ORAL TI SSUE REGENERATI ON AND REPAI R FI ELD OF THE
| NVENTI ON [ 0001] The invention is in the field of

wo p@snessengi neering, particularly for the use PET/ES2007/063301
cultured tissue construct for oral tissue regeneration

Field of {UEAE WRSY hHh Ry EAHReA Bl bERgleer i ng

nmet hods with the principles of |ife sciences to

under st and t he st myetpred TapdNvnetiogal rel ati onshi ps
in normal and pat hol ogi cal manmmal i an tissues. The goa

f tis - I I i - t j
100010011 oot o oAb ah o A bES A FRPREE p I TRl Rusc ofa
i.ntain, or jnprove tissue functions. Thus, through

Cu“‘“?& SV CB‘F@WE@F | F?E IS{UP TPRENGIBLAN BRLI P desi gn and
manuf acture a bi oengi neered tissue in a | aboratory.
Bi oengi neer ed Bﬁé@ﬁ%%ogﬁﬁ)pﬁéﬂﬁEENXEPU§OFhat are
usual |y associated with a native mammal i an or human
[00021 i ssueJhafidldsyfrtishet dnginperiex ogehioasbinatginecrisg afeftaldd svith the
[ 0003] The new bi oengi neered tissue nust be functiona
principlee Bf fcafcic@tesabuadéstand the sactube ape fuiRfem] kdlationships in normal
I ncorporated within the host's body or progressively

and p'%h@lﬁgﬁgprﬁﬁlﬁglam(n G&uEs THOI.] Gf"tlisrsﬁ@ Er@iﬁé&in? QSthe RALdIGHhent and

abrrcation of a tissue equivalent wthout a suppor
ol TR AR ) SRS By SR b BB FOSE e Gpuncions
the oral soft tissue.grafting procedures are done .
Thus, flrongh Besve FRGBERINE; géwsmﬁﬂﬁ%gtdﬁ%lg% andyran fiﬂﬂ%@ﬁe&aﬁ%@red

- mght work very well in sone of the procedures, it has
tissuctime lahiosaelya dieginskraddenasicag ntchéie@pg%\thiab&re osuadly adznsinted with
site" that can be quite painful for patients. This
a natiachdbininahiah otdnoin Sdsties @aldsynihety ode®gbnaustnedrik sasiodds.
nmeani ng that only few teeth can be treated at one

[0003) i ME. T fiewlodnBiietred tilsuchudh 86 tirfc@bndTW Heh Rifted onto a host,
surgeries or the dentist only treating the "worst

o, s AR 0 T B Ol L0y GRS 1y

cells f‘r)orrg%ﬁedr%gg)ien’[sgost pa Yen i Fe-lrbl}llEcaJ[iol\Il}/ 0E a !iS(gl\lle equivalent without a support

member or scaffold leads to scientific challenges in creating the new bioengineered tissue.
[0004] Most of the oral soft tissue grafting procedures are done using autologous
tissue from the palate. Although this might work very well in some of the procedures, it has
the disadvantage of requiring the creation of a “donor site” that can be quite painful for
patients. This additional donor site also provides limited tissue, meaning that only few teeth
can be treated at one time. This can result in the need for multiple surgeries or the dentist
only treating the “worst teeth” even though there may be several left untreated that could also
have benefited from a grafting procedure.

SUMMARY OF THE INVENTION

[0005] The invention is directed to methods for treating an oral condition of a subject



[ 0005] The invention is directed to nethods for

treating an oral condition of a subjectby grafting a
w@edoraeses t i ssue construct to the oral tissue PET/URM07/063301

subject. [0006] The cultured tissue constructs of the

ipvention caonprise cultured cells and endogenously
by grafiingf EuiTed i e SpHSH O ??liaﬁtl%“&}ﬁﬁg%ﬁtl@e% thout the
requi rement of exogenous matrix conponents or network
[0006¢ uppor Theculsurad fisug capsitvsis! thrhavemiparrompnise e turereclls and
advant ageously be nade entirely from human cells, and
endogeuiomshy pratinéed cxoadinén sty caupaentsywithons theaedlisenfoat of
use in humans [0007] The graft of cultured tissue

exogcBBShhtdiktcdnPOARItE SeSfetivbA RBp&iS bssaFfORUGEMBers. The invention can
extracel lular matrix conponents w thout the addition

s Bl SUSREPBAD T, EATREREI AL ALK, copponen
ti t ts. i fi brobl ast duci
SR L

system and/ or w thout the use of undefined or ]
[0007honhundhe Sedt oheadfursiddissis oaptrecshesmaives fibwblagtsggoducing
bovi ne serum or organ extracts. [0009] Further,
extracelifaumettix dossnemcito mathpuicths addinombef erthde chngeseusi rastrix components,
seeding cell of different types which produce a
netwold biippoettloit dcaffold mamnsdrs.uct that mimnmics the cell
conposition and tissue structures of native tissues.

[ooospreci f igakliured Bistie CHAIRERE ohipPisd BbRBRRL G uchR i 8@ Rilar
at least a layer of epithelial cells applied over a

rnatri)% @é/rﬁﬁon%gtsqw tdgﬁrt%%i &1&&’1[11%24&&%%1 a%%l/i)lr %Vl'fh?{ljt 1!h|e u];sr% 1‘ %%%ﬁn&{]c?r non-
I'ssue construct 1 s produced and selt-assenbl ed by
b c%jtur d cells wthout thE nged for scaffold s%Fgort
umagderiyed HQIgRIcRbTPIIIONERS oW A% DRYRT SEEWRIOf PEEN FE Tt
conponents. [0010] The cultured tissue construct graft
[00090f t hi Suithereeitfused hisse censtpets sesbamgeas byrsttal peedars egll of
col l agen solution with a contractile agent. [001 1]
differéntrtyres whittherodudet aucvdttirddi tsssurecanstmsdt thet imigrafths cadf cdrposition
i nvention conprise a |layer of collagen gel conprising

and ti§50k k@@&arcWot Ratd cGRRIK AShédiBcageths dilmRASBLuOMBIEtract comprises at
| ayer of an acellular collagen gel. [0012] In yet

least a‘;‘%?%rﬁg{epgf@%g F{E%ﬁpﬂéd 8 g a@éﬁ? EPEultuR LMo BAst cells. Still further,

e ad

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.

[0010] The cultured tissue construct graft of this invention also comprises a gel
mixture of a collagen solution with a contractile agent.

[0011] Further, the cultured tissue construct grafts of this invention comprise a layer
of collagen gel comprising collagen with a contractile agent disposed over a layer of an
acellular collagen gel.

[0012] In yet another embodiment of the present invention, epithelial cells are added

to the layer comprising the collagen gel and the contractile agent.



to the layer conprising the collagen gel and the
contractile agent.[0013] The strength characteristics
wo@toorhessss ssue constructs nmake it handl eabl e fRPCT/UB200T063301
be easily and peel ably renmoved fromthe culture
ppara sin ich it formed and directly . .
[001331 r ans pl R e i:kr%ﬂ.‘lterfslt}és ?rfgtéa tissye cgﬂu%;ng%%}%/etlt pgndleable for it to
carrier in clinical or testing applications. The
be casilygad ecelablyremeyas! fogm theeculiesnhisiisan evhieivit edforded gnd directly
treatment of patients with oral tissue affections such
transpntedewabag theoneall foy angisupport @ssradr in nhivcdentating applidations.
al veol ar deficiency, failing oral inplant, dental

The tif$tlcGBhitRRtsATHREInF et Patideatced foNtre@REntr pati&RYith oral tissue
reconstruction follow ng maxill ofacial tunor
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foreskln cell derived dermal construct described in
followng maxdlofacigl gome regactiony s a plot of data
illustrating the contraction with fibroblast cells of
a hydrated col | &YHCRBIHOVQF TOELBIGURES 3 is a pl ot
of data illustrating the contraction with fibrobl ast

[0014¢el | s oiguny divd gdpk dbpiagentht aidéase s doMpaigcaticédteitiontas
col I agen contents; [0017] FIG 4 is a plot of data

deterrh fnky 5%! 'h?@h'o&l tbfe Q8 5 AnRRedbithe Eélpﬁlﬂm&‘% the@ubiin @konatal

hydr at ed co agen lattices contalnlng di fferent

foreslyli‘ll Q%F{ie%lv%ﬁ %ghﬁlﬁﬁt g&L1; dlhqigﬁja HG 5is aplot

AN e con e capaC|ty of

i brob t ceIIs on, hydrated coll agen.l att]
[00155_=np| oyﬁé 2B e SRR iR W fPioRlgst cells of a
| evel s; [0019] FIG 6 is a plot of data illustrating
hydragcdeollegandetties: 10. 0 . mu. g/ m of the i nhi bitor
cytochal asin B on the capacity of fibroblast cells to
[0016¢ont r ad1Ga3 tsyadrlatt afdlatallhstopeing Ithaxt ¢antrectidnOORID Fibfeb@st ctllis ©f
a plot of data illustrating the effect of 0.36

hydrateawogé%”en |ekicéRvidghdifeieaf cotab&Lfinten®l t he capacity of
fibroblast cells to contract a hydrated col | agen

[0017{] attic ?IG 4 R0Zhbt & (Ra 1ﬁu§t§ab1ﬁ%08| gﬂfg% %h@tﬁ kbl Bl dIRGf

he effect of cytosine ara

hydrated collagen lattices containing different numbers of fibroblast cells;

[0018] FIG. 5 is a plot of data indicating the contractile capacity of fibroblast cells on
hydrated collagen lattices employing cells of different population doubling levels;

[0019] FIG. 6 is a plot of data illustrating the effect of 10.0 .mu.g/ml of the inhibitor
cytochalasin B on the capacity of fibroblast cells to contract a hydrated collagen lattice;
[0020] FIG. 7 is a plot of data illustrating the effect of 0.36 .mu.g/ml of the inhibitor
colcemid on the capacity of fibroblast cells to contract a hydrated collagen lattice;.

