Isla
oncentrati

i-dor anml
UlJI \"A I N RE®Y]

ot h £ Ant
F-owtn—act

ﬁ'ml\ggfﬁ e

5 ng/

yr (lihct ot a

SR RO

nd, NY) and additives fo
dn of :

m hunman re

Biotachnal
B-o0+ec ol

(115?],)51 +£25.00

combi nant
y Lake

Pl aci d, NY)

k-ah) 0. 4

A S

, 2% newborn calf serum (Hycl one,

Anﬂ/M

\Ldl'_nr‘nrfl Qnr\_&LQI gha St l

Logan,
ouj S,

gr ade\ 1

10 4 M o-

hosphoryl -

Tble 3 (Cells (gel¥/FEnol ani ne ( Fl uka, Ronkonkoma, NY ACS

t hanol anmi ne

M)

(Sigm,

St. Louis,
o/

trangferrin (Sig

Days0 ng/ ml i

ma, St.

PeyiVin (Si ghay 14t .
Lodi s,

MD) ,

LoujDey 2MO)
20| pM

5

(BYIOiIAodmEhy |
M3)waukee,

©6kne (Si gral.
ng/ M sel enium (Si gma

W), 50 ng/

8 S1.4 Wi

0.

2 mg/m L-

$1.4MD7 x a0?d|16.9 481 .2 x 10°
Al drich Fine Chemcals
m L-ascorhic acid (

Chemi cal s USA, I nc. #013- 12061),

Co. ,
KO
roline

B 156 0 Bra gt
t%gls mﬁgb
3700

(%30

16.64pS, MJ

MWV (cel |
Sanpl ¢s for

and 0. 05% (
cul
hi st d

13 P+, 5”%911’0‘5‘1
ol y-ethyl ene
ture grade)
| ogi cal ang

1ng§é‘32'1 1S
glycol (H

lysis were

(Sigm, St

é%'@ 175 10°

Loui s,
t aken at

oy Al

1 =2 4.4 P - W | £ ol
days—7—H and—2—t—and—f—xet—+n—Forran—tHen

enbedded in paraffin. The fornalln f|xed sanpl es were

St ar moop e o 5 P e oA CREE om bt O oo were

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

T and type IIT cdllagen alpha bands in the samples.

Biochemical characteristics of the dermal matrix were determined using
immunohistochemical methods. Fibronectin 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
antibody 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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procedures known in the art. Using H&E stained slides,

t hi ckness neasurenents were nmade to ten randomy
w@r@keeoni croscopic fields utilizing a 10X eyepi’BUS2007/061800

| oaded with a 10 mm 100 microneter reticle. Results

for two different cell strains of human der nal

fibroblasts are summari zed in Table 1, which shows the

t hi ckness of the cell-matrix construct as it devel ops.

Sanpl es were al sg supmtted for col l.agen ¢ entration

2ol GEREITEROgEGRS (GAC) guangligntiod weeRrTABENOL ¢hitErvnfies Hine

estimated by enploying a colorinetric ss%@gg#&nceom.m

thin e ipxsip fesciibrd RdERIAHB RS Thegssay F1op
1961). At those sane tinepoints cell nunber,vva]zc, %I S0
grdws of GRAGaYT cfaib lagappleof Bumanael doried dgignal giglsiy taken 21 days post
concentration and Table 3 is a summary of the cell
seddding. from cell -matri x constructs produced fromtwo
different cell strains (B156 and Bl 19) using the
procedure descri bed above. Sanpl es of the human cell
Egemply 2@dFdEFhelnessatkin Gonstry¢h days 7, 14, and 2 1 were
anal yzed by del ayed reducti on SDS-PAGE to determ ne
col | Bgjema dompbsersiraet foanedaisingghe peod dessabsdmeEyample 1, normal
col  agen al pha bands in the sanples. Biochem cal .
hohar sccbarl fotebls epiflertak kefetinegytenprigingted et @regpesspenis dyg- Canton,
usi ng i nmunohi st ochem cal nethods. Fi bronectin .
MAdewtief platedt oo thaselt-aratrizedonsitct do fprar dfef ¢nidermglelgyer of the skin
sections using the Zyned Hi stostain strepavidin-biotin
cosgti@m (Zyned Laboratories Inc., South San Franci sco,
CA). Tenascin presence was determ ned by primary
ant i The pRE@NWaN bidpachlysteaionsd oDk oult@ear et ked jita, surrounds.
CA) followed by anti-nouse horseradi sh peroxi dase
Noakgl teehaa Rpidbady kérGaldojtoc ver)scasd ep Bepassaga #yiran fiokpgdybeulture
Sanpl es were visualized by applying di am nobenzyne ‘
ckiBis@Bm tStonflueite S , CD)wee then aulitsed stoai the cbultintehdigties lusiag trypsin-
Fast red. d ycosam nogl ycan (GAG quantification was
vBRE[OpHRSl, CéhtRfuediRyfofa ATLE Pellts | agisidadedrinespideusdlization medium,
descri bed nethod (Farndal e, 1986). The assay showed
b PLREERER 6F 16 4f 1 BRBbLEhe GAG RasitycoR4i5nx d05adislom”. The
of human cell derived dermal matrix taken 2 1 days

BRhcts gl%Qhé?lgncubated for 90 minutes at 37+ 1°C, 10% CO; to allow the keratinocytes

to attach. 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
Eagle’s Medium (DMEM) (high glucose formulation, without L-glutamine (BioWhittaker,
Walkersville, MD) and Hams F-12 medium (Quality Biologics Gaithersburg, MD),
supplemented with 0.4 pg/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10* M
ethanolamine (Fluka, Ronkonkoma, NY), 1 x 10™* M O-phosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis,
MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), 6.78 ng/ml selenium (Aldrich), 24.4
pg/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-

glutamine (BioWhittaker, Walkersville, MD), 0.3% chelated new born calf serum (Hyclone,
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Exanpl e 2: Full Thickness Skin Construct Using a
dermal construct forned using the nethod described in

wEx@mod02, normal human neonatal foreskin epiPer/nsi007/061800

keratinocytes (originated at Organogenesis, |nc.

Canton, MA) were plated onto the cell-matrix construct
to formthe epidermal |ayer of the skin construct. The
nmedi um was aseptically renmoved fromthe culture insert

and Nor mal
gt %‘ac%é@ i rdegpne (A perph LG Heiehit oftunt I
subcul t C stock .to_co gl uence, Cells were th
s ofaifssod o %5‘1‘6’?1(%%‘%%}%9]}%“‘@& praigals Somganys YBkyaHkesy %hew ng/ml
pool ed, centr| fuged to forma cell pellet, resuspended
epﬂer@ﬁ# SEPYHA fRcsot &(’Bfﬁ Treshnalogies gen MY, andl 5Q aedalizeiemysn sulfate
of the nenbrane at a density of 4.5 x 104 cells/cn?.

(hmershamshilington Heights; R Thectivaired Were agliured fnuthe sepiderratization
1C 10%C32 to aJ]l ow the keratinocytes to attach.

ey for Bdaysrat 3bal CoQ%ek. constructs were subner ged in

epi dermal i zati on nmedium The epidermalization nedi um

i s cafipogeadyothe candrutt vas eubmexgadria médiDodbhgsed o8 3:1 mixture of
Modi fied Eagle's Medium (DVEM (high gl ucose

Cludtreted” @ tnkcdified WEd ghedg) tmddngh UDMENE (hiBh @totd dd¢diulation, without -
Wal kersville, MD) and Hans F-12 nedium (Quality

ghitahiagi BRHWiitdkee r whalkegvill¥DMD 5 UR#he Fers egbditind r(QQalioty BlOlOglCS
ng/ M hydrocortisone (Sigma St. Louis, M), 1 X M

(ﬁltﬁ@%k%ﬂlﬁ‘)es@ﬁ chiéted BRAK! ydP%))rnséne)fSngQla“St'\iouls MO), 1 x

0- phosphoryl - et hanol am ne (Sigma, St. Louis,

109 efhndidsind (FubSRIMBonKSTha, M}J'ISXMSWO 2%1% F;%?{ylfdethanolamme (Sigma,

transterrin (Sigma, St.

SR Wwﬂﬁ 1&%@@%@@%’[#@&;@2&?%@ pePy RO e
BRI R LSS bf g o
%he' B, ?ﬁa&cﬁl A axgtq’éf%@e (Sigm
TR R TN
Og%ﬁdg%gaﬁ% /n%yvogﬁgﬁt C%é)rhng(l_ﬁllé\g(pgtgceqnm\?\?a e?ssx’/ll{en MD), 0 )628 ng/ml
progesterone (Amersham, Arlington Heights, IL), 50 pg/ml sodium ascorbate, 265 pg/ml
calrcium chloride (Mallinckrodt, Chesterfield, MO), and 50 pg/ml gentamycin sulfate
(Amersham, Arlington Heights, IL). Again the construct was incubated at 37 + 1°C, 10%
CO, for 2 days.

After the 2 days the carrier containing the construct was aseptically transferred to new
culturing trays with a sufficient amount cornification 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% CO,, and low
humidity, in media with media changes every 2-3 days for 7 days. This medium is composed

of; a 1:1 mixture of Dulbecco’s modified Fagle’s medium (DMEM) (high glucose
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(Amersham Arlington Heights, IL). The constructs were
cultured in the epidernmalization nmediumfor 2 days at

W@720070290210% CO2. After 2 days the construct WasT/US2007/061800

subnerged in nmedia conposed of; 3:1 m xture of

Dul becco's nodi fied Eagle's nedi um (DMVEM (high

gl ucose fornmul ati on, w thout Lglutam ne, Bi oWittaker,
Wal kersvill e, Hanms F-1 2 nedium (Quality

B| 0 i es, er sbur suppl enent ed 4
RPN Ohy i, L S aahe, oty ‘?’EI&?EFP%IH 3“ %mazs Fol2gmedium
et hanol am ne_(Fl uka, Ronkonkoma, NY),
(QuadmnBipkrsisH! G@#ﬁ%ﬁhwmesumv@%ed witih 0. &@a@@ hym;ort@ne (Sigma,
nmg/m insulin (Sigm, St. Louis, MO, 5 ng/m
St.r s, vIP).n1 (>S|1@nrsM @nanOEmmes(FlN@) ROBEOI]iiMIla NY), 1 x 10* M o-
triiodothyronine (Sigma, St. Louis, M), and 6.78
phgbhdryseh@roianning (Si@muaStALduiis,d\MOEiWﬁ]ﬁmilma(s'&nﬁp&maws, MO), 5
M | waukee, W), 24.4 ng/m adenine (Sigma Al drich Fine

nehe e ek sinQ@SER&N B). .Lofis MO 20 d@l@ﬂlg@nﬁl\é\v{’sfgh@k@tr Louis, MO),

Wl kersvi l | e, I\/D), 0. 3% chel at ed new born calf serum

6B éml'l tste%ﬁlﬁt Ams 5241'41 ml“@)iemr%e gxtn gA{ﬁ‘th Féla)e Chemicals

progest erone |ngton

iy ﬁ@%wzmﬁ%ﬁ@a e S, L 5
AL QLA O R s B 5P i

for days. After the 2 days the carrier containin
syl CufENeite ArVGEOHORRD ALY | et SR dhe cousinist e or 10 more
culturing trays with a sufficient anmount cornification
dgpsqvyt g"‘“&ﬁs W e HREVEhe mafntenapeapdiyiys This goaipenance medium
surface of the carrier nmenbrane to maintain a dry
Weheerpased afol:d) mixire of dulBecet imndifisd Eagke’ plediva (I%MEM) (high
| ayer., The constructs were incubated at 37 + 1C, 10%

gwe farmenlption, RGHPe bplutankineyedip Whittaker, Waelkesvillvaigey Hams F-12

every 2-3 days for 7 days. This nediumis conposed of;
mgdipm](Quikty Bielogits Caithsesborg, Yo 0i4figadl Eaigdoettisomep(@igmm St. Louis,

( DVEM (h| gh gl ucoseformul ati on, w thout L-glutam ne
MENO Mk t 108k B ethWiddldrties $Blukd, dioﬂll&)kon’dﬁﬂ@ﬁ[)ﬁl t210remli wiphosphoryl-

(Quality Biologies, Gaithersburg, M), supplenented
ethartoaniine (Sigmay Sth)'idﬁi@,cmd)j S qigAn) b @iB(Sigma, St. Louis, MO), 5 pg/ml
transferrin (Sigma, St. Louis, MO), 20 pM trijodothyronine (Sigma, St. Louis, MO), and 6.78
ng/ml selenium (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 24.4 ng/ml
adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-glutamine
(BioWhittaker, Walkersville, MD), 1% new born calf serum (BioWhittaker, Walkersville,
MD), and 50 ug/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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St. Louis, M), 1 x 10"4 M et hanol am ne (Fl uka,
Ronkonkoma, NY), 1 x 10 4 M ophosphoryl - et hanol am ne

W@ Bogoeeoost . Louis, MO, 5 ng/m insulin (SigneCT/B52007/061800

Louis, M), 5 ng/m transferrin (Sigma, St. Louis,

MO, 20 pMtriiodothyronine (Sigma, St. Louis, M),
6.78 ng/m selenium (Al drich), 24.4 ng/mM adenine

(Sigma Aldrich Fine Chem cals Conpany), 4 niV

L- gl ut am ne (Bi oWittaker, Walkersville, M), 2% new
gé%‘glﬁ‘r iaé{Frf anéérsl’erﬁ%umomm iAo ik phaknsip sity-e Thaviljn cagetruct has a
sodi um ascor bate, and 50 ng/ nm_ gentamnmycin .