[0021] FIG. 8 is a plot of data illustrating the effect of cytosine arabinoside on the

capacity of fibroblast cells to contract a hydrated collagen lattice.



capacity of fibroblast cells to contract a hydrated
collagen lattice.[0022] FIG 9 is a plot illustrating

wo b@7abIsexrt of thrombin on the contraction by PCRUS1001/6863301
of collagen lattices at a thronbin concentration of

4.0 un / 0 Fl G. 10 illustratin
[0022¢ o1 | agi?ié ‘f{stal 153% ﬁa%ﬁ%ﬂa&ﬁ%ﬁf%t@th? kip B oraction by
pl atel et concentration and the presence of thronbin at
platel@ts ebedlagen kttiasn abd thaompbigrrionegniation 00PAunity/@s, 11 A-1 1D
are plots illustrating lattice contraction of coll agen
[0023] at t i c&BGaR) @& afpletdtlusntiof collech Ypecarutredivnentarfahdét@n of a
of collagen enpl oyed; and, [0025] FIG 12 is a plot

platelétl doH&dntratibmnd e pefsbeetoF tlﬂfonfblﬁﬁ‘at' Ao Bért@FiSn of 4.0 units/ml;
cytochal asin B and colcem d on the contraction of

[OO24Tyd rat e45§01129¢0 akeﬁ#lB{SQEﬁstlengh@tﬁ&l &h act[og%ghllegfeg‘cl)ﬁgces as

IS an |sorretr| C ew, part bFO en away,

ppar. rdin resent.in entlon [0027]
d fun%o R LRt P EHBERT ER0IOU G ho appar ot us
in FIG 13. {0028] FIG 15 is section along 3-3
[00256 hr ougﬁ IGnk2 1&@@&%1 lysdraging s affectsiobtherighibptoryeyfochilesin Beand
is an isonetric view, partially broken away, of
colceranberhtbe captpartian 0§ hydratad collatmn detiedstbly nldtelepr esent
invention. [0030] FIG 17 is an expl oded view from
[00268bove GIG! s appanaditis vishopartinity bloken dWay,[0P03d hpakdtus
18 is an expl oded section along 6-6 through the

accor&[ﬁ%@d ﬁ%%%es%ﬁqﬂ%ﬂtﬂanﬂ G 16. DETAI LED DESCRI PTI ON OF
NVENTI ON [ 0032] The invention is directed to

100278227 .d??égf“c%{ﬁ%%%@g%f@g%é@%a%&??Ethte%ﬂf%éggfﬁﬁ‘*?ﬂ SR
[00285’%?‘35??@3@%@ sociop it i R FUREHA S sheW I Fler 1S

yer," "skin eqU|vaIent " "living tissue"” and "living
[0029&onnecﬂ@ig & is 98 iwmaig Visw, Dardally hrokew ey @4 BRgthergapparatus in

enbodi nents of the cultured tissue constructs of the
accorgrmes enth thepesdnt arvention.

[0030] FIG. 17 is an exploded view from above of the apparatus shown in FIG. 16.
[0031] FIG. 18 is an exploded section along 6--6 through the apparatus shown in FIG.
16.

DETAILED DESCRIPTION OF THE INVENTION
[0032] The invention is directed to methods for treating an oral condition of a subject
by grafting a cultured tissue construct.

[0033] It should be noted that “cultured tissue construct,” “engineered living tissue,”

2% ¢ 2% ¢

“cell-matrix construct,” “cell-matrix layer,” “skin equivalent,” “living tissue” and “living
connecting tissue” may be used interchangeably as embodiments of the cultured tissue
constructs of the present invention.

[0034] Heretofore, current engineered living tissue constructs are not completely cell



[0034] Heretofore, current engineered living tissue
constructs are not conpletely cellassenbl ed and nust
WO edoy/1a386®i t her the addition or incorporation PET/US2007/063301
exogenous matri x conponents or synthetic nenbers for
ructure or support .both.. [0035]. Th :
asse"ﬁe&e%ﬁl&rrreéreéﬂor F %qréhec%rf%tm&fﬂgéoae%fa%b%ﬁewg?@uﬁ matrix
exhi bit many of the native features of the tissue from
compo@ingtorishiethetiemiembersrfer gaictuyedr suppertidrdsthe construct s
t hus produced can be used for treating an ora
[0035¢ondi t iThn bafenginpatd essuc [cOQBMEts@ascribed hercireek hibmdnyrefithe
is acell-matrix construct conprising a first cel

natived fR@r3 e HRNAQGEREMSI M cPTRHUCBIaerids® | THY sud@nkir¥cts thus
wherein the first cell type is capable of synthesizing

produ@&ﬁa?i%rlﬁgd i t%%ttl'h %ﬁ lokefi 83@@%{) %(P]étfenp roduce the

matri x constr er preferred

nbodi [ er const risin

[0036% ey o paﬁ%%%é%ﬁ%&ﬁ § B lcrnie TR & i st el
matrix and a | ayer of cells of .a second type di sposed

type aﬁlﬁ@P@Qﬁ’?n%‘rSlBO\PlioﬁP?Pdt%a%f‘élullalth‘ whetsis the dipt celd ry@ds pgpable of
the first cell type. [0038] A nore preferred

synthesmyagl aneseereting axirade] lulpamaink togneduca the ebiapatrigicngstruct.
fibroblasts, such as those derived fromderms, to

[0037f or m a AgatHet pederetel diodirang tiy a1bilayck 0OBahctARAipIB Ingifist cell
preferred enbodinent is a cell-matrix construct

type HATRASRROELS hRUORIAShSecl UF indh: LAPS 0ydesd 4R of § OBond type
forma cultured dermal conStruct wt

dlSpOAG%X@JI‘G(?II ?Kﬁftﬁﬁl ROGYIL Gt ?(L&lohé‘{lruecg f&rﬁ%a %g Ehetoﬁrs gglfr]?yggl N

Yo result T A cu
onst ruyct he cult e skln constructs of the
[0038§nvent Mo lsaed ﬁﬁ% E}Sc?aﬂe,ﬂ' RIS KON L SAMPTiSiRg
bi ochem cal features of native skin. [0040] In an even

fibrobgstse syshesps dirgse deBysoldioeiarmiss tadowe p cukwred demead enstiyet
is a tissue construct that is simlar to the dernal

[0039] ayer @fmosict moraptetomed edeodmhent onseal limbitrixt dvastrics comprising
formed in a defined system conprising human-derived

fibrobttd, Sudhtdslthast Agrinel Bhramicaais| & fofeetimnadd aempobemisict with a
during its culture. [0041] In the nost preferred

layer %@&M&% s ctififed Ll%?rﬁégéffd?ﬁ#e{n% bl ra?@f th P&GNRTA RulBd

icated in a c deflne sys em conpri si ng

bilaye? R cons ruc)[/. e’?heccel{ltlu%(f) JKin cons{:ruc“:a[ bf %e ivention express many physical,

morphological, and biochemical features of native skin.

[0040] In an even more preferred embodiment, the cell-matrix construct is a tissue
construct that is similar to the dermal layer of skin, a human dermal construct, that is formed
in a defined system comprising human-derived cells utilizing no chemically undefined
components during its culture.

[0041] In the most preferred embodiment, the tissue 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.



undefined or non-human bi ol ogi cal conponents or
cells.[0042] In another enbodi nent of this invention,
w0 b@7a0d8bur ed ti ssue constructs conprise a a geCT/US2007/063301
m xture conprising a collagen solution and a
ontractil e agent 004 In the prefe enbodi nent
(004265t ho 19 ARALITTS d’c"1[~‘1 te lhmn@aﬁfqns@&éuﬁw tisgHercgnstructs
conprise a first | ayer conprising an acellul ar
compiist 4 agelrmighire apripasisge eplpgcayelution sisbs eentwatiicrhactti r st
| ayer, wherein the second | ayer conprises a second
[0043¢ 0l | agémthggirefenad ambodimeniodfl thgaiveatih, éheamittiredaissloeconstructs
agent. In a even nore preferred enbodi nent of the

compti§VEhtst Rifer dddSprRapoMchcbBVISF cfag&Pbdl A& R s¥édnl 1&er disposed on the
contractile agent 1s seeded with keratinocyte cells.

first laﬁlg&%éﬂﬁ Ad & éndzlggler-rclaﬁl (L LB dTbot g@n %%ﬁﬁ{aﬂﬁﬁ%s collagen and

e Ccu ture tissue construct o I nvent

ied for tre | 1.0NS suc
a confRiC el i gt it Rt oo R ef s Ra BtpRe ond layer
al veol ar ridge. deficienc consequences of a failed
of collpegn Wiithysy C&ﬁtraﬁrle agenh issgsdad W%E@raqchuw P-ecessi on.
[0045] It is generally agreed that a functional zone
of attached gingiva around each tooth is necessary for
A: Applightipns For The Calfuset-Fisswe €pnstrudtsisye, gi ngi val
recession frequently occurs, resulting in the | oss of
[0044& por t iThn colturt hiesueaphstark obﬂhaﬁmveﬁtietatﬂayl te applixrdser treating oral
prognosis for the tooth. In addition, the nucosa

condifiGts s@l:h bPrebbi8ed 8@1 Ringivh NRLE oﬁmfté%ﬁ&{th ?lllaz él'i}@ol@lf ndge
attached gingiva i s often tines foun be i nf

deﬁc1 i&ei&‘ﬁc&% aqgltlecfsorgplgga %10 oF 5 FraxilBbRid é '@%l‘h o 1O o

otential to caus OSS aroun

0046] Since the |ate, 1960s thi pr.obl em has
[00455 out Py G rehdd ol s B OB TR cach
nmucosa i s renoved facial to the tooth in question
tooth &mcwaratfphheﬁ@a {1 s gbsqnsc phthiceidtse) ginval reressien Beqently
and sutured to the graft bed. Initially the graft is
occurs; upgudtrtgad theyloss @i amarboen of i coticalt plat cagating atverrsd prognosis for
revascul ari zed fromthe surroundi ng bed. The success
the tooth. Thudditivipeh®©mugssaificivas gestcei withoUe a filmetiénal Sone of attached
however, a strong desire by nost subjects to try to

gmgn}aCi@ Bftbﬂ Mm@s ARRA%o BRIahRN d‘éﬁﬁfe RO P8 U6 & HornBSHE afinis
he pal atal tissue. This, cour se, mould reduce

1nﬂan§1h§[10 E@%ﬁoten‘?l{é{ E)I (i%?Le ]Z§ nteqoc'ss%?ou%%stﬁ‘é %O{hor this

oce

[0046] Since the late 1960s this type of problem has routinely been corrected by a
free autogenous graft. The mucosa is removed facial to the tooth in question and keratinized
tissue is harvested from the palate and sutured to the graft bed. Initially the graft is supported
by a plasmotic circulation and later is revascularized from the surrounding bed. The success
of this type of graft verges on 100%. There is, however, a strong desire by most subjects to
try to identify a donor material that could be used instead of the palatal tissue. This, of
course, would reduce the number of surgical sites necessary for this procedure by one-half.

A number of substitute donor materials have been used over the years. Freeze-dried cadaver



A nunber of substitute donor materials have been used
over the years. Freeze-dried cadaverskin has been used

WO poorhesspist and recently an acel | ul ar der mal PCHEUS200A6863301
been used as a donor material . Although extrenely

. repote, the potential infecti ris C|a ed wit

skin by Beg 1{39% gsthppagiapdagechiat & %%ﬂﬁ lag B?WE er R/ha By %‘6 as a donor
hepatitis) serves as a relative deterrent to their

materigseAltheughduiremgly reamotd e, potdisial infegtion sisk essoeiated tvanthese types
of grafts utilizing this donor material is usually

of derlrex$ matdhats (pdealily BIDCahd bepatifis)ssues Gonsdlativetdeterrent to their use.
Conmprising a Structural Layer of at Least One Type of

In addifér RCBAL thednal ayietic RRBHEI TG AR UtSizMotthis Hegedamessiy usually
Produced Extracellular Matrix [0047] éhe preferred

nbgdy ment of the invention conprises a structura

ayer of at |east one type of extracellular

natrlx produ0|ng cell s and endogenously produced

B: Cu eafssue I{GSrtlre{llfc‘is F pﬁ%? eg{rgbtungflﬁzgerrmlay Legst rEne Type of
ceII- theS|ze and assenbl ed culturl the ¢

Extraggiiulay !ﬁ)’éF e ‘FFé‘i‘%Fﬂlst%‘Flh@&dgge“é’BP'W Prfﬁf‘l‘?%ﬁ‘g'@’btﬁ%‘f‘ﬁ“é}&r"MamX
or a "cell-matrix layer" because the cells secrete and

ntain thenselves wthin and through their matrix. As

[0047511. scl o§bg preferehanbedimeuiphe wiventmmrompatsponstsetyral layer of at
No. 09/523,809, filed 03/03/200, incorporated herein

least dne tyef @ﬁanaeellultarirmeetrile-mt‘ddueing,ceﬂhmcb&ﬂdbgﬂmdslyimmw
constructs do not require, thus do not include,

extracRN Qe At dBRiPon¥nts AAPRREAHIS terldat ‘niaSix TRhetckn the matrix is
conmponent s not produced by the cultured cells but

cornple[btl§ Qé:ﬂr‘rg}ﬁghé%&hgﬁfgg Fﬁsgﬁgﬁﬁ bylcﬂltﬁ’nﬁg’{h% cPETBIiL B erbls herein termed

less t

enbod matri x consttuct produce
d l..fibr.o t
o <ol R RATTR b BRYS B “HSH B P8 g conn

tive skin. As evidenced by electron m croscopy, the
themSﬁlazﬁf pacthinsand; throygly theiy magfigr ks P iheprepding SnPatent
exhibits the quarter sta ered 67 nm bandi ng pattern,
Appligationeieriabyo p@g&zw% fitpdrl) g%ﬁ%h ingpriforased herermry refeperick in its
bundl es simlar to native coll agen. [0048] Del ayed
entiretye cieatuitored $i9S:cRAE s dadsdtecqédt, tHue dpmesnide.afkxopatons matrix
type | and type IIl collagen in these constructs, the

comp@[{e%@ko HaPaNat i doagRNchtY RESpro@wd tyRhO@llivy&l é‘ell'l%ﬁt Slkbuced by
Usi ng standard i mrunohi st ochemi stfy (I1HC) techniques,

other hﬂgnsd qh fé%o Iréf'eﬁ[@& 51{115((? ?ﬁ%ﬁty Hl%tceﬁtrﬁ%}tﬂ§ cQ&iﬁg’gﬁS{%e@% human

ecorl rrrat an sultfate’ proteogl ycan

dermal fibroblasts is shown to have a predominant concentration of collagen similar to native
skin. As evidenced by electron microscopy, the matrix is fibrous in nature comprising
collagen that exhibits the quarter-staggered 67 nm banding pattern, as well as packing
organization of fibrils and fibril bundles similar to native collagen.

[0048] Delayed reduction SDS-PAGE has detected the presence of both type I and
type III collagen in these constructs, the predominant collagen types found in native human

skin. Using standard immunohistochemistry (IHC) techniques, the dermal cell-matrix



associated with collagen fibrils and believed to
regulate fibril dianeter in vivo. Decorin can also be
woe@aabisged in the construct with TEM The pr oPC@82007/063301
ti ssue al so stains positive for tenascin, an
extracel | ul ar trix. glycoprotei ound, for exanpl e,
constRURt {HBSPRPY ALY BF deratiyadcmniat Sl#@ﬁ%@rpteog}u&w kg fo be
tissue under repair in vivo, the tissue produced in
associgtadtwithecchlagerb Blmls shéhplieved tmesgalateefihrilglizmetpron afiva. yDecorin can
to type Ill collagen as the matrix is fornmed. [0049]
also b¥Widuelizedtin vhesdonstgudt ovithel Exdu Athe Ipyoduledtissue also istins positive for
believed that the cells fill in the open space between

tenasdif @M Sttthsular Watdix alybOReRiMBfuhl XoRASNGIOUS nic@enchyme or tissues
granul ation tissue conprised of nostly type I

under?rgéélﬁ%ﬂc@ﬂ% t%éﬁé Q&?e‘f 1r T ]fh%msg%rg)rggﬁceﬁhril Suth?9 ﬁ?s been

riox wt enser r|x cohprlse nmost y type

ShOW%%ﬁPgﬁ%ﬁsede}Qti% RO RERL plkgn s B AP n' C

. fibraonectin; proteoglycans besides dec
[00498 i h aé’V lkiiegw vithingie brehoung Ry thegry it ig behieyed tlaat dre cells fill in the
sul fat ed gl ycosam nogl ycans such as di-hyal uronic
open gpecelbetdicert thomdquikly mai®-aslobseanarix dnalopande granututidn tissue
sul fate; di-chondroitin-6-sulfate,;
compfl$cdattansiel9itfpcHhsoblaget dralt fibronectin, and then remodel this loose matrix
di - chondroi ti n-4-sul fate- UA-2S; and

with éjdenga%zgf& IcbinBriQsdSd hédt t B HagdNeRe p?ﬁdrub'&f dH@ha@®Rhas been

bi ochem cal features ex It thensel ves as the
showif PoncZo atlll’f gﬁggsaﬁL&%%éaﬂ% %]5' rs%cl?gg élgroﬁltc%tc#drtﬁf@v f Llyonectln
Th f th fully
protequ Dy B AR ARSI S BChICh Guh e Gt Anilh Rl godﬁSHEﬁted

t he construct has structural and biochem cal features
glycosampneelreana guehhastdi-by almemigacidiediwhendrpibiosbpul{as: | dé-chopslroitin-4-
aforenmentioned list is a |ist of biochem cal and
sulfatstdiwbondraitinf e atl fate sli-ahendreitin€lgb-sdfdte; richondreitinst-suiate-UA-2S;
fornmed fromdermal fibroblasts, it should be

and di-EfRGRYi#:0d-sulTate-[CALASU B s € ahlctdiait dhidbi SoB Bl dall fafird OdxiiEsit
fromother types of fibroblasts will produce many of

thems%ﬂi%§ &s V\}EL% %Eﬁk&ﬁgt I g& 'ﬁ‘?&ﬁt&ﬂ?@ S0k AlBindiRlery éx?i?eﬁﬁ wh¥R ehe

rom y originate SOone cases, ob asts

const§RLyrFosk Rt By R sPRes oﬁﬂﬁgﬁ%t%%w pf SR it
[ 005 1], Anoth
Culturﬁas f“férfséf ggll W@%@{{é&{ﬂ&gﬂ%ﬁgﬁw ﬁf@%ﬁfupfshaé S%t%?t}%rahﬁ‘%drl X

| ayer havi ng
biochemical features approaching that of normal dermis.

[0050] While the aforementioned list is a list of biochemical and structural features a
cultured cell-matrix construct formed from dermal fibroblasts, it should be recognized that
cultured cell-matrix constructs formed from other types of fibroblasts will produce many of
these features and others phenotypic for tissue type from which they originated. In some
cases, fibroblasts can be induced to express non-phenotypic components by either chemical

exposure or contact, physical stresses, or by transgenic means.