V&E@éﬁl@pemwwmw Pigteatet ithsi dsrind;epideymal ametion 2 exhibited by
days the construct was fed for 10 nore days, wth

tRAdmigen decdiop micrseony TR nThe baseraend membrangeppearn thivkdssaround
mai nt enance nmedi um was conposed of; 1:1 m xture of

beypidseraesemes, rrartkad ol archeping Bbrite diati pe(cOMBNYed( ofi tgpe VII collagen, as
| ucose fornul ation, wthout L-glutam ne,

vBlughigad by dK&F. | Avakneeted hes¢ anchvidle, fitklsreanfeadily eederueniting from the
(Quality Biologies Gaithersburg, M), 0.4 ng/m

basedhenicoembrersand (eSiragppingShe cdllegandjbrildOlhe firesend@oamvinin, a basement
et hanol am ne (Fl uka, Ronkonkorma, NY), 1 x 10 4 M

ngenpbinans p lgbicypreteian slasinshoen( Sisipga theStpretiousiys , deMDbed 5 avidin-biotin
mg/ M insulin (Sigma, St. Louis, MO, 5 ng/ni

immanshematie t¢cBhigna(Gustdonpl§78). MO), 20 pM

triiodothyronine (Sigm, St. Louis, M), and 6.78

ng/ M selenium (Sigma Aldrich Fine Chem cals Conpany,

BExhipla ik edn WikQ Fodation mg/antColiegenviun M{tSk (Bya HAamei iNzbondfal eoreskin
Chemi cal s Conpany, M| waukee, W), 4 mM L-gl utam ne

Fitmpdaaksi in ChkmicallvV@bfed Mddivee, MD), 1% new born cal f

serum ( Bi owhi tt aker, Wal kersville, MD), and 50 ng/m

gent Hnpai neosetaf fotaskip Aiberbidsa werdedpandsid asinpl@hegitb&dure ldbscribed in
Fi nal sanples were submtted for henotoxylin and eosin

EpaogledsiGuljs aeredibsic rdsinpended tEx atqebratioh of 8&t F BEIRANL, and seeded
gross appearance under |ight mcroscopy. The resulting

oa oG # micron poRsiZA] Bmeaf dismétewatud @eirBlehtel Me@brane inserts in a six-
consi sting of fibroblasts surrounded by matri x having

wettatayirae s dtasier 6H8d 1 Beaywine 6ls xarvd SRS’ MHeSE 841% were then
overlaid by a multilayered, stratified and

naitdinddiah EREGHIE i1 tidchelvBY@Ical®berki@ omiitdHOPOH B2 mddBlthroughout. More
exhibit a basal |ayer, a suprabasal |ayer, agranul ar

speRiRAllyAlE Meditthaddafite@’ B4R $i1Mhnb@re t@? HO@M, Offlardk EN 2l Bedium
situ. The skin construct has a
(Quality Biologics, Gaithersburg, MD), 4 mM GlutaMAX (Gibco BRL, Grand Island, NY)
and additives: 5 ng/ml human recombinant epidermal growth factor (Upstate Biotechnology,
Lake Placid, NY), 0.4 pg/ml hydrocortisone (Sigma, St. Louis, MO), 1 x 10* M
ethanolamine (Fluka, Ronkonkoma, NY cat. #02400 ACS grade), 1 x 10* M o-phosphoryl-
ethanolamine (Sigma, St. Louis, MO), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 pg/m!
transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), and 6.78
ng/ml selenium (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 50 ng/ml L-
ascorbic acid (WAKO Chemicals USA, Inc.), 0.2 pg/ml L-proline (Sigma, St. Louis, MO),

0.1 pg/ml glycine (Sigma, St. Louis, MO) and 0.05% poly-ethylene glycol (PEG) (Sigma, St.
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wel | - devel oped basenent nenbrane present at the
dermal - epi dermal junction as exhibited by transm ssion
we@bk@enym i croscopy (TEM . The basenment mnenbrBCEUS2007/061800
appears thickest around hem desnobsones, narked by
anchoring fibrils that are conprised of type VI
col l agen, as visualized by TEM As expected these
anchoring fibrils can easily be seen exiting fromthe
ran n n i n h '] n fibrils.
R Bl SABERG e AR SDadbrah! 5if90diea comcentration and ccl
| yco rongin. ¥as shown _usi ng the previously described
taRyoEh Yrin; e 7 SRS re R igin (ehlesstipll number) and 5
%ﬁ?gg Exanple 3: In Vitro Formation of a Col | agenous
(Ralleen). P WerRiebR afoamalmofixadkand mpessesdl fos thempiexylin and eosin
Chem cal | y Defined Medi um Human neonatal foreskin
StaiiRg B dighs migspseonexanalydie ds Weionbed el xmpde du rkistological evaluation
described in Exanple 1. Cells were then resuspended to
dgmepyiiated theh thie sansiructs growroig deBddgnedium waglsidlediodhan gtawn in the
0.4 mcron pore size, 24 mmdi aneter tissue culture
prosenge e 2Pendvbariecalivsam.s Semples glsxsteingd positivelt foa fibronectin, using
density of 3.0 x 106 cells/TW (6.6 x 10s cells/cnR).
Prdveduse desciibedweFxenigieh mai nt ai ned as Exanple 1 with
newborn calf serumomtted fromthe nedia throughout.
Tebtest: SPtiagdni (nglhny) t he nedi um cont ai ned: a base 3:1
m xture of DVEM Hanms F-12 nedium (Quality Biol ogies,
Garther sbuliGay VD), 4 YL UT alvy-\xP bEO BRC T 3qd
I sl and, NY] and additijves: 5 ng/n uman recjonbi nant

n

46

e b0
SHPIRSRIL,
transferri

BITEE W 0.4 mgim

1 x 10 4 N

NY cat. #(
| et hanol am
in (Sigm

n (Sigma, St.

PS
kﬁ&%ﬁ%%@ﬁ@?
/ et hanol am
2400 ACS gr
ne (Signa,
St. Louis,
Louis, M

e 18
ne (Fl uka,
ade) ,
St. Louis,
MO,
D), 20 pM

5 nmg/ ni

1 x 10 4 M

MO, 5

F i odot hy

na/ld __cel e
L) T LELMLJ ~ o A

onine (Signma, St. Louils, M), and 6.78
Aldrich Fine Chenical Conpany,

M | waukee, W), 50 ng/m Lascorbic acid (WAKO
Chemicals USA _Inc ) 02 ng/m l-proline (Sigm, St.

Tablgiss Ceipjcells/cm®)

Day 0

Day 7 Day 14 Day 21

Average number|6.6 x 10° 7.8+22x10° [9.6+2.5x10°

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

57



10

15

20

25

0.1 nmg/m glycine (Sigma, St. Louis, M) and 0.05%
pol y-et hyl ene glycol (PEG (Sigma, St.Louis, M.

w@a0uploeoner e checked at day 7, 14, and 2 1 f oPCT/US2007/061800

col I agen concentration and cell nunber using described
procedures. Results are summarized in tables 4 (cel

nunber) and 5 (collagen). Sanples were also formalin
fi xed and processed for henotoxylin and eosin staining
for Light mcroscope analysis as described in | e

1" U Bgh o 4R BT SRR AR, Pl 1Ehep b SOTODlads under
(%pnstﬁu&%s gro .in defined nediumwas simlar to

Aol famad Fepdttioas prlakiodie Brethod lewsiibuyin Examplegs pormal human
Sanpl es al so stained positively for fibronectin, usin
nspRrdal dereddan) eridermplleeratinoesiss e sqededan thecap aee @ﬁéwegmatrix
produced fibrillar collagen, decorin and
gnypusktadeayle sridasmaldpver of the slin eenstiecti n t he cel | -matri x
construct. Exanple 4: Full Thickness Skin Construct

For mede Waddium e rserdicelly mafdvad drone theatiury irser2 Bndidig surrounds.
dermal construct fornmed by human dermal fi brobl asts
Naorel huskpareipidgithal keefinosptss eusreoiceled g tepassdgart fram tifveen subculture
nmet hod described in Exanple 3, normal human neonat al
cebsteskite cefludagenaCellsevert ithimogteesd iene teeadiest dishes higing trypsin-
top surface of the cell-matrix construct to formthe
vepeue powled, Icentafuged tot foem skiell pelbnsiesuspdnded meepidesal pati@smedium,
aseptically renoved fromthe culture insert and its
courrted amdi seedddb onebp ofitten membrias rmpla doasiat bhasyt 69* ellseem®. The
scaled up to passage 4 fromfrozen subculture cel
cotisdaikts t Were Ohéd Wenbaed €l b6 MRLRs the37 £el’'ea3ed, TOYMot ABw the
cul ture dishes using trypsinversene, pool ed,
keRfhédytes ORA aktgehfl O A¥er GRS | inB@LASL » the €SHURREAT SFerk Nsubmerged in
epi dermal i zati on nedium counted and seeded on top of

eblaBrnBnR oA He:ditin. al"lfé%ﬁﬁlieﬁﬂaéi%tiogl-n?edﬁn;-g %o&ﬁ&s]eé bE '%3 :l)ﬁlé‘s% mixture

constructs were then i ncubate or 90 mhutes a

of Bulbked SR airRd Bl NG ?DME.I\W)OC;CXItﬁgﬁin 210:% R&dand o cnalcium,

After the incubation, the constructs we ner ge

SEVIBGEE, 19 s T £ 050 ) S8 Ol
B 518 ST A B R ERE 0 v
eﬁllaanncﬁargi_n% %thl‘gaql %rmkog%ma:!l,iﬂ), ?ixolloq%%%h%gpihtopy‘l%—re&lgﬁjorlgrhine (Sigma, St.
Louis, MO), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis,
MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), 6.78 ng/ml selenium (Aldrich), 24.4
pg/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-
glutamine (BioWhittaker, Walkersville, MD), 50 pg/ml 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
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MD), supplenented with 0.4 ng/ M hydrocorti sone (Signma
St. Louis, M), 1 x 10 4 M et hanol am ne (Fl uka,

woemRoveona, NY), 1 x 10 4 M o- phosphoryl - et haPol/a8100B061800

(Sigma, St. Louis, M), 5 nmg/m insulin (Sigm, St.
Louis, M), 5 ng/m transferrin (Sigma, St. Louis,
MD), 20 pMtriiodothyronine (Sigma, St. Louis, M),
6.78 ng/m selenium (Al dri ch) 24. 4 ng/ m adeni ne

Si drich Fine Chemn Conpan M | wauk

He T oy et P 300 Co SRE1% S RES G| Aber s dasote carrer
nmg/ m L ascorbate sodiumsalt (Sigma Al drich Fine

C@h‘é’r‘ﬁ”@a § copyipainyas Mepticalik érénSfWe)i to g whiwuring traysc Witk isufficient
(Sigma, St. Louis, MO), 1 mMtocopherol Acetate
miedjgippachigye a|fBid develNmyt tarks Sofangphihegenicamicoibrns ib frmirain the
(Amersham Arlington Heights, IL). The constructs were
develonimg doristrudt e thepaictiquidifinterfeice.o Thewdli comtactimg thedeyy Surfitce of the
37 1C, 10 1% CO2. After 2 days the nedi um was
fenouhg rjdeimal ldyerf albesiy stretlficativic ofiffesepdtheliul ddyewn e The constructs were
andreturned to the incubator set at 37 + 1C, 10 1%
i€OBatbdat I €8S 10AfQ@Y atdnewZueidisy, i Aedis ithin®dia changes every 2-3
contai ning the construct was aseptically transferred

dafs RRW Gaylst UTHi) gnelifudy Sontitdd Wil mGla@Blor MMhedcd’® modified Eagle’s
achieve a fluid level just to the surface of the

n§eiunh @IMEM}WE@%&QM@MEHS@ bt A& EEH eénewmﬁk&omh{eﬁ%le MD),
at the air-liquid interface. The air contacting th

HaOR 545 fn‘f’b@lﬁmPEQﬁaﬁ fﬁ%ﬁdg&clgtgﬁﬁﬁfei%ﬁ{u%aMﬂ)a%(%leﬁleh&ﬁmth 0.4 ng/mi

stratificatio el1a € construc

B oso%%%g&s%{gﬁg gt o?a?schfﬂcﬁgse 198 SFBnaish; @5@% S, ),
TR oPL e he e i SRS i ome, 1.

and no cal ci um Bi gWi ttaker Wl kersville, M), Hans
IP“‘@ZMM wemy evnsfarry (Siem, i lowls, M %?Mﬁuwgothmyme (Sigma, St.
uppl emented with 0.4 ng/m hydrocortisone (Sigm, St.
T—IQ@ISJ MOMOYS ng/ml seeninM Sghadddravhi Fige Chémakcals Company), 24.4 pg/ml
Ronkonkoma, NY), 5 x 10 4 M o-phosphoryl - et hanol am ne
afBigtligise . Althaeh Fine Memi&lsTgbmbanysdl Ml (Sil@aMine SBioWhittaker,
Louis, M), 5 ng/m transferrin (Sigma, St. Louis,
wmersvm- DD, 21,6508k a1 it B o3k glﬂlﬁlhn&rodtLQHésfe»rﬁéV@)MO) 16 pM

6.78 ng/m selenium (Sigma Al drich Fine Chem cals
1EOIBR BN (Sighth; $t. PBLTIMO ), 1 pM tocophcrol acctate (Sigma, St. Louis, MO), 1.25
mM serine (Sigma, St. Louis, MO), 0.64 mM choline chloride (Sigma, St. Louis, MO) and 50
ug/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 after the construct was
lifted to the air-liquid interface for hematoxylin 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 as

described in Example 3, and was overlaid by a layer of stratified and differentiated

keratinocytes.
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adenine (Sigma Al drich Fine Chem cals Conpany), 4 nmM
L-gl utam ne (Bi oWhittaker, Wal kersville, M), 2.65

waorgdomooxet ci um chl ori de (Ml linckrodt, ChesterPCEUS007/061800

MD), 16 mMIlinolcic acid (Sigm, St. Louis, MO), 1 nmM
tocopherol acetate (Sigma, St. Louis, MO, 1.25 nM
serine (Sigma, St. Louis, M), 0.64 mM choline
chloride (Sigma, St. Louis, M) and 50 ng/m

ent anj Ci ul fate (Amrersh Arlinagton Hejghts, [L).
EHRBR R RSt ino P el 0 & Golssotgny AJLN ty HYegAslles Tendon
Samples, in triplicate, were submtted 10, 12, and 14
Fipiodests t er the construct was lifted to the air-1iquid
interface for hematoxylin and eosin processing as
des cFPRIbERInComRtERE were fpigned asing dhanwmgr metBohdserfredrie Example 1
under |ight m croscopy. The resulting construct
rephasdigsthe dugen aeprsind foreekan faroplagta yath Twrnsi Actiiteg tofidon fibroblasts
fibroblasts surrounded by matrix having features as
(HASEDi Helowing 2X dleysl ia rBoduatid mediurayssmiples dveinyalso $ubyrgttedddr H&E
stratified and differenti ated kerati nocytes. Exanpl e 5:
staming andothicknest detanmotfation Gohg dgeprocsiuihdestoibadyinHmaample 1. The
Achill es Tendon Fi broblasts Cell-matrix constructs
reseltiag fconstredt was vignalitel asaneellneittip disohe dikeidoadructnwiBx anipikleness of
1 replacing the human neonatal foreskin fibroblasts

76400 ht- RArs8nmaedts| (nes). t elrdogenbushr @hdasdds fibhiFFsollagen, decorin and
Following 2 1 days in production nedium sanples were

gBlcsRmIMIHchl Wekefab phdfEnt & @b Bdnd@ucand t hi ckness
determ nation using the procedure described in Exanple

1. The resulting construct was visualized as a cell

Bxahpple §: i 'S EroeF drinkifon0DiS Toliapenoms Mutax i ckness of  75. 00
+ 27.58 mcrons (n=2). Endogenously produced fibrillar

Teabfeage HumaeSesiam] 8o@dsigh Fieasparknogl ycan were al so
present in the construct.. Exanple 6: In Vitro

For nBiahdTectéd Wkl deRgQribHshIVRIWdX pRYuddiaRBE e6d RUoFTB ocedure.
Neonat al Foreskin Fi brobl asts Transfected human der nal