second | ayer of cells disposed thereon. The second
| ayer of cells is cultured on the cellmatrix layer to
wo eoomiesski oengi neered bil ayered ti ssue constr uBCT/US200A063301
nore preferred enbodi nent, the cells of the second
ayer are of epithelial . origin. In the nost preferred .
1005 gz oc ARt pre e%ﬁ‘éicf‘ar&hﬂ)dvra%%f Fondies ivepelliPetHakhaving
keratinocytes that together with a first cell-matrix
seconfl dayer of eells disposedith¢rromns ohls yegend lperrad ¢elly s epetedan the cell-
fi broblasts and endogenous matrix to forma dernal
matrit hyerto fommp biceegiacéed bilgyesdd tisscoomtstructt In Wheme prelfdryed
formed, the epidermal layer is a nultilayered,

embo&infcat,ithd @dlls oA saedd- 18y drfags eMdpitBtIad okighhen e most preferred
keratinocytes that exhibit a basal |ayer, a suprabasa

embo!éi%}/e%[, ’théaseg&?c{]fégl co %ﬁ 1Qr& ﬁ&&g&ﬁ%g@@y%t% Eher with a

n construct as - devel ope asenent nenbrane

esent, at the dernal -epi dermal,junctio s .exhi bi fed
first oBf P, S PR e B o PBL b el T i Bhd Sftogenous
_basenent nenbrane appears. thi ckest around
matrixh EnfoFre SASEBHE YT neAKEC By VAIRCHEY $a8trRsto Whan fuly forgied., the
conprised of type VIl collagen, as visualized by TEM
epidetfing layee oy innlgilfyickad; btsatidmd, aderclegifferangiafed damer hEkeratinocytes that
basenent nenbrane and entrapping the collagen fibrils
exhibit A babut lder, mduptabyat laydt) @ eanaing hofrck igd 4 steatimSormamyelte skin
as ot her basenment nenbrane conponents, are secreted by

constr8f BlsiaNPAXE&R1opkll bhnitinRckBeMR prdiakt aMiid ®rmal-cpidermal junction
kerati nocytes are capabl e of secreting basenent

rhr - en - a
o o TR NP TP R AR P TSGR Ganc s
. fibroblasts. |mmunohistochem cal. stai.ni of the.s
tthkeébWQW‘L@{m@?Sf’ﬁ‘??QmﬁF’é% ?‘f Fﬁﬁ 1'B& %ﬁﬂg tg‘%%e WGE ﬁgfype Vil
| am ni n, a basenment nenbrane protein is present.
collagepomayisualized by BEMr: rld ansharow fdirils pan sepny exiting froppthe basement
formng a cell-matrix construct, a first cell type, an
membextier adeintrap@ng thetoollxgqorddicinntge dednal iaype, These seddeadg fibrils, as
a substrate, cultured, and induced to synthesize and

well a8 @EHce bescattnOfmgmbiate doRbiiaes hidicalctdiBy Hokatmooyasl & heiiko
to forma cell-matrix construct. In another preferred

knowﬁr?&al't] %ﬂ@ﬁ(efaﬂﬁoéggéégagé {:Mefﬂtahle?)ef |§ ré a@ém@ﬁ’t%&%ﬂg{a{@%{/ﬁp@mnm on

construct Is s S O a secon

N R
o B S Sor 12 B R S v

der nal .
that laminin, a basement membrane protein is present.

[0052] In a preferred method of the invention for forming a cell-matrix construct, a
first cell type, an extracellular matrix-producing cell type, is seeded to a substrate, cultured,
and induced to synthesize and secrete an organized extracellular matrix around them to form
a cell-matrix construct. In another preferred method of the invention, a surface of the cell-
matrix construct is seeded with cells of a second cell type and are cultured to form bilayered

tissue construct. In a more preferred method, a full thickness skin construct having features



fibroblasts, under conditions sufficient to induce
matrix synthesis to forma cell-matrix of dermal cells
wa@pa7edsss X, a dermal | ayer, onto which human PCT/US2007/063301

epithelial cells, such as keratinocytes, are seeded

. ..and cultured ynder. conditions suffjcient to form

similaf (g P%ﬂV&thLF@PéH’tni latf%alegtdbw t?“il%%jﬁéfﬁ}o SRl P&B@P?ﬂ dormal
]£0053] Theref ore, one nethod of obtaining the cul tured

fibroblgséss yedas sprdifioes wiffafiont e insines matrix synthesis dhfasmripallsmatrix of
(a) culturing at | east one extracell ul ar

dermatatlid andphaducd dgmatlalyert, ypte which hemabgetheBalakellesogemous
extracel lular matrix conponents or a structura

keratiBORRA! hre¥BEHREMnd efiéhired Bdcd thbiaHigts SidioiR t6 RrhSa ﬁﬂ’ll[yst ep
(a) to synthesize, secrete, and organi ze extracel [ul ar

dﬁﬁxgﬁh%éxwggﬁgyaﬁg&ﬁwiEgégrn1a ti ssue-construct conprised

and matrix synthesized by those cells;

erei g, steps (a) d nay done sinult aneoysl

10053000 LRl m it or g s STBFEY S ER S aY e

ti.ssue construct conprising a cell-matrix construct
PrescRiApveRleR EYHBIYE] | | ayer thereon, the nethod

additionally conprises the step of: (c) culturing

c éd)lcsltofingatdeasb ok ¢xppeclbiaranguxfpaedicofg ecHdyponteelabsence of

ti ssue-construct to produce a bilayered tissue
exogcRomsExttaclluldrGRfbk cémpexdntoered dttilcitalFapporkmpmdeiyahdg

cell type for use in the invention may be any cel

t YPREARANBN Ol RIPILE (Do APSthSER. §ickdtE, a%ﬁb??a?@ﬂel threllular
matri x conponents and organi zi ng the extracell ul ar

o B R BAOFLL L PRSP Bt B S S AMit R
be cultured to rma cell-matrix construct. . Cells

those gts NPT IEPSL@) #nd @vgg@y F dens seapqoyshor fayscpuively.
cultured together as a mixture to produce '

[0054¢ onpl erherform ¢ belayas snibwied tianig constivst eqrerrisngd pellmatyix construct
those found in native tissues. For exanple, the

and a second cell laybathereat rthx npthoduddignalét corpyrmes theystdpanfe (c) culturing
other cell types mxed with it to produce an anmount of

cells &Pl Jeasid typd aii a BBMFideXof tHtaformad figic-RefistRlct 46 R6ARY a8iladted tissue
the first cell type. Alternatively, the extracell ul ar

Conﬁﬁ@$rix-producing cell type nmay al so be m xed w t hot her
cell types that formspecialized tissue structures in

[005 55 he ti %Snue%trggetlluﬁjaor s %ix%%ob(ﬁltc%%téeﬁltgqye for use in the invention may be

any cell type capable of producing and secreting extracellular matrix components and
organizing the extracellular matrix components to form a cell-matrix construct. More than
one extracellular matrix-producing cell type may be cultured to form a cell-matrix construct.
Cells of different cell types or tissue origins may be cultured together as a mixture to produce
complementary components and structures similar to those found in native tissues. For
example, the extracellular matrix-producing cell type may have other cell types mixed with it
to produce an amount of extracellular matrix that is not normally produced by the first cell

type. Alternatively, the extracellular matrix-producing cell type may also be mixed with

10



contribute to the overall formation of the matrix
aspect of the cell-matrix construct, such as in
w@esradiseski n constructs of the invention. [O00BGI/USYwT/e63301

any extracellular matrix-producing cell type may be

used i n_accordance. . with this invention, the preferred
other eéfiypw& ofg sPeralizedl tiptieStpeiydn Hiy it K dppatsubpigptially

mesenchynme. More preferred cell types are fibrobl asts,
contri§te spritic averallformatpnetites metizpspedt afthesataratiiy eonstrgstysuch as in

cells, nost preferably human dermal fibroblasts found
cmtnhmdhunmnnmsnﬁM&ﬂhmmuMhe production of a human der mal

construct. Fibroblast cells, generally, produce a

[0056QuNber wﬁﬂeeaﬁyre&ﬁ@&érmlaarnm produbi@tcell Bfpe nRdyl BEsed Yn accordance
coll agen. There are several types of collagens

with t?{] S QRHGEHn QYe {;/ﬁe?ér&kd' c%ﬁtt ¥ bl th1% %D&tLl ga% h@r%? flotn

e nost ‘prevalent 1n unan i bro st cel

rains,can d ved fro unber of urc
mese R DI § aé%%fgbﬂaé Sridiog st B pif Sgs yyproring
derm.s, tendon, lung, unbilical cords cartlla ]
connegigg FssHe Cellsy Aeal pr@ﬁer%%hura%narier%k%@abfaéﬁ% 40w B Jpiinga dermis for
The human cells may include but need not be limted to
the prbdumtiob lofig thgmah dernma gonstisicu dgbrobiasotdhls raenctadly cabilece a number of
chondrocytes and ot her connective tissue cells of
extrad®fislanehy ixedrotisgpiimarily dofagneferede suttal hgies b€ aollagenl
that the origin of the matrixproducing cell used in

produE&?bPﬁ%BPafsﬂs %v@ve@ tPSISSBa SN b st eVl Rt fﬁe@ivé "' A{fn@n
tissue type t I's to résenbl e or mmcater

ﬁbrob?a{gp %&yét&%st Jﬂlﬁ tb% ﬁﬁ% @&n%{uﬁﬁ%}? og goggr%% 1'1191\(18{1]1 on nto][: Rhited to

ance n-constru
roduced eferre mat r i cing.cell is

r
neonafq Prlgpres i, %r@rse rﬁ‘alﬂpfgp e ¢ Eﬁrﬁ@lc gﬂi‘%?@!%“f’}hrf‘ rForneal
anot her preferred enmbodi nent, fibroblasts isolated by
strompg asplganeosaend drfestingmTha dupen gells mayincluge bat regdmot be limited to
follicles can be used to produce the matrix al one or
fibroblastsabstonayainchide wsmboth tnmesclefdels, abbadbsyted andtdiker connective tissue
enbodi ment where a corneal -construct is produced, the

cells drahdsexdhyaduehgig. ¢ek lprdfsrrét buted ré v caitRabrisioP i matrix-
Cell donors may vary in devel opnent and age. Cells may

produ@ﬁg%@ﬁ ¥ f(i]éd]g’ogﬁa% JrlaSRURS: Fmg@‘m cd RN A%RSue tPhe that it

inelud ing adu ryonic

t
o BRSO AT R o B e
in the %ren\{gld%enlt ()]vth(e)ret ahs 11%3l gosrlls{r%(cjt 1ts Ip?osdlfllged the preferred matrix-producing cell is
a fibroblast, preferably of dermal origin.
[0057] In another preferred embodiment, fibroblasts isolated by microdissection from
the dermal papilla of hair follicles can be used to produce the matrix alone or in association
with other fibroblasts. In the embodiment where a corneal-construct is produced, the matrix-
producing cell is derived from corneal stroma. Cell donors may vary in development and

age. Cells may be derived from donor tissues of embryos, neonates, or older individuals

including adults. Embryonic progenitor cells such as mesenchymal stem cells may be used in

11



[ 0058] Although human cells are preferred for use in
the invention, the cells to be used in the nethod of
wo b@7a03ehot |imted to cells from human sour cEGT/USNT/663301
frontother manmal i an speci es including, but not
imted . t ui cani ne ci ne ovi ne, and ovi ne
the m&%ttwe@gd ingfuciip éﬂ?fefgaté%ﬁ AT may be
used. In addition, cells that are spontaneously,
[0058 heni ¢ A¥lthpugl hwmamedlly arq prafsrisd ferdissin thedpvastinarthe eellsitg be
or genetically engineered cells may al so be used in
used ihhhsmethed of therare farlinikalste celibfroinrhmntas sbinats. | GelBrfpon ather
nore than one cell type, chinmeric mxtures of nornal

mamr&lanSpdi®MtNRIn@! bufoelisM@bd &L Squilit, Xhhiing Spddéin& WoRBe, #ibvine
genetlcally nodified or transfected cells; or mxtures

sourc%sé of:Fold ﬁt ?%%EQ'\% E(res HRbuSe é{%{sﬁt§§ bo ﬁsetd Sn l&iﬁdlﬁQH i thiiPYre

USG conmbl hant or genetlca y-engl neere

C e used. the ductlo .of 't cel |l -matrix
son by BRSSP R B S P Soe e SRRty
drug delivery graft for a patient needing increased
enginges Pf%lsaﬁawﬁdtml?eatseéét 'Fhlspll%%ﬂkops Fgr thoseamn tnetttStthatancorporate
therapeutic. The cells may produce and deliver to the
more fhaniosatelliypet demgnamixtness ofhdmeah telisekdm pwo dusioss sources;
grow h factors, hornones, peptides or proteins for a
mixtu€BRif inokiedl Sind gensticaldf mbdifed @F trassfecededisydranixtures of cells of two
bi ol ogically, chemcally, or thermally signal ed due to

or rno?ehﬁ)e@i‘%@gt {idsQPSoREQSRA bd Whclihe patient. Either long or
short-term gene product expreSS|on i s desirable,

[005 9? ependi 'R%?orﬁ 1n£1111t Set cgg# hgerllecf) éel Iyﬁ%b#sgﬁ \%télr% ipf(icfeﬁ%tion of

onstruc I on |s
%ﬁ tured tlssue construct IS i anted tg dﬁtﬁver
the e rth‘t&fﬁéat‘%“&lcbtooC&%t 8 lipgyicgopsifuck Rt 356t asindrug dgritrsy graft for a
peri od of tlne§@£0060 Conversely, short term '
patieng ppqdarginereasosl leneads plamntyral Gollgradustssontrratnecnt wathehergpewtic. The
tissue construct is grafted to a patient having a
cells maypihduwteeand deheerde thespasient Vie theudrafl redntbimstiecl comdtaty @rowth
are to pronote nornmal or near-normal healing or to

factork, Sd@En &S péptide s ait proftimffof HeoRubeh Shétht oOAER o ASn¥ALd &hen
has heal ed, the gene products fromthe cultured tissue

bioloéé@eﬂﬁrt t 1cé:?1¥3ﬁ op&ehﬁﬂg}esrl?fh SRORL 19 rther@’ﬁﬁdﬁt%nk BRY&T iPfhe patient.

esli'red at e site S may al so
Elthelglglggtgll‘ %}olrtl té %Iglgeieﬁ? ( ﬁdcrtte%%ree%(so gr(nelgziﬁ,g Baﬁ)i% ggﬁllrncghon tLg {meent
indication of the cultured tissue construct. Long term expression is desirable when the
cultured tissue construct is implanted to deliver therapeutic products to a patient for an
extended period of time.
[0060] Conversely, short term expression is desired in instances where the cultured
tissue construct is grafted to a patient having a wound where the cells of the cultured tissue
construct are to promote normal or near-normal healing or to reduce scarification of the
wound site. Once the wound has healed, the gene products from the cultured tissue construct

are no longer needed or may no longer be desired at the site. Cells may also be genetically
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are either 'normal' but expressed at high [ evels or
nodified in sonme way to nake a graft device conprising
w@zaoraessbhs ul ar matrix and living cells that i sPCT/US2007/063301
therapeutically advant ageous for inproved wound
4ﬁ faC|I|tat§f or directed ne scularlzatlon
englngﬁre Orﬁ e aroéggq or i ff R]@p‘bqyaesf q}f,gfl?eglﬁ ar W‘?é%’é cornponenfs which
procedures are generally known in the art, and are
arc cihes rorpeld bitrexaewdos kight ovdls onvpp&iSiatl i sconowkty, make a graft
Laboratory Manual, Cold Spring Harbor Press, Cold
devicSmrhptgsiﬂr@ehmcelhﬂM QA8 Ahd livimgarpothat Bdhdft&p@itinalbyadvantageous
reference. Al of the above-nentioned types of cells

for 1111@?&766 Rédund @dalMgl Ricilithto@ ofl@frédddd h@RagRliladization, or minimized scar or
mat ri x- producing cell" as used in this i nventi on.

keloid BP8atkdn. Tﬂ?es@gl%g&gl gsaa[]r% g%?do@ lgﬁgvynal‘ﬁqbé %th Iaalrhfi% dds&ribed in

conponent produce asts Is
SambgoO :eggg part| l f l 7 t glegl 1d %PEH%T rlbgrrPress, Cold
structure; homever this invention is not to be
Spring HarhosdNY ¢1 %D rineargoratsiddierar fy sifeisaesy Ak |0§thf§ra(]9?‘é‘? pregfioned
protein type. For instance, other collagens, both o
types pf galislaramchddd wathinf thp definition ob I'mefein-ifroduminghes] i€ @b lusggen this
famly such as collagen types I, IIIl, IV, V, VI, VI
invendd.l, X, X, X, XII, XIll, XIV, XV, XVI, XVIl, XVIII,
XI X, may be produced by use of the appropriate cel

[0061§YPE.  SihEHl @6 nan® RS, RBALIR P HRES! Eb?nﬁ/&ﬂeﬁ't}brﬁ@ﬁbeg By
produced and deposited using the current net

ﬁbroblem.; iy ?’%fl(:}gruéollg% ?91%1011 Frgtcgﬂa%eg tgd alsgf’llghl &2 8fl§%%gl _?Vﬁ E@ﬁ

ro eins
tenas itronectin flbron ctin; Iam
compeigng %‘e ﬁslﬁ gy Stﬂgﬂaegf}wagra T By Py oIS nek;&é)e linpitad g5
hyal uronic acid (HA). [0062] The nmatri x- produ0|n? cel
matriges cemprisadeaf onfy issesis orquipteinyee.f bor instirag) othey qollegens, both
tissue culture, such as a culture dish, flask, or
fibrillardnideronkfdirtllae colldgier ffiroad thowslldfgen fahdy fwrhreatcbbBagenftygges 11, 111, TV,
t hr ee-di nensi onal tissue-like structure. Suitable cel

V, VIgvaywi s, bacas xon xuhj X e, Xel | evoaR VH, BI0WiaEBépldduced
any blologlcally conpatlble material to which the
d
by w8 AL O SO IS RE AR LR RS B procuc
sta nl ess st

and d%&sﬁ% Lyl TR

ori de, pol yvi nyl j dene polydlnethylS|loxane

such afS| 6 Fhol B alFan: o5 g Cf)lpre%?alilsnsgeléas ERAFITe NETOReElR; (fibFRnectin;

laminin, thrombospondin I, and glycosaminoglycans (GAG) such as hyaluronic acid (HA).

; %ﬁgﬁ gﬁ@ldg 6]|t al\*;‘, ﬂﬁ)t F:lrmted o clastin; proteoglycans

[0062] The matrix-producing cell is cultured in a vessel suitable for animal cell or
tissue culture, such as a culture dish, flask, or roller-bottle, which allows for the formation of
a three-dimensional tissue-like structure. Suitable cell growth surfaces on which the cells can
be grown can be any biologically compatible material to which the cells can adhere and
provide an anchoring means for the cell-matrix construct to form. Materials such as glass;

stainless steel; polymers, including polycarbonate, polystyrene, polyvinyl chloride,
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and silicon substrates, including fused silica,
polysilicon, or silicon crystals nay be used as a cel

wQ@e@mibsssur f aces. The cell grow h surface mat ePCHUSI0AY063301
be chemically treated or nodified, electrostatically

charged, or. coated w th biol ogicals such as

polvaﬁgig > POy flimetioylsifnaaps, E@@mpﬂﬁy g @usflnaée%tﬁvkea%propylene;
coating is RCD peptide. [0063] Wiile the tissue

and sifeprssubsicatenfinalymng fipedsilion patpilisengiroiironsrystabomay be used as a
cell growth surface, a cell growh surface with pores

cell gtomah sedavesinToated] grotvth tunfacandtdoiat tmambs uhémicelsy téatédher
menbrane to allow bilateral contact of the mediumto

modifid¥e cey&taRkNg cﬁd'r%&i;l Br EGUREE WHE bioMgidal sueRRb poly-IEIyaRR or
only below the culture is preferred. Bilateral contact

peptiddb! g\ﬁ’sex% %e%pﬁ;pggﬁ@@{o%ﬁ{l% Q%GDg%?tia@p and bottom

surfaces evel opi ng con uct for maxi mal

urface are xposure t e.nutrients. contained i,n
100637 he. mog il CRESRE s hsybr LBE b ibtMahpS BRHE A5 s oot
the formng cultured tissue construct so that the to
growth gprfaccea rell 2igavtle syérce qvithoposey thateommuniendte heth dpypifebritom
of a cultured skin construct. [0064] The preferred
surfacesi bt the enanalyygied toj adlowrislatdraltcontact of2be medwar toi the d¢vedaring tissue
a culturetreated perneabl e nenber such as a porous

constiendrfaneortdv@rohtord W dplondad cilturt eprefetredr Bilu@ss ebntact allows
contai ning nedium Typically, the nenbrane is secured

medidr tPERtRPFoB ithéoh WRH befto TR IR es OF tHe RVBWHIE chfidtuct fr maximal
inserted wiwthin and interfaces with a base, such as a

surfac%‘j%#{dgerxggsu?y tot E%uﬁlleﬁg ctoﬁﬁineﬁgﬁ] tlgem&ﬁl\ﬁ%r %Qed{\ﬂrﬁ Iilna : Jtl%odcfontact

vessel's 1Tncorporating a carrier 1nsert a

ol ous rane are _known in the art and are eferred
only e potioip @{ﬁ%gfowlgfﬁ%urﬁ U ton ntraind e BmvBets r B
nunber United States Patents in the field, some of
exposggh fcHT la vieths develpripent o6 meslteicd skip capsiruchbl e, i ncl udi ng
for instance: 5,766,937, 5,466,602, 5, 366, 893,
[00645%, 358, §ht prFer2dbudR e vssd) 260140at 14ili8dsla Gder idsBG08,cBUR -
the di scl osures of which are incorporated herein. Wen