O;r)ﬂre ggag gi %?E—Wﬁel@tr QeEL oWl fkoF IDED!Vi@bR8ucers (Morgan, .J, et
al.) was thawed, and the cells were seeded at 2 x 10° cells/162 cm? flask (Corning Costar,
Cambridge, MA). These flasks were fed a growth medium, and maintained in an incubator at
37+ 1°C with an atmosphere of 10 = 1% CO,. The growth medium consisted of: 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 neonatal 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 producers were fed with fresh growth medium. The HDFB156
were fed with the above growth medium plus § 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 0.45 micron filter. 8
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One vial of jCRIP-43 platelet derived growh factor
(PDGF) viral producers (Mdxrgan, J , et al.) was
wao bareskoornnd the cells were seeded at 2 x 10d P€l/US2008@1800
cn2 flask (Corning Costar, Canbridge, MA). These
flasks were fed a growh nmedi um and maintained in an
i ncubator at 37 1C with an atnosphere of 10 1% CCR2.
The growt h medi um consi sted of: Dul becco's nodified
Eagl e’ s nmedi um (DVEM . (hi gh gl ucose fornul ation, ..
u%rr? Relybrepe #iag g dn'@!\QhEi @W%‘?dt 3}5&%?1?59@1 kﬁes ?Heﬂp @ledigpg, was then
suppl enmented with 10% newborn calf se one.
placed on dhed PBs On|thecnext idays 1 Wil 36%%@@ SHegph oThe doy
(Bi oWhittaker, Walkersville, MD). On the s?ne day, 2
afteir dlle TODF Iwereoiassed roan B 10F RSy BISPHICH ph? SEISHY P %’ﬁIESF]%)l{ %‘ilS/ 162 cm
was al so thawed and plated at 1.5 x 106 cells/ 162 cn®
fliskaEkmingoCosiangCauwidge., Maanbellyere nesspd anfqliops; spewtgmedium was
days the jCRIP PDGF-43 viral producers were fed with
aspiresd offr dﬂbmaslﬁde@rmtheﬁh@SWBﬁ 2phosphpte buierediselipettp gemove any
above grow h nedium plus 8 ng/m polybrene (Sigm, St.
residuial ewbdh . calflserune x Celthayert eledsBEBeBEhe flewk bis adgarge> mL trypsin-
infected as follows. The spent mediumfromthe jCRI P
vERRGEtd 3aohi flak gudogbuthe reckingstocmbure comdletenebveiake of die monolayer.
through a 0.45 mcron filter. 8ng/ m pol ybrene was
CaBgledwt@ réthingd td {he diicatiatepess saveds thm cellh wespelsasedpdl mbnel SBTI
was then placed on the HDF. On the next two days the
(S35l psirehh bites wag radiddno eehi flavk aiith enixtalywidtf the susphiesion to stop
HDF were passed from p5 to p6 and seeded at a density
#afacBemotéhd @opGiekérsént 6 A he A/ THasikySBTD suspagictosdsarmoved from the
Canbri dge, ). Cells were passed as follows; spent
B i HIN VRS, @sRkd BétRderDdtérile, Boficillcastiifugamites.t el wemsellected by
W th a phosphate buffered saline to renbve any

céxﬁﬁﬁg%h DR RatER! F00S1000IR: £6] hsuws)) e Thetatiaset: fsuapended in
the Tlask by adding 5 niL trypsinversene to each flask

Nhdd¥a FRGKIING & McCRnifElistAMBbRL eARGURDaEes e ctllsewere fed
ﬂ%ﬁ%@?@yé%f‘éh|tu?%g wer e rgf%rned to the incubator. As

e &l 8@s@Hs wereHarvefte SBTdbotSyb eituted to a
R 9P R tr%a’?f%g;dged to each flask and mxed

d%\{i}sti of 18 ,Sigs Qaﬁﬁiﬂ%ﬁ Rtk %@iuh%nﬁﬁﬁ%{()"/@fle&mﬁ‘n calf serum (NBCS)

ypPSI n-ver sene. cell/Trypsin/S suspensi on was

i J i Lohisdivichdagle zen
@@Q&yf%@e@gmuﬁﬁ 1dg gﬁﬁgﬁp S%lgm‘@,\ﬁ?.mdﬁls Mhdate Balswrsihen frozen 1

ni ca ntri t'ubes. Cell’s were
SRS §huBY% —s0 oC.

Production of the collagenous matrix for this example utilize the same procedure as
Examples 1 and 3, replacing the human neonatal foreskin fibroblasts with human neonatal
foreskin fibroblasts transformed to produce high levels of platelet derived growth factor
(PDGF) as described above. Samples were taken for H&E staining as described above on
day 18 post seeding. Samples were also stained using the avidin-biotin methods for the
presence of fibronectin listed in Example 10. Samples were taken on day 18 post seeding for
H&E staining as described in Example 1, and exhibited a similar cell-matrix gross

appearance to that described in Example 1, with a measured thickness of 123.6 microns
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centrifugation at approxi mtely 800-1000 x g for 5
mnutes.). The cells were resuspended in the growth

wore@i7a9%0r seeding at the density |isted abovePCHBUS®N7/061800

two days the cells were fed fresh growth nedium The
followi ng day the cells were harvested as above, and
diluted to a density of 1.5 x 106 cells/m in growth
medi um cont ai ni ng 10% newborn calf serum (NBCS) with

it S o 8Pt o A ot Bt v

s du of .the cqll agenous matrix faor thi
18& %5#33 SR TorOy ot i A s s (o) wileoae output of
e&l acin iﬁ‘]he human neonatal foreskin fibrobl asts
P\H@W’ Jindete atal foreskin fibroblasts transforned
to produce high levels of platelet derived growh

factor descri bed above. Sampl es were taken
EWP%E@ESF o Gonsdmrtais G AIoGRElday 18- poot

seedln? npl es were al so stained using the
avi dfAll EﬂaH’tXi “r?nﬂﬁlcﬁo‘ﬂ%re PEPeA ScordR e te é?etlfqdbrilbﬁé%m}iﬂn 1 using
listed in 10. Sanpl es were taken on da

hgpan degmahfi W@blﬁ%? dqu&Ei &omi reopgge fsesiiinsand weeigtafie lamlleexclswn
1, and exhibited a simlar cell-matrix gross
woupdsaprased op orudp thyerde gprichedMicn Wxargsifted1acconding t the methods

nmeasur ed t hickness of 123.6 mcrons(N=l). PDG- out put
degcripesiebst Paaepddancetall (E916).gh¢ diselprarecef] whichass divoorppoaiet hangin. Grafts
was neasured to be 100 ng/nL by ELI SA throughout the

wety exeingned of 14,38 and 156 ulews {ot SigumysAdhevkndedo tlenwowild tedt gvidence of
of PDG- was undetectable. Exanple 7. Use O The Der nal

wound tonottions amaphghitNatse pidpre@atd ofradseilarizatos taollet SThe graft
were prepared according to the nmethods in Exanple 1

argss were lphotagraphed mhile fritdat ol Hestise. dé mimmbet off ridw wee satificed at each
foreskin and were grafted onto full excision wounds

timepeitte ehdothe pratteraat hydriheir sirc@nddMvere exeised afpngfvithich surrounding rim
according to the nmethods descri bed by Parenteau, et
ofilmurigd SBi6 )to at Me@stdihs Qansioules edrmons. C MuricBonsNERW R @b @faft and the
herein. Grafts were exam ned at 14, 28 and 56 days for

nRiige skio fveRPHBERBE B dach §4hg)MOTHRxPIRGked 83606 SIMGResOler?dA Bxed in

contraction, areas of graft |oss, and presence of
pN@gkdd Biififred 10 fG:@alidrahd ﬁﬁh@orﬂh%éthanol. Formalin fixed samples were
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&E
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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areas were photographed while intact on the mce. A
nunber of mce were sacrificed at each tinepoint, and

wo b@7092ad1 areas and their surrounds were exciBedUs100TIgr1800

with a surrounding rimof nurine skin to at |east the

panni cul us carnosus. Junctions between the graft and

the nmurine skin were preserved in each sanple. The

expl anted tissue sanples were then fixed in phosphate
lin and fixation net h

o B R e B et Bt in P pmRRS wing g dormal

ccording.t rocedure_described in Exanple 1. Gafts,
f?véﬁ%gasg*b E%Wteg f?fiﬁ SGPRice fAfFskR nthendsraal Byermand,jiypan keratinocytes
i.ni mpl contraction noted. Wthin 14 days of grafting,
H&edﬁig%@é ‘ﬂéf?fa@r%?@t%@a%lﬂng‘? dheoepidesmpl laves) Thevlin cpptructs were
2]graft. USin%'the H&E st ai ned sanpl es, vessels were
kvip b6 gnanpally; neeled &rogy the megbrang, hnadled withenticrrigusyimoert, and placed
the experinment. By gross observation and by H&E
ogtothe gigftslerpliedilayer skin sonsevess wersepited antotfbexgisafntwounds created
persi sted and remai ned heal t hy | ooki ng cont ai ned
dnj aghymjc awdl micerpscqydiog $o thetméthodstesribad by iPespteat, et pl. (1996), the
t hroughout the I ength of the experinment. Exanple 8:
digstoswt of whichih inckipersted Bkiem. ChinspointstioaskiAg Siples were days 7, 14,
GraftBil ayer skin constructs were prepared as
238G rnd &8 days Bosdugpifte TRe giftrageals sweesphdergraphed whitedblactsinghe mice.
derived fromneonate foreskin in the dermal |ayer and
A oweberlof matd were phoedicetbaticuedtithepmint gandithd e nteas ON@ALE surrounds
foreskin in the epidermal |ayer. The skin constructs
weee¢ excisbll eloh®witk agmndanatiing ripeel rewhidesRiintd Bele¥eMb hadiculus carnosus.
handl ed wi thout carrier support, and placed onto the
Jamcaibhs Betiveen THeeghitl Ay ethe Siirie GRS tvetéChiBsenRiiCinOdadh ts@@lple. The
onto full excision wounds created on athym c nude m ce
eaplastedliinige tanpldiavaeihbe dsedia HBoipRad bhfferBRI @D EQaMIin 81d fixation in
al . (1996), the disclosure of which is incorporated
iEiaabl) . FolinBRPH%ddtsemples whrlkirat@sssa iR IBSE WRIgh ORY St dife td-frocedure
28, 56, and 184 days post-graft. The graft areas were
deleibegimanbegiewhi | e intact on the mce. A nunber of
mce were sacrificed at each tinepoint, and the graft

ar eagha Pt MedofatQUIIOMO RS WRLE wRNRI7SRYs &) %}G& OB drPhtBn as well as
surrounding rimof nmurine skin to at Teast the

b?%%%l@gi&al}' Sppedals Usy HM&iﬁiﬁQ?e&@ﬁ%?ﬂvigﬁﬁzeg?&%jﬁg B the graft
he murine skin were preserved I n each sanpl €.

from the host tissue within 7 days of grafting. The grafts remained healthy and persisted
through the experiment, with minimal contraction noted. Utilizing anti-human Involucrin

staining the persistence of human epidermal cells was shown for the entire graft period.

Example 9: In Vitro Formation Of A Matrix By Human Corneal Keratocytes

Human corneal keratocyte cells (originated at Organogenesis, Inc. Canton, MA) were
used in the production of a stromal construct of cornea. Confluent cultures of human
keratocytes were released from their culture substrates using trypsin-versene. When released,
soybean trypsin inhibitor was used to neutralize the trypsin-versene, the cell suspension was

centrifuged, the supernatant discarded and the cells were then resuspended in base media to a
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expl anted tissue sanples were then fixed in phosphate
buffered 10% formalin and fixation in nethanol.
wao-eoommbaom f i xed sanpl es were processed for HIBEPGL/HBW0TIQN1800
according to procedure described in Exanple 1. The
grafts integrated with the host tissue within 7 days
by gross observation as well as by histol ogica
appearance By H&E staining, vessel s were visualized
romn r af t om t he haost t|s ue within.7
%%“ fta?ﬁ‘ﬁfe% E?lgf Vere repiedn@itie N IH’(“HS)“ &Ate size, 24 mm
erS|sted t hr oug éhe experinment, wth mnim
ffréléwe&ﬁltwsﬁr@ae DRnsIELS 1A G SEnYEL Hawate 9eAvE) Qférq $10° cells TW
st ai ni.n persi stence of human epldernal cells was
(@R P%l}s/q @ EhﬁSP celtgesarere prepitaeed qremight & ged mediymy The seed
Formation OF A Matrix By Human Cor neal Ker at ocyt es
vwad roqemRpsel eifa p desa &1 caixfuge 06 Oudhiepesy edlodified Eagle’s Medium
Organogenesi s, Inc. Canton, MA) were used in the
(QW&M}: endriasts B-13t Medim (Qnbityr Bialogies GeithrsburasdviDl cagivt 4 mM
cultures of human keratocytes were released fromtheir
PutaMdrle (Gihos thRit, eSrand ilviqndt N} sind- addityened nilnd rhuman recombinant
rel eased, soybean trypsin inhibitor was used to
epiletnred | graetht feetor r (AEE) nUpstats eBidtechiidogye Lokes BPERRINNY) 0.4 pg/ml
was centrifuged, the supernatant discarded and the
hgélobstivume €Sighe 1St Iealdspendiex 101 M asendimeihé (Higka, Ronkonkoma, NY),
aconcentration of 3X106 cells/m. Cells were seeded

1001@" M1 4 phdsphEl-QRAlafli%e(Sighth, SMIGuRRA®! 5 Libs8 Y&ulin (Sigma, St.
culture treated transwells I1n a six-well tray at a

IR8RSMOY, Pfie/A Gasfdfin ¢Gbhs/STW G, R109, 38 Mctﬁ {dasth 9xggl)ne (Sigma, St.

These cultures were malntai ned overni ght in see

) oo, A SR, St comn
AT BB AN e ™
AN S IR

aff‘%y %iwg’é galg@efsﬁ%g%ﬂgyﬁgﬁfﬁg @gﬂe@ﬁwgﬁﬁ SGrand Island, NY)
a?(gadéiohgzeggaﬂg/%pgan lﬁﬁ%mbgla?’\fg@ﬁ’)h@r. %ﬂ?\{/%l etcg gﬂastat% lofechnology
%u]!”la%@%, 2% r%g/gBW{}g%ﬁ{qzﬁ%‘gB@qjogg Utai?), 0.4 Biyarocortisone

(Sigma,St. Louis, MO), 1 x 10* M ethanolamine (Fluka, Ronkonkoma, NY ACS grade), 1 x

10* M o-phosphoryl-ethanolamine (Sigma, St. Louis,), 5 pg/ml insulin (Sigma, St. Louis,
MO), 5 pg/ml transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine (Sigma, St. Louis,
MO), and 6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Co., Milwaukee, WI), 50
ng/ml L-ascorbic acid (WAKO pure chemical company), 0.2 pg/ml L-proline (Sigma, St.
Louis, MO), 0.1 pg/ml glycine (Sigma, St. Louis, MO) and 0.05% poly-ethylene glycol
(PEG) (Sigma, St. Louis, MO, cell culture grade).

The cells were maintained in an incubator at 37 + 1°C with an atmosphere of 10% =+

1% CO; and fed fresh production medium every 2-3 days for 20 days (for a total of 21 days
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Louis, MO), and 6.78 ng/m selenium (Sigma A drich
Fi ne Chem cal s Conpany, M I waukee, W). Following this

wo b@7omovur es were fed fresh producti on nedi unPCTH82007/061800

producti on nmedi um was conposed of: a base 3:1 m xture

of DMEM Hams F-12 nmedium (Quality Biol ogies

Gai t hersburg, MD), 4nmM d utaMAX (G bco BRL., Grand

I sl and, NY) and additives: 5 ng/m Hunman Reconbi nant

.Epi.der row h. factor st at e Bi ot echnol ogy. Lake

EBURRE R B Pt KR oSh sk Gry e Jaier of sbout 40
Utah), 0.4 /ml hydrocortisone (Sigm,St. Louis, M),

D b ik uheR IPAITRL Y 1 RS ho keGP et xaRap eas Encogenousty
rade x 10 4 M o- phosphoryl -et hanol ani ne (Si gna,

qud?l%dza@bél,aj colagry derorimany elicmpigaalycag: weie gigospresem) In e cell-

[m transferrin (Sigma, St. Louis, M), 20 pM

ALY RIS r oni ne (Sigma, St. Louis, MJ), and 6.78

ng/ M selenium (Sigma Aldrich Fine Chem cals Co.,

ExypmplgdRe® Vigpo)Formsgion 9f i Callagenewy Mpteix i unganAKO pur e

chem cal conpany), 0.2 ng/m L-proline (Sigm, St.

Negpatal Forglyin Fbrablasty/ Sepdagliy BiodectioiMpdia, St. Louis, MO

and 0. 05% pol y-et hyl ene gl ycol (PEG (Sigm, St.

Loui Humpneanete] foreskinufibeotiastidediginafbrbatd@ighsogemss®, Inc. Canton, MA)
mai ntained in an incubator at 37 1C with an

weraressfidestel uf1010oHs/049mBHRN pog sizeg 24 mes Wigmeeuiskicotulture treated
medi um every 2-3 days for 20 days (for a total of 2 1

celaiysiin acuk-tvel eray ATRANSIVALIGByGostan @oup.t CenshridgheMA) and grown in
keratocytes had deposited a matri x |ayer of about 40

grivah ordivin  The glewdsmedian cordsed €l Dylbédde’s MEsdifddl Eagle’s medium
descri bed in Exanple 1. Endogenously produced

(BMEM)l (high gbebieaigamylatibec @ithsut andhtaiine OBRWHAREEY GRdlkefRAilR, MD)
al so present in the cellmatrix construct. Exanple 10:

sipplevichted wHDr 1084 hewbodi caAf dealnh AgATIONST MMatadries,BYic. HUSRR, Utah) and
Neonat al Foreskin Fi brobl asts Seeded in Production

4l LG ok (IioWaktaker! W aRdvtld IMDRbITAS teend VetImARtgfd in an
at Organogenesis, Inc. Canton, MA) were seeded at 1 x

inkBBat&rk B4 Q @ with Gh A RPASe 8 Fﬁil‘}g@dﬂqﬂ% ?Igégfu%{ whd repld€ed every

culture treated carriers in a six-we

t\i(r(;rl]_ M@%M rAﬁer@&atyQ fn gﬁ{upe th@%@ﬁ{uhggﬁs as%)lteé‘ ?r%m%g Wture dish,

and replaced with production medium. The cells were maintained in an incubator at 37 + 1
°C with an atmosphere of 10 = 1% CO, and fed fresh production medium every 2-3 days for
21 days. The production medium was composed of: a base 3:1 mixture of DMEM, Hams F-
12 medium (Quality Biologics, Gaithersburg, MD), 4mM GlutaMAX (Gibco BRL, Grand
Island, NY) and additives: 5 ng/ml human recombinant epidermal growth factor (Upstate
Biotechnology, Lake Placid, NY), 2% newborn calf serum (Hyclone, Logan, Utah), 0.4
pg/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10* M ethanolamine (Fluka, Ronkonkoma,
NY ACS grade), 1 x 10* M o-phosphoryl-ethanolamine (Sigma, St. Louis,), 5 pg/ml insulin
(Sigma, St. Louis, MO), 5 ug/ml transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine

(Sigma, St. Louis, MO), and 6.78 ng/ml selenium (Sigma Aldrich Fine Chemicals Co.,
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growt h nmedium The growth medi um consi sted of:

Dul becco's Modified Eagle' s nedium (DVEM (high
w@bkwensx®osf or mul ati on, w thout L-glutam ne, PCT/US2007/061800

Bi owhi ttaker, Wal kersville, MD) supplenmented with 10%

newborn calf serum (Hyd one Laboratories, Inc., Logan,

Utah) and 4nmM L-d utam ne (Bi owiittaker, Wl kersville,

I\/D) The cells vvere mai ntai ned in an i ncubator at 37

w th an at ere of The dium
Vilganie o R Py hpoeastie aridd WAtk PR g Bab A2 neymt 1
cul ture the_nediumwas a |rate fro e.c 0
orals (S15e¥ 1 SOPRQUAL HEP GG S Trosh Lt G R §.45% poly-
were mai ntained in an incubator at 37 OC with an

ethylpapsgiyrot @EGD (Sigma, S0 LlepisaNP F@H@‘P@sﬂ’iadﬁgod ucti on
medi um every 2-3 days for 2 1 days. The pr 8
medi Samplea svetoiekrnsis dan ] apd Hraddn §QYP3H’P RP&TY %I@H T%\)El\ﬂamfﬁn The
Hams F- 12 nmedium (Quality Biol ogies, Gaithersburg

fouD)lin fxed @inptea MY ¢1abdsided BRaraffip £ad 3| @wmterhmm&n‘am stained
additives: 5 ng/m human reconbi nant epi dernal growth

with tibmatogylinstosin HBIED econding teghniques kantipplyanefl inNby artpdfsing H&E
newborn cal f serum (Hycl one, Logan, Uah), 0.4 ng/m .

sthiyiedt elizles, nicsnenefiSivprramade at mmralgiom!z@lckeﬂ mricrpgeopiqyiields utilizing a
et hanol am ne (Fl uka, Ronkonkoma, NY ACS grade), 1 x 10

16X MyepipdeqOpmapuy |Anedriea fral , vielmidle (ISYg tradedsyith &dQInSn/ }00 rgicrometer
nmg/m insulin (Sigm, St. Louis, MO, 5 ng/m

rdticRIOlyeiifub An{eficgma,, Miftville, 0l )s, ’[hlle’@))nstlﬂas pivkted using this method are
triiodothyronine (Sigma, St. Louis, M), and 6.78

sindlafln seateRiabdbioSiegiicnl Abmisdsition ko ﬁlese(anmddomiﬂBExample 1, and have a
Co., M I waukee, W), 50 ng/m L-ascorbic acid (WAKO

R dChemicsadf CoURaNGd micthn. my/ M Lproline (Sigma, St.
Louis, M), 0.1 ng/m glycine (Sigma, St. Louis, M)

and 0.05% poly ethylene glycol (PEG (Sigm, St.

Bxupls 11 NDVieeFdrmatibit off & Collapdnjus MianpbyeBigWersaltFalkeblagit
day 2 1 and fixed in formalin, then enbedded in

PRAD& A ibrobtsf(origmated af ﬂ)pgembgsmmj bs. Gerten, Mbrddededdad at 5 x
paraffin and 5 microneter section were stained with

1 0e8mt /25y bh s esduufcH&Ekd A8 00(0dktagCorp s Mambtidze, Mautcatriel 150) and
used in the art. Using H&E stained slides,

SHRASHBERA e dWB! & ¥BEDe@belb®N The pbok Me@mmkﬁdsmted of; Dulbecco’s
m croscopic fields utilizing a 10X Eyepi ece (O ynpus

AR ddcC Rad106 - medYBhV (MeM)NDigl gadest Mbddulagioh ONithdf0 L-glutamine,
m cronet er
BioWhittaker, Walkersville, MD) supplemented with 10% fetal calf serum (HyClone
Laboratories, Inc., Logan, Utah) and 4 mM L-glutamine (BioWhittaker, Walkersville, MD).
The cells were maintained in an incubator at 37 1°C with an atmosphere of 10% = 1% CO,.
The medium was replaced every two to three days. Upon confluence, that is the cells had
formed a packed layer at the bottom of the tissue culture flask, the medium was aspirated
from the culture dish. To rinse the monolayer, sterile-filtered phosphate buffered saline was
added to the monolayer and then aspirated from the dish. Cells were released from the flask

by adding 5 ml trypsin-versene glutamine (BioWhittaker, Walkersville, MD) to each flask

and gently rocking to ensure complete coverage of the monolayer. Cultures were returned to
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reticle (Aynpus Anerica Inc., Melville, NY). The

constructs created using this nethod are simlar in
w@R0ao92992 and bi ochemi cal conposition to t hoSECTUSEDEE1800

with Exanple 1, and have a neasured thickness of 82.00

7.64 mcrons. Exanple 11: In Vitro Formation of A

Col | agenous Matrix by Pig Dermal Fibroblasts Pig

Der mal Fi brobl asts (originated at Organogenesis, |nc.

x 105 cells/162 c

Cant VA d at n
 Qetoru P B BET T et dos bt B SO0 besihEpptip dshibitor)
A # 3150) and, i h medi ’
Wit oo b FORCH SRRSO SIS EP R ttion of the trypsin-

Dul becco's nodi fi ed Eagle' s nedium (DVEM (high

VEISERe s B BFRFOFIGR PVah remgved Som the dpsks andl geenly divided between sterile,
Bi oWi tt aker, Wal kersville, 'MD) supplenmented with 10%
coriea] |centrifuge Sibesy b qUsipereedledtedior eentsifigation ptrapproxingsgedn 800-1000 x
Ut ah) and 4 ni M L-gl utam ne (Bi oWittaker,

aviar R eniwtes. | Gells yrgye reyuspended pad diduted toed comedntration of Zam 10° cells/ml,
i ncubator at 37 1C with an atnosphere of 10% 1% CC2.

a1 geeded prienOviagicraamozscsice, 8¢ amy diawster tissub celture aysed tpswells in a
confluence, that is the cells had fornmed a packed

sixawyel trajt attardendiytof S 19y 1010°tchals/T Ws(616ex thilcell@n’.| Gelis, wérh @naintained
medi um was aspirated fromthe culture dish. To rinse
ovéraighbimal sy medigine rTihk eeddi the¢ddure donpineesipdfpd Bask Gf1f mix@de of DMEM,
saline was added to the nonol ayer and then aspirated

Haps -1 heedinmh(Quaity [Biolvgice Gaithestmer] MDY AniM G1ithMaK (@ibco BRL,
adding 5 m trypsin-versene glutam ne (Bi oWittaker,

Ok Bsitemndj NIYS , anlVD)dditioese &C hg/Hl dmlanneedatiany epid&ridan@rdwah factor
ensure conpl ete coverage of the nonol ayer. Cul tures

(Upsite Bititechietgyt 04k @1aciac NIYaL 04 /A h§@@ForAsont (MG kL. $.ouis, MO),
were released 5 m of SBTI (Soybean Trypsin |nhibitor)

1@ 80 a8 HadotinEAC F1fih 2R éniRdRELHE X8 AWt a&eljl,el £8b* M og)hosphoryl—

suspension to stop the action of the Trypsinversen

ethBEOISHB B ERRINRAN G oY ek /fnf Chgﬁuiiig :ﬁé%n?as K§. 236, :W Y5 pg/ml

di vi ded between steri coni c I fuge tu

o 550 551 56, D ST LU T, 51 i w7
N T N TR T L
AT P S ! D555 MR b on o
p)@fg/nill %?yc?n%l(giségl%,n&? Lou%? I1\/,|[(5C') V’\I%E: gellrgav!/err]tta r%iai?l‘?a?ned in an incubator at 37+ 1°C
with an atmosphere of 10 + 1% CO; and fed fresh production medium every 2-3 days for 7
days. The production medium was composed of: a base 3:1 mixture of DMEM, Hams F-12
medium (Quality Biologics, Gaithersburg, MD), 4mM GlutaMAX (Gibco BRL, Grand
Island, NY) and additives: 5 ng/ml human recombinant epidermal growth factor (Upstate
Biotechnology, Lake Placid, NY), 2% newborn calf serum (Hyclone, Logan, Utah), 0.4
pg/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10™* M ethanolamine (Fluka, Ronkonkoma,
NY ACS grade), 1 x 10* M o-phosphoryl-ethanolamine (Sigma, St. Louis,), 5 pg/ml insulin

(Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis, MO), 20 pM triiodothyronine
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overnight in a seed nedium The seed nedi um consi st ed
of ; a base 3:1 mxture of DVEM Hans F-12 nedi um

W@ Qwald29y2 Bi ol ogi es, Gaithersburg, M), 4mM G RCENEA07/061800

(G bco BRL, Gand Island, NY) and additives: 5 ng/m
human reconbi nant epidermal growth factor (Upstate
Bi ot echnol ogy Lake Placid, NY), 0.4 ng/nl
hydrocortisone (Si grra St. Louis, M), 1 x 10 4 M

't hang| Iuk Ronkonkoma,, NY. ACS gr ade)., x 10
ﬁlgwog ﬁ&é‘ 6@ £ %é@le@m@m A9C[U&ﬂ%ﬂ3 %h@mlcals Co,
|nsuI| St. .Louis,

Mn?vg\aryggee sz,nso(@?@hlg asogfblc {%{\@AKMure ﬂ}e rrgl Company) 0.2 pg/ml L-
triiodothyroni neé& Louis, M), and

ARPHOIgER N L G il iR {SBE1THC Teiog MY, nd 0.05% poly-
M | waukee, ga 50 ng/m L-ascorbic acid (WAKO Pure

etlens g]gpol@E@ na, §t 2owig/ M) q:_el]mu&ypqerg@d@ g/ dagp the media was
Louis, MJ), and O 1 mg/mM glycine (Sigma, St. Louis,

ropiced With peestubtion yeediummithowtinawbioni eald serivnc (Thist oediawagied fresh to
1C with an atnosphere of 10 1% CO and fed fresh

thercgtueveiyodr3 aaxhi fondlowere ylayd; Br déopal of 38 days dagudtureThe

producti on nmedi um was conposed of: a base 3:1 m xture

of DhENpleHaers tékel 2t dayd1amd (Qedin foymBinpthegiembedded in paraffin. The
Gai t hersburg, MD), 4nmM d utaMAX (G bco BRL, G and

forglabim dixedNYdmrg esdwerd chintbiedded :in paraffiondndht macrometeosdotiawere stained
epi dermal grow h factor (Upstate Bi otechnol ogy, Lake

with gheind{oxx¥)-gos2PfHERbacordingtd tesbmigies (duyiomenile ,usé¢d@gathe art. Using
Utah), 0.4 ng/m hydrocortisone (Signa St. Louis, M),

HEE sthided shlieaf hamatearthnevd&mida at Rankaddaaimickbll nféSscopic fields
grade), 1 x 10 4 M o-phosphoryl - et hanol am ne (Si gma,

ufflizind ®UDX, Byepcd dfinpisAbhktidh 1Sl OISVIIISINY LR, wildh ,102m/100
mg/ M transferrin (Sigma, St. Louis, M), 20 pM

nii¢rbinedpteiyle FOlyRGuSIAGRica Bic., Meills, N“pr)I'he 8d16b16 e{'fﬁblféﬂ/argtructure
sel enium (Sigma Al drich Fi ne Chemicals Co., M |waukee,

cMpase®Bf BIls Mind lnaASC At la GnédaGihred (MWNREIsRIFT78. 2@@?9"573 &licrons. Besides
Conpany), 0.2 ng/m Lproline (Sigma, St. Louis,

et prathuysd f ﬂ@ﬂlfarsb&ﬂgen Bteorik QHl $ cB@nnﬁﬁ@c% Q’@réoalso present
poly et hyl ene gl ycol G (Sigm, g Loui's,

b - RadikddRtrué t er 7 days the nmedia was repl aced
W th production nmedi umw t hout newborn calf serum

This media was fed fresh to the cells every 2-3 days
Ek&thpl@ 02:MBy Btr6l Byidnatib06f aBila9bradkinEodBustays in cul ture.