treated PESRablRREMSH: sGEH sk Fory@sSHemBrant ehat udy@ded t@e culture vessel
tissue-construct is produced on one surface of the

contagﬁﬁﬁ&eﬁrgu ﬁrt)ﬁicgﬂ?,t}hé/ mteﬁl%r&tf%gs %ééﬂi%%{tﬁ lo%{r% gllfféi)ﬂgtu%ma Hefber or

s contacted by ce on both top
v BB LA TR AR NS i
that can be covered with a lid. Culture vessels incorporating a carrier insert with a porous
membrane are known in the art and are preferred for carrying out the invention and are
described in a number United States Patents in the ficld, some of which have been made
commercially available, including for instance: 5,766,937, 5,466,602, 5,366,893, 5,358,871,
5,215,920, 5,026,649, 4,871,674, 4,608,342, the disclosures of which are incorporated herein.
When these types of culture vessels are employed, the tissue-construct is produced on one
surface of the membrane, preferably the top, upwardly facing surface and the culture is

contacted by cell media on both top and bottom surfaces.
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providing nutrients to the underside of the culture
t hrough the nenbrane, thus allowng the cells to be
woea7hoiset eral |y or solely fromthe bottom si deCT/BS2007/063301
preferred pore size is one that is small enough that
it does, not allow for h of cells throu
(0065} 7br ane Pt 1 g@éomgfﬂgq% A o5 R Rissage g& b‘&gf Bla for
of nutrients contained in culture nediumto the bottqm
providipg haigienisfto theandesjderpd tha cultgentbraugh the momhraas, thys allowing the
capillary action. [0066] Preferred pore sizes are
cells tatbodtd bikgsratih ansdelpifmnothe bottbmrsadegeA petfeveeinpoab st isting that is
m crons to about 3 microns, nore preferably between

small 3R&Wbh tRat3t M8 El@ﬂaﬂlotv@foﬁl kﬂ%‘éroﬂvtmbicde‘ﬂ@ tIﬁBQgGHTﬂhé imembrane, yet large
preferably about 0.4 mcron to about mcron sized

r f
enougFﬂO[B af&r;t @g%ﬁ%%a%rgmog thﬂtg{reg Sof eg]ergng% g%ﬁg? nf%ﬁfumo the bottom
e havin or.e Si S betmeen about 0.4
Suffa‘fé&fifbeo DS OGS e ey FRE o oe depends
ot only on the sjze of the cell but also the abili
[0066&)f t he PEdeired pprgpizet are phowsess dhapntimisaens by Fags ﬂ?etvw‘én Ybout 0.1
menbrane. It is inportant that the tissue-Ilike
microggtestboutd macthey, ewre preférablyiefvease abot (ddescramt to about 1 micron
i ncorporate or envel op the substrate so it is
and moetfreRblbey fsowm0idtmsthtoadoity).Pattrongized pbreshdici@dloyed. In the
force. [0067] The size and shape of the tissue

case df ‘Mlﬁltaﬁ W6tmdl %P@d]!as'tss il rﬁ&ﬁtp?é?et@é’d fbRrisl ig go%atﬁo[?@até’ RSARY a pore

surface or mbrané on which it grown. Substrates may
e 0
size 1sb§et1c/9éf1’ q:)o%{ (I) ?:t]cg l«fll> 5 Pf@’mﬁgﬁﬁ g‘h\éﬁgqa%l%ﬁrg{[b%?e 5i %S &%I%{lds rbot only on
ont ured nDId to produce a shape
the sigefidhs Eﬁéf B oRprer TR DR LS Bt St By feough the
physi cal structure of native tissue. To account for
membygpreatlels impertan dhad theatissed-like eongtrggitadhergh i thgsecface but does not
proportionally nore cells are seeded to the surface
incorpmate ar gmedipethe yaistmte sofit Ivecihavabse fneededich as by peeling with
sufficiently bathe and nourish the cells. Wen the
minintd] $&d€ construct is finally fornmed, whether it is a
single layer cell-matrix construct or a bilayer
[0067i onstrygl S%b f%nél shd @%?M].%%Q&’e Reslid %Ifn{eﬁ HﬁﬁltW@@&e of the
ubstrate ore ting to a patient. 006
red tissue co cts of the inven
Vesselcsé‘lr ftaceo?mr Ty mBRaE e 21,}%1 1 Etodat 1%’Ft atﬁ%%%i’% “?“613 Oré‘ %lHar g
shapeéa&ﬂ Srrp]H eénig%%{‘nefr grrlgltesh e01r gr?erg atrllyosrﬂalg)efd tSrl]l st%a{tesssrlrjlay also be flat or

contoured as a mold to produce a shaped construct to interface with a wound or mimic the
physical structure of native tissue. To account for greater surface arcas of the growth
substrate, proportionally more cells are seeded to the surface and a greater volume of media is
needed to sufficiently bathe and nourish the cells. When the tissue construct is finally
formed, whether it is a single layer cell-matrix construct or a bilayer construct, it is removed
by peeling from the membrane substrate before grafting to a patient.

[0068] The cultured tissue constructs of the invention do not rely on synthetic or
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The nmesh nmenber is organized as a woven, a knit, or a
felt material. In systens where a nesh nenber is

weephoyise; the cells are cultured on the nmesh PENE2007/063301
and growing on either side and within the interstices

. of e mesh to enyel op and incorporate the h within

blOf@SPﬁt&%Eﬁmlaﬁga Tot, SICls GO et bcr TS FOTERG AR degue constructs.
formed by nethods that incorporate such a nmesh rely on

The mesh gmbghipgirganiizosias goyaveanskiipor pdelk maxighpn sxstess where a
cultures tissue constructs that rely on synthetic nesh

mesh meniber & aarpdofeduthd cehts dde SultiRat enthd\iuodhbenemberm®d,gf@ding on either
5, 443, 950, 5, 266, 480, 5, 032,508, 4,963,489 to

side ahQW@RiOMe ifbrsBlos of AROALshBRNSISH & esrpbiee ME AEHIR Wl the
of the cell-matrix layer may be either static or may

culturggfg%s% BT, “ﬁie"f‘i‘naﬁ‘é@ﬁrp&t"fo & %Uhfeﬂ{oﬁs ﬁ%ﬂlg’%‘%rpbfhté Afha

I C system the cu e nediumis sti

relati.vely notionless ontrasted to.the rfusio
mesh &7y Bl iy R BN O PRBA PO T FRgPTdes LG TR R R R ppets that
medi um affects the viability of the cells _and _augnents
rely op ggntheieneiesin bes af@rfeu%tnrlﬁﬁ- Patgl Nuplgrs § 988478 heats3,950,
i nclude, but are not limted to: using a magnetic
5,266880r 832,208, 63482 ¢l Nengledt,et al n t he cul ture dish
subj acent (below) or adjacent to the substrate carrier
[0069¢ 0Nt ai Mhegydidia feithe progduetimbsfane cdlomatrixr laydrendyetst ditiier static or
punpi ng mediumw thin or through the culture dish or

may FAPE herfiGSEH m¥arRb HRt dultrd AEJiE Ul ME 8taflt $TKt@AR, e culture medium
shaking or rotating platform or rolling,” i f produced

i stilf fhao 3ol g i BhIcl Ea o 16 PE (i BN IPENRAE #Rel e modium s in
. d of .the.inv i . 0070]. Cu i
LS N R T R R S TR

are sel ected based on the cell types to be cultured
develemgent 9é theimsaftis layter. uReriiseon reedne il et betcire Tefdiniigd tgf aising a

mediumthat is used and the specific culturing
magnetendirbiron snat@eatd dmpellqurio thetaaltoel dishgyubyetcbnt (beldwi) ®r adjacent to the

synthesis, and viability will depend on the type of

substi@®! darri@ icBfta i e clBQé HenlbrafomBtit St @s; puitisiig afdium
the fabrication of bioengineered bilayer skin

withit?&ntﬁfJu!éﬁ,ttl?e &fltul’&hﬁslm)l.e(?ﬁtﬂg)gt; %%g{l‘% Lé%fbg%lg?ge dBdEAgish on a shaking

conposition varies w brication as
nt su ment ati o

orroure B BLPAETEFBOLEH b R o0RF BRRRL Qe pehbp Sy can be
deterr}ﬁ%e(fi 8{1 ﬁg slgﬂg(? h tﬂee zult oerdus(e: o ‘Ejhietngle(%gosd otI tEea %nv.eﬁt'ion(.: ul tured
[0070] Culture media formulations suitable for use in the present invention are
selected based on the cell types to be cultured and the tissue structure to be produced. The
culture medium that is used and the specific culturing conditions needed to promote cell
growth, matrix synthesis, and viability will depend on the type of cell being grown.