Containing Cells of Dermal Papilla

A cell-matrix was made according to the method in Example 1 using Human Neonatal
Foreskin Fibroblasts as a first matrix producing cell type. The cell-matrix was locally seeded
with spots of dermal papilla cells as a second cell population which was in turn seeded with
keratinocytes as a third cell population, to form a continuous epidermal layer over the cell-
matrix and the dermal papilla 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

cm” tissue culture treated flask (Costar Corp., Cambridge, MA) in growth medium consisting
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Sanpl es were taken at day 2 1 and fixed in formalin,

then enbedded in paraffin. The formalin fixed sanples
wowrrg/ogvbedded in paraffin and 5 mcroneter seRCT/U82007/061800

were stained with hematoxylin-eosin (H&) according to

techni ques customarily used in the art. Using H&E

stai ned slides, neasurenents were nmade at ten randomy

picked m croscopic fields utiIizing a 10X Eyepiece

s, ri | ng., | vill | oaded with
%&fﬁgt ferse’tnPl\@P‘@ @M%Gggwié‘queéomw@tm without L-
NEIV|IIe saml e exhibited a structure

LyppBecRiogfhitakey, sWélh%rSWé% YIR) sinplemenied araithy B tngvbRiA sl serum
of 71.20 9.57 microns. Besides endogenously produced

(RS (Plonso T aepéeries ot oene Ny Ry e Imelgtapsem (i Weitaker,
al so present in the cell-matrix construct. Exanple 12:
Welkerptiley B nalhemn conflugneiHIE, avereSkaleasadofiomr the tplate using trypsin-
Containing Cells of Dermal Papilla A cell-matrix was

5 vewdes andcosugpaged vsing Eeshempdiumito afoasepiration ofs3.hig 16ioells/ml, and
Neonat al Foreskin Fibroblasts as a first matrix
speded ueite 0.4 eflicroly peore e, G4l mmradipingtenassieocaltlry treated inserts
seeded with spots of dermal papilla cells as a second
(EBANSPOHUI® tCaoningosthr) wessikwetl tiap aseduieity v L0x 10° cells/insert (6.6
keratinocytes as a third cell population, to forma

X 00Tt Eelivom?). e piDde cuthikes! wyre rmaiveined e af ehdubBior ax 320 1td6vith an
dermal papilla cells. First, a cell-matrix construct

ASsphQE BB ¥9bNEON HBRY Qﬁ%ﬂﬂ%@d\f&l@ﬁ gRhAs es,feﬂy%b days for 23 days
derived from neonatal for were scal ed up by

10 s&edh AbtaRed Il s/ 162 cn? tissue culture
%reat% ?F%sk ébgtg#&%bpﬁ Canbridge, MA) in growth

medi UR.CARs kilt Tﬁ@ﬁf conBchp %Q(?? ormelPH {AE geeﬁ‘@t? Iv&;?ths’spots of dermal

medi um ( DME ucose ornu1at|on

pg‘% 15’% geﬁnﬁ% E?e 5@309%{\%133 ﬁﬂéfo V\%ﬁhg% slé r%alls’\%%\lg égfrete population of
éwfz?agﬁnbrh@%?%%h% PR O i e s
| uent el eas

5 s R Psen%m%ﬁaavl L EPEROLEES, g, PeBh Sl B fgics ano

15 cul%ur (? 1rr]1tvr1t?ct> Ius%rrllg %e met odx prg'\ggusgl ées S[bryd by %/rl]essenger A.G., The Culture of
Dermal Papilla Cells from Human Hair Follicles. Br. J. Dermatol. 110: 685-9 (1984), the
method of which is incorporated herein. When a culture of dermal papilla cells reach
confluence they form aggregates that can be replated on culture flasks to reform new
aggregates. Dermal papillae were isolated from a skin biopsy obtained from a 4-week old

20 pig. Cells from the dermal papilla (PDP) were serially cultured in DMEM containing 20% of
NBCS until passage 8. After 3 weeks in culture, the PDP cells reformed dermal papilla-like
structures, or aggregates, that each had a diameter approximately between 90 to 210 microns.
The aggregates were then removed from the culture plate by vigorous pipetting of medium

against them, and then seeded onto the Human Collagenous Matrix at the density of 200
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seeded onto 0.4 mcron pore size, 24 nmm di aneter
tissue culture treated inserts (TRANSWELL(r), Corning

w@oermvPoin a six-well tray at a density of 3.PCRUSIDE7/061800

cells/insert (6.6 x 105 cells/cnR). HDF cultures were

mai ntai ned in an incubator at 37 1C with an

at nosphere of 10 + 1% CO2 and fed fresh production

medi um every 2 to 3 days for 23 days according the
det aj | le 1. After the gal-

t hod i n Ex tri .
SBGHE BT Ot Fo SR OF i R0 SRR e g 0Pl 15 days i
rREF R0 pERED raR o gl elieal vt b stae Bimor days

speciﬁllﬁed tibrgglasts surrounded by the hair bulb of )
hai r TRoP-RIEE quiusss gontainig fisopsl nepllla Gells theesopavgre seeded with
growt h. Dermal papillae can be isol ated by )
kgatinasyies arkquitargd fe formy apgqniipyaus epifermallayqrouer the cell-mpteix and the
using the nethod previously described by Messenger,

derngal pappilps. Ewodififesens Comépets vereapade! the Gest vith hrman leratenocytes, the
Hair Follicles. Br. J. Dermatol. 110: 685-9 (1984),

sedend with gl kaptingayteh Nermal spidpmred kerdtinpeytes wereVibalated from human
culture of dermal papilla cells reach confluence they
neenatel dopgslany 4HEE), t drafromapighkeratmptydatse (PEM wsinigt ewpdant | cmtpeewth to
to reform new aggregates. Dernal papillae were

estaldish pahafyrautnras. sKhese oelispsere diot ailheet! drdosxpanddd weklkpasdage 3 for
pig. Cells fromthe dermal papilla (PDP) were serially
theyig stradg o mtiDhEMgedinbatha hnga P90 fA MNBES U Gtté b dpads ageaire, cells
8. After 3 weeks in culture, the PDP cells reforned

vaer thed refeaged floar the keltet dishds wsiag trypyin-a@ggnegriord, canfiffiged to form
each had a di aneter approxi mately between 90 to 210
andetirpelia, refinperaigd rie @pidesnaliedtdn trheiuni, esvanted ahd @8ded@n top of the
culture plate by vigorous pipetting of nmedi um agai nst
nichrane and déin of e sde th*aptigeh’hRr HEraRIIE QK 1 #0e MP°Us1ls/cm? for PEP
Matrix at the density of 200aggregates per cnR. The

céBO RERIEAIZVEE18mE | vidid C6ltuSddDIE [ DL s a8 breddudf dbdckipiBih Example
15 days in DVEM 20% NBCS wi th spent nedi um exchanged

owith fresh nediumevery 2-3 days. The cell-matrix

cul tures containing dermal papilla cells thereon were

seedpglabdnipidsetdid BRaYHES oM Hemsblyiheshd Qodi® IR @ssing for light
conti nuous epidermal |ayer over the cell-matrix anf

nIriTg}gsc(%Jﬁ}F. Mthe RRAVKihE 3Bin ONQnisfRHRATE thE AASE rn%%lefﬁd'a? organization

e: the first with human kerati nocytes
similar to skin: a dermal layer consisting of fibroblasts surrounded by endogenously

produced matrix, including endogenously produced fibrillar collagen, decorin and
glycosaminoglycan, localized areas of dermal papilla cells and a continuous, stratified layer
of keratinocytes across the cell-matrix construct and the dermal papillae. In both tissue
constructs overlaid with either human or pig keratinocytes, 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

Hyaluronic acid (HA) was measured in cell-matrix constructs formed by dermal
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second with pig keratinocytes. Normal epidermal
kerati nocytes were isolated from human neonat al

wo oooesiaom (HEP), or from pig keratinocytes (PBRT/USIONT061800
expl ant outgrowth to establish primary cultures. These
cells were then cultured and expanded until passage 3
for the pig strain, or until passage 4 for the human
strain. After about 5 to 6 days in culture, cells were

R R T W—————
| et d i i d lizati di
BB SRR e L et on e

of 4.5 x 104 cells/cn2_for HEP cells, or, 1.6 x 105 )
cel | S/%E‘r?ﬁ’%rf’b?onﬁéﬁ%é’éqr? formed, oryeiponler 75 awn digmeter @rierpingorporating

cultured for 1éid as greviqusly described in

R embrize n TRARSELL B osmiegivion odisprafis fom the coll-matrix
hemat oxyl i n and eosin_processing faor |ight m croscopy.
COPRIUPIS SHETE imRPaEH By @dding rllcml anmpHimertetatsebffsiand 0.5 mg/mL
nmor phol ogi cal organi zation simlar to skin: a dernal
Brefgiapse dofis tebtitaby qontaing o eallametsix sonstroetn didg nbiyture was incubated at
endogenously produced matrix, including endogenously

08r Yo GraBight. bfifier gpmplstipm 98 riligesiéao rthen maxtare was spun down and the
gl ycosam nogl ycan, |ocalized areas of dermal papilla
serarnatant axfragt wentinifeoed fo & semtatd fubel fdrdyeluronic acid assay. A 96-well
kerati nocytes across the cell-matrix construct and the

i Yl copigpiwlitha@uL oh2( pg/mlt HA direlingosteintic 09 MWNaHCHh:dolution and
wWith either human or pig keratinocytes, the dernal

stoeqei dvermightt @i Abe platepess kizoh wdshedcthiee eintel aith IOIBSUCEAC] containing
smal | undul ations of the overlaid epithelium

0miSY4 Bwent20a e dachpivélheds thin aldbd 350aulebloékigsofi®s &dldium phosphate
close to the dernmal papilla cells. Exanple 13:

bikferd 10 omidd, pi¢ =07 MeasuinEe3Yt BISY &drmiev uCELPEA+ 3% BSA) and the
Hyal uronic acid (HA) was neasured in cell-matrix

patnsis inaibated ar RE dortdyh. d€hdpihk vk eh askBedi tAree times with 0.85% NaCl
serum cont ai ni ng nedi um and chem cal |y defi ned nedi um

cangioingioNg % Dwtdde20METN 0@ Dl whx &P la@fed 50800 0Sstandard HA solutions
respectively. Cell-matrix constructs were fornmed on

afid re@tthdy fibon B ieRpBRRAtal ROAIRES, HMGQARNONALSRTdRutions of these
por ous nenbrane ( TRANSWELL(r), CorningCostar).
clalitioact shd plaswed Ric@Rtdd-0RIofd Rmperature (about 20°C) for 2 hours. The plate
was then washed three times with 0.85% NacCl containing 0.05% Tween 20 and to each well
wag 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 uL 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 to each well was added 100 pL
of ortho-phenylenediamine 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 plate

reader, the absorbance was read at 492 nm and recorded.

71



10

15

20

25

constructs were prepared by adding 10 nL anmoni um
acetate buffer and 0.5 ng/nlL Proteinase Kto a

WO e®yA9292E containing a cell-matrix construct.PdnEs2007/061800
m xture was incubated at 60 OC overnight. After
conpl etion of digestion, the m xture was spun down and
t he supernatant extract was transferred to a separate
tube for hyaI uroni c acid assay. A 96-well plate was

i 258048y i Eant o dheid G rPAaPdo el s

th t t.h 0.85% NaC
& fgﬁiaaf ;i rﬁe%%%“ﬁ%g‘@sn SEmiod Sormegap o 3B e v

250 L. bl oc i um phosphat e buffer,
KRB m&; i3 0 S SRS 2R B9 e Chericaly
3% BSA he plate was incubated at RT for 2 h. The
dfﬂ/ *‘x?féé}’é“ £4g ﬁoﬁﬁg?ﬂé@?w%@gw%@nwa@ﬁ 0. 85% NaCl
cont ai n| ng 0. 05% Tvveen 20. To the plate was then added
Egig 9! stagl% ﬂ@luttons and extracts from both
mRlei y51|ca Hihecend Mechanical Rrapsgesedihcous di |l uti ons
q%&n%ﬂgese condi tions. The plate was incubated at room
i Qanstrych BdEced0C) for 2 hours. The plate was
then _washed three times with 0.85% NaC containin
0. 0SS AREHATIES Eparss cefe Fondisic vagsstastiear Srampleol (cell-matrix
bi oti nyl ated HA (1: 2000 dilution) and then incubated
cpRfrueh). Hrampleat (elbpwirkenpdigl witlea karhénogytadayenthercomieand Example
washed three tines with 0.85% NaCl containing 0.05%
3terlbmatis cepgiruchonmetined¢fingl madinm)vsiere quastiffed bylmerfibrane inflation
HRP- avidin D (1:3000 dilution). The plate was then
st ubwsetEst ore 48ilar iutsesys amed divinaile (per Bt ex@ heyberderm Inc.,
pl ate was then washed three tines wth 0.85% NaCl
Mgt &itniang Outases B2 Kindakep Colnghe, Wetrnam@sbwdaedve higher
100 nL of ortho-phenyl enedi am ne substrate sol ution.
PRissrgs| in¢leding pressucas rblead batst 818 Gadndrark0The swtpds cellTistrix construct
reacti on was stopped by addition of 50 nL of IMHC .
wis frad iflgt, orus ipniycab@laittdodkardiered dvliea afda@ribAReH Mednl @aflameter
at 492 nraand recorded. Absor bance neasurenents were
fiflod maenbraotbnzosulies. t @ nietal il twithy a RBradit BSle cCiréspbhdifig to the
cell-matrix constructs (75 mmdianeter) forned in a
dmertemof thietcglimiriegl wellhvas pledee odat e sinfelakdoclangsda 16 @Rt Ebdk. The
about 200ng hyal uronic acid while those forned in

saniyded werk lthen 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-matrix construct with a 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 Example 3.