[0071] In some instances, such as in the fabrication of bioengineered bilayer skin

constructs of the present invention, the media composition varies with each stage of

fabrication as different supplementation is necessary for different purposes. In a preferred
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chemcally defined nmedia. In another preferred nethod,

a tissue construct conprises a cellmtrix |ayer
w@e@vitaises wi t h a second | ayer of cells di sposePCHON2007/063301

cul tured thereon wherein both cell types are cultured

n.a defined culture nedia tem Alternatively, th
methad, ¢, pelTaRHER AiET 15;%5%{39 r Qe coditipny we?ul%/ure& n
fabricated under defined nedia conditions and a second
chemicaedefingd meadia. Haraaoweupigarred marthed e dissiedioasteunh ompises a cell-
In the converse, the tissue construct conprises a
matrixC klybr pravided whthyaese coralylaype off atlis disffoseld amber tutmidbéicoe dvherein both
nmedi a conditions and the second | ayer fornmed thereon

cell typasigle clRfict 86la TBGHR GROLH thédn gyste{n@ 0AZEmAReclyiSBe Bbsue construct
chem cally defined culture nedia is preferred, that

ornph?es a%ﬁ'tﬁ’atﬁ& ?a%rep fab Q@cfl LRgd d@ﬁhé%e&ﬁ 93&195nsta!nasdus%cond layer

extracts exanp , serum piturtary extract
ot hal a nt al tract

formeg {RESR i pdifibf SeuidbrpaEPLS st P%qvgssebgbe%é%ﬁecpnsmt
ceIIs In a nost preferred enbodi nent, the nedia

comprijes e sH- %ﬁéflqyﬁéala& Srpditsated uader wdetinrsamedia P@rgﬂlfe%s and the
conponents derived from non-human sources. Although

secontl fryentatingd dreresi unddeddfined nedigpemditionsi s not preferred,
they may be used in accordance wth the discl osed

[0072iret hodThatis@sfychemidillyidefieed éultuéc modiaigdgkfdedf @bt i catda frec of
successfully a tissue construct. Wien the invention is

undeffiRH ah@hl %&anl{)tr kikd2l REa&S B LOREh I RBANG BlthBarG Wk frabt ed%lpothalarmc
usi ng cheni cal Iy defi ned conponents dérived fromhn

extradl ﬂg{%ﬁ%ﬁé%&t&%’t %? m?)%rn? %‘tragpoqr prgt%fﬁl taﬁ@%ac%drg’ g‘e%é‘ta‘eted by feeder

1S 'a |ne uman t1 ssue con

nt heti c functi.o i val ent e added t
cells. )P B R g 0 Pt it 2 KRS EHRP BT
of the definition of chemcally defined for use in the
definggigyelogicak omnegcntadeiivast fram needinpdn sauarey ahithpugh e agiition of

skill in the art of cell culture will be able to

undefohet! eompogenssuis habprefenzt pthay nay e msedinrmacord ewevoiniatljsclosed
or synthetic equivalents to comonly known ani mal

methdd@ APAVERiSt ih QuBWB R BRRN {0 fabEcAdIblcUERAMEA tas@f cdi@uct. When the
i nvention w thout undue investigation or

invenBSPRIhIFRALRE L '?zm% F@e&g&%ﬁﬁﬁ esild ltldl%dr{glf‘%{ﬂ"l ?%ally defined

construct Int Intc IS t at t conce
ar cross S

comp@fiRdE R e a%fﬁla SRR e sl figsuegnstruct is a

testing. scenari o, the advant age of chem cal
defin wn?@gus(%%qnﬁwt P¥NHhRAG TURAden enty fay @l lpdegded to

chance of the results being
supplement chemically defined media within the purview of the definition of chemically

defined for use in the most preferred fabrication method. Generally, one of skill in the art of
cell culture will be able to determine suitable natural human, human recombinant, or
synthetic equivalents to commonly known animal components to supplement the culture
media of the invention without undue investigation or experimentation. The advantages in
using such a construct in the clinic is that the concern of adventitious animal or cross-species

virus contamination and infection is diminished. In the testing scenario, the advantages of a
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confounded due to the presence of the undefined
conponents. [0073] Culture nmediumis conprised of a
wooritedsss base usual |y further suppl emented w PET/081067/063301

conmponents. The skilled artisan can determ ne

appr iate nutrjent hases in the art_ of animl cell.
chemighify ngrgleaw?ﬂst%&\@éﬂﬁmq@né% ihsfs 58 chieodth %@%@ﬁlhevlg

produci ng a tissue construct of the invention. Mny
confogpdetugitatheyresgaid efisheurdefine¢ pempenigntses are useful on

the practice of the present invention. These include
[0073¢ omrer Cluithteymedianmligbbreprinet roif @ mitrontibase siswtiiydlrtberpppylemented

inorganic salts, an energy source, am no acids, and

with dthdticoAipoRéntsS UEKE @sliddurhescan detviflink iafptofagt QusiclYEBHsE$Mn the art
(DMVEM ; M nimal Essential Medium ;. ML99; RPM

ml Essel ' (VEW |
orf S ARV I RARESE, AT LR

addi tj onal suppl.enentation,wth osphol.i pi d
constfF o bE B en SR MG GelbieRud S RIS Biehvse apcfh gp the
.avajl able vitamn-rich mxtures that supply additiona
practiggpitge ﬁfﬁsﬁbt,m‘f?ﬂgpléi Ehepe ilwégdeé}qzxmc%tgy ¥4l }:e, nutrient sources
phosphol i pi d precursors, and inorganic salts include
whichHapply iferganic isiits, gn Fadrgy siNGTRCamhd®, acadsd aNOB @itaBans siches t
in varying concentrations, all basal nedia provide a
Dulbdeas’s dadified Exdle’s Mrdiem (DMEM);| Minimal Iserittil Medium (MEM); M199;
gl ucose, amno acids, vitam ns, and inorganic ions,

RPMI 26t RBSvaN M datdaasulbash & MBELA (EDMERENWEinindd €s8@%ikl Medium
preferred base nedi um of the invention conprises a

. diun 1 nve Tses

(MENEA 08 R Qi Sinrf Sl 8P pblsoh 8 BLELNEYs and non-
| ternati.yel , DME d. m F-12.b 3-to-1. ...

essenfiafiaing aeids| Corpmatlly g allsHe Keaming I Goy i el pdiional

~ mediumis supplenented with conponents such as am no
amincpadiids Nugipie weids feagye sofagtaes, nmsggﬁlegd PIshispEsdand inpigagic salts
media for the culture of cells of the invention are
includgtddam ise 2, iHuntUn iFt HY NSEAE €89, Rad &NGETEMG3 5. 5A0E]R 14 63rying
Parenteau and in International PCT Publication No. WO

concefB4tdont a1 Bhashin@edlh VIS BSicOfutibtit 6Burdé SoricBBOIMABE &rathf
herein by reference. O her nedia are known in the art

i e

comn A2 ST a5 B0 s o
eithelrpczllecguen[rl-rﬁree(ej or {Tobvg gailg?lglt Dulbecco’s Modified Eagle’s Medium (DMEM), or,
alternatively , DMEM and Ham’s F-12 between a 3-to-1 ratio to a 1-to-3 ratio, respectively.
[0074] The base medium is supplemented with components such as amino acids,
growth factors, and hormones. Defined culture media for the culture of cells of the invention
are described in United States Patent No. 5,712,163 to Parenteau and in International PCT
Publication No. WO 95/31473, the disclosures of which are incorporated herein by reference.

Other media are known in the art such as those disclosed in Ham and McKechan, Methods in

Enzymology, 58:44-93 (1979), or for other appropriate chemically defined media, in
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the base nediumis supplenented with the foll ow ng
conponents known to the skilled artisan in aninal cel

w@edoraesss i nsulin, transferrin, triiodothyroni PEr/3B)P7/063301
and either or both ethanol am ne and

0- phosph ol am ne, er ej entrat ons and
BotteRyga e} 34%%‘%1‘18 nEHEOLOg] 824—1.4‘3 @saﬁ%@) 8 thieRtEoREcA s bggiment,
the skilled artisan. [0075] Insulin is a polypeptide
the baspmeshan stupplpmented adthithefallgwarecatpagienis ksewn rﬁmthawkﬂbd artisan
acids to provide long termbenefits over nmultiple
in anipabsdigadturcSuppllmreatsétriiontrioddotngohing (), amistithienerd bokle
grow h factor (1GF) is necessary for long termculture

ethan@lﬁmﬁﬁé&fn@ odpHdspgyEmBiidlahingd 8Ph@tin@Bn&ntaiensCld!sbstitutions for
ity to uptake gl ucose and ani no aci ds and possi bl e

the sugggl RRkhB oéetérqsne%earg EBENGY WRgan | nul 0y be

el ther a or exanpl e bovi ne, human

ource reco ant ns as hu r nant

100757 o+ FisuBhir T e RRREr S AL T o 0 el T R apd
chem cal | y deflned conponent not derived froma

aminqreAdsQ PERY IR lons gireatensBisov et mpkipln passagah pPwmdsRG3tioR of insulin
is advisable for serial cultivation and is provided to

or instilve like gicavth factorki @) is apgpesay fadomgietm atiitanss thare will be eventual
preferred concentration range is between about 0.1

depletigr off thé oclibabilityb@Qipralke Elucos®sre] Jiab atidbhyd péssixoddgrddation of
ng/mM to about 400 ng/m, and nost preferably at about

the ceﬁﬁeﬁ’&%@ InAR! ARy b@H@rlv%ﬁWEﬁl?etr la@fal f BF edd¥le bovine, hurnan
suppl enentation of insulin-l1ike growth factor, such

sourc Sﬁ((%]i }ILy Ioecm{nﬁﬁaarrin ﬁﬁl%gg {'% ¥H]t%ﬁ}aﬁ{ f&lﬂﬁld ”H}/eg é}n Iee gfhurnan insulin

e ce es chosen

007 Transferrin is t.he d|un1for I rQ
would ‘Mﬁféb%%é 941%&4 3& & Firbiomea’ ut UedaH P Hondinan Biological
el ement found in serum As iron can be toxic to cells

sourcg.nlnsylén supplenfeptation inadyésable for sarigl eulppitiondnd és previdsd to the
bound to transferrin at a concentration range of

mediqat efveidabdnge bé taveentraivost AQrofsritd calmsutratish napgais betvarer about
preferably at about 5 ng/m . [0077] Triiodothyronine

0.1 ud/h3}o douds BB /el CRABRAEREDANSL abSutt e/t td Msdbuk @00M18Mml, and
thyroid hornone that |s included in the nediumto

most ferﬂef‘tﬁ Bt z{‘tﬁ)g@?ﬁop%/ g% Qf%l c'oﬁE@ntrEﬁbﬁs%Pfﬂ%%ﬁ blﬁ@ntiaﬁon of

uppl emrentea to t concentrati on range

insuligEEE A b %ﬁ%”w%%%@? USEARYA by gngpf skill

in the art for the cell types chosen for culture.

[0076] Transferrin is in the medium for iron transport regulation. Iron is an essential
trace clement found in serum. As iron can be toxic to cells in its free form, in serum it is
supplied to cells bound to transferrin at a concentration range of preferably between about
0.05 to about 50 pug/ml, more preferably at about 5 ug/ml.

[0077] Triiodothyronine (T3) is a basic component and is the active form of thyroid
hormone that is included in the medium to maintain rates of cell metabolism.