To determine the thermal melting point of the dermal matrix, 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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defi ned nmedi um each contai ned about 1.5 ng hyal uronic
acid. Exanple 14: Physical Testing and Mechani cal

woe@peodes of the Cell- Matrix Construct ProdecBEUSZINE061800

mechani cal properties of the tissue constructs of
Exanple 1 (cell-matrix construct), Exanple 2
(cell-matrix construct with a keratinocyte | ayer
thereon), and Exanple 3 (cell-matrix construct forned

0, 5T B S R B, BGRB8,y s, v
55 oL i B T2 e A T M o

gkrnanyﬁ‘but i nvol ve hi gher pressures including

bYmigytgr dhe avsrage denaguption terprergepiforghesanples Gt 6.2°C (n=3).
cell-matrix construct was laid flat on a pol ycarbonate

bl ocRKhe suttiesrretdntdoneandgpull yshrenmptly bLthe epigkimali@edmmirin created using the
dianeter filled with nornotonic saline. A netal plate
procetiures @i Ezarhies habdl-metrix empgndi) napdt D (¢etlematiiamehsttuctoformed in
the cylindrical well was placed over the sanple and
definatpmeditun) treee bleasnked Ohietesminpl ths swarbilighen thendonatuetl in certain
by infusing additional saline into the well with a
chiyicalnggi@atjpmsp .Sufhe rat@sioh tstrergtp 6L 68 L edayasid Mamshl deehaWMntaliix was
a pressure transducer. Pressurization was carried out

deetrininedl@singethad Hesctbedtih @ nivsicat Nsions@indardypittation for Vascular
averaged at 439.02 mmHg for the cellmtrix construct

Greh arastieds hstriv@eiBt1986) AingEx MMBlBiodsx 958 tep2sy¥HMT O systems

the sanples of the cell-matrix construct with a

deepaitionomyin@agoBiy, eviinggner at ed by the method of Exanple
2; and, 1542.26 mmHg for the sanples cell-matrix

consksiele §aaipRdof Bxaffle NedodBditinn GRRRIH! A RRGRS diedfh was
to the nmethod of Exanple 3.  To determ ne 't he thermal

deRlhin& 19 Bk 650N/ eor A8MPRL PPBkfeliXacc§@R! BSExample 2 (cell-matrix
(cell-matrix construct), taken at 2 1 days meré)

cBAGRANAE MG oBORFIY iR HRTE ke AR B¥ephe 1. The

sanpl es denaturati on tenperature was determ ned by

anal ygl &%%Qe&(ﬁhtshgﬂg’ﬂﬁir ggﬁgé%@@%fé%cg}ﬁ%lg o tExample 1 was 0.14

differential scanning calori :
N e R e g L RRREe 2 0 K Pom 45 and 80 oC

at anl@éo%stgfcts]created as described 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 Foreskin
Fibroblasts in Chemically Defined Medium

Human neonatal foreskin fibroblasts were expanded using the procedure described in
Example 1. Cells were then resuspended to a concentration of 3 x 10° cells/ml, and seeded

on to 0.4 micron pore size, 24 mm diameter tissue culture treated membrane inserts in a six-
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C/ mnute. The average denaturation tenperature for the
sanples is 60.8 1.20C (n=3). The suture retention and
w@eioz/os90engt h of the epidermalized matrix creBtBUS2007/061800

using the procedures in Exanples 1 (cell-matrix
construct) and 3 (cell-matrix construct forned in
defi ned nediun) were neasured to determ ne the
suturability of the construct in certain clinical

tuations ure r t ntion ren
Gl BT 98 0 R T C ot o e s R e Gepml were
described in Anerican National standards publication
cpigyred inchemigillygetingd medien HEQUEEo® nstruments, 1986)
u5|ng a M ni-Bionex 858 test systenlgggs syst ens
Cor pohepdnm cRntaied sohase 3:1niphire of TV EMy dagisniil 2 snedfum (Quality
Exanple 1, (cell-matrix construct), the tensile
Bsqlmeﬁgtqﬁlthﬁ@bua@tlﬂpm heaM; 6laMAES(Gipen BREs Grawbiidand, NY) and
prepared according to Exanple 2 (cell-matrix construct
agditivesa S kegyralt huroay resoinbipent) epidetraalt growihl factot (Epgjath Riatschnology,
2720 NNm The suture retention strength for sanples
Lpke Plarcidd N¥o.cbrdl (igMt eth&otamihe (Fluksa Rofkabdomsg, N cat. 8400 ACS
prepared according to Exanple 2, 0.22 N. The
grada)stlmm“sMcw—plaIsp]mbrﬂsethhaelanmrtee(Blgm Bix dwpis e8I, 5 2ghmidradsferrin
have been made in both 24 mmand 75 mm di aneters. The
(Sigmat $tUTheis, Mg, 1oy plheiicidthiytoninag Sicah 8t. ques, 0f0xlkhd 8.78 ng/ml
met hods are cohesive tissue-like structures are easily

s&@rﬁhrﬁqsfgﬁfammﬁ&x PFRETheRRaM ddhpThy) Mikvadkes, ORT), b B%@nl L-ascorbic

peel abl'e", and able to be phyS|caIIy handl ed an

aaaram@tﬁgnfcag Us%e nRNdo tﬁ%ﬁmmpmlh@ @ikmsl mls MO), 0.1 pg/ml

occurring. Exanple 15: tro Formation of

g@nk@ﬁ RS, VRS MO)BY Hunan Neonat al Foreskln
brob asts in Chermcally Defined Medi um Human

neongf, ah. fratie %écglélgl | QJOQQ | 8@ES c&ﬁﬁcﬁleﬁ% poRdedius| 1ﬂ gthgggeseparate

procedure descri I n Exanpl e s were then
Cbﬁ%H&%ended to a concentration of 3 x 106 cells/m,
seeded on to 0.4 micron pore S|ze 24 nn1d|aneter

ot AL A5 SIRLEISCLP AT, BB g (i, .
celI's/ ircr)%?s, MO), l.dS§/o pOQy—tetl?lylséne é?gg? l(ﬁidﬁglgma, St. Louis, MO).

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

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

Louis, MO).
Samples were formalin fixed and processed for hemotoxylin and eosin staining for
light microscope analysis. Visual histological evaluation demonstrated that the Condition 2
lacking PEG demonstrated a comparably similar matrix as Condition 1 containing PEG.
Biochemical analysis measuring the collagen content of the construct showed nearly the same

amount of collagen in both: 168.7 + 7.98 pg/cm’® for Condition 1 with PEG as compared to

170.88 + 9.07 pug/cm” for Condition 2 without PEG. Condition 3 containing high levels of
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cultured in chemcally defined nmedi umthroughout. The
medi um cont ai ned: a base 3:1 m xture of DVEM Hans

wo-202/09m02 um (Qual ity Biol ogi es, Gaithersburg, PGDUS2047/061800

mM G utaMAX (G bco BRL, Grand Island, NY) and
additives: 5 ng/m human reconbi nant epi dermal growh
factor (Upstate Biotechnol ogy, Lake Placid, NY), 1 x
10 4 M et hanol am ne (Fl uka, Ronkonkoma, NY cat. #02400

1@?@%@ ﬂg%rbcqftbsép% Oh%yl @Ehos hr%% | _%rg??t?l?,lr]i%r?gaigﬁé:’ollagen, at a
M dot h St. )
TS S P Rl e e

em cal s any, M| waukee, W)
ceﬂa&% BT 2 |gk¥°%£§a<®glzﬁwzrs plso prspent 1nntbe «;ell @atzx ﬁgvsmxcts in all
L- prollne (Si St. Louis,
C’(o AR ‘Ehe c@glgﬁdsdenmj) conqtgxcf ﬁ@*rqgé@ydhmﬂ)@ﬁch 1t10n 2 of this
ot her conponents were added in these separate
Feampietis gheyn in Figgrady/ Hhownna Figuse 2 & gphwtonseroglaplypsa fixgg), paraffin
/M hydrocortisone (Signma, St. Louis, M), 0.05%
eg)bp@deng,t mwllg|ay@ @psiff PE@ed (sgqt@mpf aggell- m@mx sonsyopt fopmed from
5 m/m insulin (Sigma, St. Louis, MO, 0.4 ng/n
chijuted beomar domel filSoblads inSthemlially $1,eﬁMj>) med3um 3731 gysxl The porous
insulin (Sigma, St. Louis, M), 6 ng/m hydrocortisone
n{eBibgang, apStars dsauthis, traidicenShamd Ibewibe eorfsometahd it chi hedeen that the
and processed for henptoxylin and eosin staining for
ctlisggrowmincthe swigoe ofitha lnyeitgane\ind Wlal nob estelvpe di tdgrate the membrane
eval uati on denonstrated that the Condition 2 |acking
wRh@Gaexnonstrated a conparably simlar matrix as
Condition 1 containing PEG Biochem cal analysis
measHigureg X hehows! trageiissantekoironf midA@ca@NITEMYt ishewedf two
nearly the sane anount of collagen in both: 168.7

magBficatphs R clilaredCadthial t@@Btrict brired ApGhé $neBRARET@shditon 2 of this
Example at 21 days. Figure 3A is a 7600X magnification showing alignment of endogenous
collagen fibers between the fibroblasts. Figure 3B is a 19000X magnification of fully formed
endogenous collagen fibers demonstrating fibril arrangement and packing,

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

from the culture membrane and handled as it is transferred to a patient to be treated with the

construct, as in a graft or implant.

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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170.88 9.07 ng/cnR for Condition 2 wthout PEG
Condition 3 containing high |evels ofinsulin and

wharoen: i sone showed a hi gher expressi on of PEL/DE2007/061800
including collagen, at a tinmepoint earlier than the
other two conditions. Besides endogenously produced
fibrillar collagen, decorin and gl ycosam nogl ycan were
al so present in the cell-matrix constructs in aI
Condi tions. The cultured _dermal construyct for by

welg gesded ABEhedep wisfaeg ¢f thcell-magtrix ﬁ?@f@&éﬁ&r@ th%epé Ipygr of the
Figure 2. Shown in Figure 2 is a photom crograph of a

skin qeagtrughar af f i n enbedded, hemat oxylin and eosin
stai ned section of a cell-matrix construct forned from
cul tTheeaediumanagd asepidally irpmotsidaten the celepiiasgrt gnd its surrounds.
defined nediumat 2 1 days. The porous nenbrane

Nappé dnmam epiderpial keratingeddsuvesp scabring toalassaga f&omofezen gehculture
and it can be seen that the cells grow on the surface

cadlf stodketoneemBnence &ietls derentben egisastd fremi the icnlitueeydishes wdimg trypsin-
menbrane with matrix. Figure 3 shows transm ssion

vabeae,t pootedntanirdsgadpe f@mEMell peilge sesodpetded imepidérfiatizedtion medium,
of cultured dermal construct forned by the nethod of

cdatedi dnidoseed@dodn tdpi &f iz anguhteamst at2a Hewhity of 45 qut®d @MBs/cs®. The
a 7600X magni fication show ng alignment of endogenous

cai@irhcdg everd ithar mchiRtederd doheihittr ebbast 9°C,Fi@ure03k iaslow the
a 19000X magni fication of fully formed endogenous

k&GRAdoBR8 b Qt%cﬁ dexmis ieatiddiBatiohPrihd  RhsiAREe rmnn,t s@Bflerged in
packing. In all Conditions of this Exanple, the

eﬁ&’érﬁl%!ﬁz%@ioﬁjﬁ{eﬁﬁ%l GRP ShilidHmh B-atih FREGAN B htBed it rml 1 base mixture
f1broblasts and endogenously produced matri x. Al have

of Ehlwccagrm@iﬁe@ta%m ﬂ/[efdiul?d IDNEM) (PREEH: 85 %ﬁ@bs%%ﬂ @ calcium,

arranged between the cells. Thei'r fibrous qualities,

Blo@m&@&r S @%ﬁ@fm Ly ﬁgﬁfﬂﬁbt&(edgini’ géﬁahg,e@glgyc& Whkthersburg,

consi e st rengt ow It _ _
D 00 G TR0 S T8, 501 1 430
SR o L PS5 SR, .

nst r f n f] I
LgI?IS SI\BIOl)'I CSt ]J.g/]f?l msglm eélgma t. L%%{S HBI!O) % ugfr)nq tr%r?gfgnlg rZglgma St. Louis,

MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), 6.78 ng/ml selenium (Aldrich), 24.4
png/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-
glutamine (BioWhittaker, Walkersville, MD), 50 pg/ml 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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chem cally defined conditions according to the nethod
of Condition 2 (wthout PEG described in Exanple 15,

wW@b@ve929nr mal human neonat al foreski n epi der medT/US2007/061800

kerati nocyteswere seeded on the top surface of the
cell-matrix construct to formthe epidermal |ayer of
the skin construct. The nedium was aseptically renoved
fromthe culture insert and its surrounds. Normnal

nan e er.at i nogyt es. we scaled up.to
nﬁﬁ?staga@&&‘f Eﬁf‘% B R e B oL P b g o maintain the
fl.uence, [1s wer. .éhen rel eased fromthe culture
LI O oF Y mUGIL BB no dRa T CBREVTE Hgatp FBtice of th
form a eII ellet, resuspended in epidermalization
f‘i‘fﬁ’é‘i&?ﬁl ayer dllodys SEatifiationh of By ewithelish layethTha eongtructs were

density of 4,. 5 x 104 cells/cnm2. The constructs were
inchbated ﬁci]bial 6d19% CEoandi lpwthemidity, B7mediCyith @9di@Ohanges every 2-3
al low the keratinocytes to attach. After the
daysciobdt days, Thieoedinst canciredveet @ mithne o @hlbeoco’s modified Eagle’s
epi dermal i zati on nmedium The epidermalization nedi um
niedivon@@dERL (cclﬁltairéng?noltia&ee mdxicicadciah, BoWheaRe, Walkersville, MD),
Modi fied Eagl e's Medium (DVEM (containing no gl ucose

Hand MY ertdid(QuabiyoBbiogicak@dithe Mk EMEM bipplend¥:d 3R 0.4 pg/ml
Hanms F-12 nmedium (Quality Biol ogies Gaithersburg, M),

h$UBEIrEITRE (ﬁgmw St RisdMm/ ok 169 U é{ﬁﬁfoia!nﬁﬁ)en@ Tk MOQ&ma NY),

Loui s, x 10 4 M et hanol am ne (Fl

S@W%@%?ospm%lnetﬂan&a %egsil%‘%h_?th gig,lq{d& %Pgﬁﬁl%s@frﬂ ema, St.

(Sigm,

%g.ﬁ%%{n? R VERT b ot gD v Taigpai e (siema, st
/m_sel en| m(AI drich 24. 4 ng/nj adeni ne

LP@P gw%Aﬁa? nefiipselratien e ricB iR henvealhubioreany) @44 ng/ml
Lgl utam ne (Bi oWittaker, Wal kersville, M), 50

aqiﬁgunm (fgra% Adeinigh Bing dehienvigalsaCompaiyynt nMdEighiHarming ¢(BioWhittaker,

Chem cal s Conpany, M| waukee, W), 16 nMlinoleic acid

Weegyville, $(D), R ;g/mlvt:alc)iumrhmﬂde (delpihekradt, Gosteaficdd, MO), 16 uM

(Sigma, St. Louis, MO and 50 ng/m gentamicin sulfate

lifAeie sl dBigmay $1i DatigMbR) gfiisocdphdrol abb@teqSistal SICL.SuilVM®), 1.25

cultured in the epidermalization mediumfor 2 days at
m3/ seribe(Sikbha, $%0.&E MO), 0.64 mM choline chloride (Sigma, St. Louis, MO) and 50
pg/ml gentamicin sulfatc (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
1 to determine gross appearance under light microscopy. The resulting construct was a
bilayer skin construct consisted of a 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 4 is 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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After 2 days the nedium was exchanged with fresh
medi um conposed as above, and returned to the
w0 pwabgaoer set at 37 1C, 10 + 1% CO for 2 daysPCHEUS®N7/061800

the 2 days, the carrier containing the construct was
aseptically transferred to new culturing trays wth
sufficientnmedia to achieve a fluid |level just to the
surface of the carrier nmenbrane to rrai ntain the

terf The

Hga%:{xe l%(%ﬁéoglg]%t% %gr%{)rgfir? gt %gglls%?tfiéglgg%k quﬁl do{;?ﬁﬂ ﬁa fA%ed human dermal
fg)gb?{g he,nﬁ a(_ll stratlflcatlon of th
PtH Py dofine? ansdieEt it o vighloleysreds ol feantisted gpidermis

0% ndlowhumdlt in nedia with nedi a
éﬁ?’ﬁ) pman kesgtinopyies in cwgallrﬁ@ fined-raqgiurmn

cont ained a 1:1 mxture of Dulbecco's nodified Eagle's

d| u i ng no glucose and no_cal ci um
q]h ENS%O‘S/@F@&?@W%WWB)W HJHH%“ Biuccql Firehlastsm
QJaI Bg Bi ol ogi es Gai t her sburo% , ?pl enment ed
VVI t h I8 Ruspgiend d?’@é’é@?l}t%ﬁ‘ép{ e, Celéena rxoggustruckifjom buccal
4 M et hanol am ne %FI uka, Ronkonkonm,

fi %@b@w léolﬁﬁ%&?ﬁb hymaretchﬁﬁ disaf nBugaa] gieee c@turewdpmurslso flasks in

g insulin (Sigm, St. Louis, M), 5 ng/m
0 gﬁa}qlrfg 102 YRES ngtdlum_o,ﬁftg 7 m to g;gpapcﬁ/the Tumber of cells further,
triiodothyronine (Sigma, St. Louis, M), 6.78 ng
byerbeally miereagreatedrnd P@ﬁﬁgﬁi iwéo Whe i 1681 fesiGanpany)0° cdlls in DMEM
mg/ m adenine (Sigma Al drich Fine Chem cals Conpany),
cantpintye LL0Y DB&H mednBiaod\nilturedentil cufluenesativHich, tivDfhe cells were
2.65 ng/m cal ciumchloride (Mallinckrodt,
hawesdederfiel d, MO, 16 nmMlinoleic acid (Si gma, St.
Louis, MO), 1 nMtocopherol acetate (Sigma, St.
Loui 9 hidst the &fls,niv sredinmew{sSispinacd Bom thooailsre Mk, To rinse the
0.64 iuMcholine chloride (Sigm, St. Louis, M) and
ns@olagerndterge-filtensil phasplsard breffeesd(salimr wivaaaie ol thegitom of each culture
Hei ghts, IL). The cultures were fed every 2- 3 days,
fiagdr anfl 4hahonppiratGafrph elss, fldsks. t Cdllp W eptetasedeten i iALE byealiding 5 mL
10, 12, and 14 days after the construct was lifted to

tiiybein-aérsenk ighitinting (BieWha@Rerf WalkeuHE,MD) toeadiflask@8d ently rocking
processing as described in Exanple 1 to determ ne

tOEMHS caMPRE ARERgdfftRE moh@ier TCEHMASLREY retdined 0B inkhtagr. As
construct was a bilayer skin construct consisted of a

sdAE fthelleA I8 Rlerd ral@ded GARISIf BTN @S dYbeAerHRdin finlyiBhlvAS bded to each
flask and mixed with the suspension to stop the action of the trypsin-versene. The cell
suspension was removed from the flasks and evenly divided between sterile, conical
centrifuge tubes. Cells were collected by centrifugation at approximately 800-1000 x g for 5
minutes.

Cells were resuspended using fresh medium to a concentration of 3.0 x 10° cells/ml,
and seeded onto 0.4 micron pore size, 24 mm diameter tissue culture treated inserts
(TRANSWELL®, Corning Costar) in a six-well tray at a density of 3.0 x 10° cells/insert (6.6

x 10° cells/cm®). The cells were maintained in an incubator at 37 = 1°C with an atmosphere

of 10 £+ 1% CO; and fed medium containing: a base 3:1 mixture of DMEM, Hams F-12
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surrounded by matrix overlaid by an upper epidernmal
| ayer of stratified and differentiated kerati nocytes.
wab@7ivdoeyer skin construct of this Exanpl e i SPGHUS2007/661800
Figure 4. Figure 4 is a photom crograph of a fixed,
paraffin enbedded, hematoxylin and eosin stained
section of a cultured skin construct fornmed in
chem cally defined nmedia in the absence of
exogenousmat ri x, conponents conprising. a cell-matrix
oS (R 1Pl | FORPERIELMER, Huh CHEFYAK (Gboo BRL, Grand
fibroblasts in chemcally defined nediumwth a
Islgad, tNY Dngrs edditives: ¥ ag/mhthaee decopibiantepiderslngrawihy fpfor (Upstate
cul tured human keratinocytes in chemcally defined
Bimedinetngy Bedelagid] VY ), ot ol bydrodortisoBo(Siguage 56 GouivaVO)xd x 10
by Human Buccal Fi brobl asts The purpose of this
Medthgolaiemnd (Fiakd, OR gkonkone, aVE edat - #2400 XACONgEidelct Ff rioth M o-
buccal fibroblasts isolated fromhuman cheek tissue.
phBsheAll-cieficargidb (31586 St.Lohis] BO)f b aghs insalid{Fidvha, St. Louis, MO), 5
contai ning 10% NBCS nedium After 7 days, to expand
ud/REAPRES (REme &t! SouisiMBEDO plwﬁﬁadouggbﬂiﬁe {&2d1ka, St. Louis, MO),

arvested and passaged into nine T-1 flasks at 4.0 x

ané%@zéﬁ ij%/lgé sél@ni%g}ﬁf&nkﬁlri@ﬁ @%eléﬁ&ahl‘?&sc%?' HMVBRGhukee, WI), 50

unt i uence at rhich t1me .he cells were
oSSR TEOPRKLA S8 6L ) DAL e R, . Lo
VB8l eBERCSBah o e SR AR R ESeathing oo

aspi ed f,r the flasks. Cells were released from
(S#W§%$€%g%&@§8ghding 5 nL trypsin-versene gl utanine

(B MO R PR o Bl 4T g 3 o i
o TORLELRE L UMD ) S8, B bR i o
R et Sl S RS2 L SERRa QR

o G e i, 12 T ARG RTABER CPBEF] S0 UpAPCgstet

centrifuge tubes., Cells were ,o”;egied gy
afeb Rt dpysugabiteie dotah Bre PrAdPeiop 180et Tbalagelgr fojstrects averaged

m nut es.
210 ug per construct after 21 days in culture. Morphologically, the buccal fibroblast cell-

matrix construct, a cultured tissue construct of oral connective tissue, showed buccal
fibroblasts surrounded by matrix while physically, the construct had physical bulk and

integrity.

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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Cells were resuspended using fresh mediumto a

concentration of 3.0 x 106 cells/m, and seeded onto
wW@200709290DNn pore size, 24 mmdianeter tissue CRCT/USB0O7/061800

treated inserts (TRANSWELL(r), Corning Costar) in a

six-well tray at a density of 3.0 x 106 cells/insert

(6.6 x 105 cells/cnR). The cells were nmaintained in an

i ncubator at 37 1C with an atnosphere of 10 1% CO

and fed nedi um containing: a base 3:1 mxture of DVEM |

Ha g heanedoasaic prAPETsa PT qell-TRitaT engitaucts ampflgspdhed baloy, usipp)p, wide

4 MM G utaMAX (G bco BRL, Grand Island, NY) and o
rapgedif techrggues Hchuging thewaheastiq Brsaveaynihibitioiof apapidsisgand\ip wivo

factor (Upstate Biotechnol ogy, Lake Placid, NY), 0.4
indrgtion ofrepgiogaesis insisthemicTiegritissust Collegtivedy, thasy assaysovep agvide

M et hanol am ne (Fl uka, Ronkonkoma, NY cat. #02400 ACS
raggread é)e, individual @vehtsih epgiogspbir aglwelles Hernokabiprees$sSi gna,

St. Louis, MO, 5 ng/m insulin (Sigm, St. Louis,

MO) Thb fibmhedtintpraaas fiethe iextracSidaranati$t alsdJoasibsgn dUvn t@Ginpidte

triiodothyronine (Sigma, St. Louis, M), and 6.78
thegloMerasieh 6NéndoihéiBil geils, whith the Henkiune] dCliegen dad iscefCpropamntp,be a

M | waukee, W), 50 ng/m L-ascorbic acid (WAKO
faldrgtTt GdkisatéSDAhuhfCendothBlial célpdttathrhenp Batund grofvGi fowmrs ifbthe matrix

Louis, MO, 0.1 ng/m glycine (Sigma, St. Louis, M)
ind0gk G158 el NGetWhdeREIngoyelin {RRBEting Se@Bpill&y formation and

Louis, MJ). At day 1 post seeding, nediumwas replaced
entibthBlialiedtie) THeSRati% Q196! 6dnita IMBRIA1 waXE RANGee t8 Uit iditial

days for 2 1 days. At day 21, sanples were fixed in

hypSiplRda v thOV1EKIE b&PtiaeYrne EBhBiRatRAMP RS MBKIR pHstask g with
protein and col |l agen production anal ysis. I 1 agen

nARrARUGEERR ofWh A BH Sl 05 RAS A fo BY B B ECRIdRESN of
ng per construct after 2 days in culture. Total

ar,%{Ogg&,gigproduction for 24 mmdi aneter constructs
veraged 210 ng per construct after 2 1 days in
cul ture. Mrphol ogically, the buccal fibroblast
cellmatrix construct, a cultured tissue construct of

orahbﬁgﬁgggt%%ﬁkhgﬁgg%ﬁ‘shomed buccal fi brobl asts

surroun by matri Pl e physi cal |y, the construct

had i tt}yesa%ﬁglring %Ls}éy,qﬂgaﬂiﬂgr %g{hie E¥dothelial blood vessel lining to generate

microvessels is used to demonstrate angiogenesis. Thoracic aortas from 1 to 2 month old
Sprague Dawley male rats are transferred to serum-free MCDB131. The peri-aortic
fibroadipose tissue is carefully removed, the aortas is washed § to 10 times and cut into 1 mm
lengths. Wells are punched in a 1.5% agarose gel and filled with clotting fibrinogen solution
(20 pL 50 NIH 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 MCDB131.
The cultures 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 Implant Model
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Exanpl e 18: The Cell-Mtri x Construct Pronotes
Angi ogenesi s This section denonstrates that a

wo pdroiest - based cel | -matri x construct is capei/esSmwh7/061800
kpduct-ng-endot hel i al i zati on and neovascul ari zati on.
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Provi ding such a biologically active material has been
observed to i nduce new capillary formati on and reduce
i nflammation in the wound bed of patients with
di abetic foot ulcers.The angi ogenic properties of
cel |Celapatiinconsimct-plifanlatednvescalegeatinh sexpamedin gy meping a Severe
w de range of techniques including the rat aortic ring
Ceomlhyegd, Imnninpdsificieoey GCLapopuse spisardighignplant wodad. i nduct i on
of angi ogenesis in ischemc heart tissue.
Col [Resitlisy Ehgcellatsie canstragts sectstes rngioganipesrowthdactas. Theecell-
i ndi vi dual events in angi ogenesis as well as the
maue calstrug s@cess. valiby of glomain&ctorsnsquressf evitichi ane kiwavn to play an
extracellular matrix al so has been shown to stinulate
indpbeanp radé inftRsRtregenerafiorcadahgieganadis.cel | s, whil e the
denatured col | agen has been proven to be a favorable
substrate for human endothelial cell attachnent. Bound
gromh factors in the matrix include TGF-beta and HGF
whi EHra@ple 21 npen-haiddix ConsghdtsrBliatilae O/ an@iler eagin ih &clemic
formati on and endothelialization. The matrix al so
contrhATisk@ ni n-1 which can serve to inhibit initia
hyper pl asia via the YI GSR pepti de. The conbi nati on of

t hesge WB¥ilé ForBAtInIfNEw BlodDFebls th J3AMMLR EohsBRE trdt&@Tmice and
grom h factors offers a physiol ogical solution to the

cohflol¥ lﬁsVeQaﬂlﬁiQ&‘%iﬁ%iﬂﬂre@fty@Q 81 DALLRIEDss RAPANLSE,, ARioldB9hd C
Ring Assay In the aortic ring assay, the ability’ of
hidth@ Ry hel i al bl ood vessel lining to generate
m croveSsel s is used to denonstrate angi ogenesi s.
Thoracic aortas from1l to 2 nonth old Sprague Daw ey
male rats are transferred to serumfree MCDB131. The
peri Ny i ' ' e is carefully renoved,
t he %r%#\%%ﬁ?%&%a@ﬁ%éﬁ@%%k&%ﬂ%‘ imes and cut into 1mm
| en _ i .50 l.
G resl%éﬁt! t%?heGi&?}]ag{é?%.glﬁﬁls Elan@&nétn? l{%ﬁﬂ@&%’%gw%@ ug@%‘li\%lfaﬁd

filled w ot't bri nbgen so I on

in%égirﬁ% ?%I%P%gc\sﬁslpug a%ﬁggg%bﬁﬁ{p%nga%fh}[&&v@g %%@ppliégggn of acell-

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 implantation using a
cell-matrix construct.

The gross morphological observations demonstrate that a cell-matrix construct of the

instant invention is capable of promoting angiogenesis in heart tissue.

Histology Results
Light micrographs of sections obtained from normal, untreated SCID mouse hearts

illustrate the organization of the myocardium and the outer most portion of the heart's
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the centers of the wells. After clotting, the dishes

are flooded with serumfree MCDB131. The cultures are
w0 pwabgoerl at 37C. with 5% CO, wi th nmedi um cheeiyes2007/061800

every 3 days. Newly forned m crovessels are counted on

days 3, 7 and 14. Exanple 20: Stinulation of

Vascul ari zation in a Muse Epicardial |nplant

Model Cel | -matri x constract-stinul at ed-vascul ari zati on

Is exam ned in vivo using a Severe Conbined
surfaen. the gpiFardivandje (rlss@amlalﬁwé@n@w@&?rmlw cpiliswign end venules.

nodel . Results: The cell-matrix constructs secretes
Cemppiresite nprenag SETR mideatbe indyctioned myesardialtinfasctien by eqroragy

secretes a variety of growh factors, some of which
ocalusiol resvits it @ dpinmic derréaspivrthemmbenpiadetestablegsiyaes present in the

regeneration and angi ogenesis. Exanple 21: Cell-Matrix
epRanBdldayet.s Stinul ate Vascul arization in |schem c Heart

Ti ssue The in vivo formation of new bl ood vessels in
Ingehtrastydiplitiniciogmnaplisrafeéctibneatakdiiamecdlrdattr konsohiet tiested hearts

exam ned using three types of anal yses (gross
shoWrmuhetoagyew Missdlofongyd ianlek dpicatdint eyai @i the) presenaessf arterioles

Mor phol ogy and Pat hol ogy Results Wth respect to the
lobdi@d iamiieatly eBidiid Sear the lebicaraial/inxodantid ttet€ics. Thechivelobical results

incorporated into the native heart tissue at the site
codfirrh B2l gadik aothiBlogivar detedtiont et tapedli-aattik 0onsafictaof the instant

cellmatrix constructs at the ischemc site results in
inb&ioN bivrhd newo bRed Vakdigorhafigit i on of a number of new

bl ood vessels in the ischemc area that is not

observed in untreated control animals. For instance,

it is possible to see nunerous bl ood vessels in the

ar egyighcemNn§HAlson using a cell-matrix construct.
The gross nofphol ogi cal observations denonstrate that

a C%%ﬁt'ﬁﬁ&‘béﬁp&%%a’iﬁ&t of Qb IHARIK ARdABL hea AYRVLA 8RR preience of
capable of pronoting angiogenesis in heart tissue.

vk th Ote BB M ﬁﬁ‘ing 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
illustration and Examples for purposes of clarity and understanding, it will be obvious to one
of skill in the art that certain changes and modifications may be practiced within the scope of

the appended claims.
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Li ght m crographs of sections obtained from nornal,
untreated SCI D nouse hearts illustrate the
wo@e@anyzer i on of the nyocardi um and the outer P@OBUS2007/061800
portion of the heart'ssurface, the epicardium The
myocardi al | ayer contains arterioles, capillaries and
venul es. Conpared to normal SCID m ce, the induction
of nyocardial infarction by coronary occlusion results
in a dramatic decrease in the nunber of detectable
> present in the epicardial layer. In contrast,
I i ght m crographs of sections gbtained from ..
cel I1- faopsydes §1 8 PPGRRNSOP L BASHITHRA PIOSC IO RP RN B O YERY
vessels forned in the epicardial |ayer and the
suppassemere) Andg plafality) of soqlusiontshellsi cannagied iy, the Y apll PR
the epicardial/nyocardial interface. The histol ogical .
stmetste, whereiorat leashonthef thy eoskision slishie corgbrisas 2 byere otaceldar matrix
that the cell-matrix constructs of the instant
5  synthesrediaod apewnbied by adtwedistllsod vessel formation.
Hi stochem stry Results Light m crographs of sections
of cell-matrix construct hearts reveal the presence of
vascul ar endothelial cells lining vessels in the
epi amhs odthalsr ofelaim d swheesio thedayen of extreesllinlal metrixfurther comprises
myocardium In contrast, little staining is observed
cellf, endothelial lined vessels in the epicardi um of
control hearts. These results denonstrate that
cell-matrix of the instant invention stinulate
angi ogenesi s in vivo. Although the foregoing invention

10 has Fegnodarier 6ehn i1 NwERER tdaicalubiobyhe@yoririse a substance for
illustration and Exanples for purposes of clarity and

stid@Rms tiadicR@vthi t Wil be obvious to one of skill in
the art that certain changes and nodifications nay be
practiced within the scope of the appended cl ai ns. \E
CLAIM 1. An occluder for a percutaneous translum na

Pr OGLEYE BochfRFBY dlath B0wh&@8in MeRNiBdidncS BRRGhIaBAd fiGEdrith
and a plurality of occlusion shells connected to the

co?%ﬁ{s@éigré ftgr.structure, wherein at |east one of the
occlusion shells conprises a | ayer of extracellular

15 matri x

5. The occluder of claim 1, wherein the occlusion shells comprise an anti-thrombotic

material.

6. The occluder of claim 5, wherein the anti-thrombotic material comprises heparin.

20
7. The occluder of claim 1, wherein the overall support structure comprises a metal.
8. The occluder of claim 1, wherein the overall support structure comprises a
bioresorbable polymer.
25
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synt hesi zed and assenbled by cultured cells. 2. The
occluder of claim1l, wherein the |ayer of
weziormedbl ul ar matrix further conprises cells.PGr/uI1ve7/061800
occl uder of claim11, wherein the occlusion shells
conprise a substance for stinulating tissue growh. 4.
The occluder of claim3, wherein the substance for
stinmulating tissue gromh conprises a growh factor.
5. The occl uder, of claim.1, wherein the occl usion .
sheP} Sheqsaigdsroé clapm gﬂ‘i?]?e-r Gk s BT PDablE PRV ST conmpriseppglylactic
occluder of claim5, wherein the anti-thronbotic
aciflat eri al conprises heparin. 7. The occluder of claim
1, wherein the overall support structure conprises a
metal . 8. The occluder of claim11, wherein the overall
support structure conprises a bioresorbable polyner.9.
The 16cBiewdendasof elpim hnveherejihp evamalt WPyt HSrustie enapriges
pol ymer conprises polylactic acid. 10. The occl uder of
pratimehsufportdtmcmiernnt alistal swrpbit ssugiport structure
conprises a proximl support structure and a distal
support structure. 11. The occl uder of claim10,
wherein the proxi mal support structure and the distal
SUpP{Ar Thesiceluddriof elafno t Onvédieein the proRimal hiwport strustiwe ag¥the distal
claim 10, wherein the proximal support structure
suppdrpdtiusee farmphaliml i ty of outwardly extending proxi nal
arms and the distal support structure conprises a
plurality of outwardly extending distal arns. 13. The
occl uder of claim 10, wherein the proxi mal support
St r uot TKELcERMIVE ERink 00, avhpfedXthePloxdet buppba strsdaet bomprides a
the distal support structure connects to a distal
pleRGHyWT o@iafdleédtending proximal arms and the distal support structure comprises a

plurality of outwardly extending distal arms.

13. The occluder of claim 10, wherein the proximal support structure connects to a

proximal occlusion shell and the distal support structure connects to a distal occlusion shell.

14. An occluder for a percutaneous transluminal procedure, comprising: an overall
support structure; and at least one occlusion shell, connected to the overall support structure,
comprising

a cultured tissue construct comprising fibroblast cells grown under conditions to
produce a layer of extracellular matrix which is synthesized and assembled by the cultured
fibroblast cells, with the cultured fibroblast cells contained within the synthesized
extracellular matrix layer, and,

a substance for stimulating tissue growth.
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14. An occluder for a percutaneous translum na
procedure, conprising: an overall support structure;
wa@ana7m29heast one occl usi on shell, connected tRPCT/082007/061800
overal | support structure, conprising a cultured
ti ssue construct conprising fibroblast cells grown
under conditions to produce a |ayer of extracellul ar
matri x which is synthesized and assenbl ed by the
cultured fibroblast cells, with the cyltuned .. .
fi b &b msthod &rperceigntons Femslumingl closyrp af & Ardippening in a patient,
extracellular matrix |ayer, and, a substance for
compiigati ng ti ssue growt h. 15. A nethod for
per cut aneous translum nal closure of a cardiac opening
i N anspring empccluslenipta ashear of tha petient, ty cspludes epREsing: A ovesall
heart of the patient, the occluder conprising: an
suppoetr sty ppiot {easttone otalusin shelbcaanedtadde the@meralh surpax stysture
shell connected to the overall support structure and
and oomprisin gnegcudtuced ltisue echstrig sompionstibroliest cellsgraval unger conditions
fibroblast cells grown under conditions to produce a
to prylede olhyeexf examedllulsr antrivathitixis whitlodsizbd arshastchbdddby dheagvdtured
assenbl ed by the cultured fibroblast cells, with the
filzodldsuced, Witththe bhilasdd fitedblsst calsicantmieet witliih il syithesized
synt hesi zed extracellular matrix |ayer, and,
exBa&ItiaPRRRG 14ye angcl uder at | east partially within the
cardi ac opening to substantially occlude the cardi ac
opeRb&deniddthe dbguderithes: matiatly atifiinlthe catdlies @iehing esubstantially
overal |l support structure of the occluder conprises a
ocPheXhERhrdfHBP&idg. St ruct ure and a distal support
structure, the proxi mal support structure connecting
to a proxi mal occlusion shell and the distal support
structure connecting to a distal occlusion shell, and

wherngi theRshdd GFeiafd 16 ReheRse thd @06ral@ bupp6d Stuchaé bi tBé bdtluder
hin the cardi ac opening conprises positioning a

W t
cog%?ig%s gtg)r&zimtafb%pﬁb\f?srtﬁ,:thre%ﬂﬁ RQfstal %p%bh@ SlcRurdMithd YrBifnBBsupport

openi ng and positioning the proximal occl usion

straB8ld cof R th R dirstiRh REGYHS LR a8k ldis® support structure connecting

to a distal occlusion shell, and wherein positioning the occluder 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.
17. The method of claim 15, wherein the cardiac opening is a patent foramen ovale.
18. The method of claim 15, wherein the cardiac opening is an atrial septal defect.

19. The method of claim 15, wherein the cardiac opening is a ventricular septal

defect.
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di fferent sides of the cardiac opening. 17. The net hod
of claim 15, wherein the cardiac opening is a patent
wo oooaner0nval e. 18. The net hod of claim 15, wheCEUS200NE51800
cardiac opening is an atrial septal defect. 19. The
met hod of claim 15, wherein the cardiac opening is a
ventricul ar septal defect.20. A nethod for
per cut aneous translunminal obliteration of a cardiac
cul -de-sac in a patient, conprising: inserting an
occluder into a heart of the patient, the occl uder
conprising: an overall support structure; and at | east,
one 28¢& Ilng‘wd HOrIgEU AN QYA wnql@bm@tl%%f}aaqardlwbéwac ina
structure and conprising a cultured tissue construct
paberiprompirisigef i br obl ast cell's grown under conditions to
produce a |ayer of extracellular matrix which is
sy ntitsesing en oenhuiieamseniras of thy petent,dhd qoaluder compritig: 48 pverall
cells, with the cultured fibroblast cells contained
suppdrfﬁtmcmme aisd/at fldustsing eckleskdnrshelbednnbaed torditerdverall aypport structure
and, positioning the occluder at |east partially
andicbprisiihecdarditaaecubstde-comprising Soroblestctlisagrdwyn under conditions
obliterate the cardiac cul -de-sac. 21. The nethod of
to@kciuge LRyerw exteicelluldrenatin whials iscyhthebézed and assensbléddfytthe cultured
atrial appendage. 22. A nethod for pronoting
fibElhd gEREWItIS the Buldied fitrallhst 0éllsaostaing@within clengyniheasized
attaching a cell-matrix construct to the heart of the
exBdQiIaRE mhfixilerease the nunber of blood vessels in the
heart, said cell-matrix construct conprising

fib rp%bah@ﬁhg e lobGudnst 16RNREEAIIy WA $6 URdRE BilleleREC to substantially
naturally secreted by the fibroblast cells. 23. The

oiRLRe theQhrg®dcalma2@cwher ein the cel | -matrix construct
is adhered to the heart by natural cellular

attachnment. 24. The nethod of claim 22 wherein the
cell-matrix construct is attached to the heart by an

at t ag RN ABPNIAR 20, WEer &R 1R Qe e 6l @k 24 MR EHRRI dbpendage.

the attachnment nmeans i1s a suture, a biologic

22. A method for promoting angiogenesis in the heart of a subject, comprising
attaching a cell-matrix construct to the heart of the subject to increase the number of
blood vessels in the heart, said cell-matrix construct comprising fibroblast cells and

connective tissue proteins naturally secreted by the fibroblast cells.

23. The method of claim 22 wherein the cell-matrix construct is adhered to the

heart by natural cellular attachment.

24. The method of claim 22 wherein the cell-matrix construct is attached to the

heart by an attachment means.
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glue, a synthetic glue, a |laser dye or a hydrogel. 26.
The nmethod of claim25 wherein the biologic glue is a
wo pdrioseogt ue. 27. The nmethod of claim 22, wherRCTHUS1987/061800
cell-matrix construct is attached to the heart
epi cardium 28. The nethod of claim 22 wherein the
cell-matrix construct is attached to the heart
nyocardiun1 29. The net hod of clain122 in which the
cell-matr cons tr? i S atta o the heart
enddéar d?ﬂéﬁﬁneté@i of aﬁ@@ﬁa@qeg} rlnprﬁ:éneans 18 a suture, a biologic
vascul ari zation of a nannallan tlssue in vivo,
gleco prpyritiati glucen Jose AV aVéBPL mat ri x construct to the
manmal i an tissue to increase the nunber of bl ood
vessels in the manmalian tissue, said cell-matrix
construct conprising fibroblast cells and endogenously
pr o@6c ed Texmethedpf aldim2s ydereinkthe bippagiregivssis adibrin gluey
secreted by the fibroblast cells. 31. The nethod of
claim 30, wherein the mammalian tissue is cardiac
ti ssue, skel etal nuscle, snooth nuscle, connective
ti sQde ofhsikthod pSdaim.223@herdih éhervetlmamdrizofonstrust magerhed to the
wherein the cell-matrix construct is adhered to the
heammal i an tissue by natural cellular attachnent. 33.
The nmethod of claim 32 wherein the cell-matrix
epi@aflddiuct is attached to the manmmalian tissue by an
attachnment nmeans. 34. The nethod of claim 33 wherein
the attachnment neans is a suture, a biologic

28. The method of claim 22 wherein the cell-matrix construct is attached to the
heart

myocardium.

29, The method of claim 22 in which the cell-matrix construct is attached to the
heart

endocardium.

30. A method for promoting vascularization of a mammalian tissue in vivo,
comprising:

attaching a cell-matrix construct to the mammalian tissue to increase the number of
blood vessels in the mammalian tissue, said cell-matrix construct comprising fibroblast cells
and endogenously produced extracellular matrix components naturally secreted by the

fibroblast cells.

31. The method of claim 30, wherein the mammalian tissue is cardiac tissue,
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glue, a synthetic glue, a |laser dye or a hydrogel. 35.
A nmethod for pronoting healing of a site of
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cell-matrix construct to the site to pronote grow h of
endot helial cells and increase the nunber of bl ood
vessels in the site, wherein said cell-matrix
conztrugt conprises fibroblast cells and endogenously
produced extracel |l ular matrjx conmponents natural
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claim 35 wherein the cell-matrix construct is adhered
to the site by natural cellular attachnment. 37. The
met hod of claim35 wherein the cell-matrix construct
i s &t acAbemedod peclaim3® weredm jhe sell-magixcgptructs pihsredge the
glue, a synthetic glue, a |laser dye, or a hydrogel.
mammalian tissue by natural cellular attachment.

33. The method of claim 32 wherein the cell-matrix construct is attached to the

mammalian tissue by an attachment means.

34.  The method of claim 33 wherein the attachment means is a suture, a biologic

glue, a synthetic glue, a laser dye or a hydrogel.

35. A method for promoting healing of a site of anastomosis in a subject,
comprising:

attaching a cell-matrix construct to the site to promote growth of endothelial cells and
increase the number of blood vessels in the site, wherein said cell-matrix construct comprises
fibroblast cells and endogenously produced extracellular matrix components naturally

secreted by the fibroblast cells.

36. The method of claim 35 wherein the cell-matrix construct is adhered to the site
by

natural cellular attachment.

37. The method of claim 35 wherein the cell-matrix construct is attached to the
site by

any of a suture, a biologic glue, a synthetic glue, a laser dye, or a hydrogel.
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