Triiodothyronine is supplemented to the medium at a concentration range between about 0 to
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about 20 pM [0078] Either or both ethanol am ne and
o- phosphoryl - et hanol am ne, which are phospholi pi ds,
war@7adisesl whose function is an inportant precPCEHUS200TI063301

t he inositol pat hway and fatty acid netabol i sm

Su enmentation of |ipids that are normally found
aboutéQB @hineors pEdRshibetween abaptmiorabaut %Pémlﬂmnd most preferably at

Et hanol am ne and o- phosphoryl - et hanol am ne are
about@O@hided to nedia at a concentration range between

about 10 6 to about 10 2 M nore preferably at about 1
[0078E . 10 4pihed Q968 etﬂ—ﬁ{&é’rﬁﬂg ld]?ld b qﬁo%ﬂoﬁ'ﬁ r&hﬁlﬁfaﬂlh@ thléﬂ"@re

se mediumis additionally suppl'enented with ot
nt u nt hesj [ |ff
phosp%glnii? n,ﬁ?age gddggl hoger gu% ﬁé’ns 1§ gﬁ 1rn§ ﬁané%geccgr Sot'%lg'ino(gltol pathway
el en tan1ne 80] Fydrocor one .has
and e OO ki SR8 Ikt s y found in Scrum is
kerati nocyte phenotype and therefore enhance
necesgry fred sqipmateegnedinma ditkanolmine and e-rhesphpivl-sthaaelemingate
kerati nocyte transgl utam nase content (Rubln et al., J
provided@e InledRhat @i cohcentrhB88n 208e Bdtdvefd 9BE)X )1 0° Thatroad 06 E M, more
hydrocorti sone is a desirable additive in instances

prefem§raea1§digqe( fayacteristics are beneficial such as in
the formati on of keratinocyte sheet grafts or skin

[0079@0nSt M Y46t Sie hbb{t%@&ﬁ{utr 80k e lga%e Rl }rﬂnﬁ* ?sdadaglo‘ﬂally

oncent ratl on range O abou t o about

refer ab ween bo t
suppfBifid wiBBinef SarRRinier S SRy %ﬁﬁ%@?@%@%% ipprgve cell
resuppl ement the trace eI enents of seleniumnormally
growth sueh ¢ty dEReoEEsptnscISBIuEh RBtn&lyt2BENSr ovi ded at a
concentration range of about 10 9 Mo about 10 7 M
[0080frost  piHydercattispnahasdizon sh@yiBinkei@in@yte [cODB2]to Froencder no
acid L-glutam ne is present in sonme nutrient bases and
keratii®yytdphaadged ahdtieages chaice diffiettidtal daRRtddistics such as involucrin
insufficient anounts present. L-glutam ne nmay al so be

and kﬂraﬁﬂdc‘ij/?éjtrdﬂg Ea%ﬁh@se fBhIThSEaBIAS af. hﬁtCeﬁqihS‘st[‘ deyg. Zd%ezm

duta tnjh (G bco BRL, Grand Island
(19865 u]fh%w %cﬁz(%ogt?ﬁo%le?sag' %@s?tjaﬁlg%ldg?l% ngﬁstg?% Tgﬁfeé% h]ese

Chara@ﬁ‘ﬁ%’éﬁ @%Q%Uetpa (‘Slgla%la]g as théJ %o%aggg 0 kerat ocyte sﬁeet grafts or skin
constructs. Hydrocortisone may be provided at a concentration range of about 0.01 ug/ml to
about 4.0 ug/ml, most preferably between about 0.4 pug/ml to 16 ug/ml.

[0081] Selenium is added to serum-free media to resupplement the trace elements of
selenium normally provided by serum. Selenium may be provided at a concentration range
of about 10° M to about 107" M; most preferably at about 5.3 x 10°M

[0082] The amino acid L-glutamine is present in some nutrient bases and may be
added in cases where there is none or insufficient amounts present. L-glutamine may also be
provided in stable form such as that sold under the mark, GlutaMAX-1™ (Gibco BRL, Grand

Island, NY). GlutaMAX-1™ is the stable dipeptide form of L-alanyl-L-glutamine and may
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substitute to L-glutam ne. The di peptide provides
stability to L-glutam ne from degradation over tine in
wat@ragseand during i ncubation that can | ead tBCT/US2007/063301
uncertainty in the effective concentration of
| ut am n di um icall the base nmediumis

be uS%idgarCéwgﬁagky Wit B %Pfé@él}%éﬁﬁdys Bistgeh D SHTOIaE FRgerations as a
about 6 MM nore preferably between about 2 nMto

substifipe et LB lutamingnd hadinepiidepreriles staliligvio| L-glutaraing flempdegradation
G utaMAX-1(tm). [0083] G owmh factors such as

over tape thestorage grdoduringfiaatbation th@&Fantead @lumoerdrantgda dat dffectite
nmediumto aid in the establishment of the cultures

concchttRIHIT IC81ukansiad ireme@iuaN ATyl Nle bEmediuMas bypldnnied with
or reconblnant formmay be used. Human forns, native

prefetgf)lalrb%w @@tlbr m¥ to=Foufé ﬁl rrﬁ&% dfr@igr bdtwEerd dhouf'& mM to

rum |cat|ng a |n equl va nt contal ni ng

uman ol.ogi ¢ onents opti ona

sbout 55?98@ ﬁaﬂwoame%aib?ﬁé ffﬁ\d&v%l& S OECRERIAC BE on
bet ween  about 1 to 15 ng/nlL, nore preferably bet we

[00834hout  Srpwthiactary sich a5 %é%}na*ra@“ﬁ% ctan (G680 mabf@éﬁ%b@&@éed to
is typically prepared as set forth bel ow However, it

the medioml td alsein iinglesta isloalcntiod the dvdtups ipongineal whlctipeand seeding.
present invention nay be prepared and assenbl ed usi ng

EGF @anteafdrenglresoritindo fagymap bpatddd [Hundr ford@iative or recombinant,
physi cal properties. It is well known in the art to

of EG?QQ@ bictdtt t6ehdcah hCABRAREM S Mbilidhtiap a%ﬁﬁréﬁﬁwa%ﬁcomammg no
anal ogous or functionally equivalent acting agent fo

non-hgglgnll m}qué)%qgaef %O%?&\{lﬁal @(‘% i % o optionFC3HS m{etﬂvﬁ%@# gl he garg\;lded ata

tura ccecurrin ro

may . be substitut econbln nt. .o nth
Conceat%te,&fbeﬁ%{ﬁqn&bgu& Rl TS ST mieToitblY beEen At Sdg 4p pg/mL.
used in the performance of the invention. [0085]
[0084Me d i a iThe acdoma derceibed ehove ietypicale ateppisd ap sotdertiapelow.
sterile. Sterile conponents are bought sterile or
Howeven deshed d e enidérstoby thmo theenotriponaits pf the pdase@snveation nay be
filtration, after preparation. Proper aseptic

prepafdQae dWeﬁﬁ)Ié&ﬁIsﬁlglkMdeﬂtf&ih@Mﬁ&ﬁU&olb@ﬁccfrﬂlbdtfbw Wih their physical
Exanpl es. DMEM and F-12 are first conbined and the

| t f ;
o 51 V)RR 0By AP SRR B AL i
O n of nut eﬂ t

analo g7 gty e&}l&&%@ GG b Bufbosti i

epar ed : . .
and arrlJ‘lrve %t a smnﬁlr result. Naturally occurring growth factors may be substituted with

1IStPI Ly or econorny

recombinant or synthetic growth factors that have similar qualities and results when used in
the performance of the invention.

[0085] Media in accordance with the present invention are sterile. Sterile components
are bought sterile or rendered sterile by conventional procedures, such as filtration, after
preparation. Proper aseptic procedures were used throughout the following Examples.
DMEM and F-12 are first combined and the individual components are then added to

complete the medium. Stock solutions of all components can be stored at —20 C., with the
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500X final concentrations |isted above. A stock
solution of insulin, transferrin and triiodothyronine
W@ a00i7/163863n Si gma) is prepared as fol | ows: PCT/US2007/063301

triiodothyronine is initially dissolved in absolute

et hapol .in I N hydroch] oric aci t 2:1 ratio.
cxcepfipg BFP‘H“F%t Sarss %‘F\‘i &3 bostaied ¢ égﬁgﬁ %%B%? %i‘iltﬁ’é‘ts agprepared at

0.1N) and transferrin is dissolved in water. The three
500X gmel eaneentratioasilisipdaliivieuredo¢hsolgioarofirsubin gomxferrin and

concentration. Ethanol am ne and ophosphoryl -
triiod@hi@nolcdail frenafignd) sgotpaect asrfollayer trii@dobR@dnine is initially

concentration and are filter sterilized. Progesterone

dissolv&d B sHSSIueGhdna] RORPhidBciabhaRal (BOY Ak ut ReoWidsilin is
wat er. Hydrocortisone is dissolved in absol ute ethano

dissol 0 intHill A8 L RARIRLR!E 1SRRI MNP watcr, The three
d.fi,lt ) dli ] i h il d i
are i Dt ng o R B Walkid » SO0 ORI RAR opd oo w00

may be di ssol ved by any. nunber of nethods known tq
phosphaiydsthapplpmans are disprived in, watel ta 08K seRstRED prd ¥ didgr

to certain conponents in order to stabilize themin
steriliggsl. URrbgasteaont iadessplved wribisylutbathanetarfd dimted whkmwakmman

or ani mal sources. For exanple, human serum al bum n
HydrddoBAbn®ts disysiviag i1s stisotut@éthandl and BBArd impyhdiphac Befertdraline

prol onged storage to maintain the activity of the

(PBS PTRUSHIR T QN oRR i1F it 95608 0bttlch@itfon ah & IIB HeH M. &GRIEGF is
be either used imedi ately after preparation or,

red. St d § NoL.

pureh SR Flnd b B Gy Bl NPl Rv R o

. cell-matrix | ayer b he culture of matrix-pygoducing .

dissolf by s Y s KR bt U R Gt £ Skl Bltnin may
agents that pronote matrix s¥nthesis and deposition by

be addqqdo saitais comperntssinwpies e pebilize fent ig sabusion and are presently
cell-conpatible, defined to a high degree of purity

deriva@nfdora eghdrrhmenanfor animiad souraest For Themmediunmnussaohn tlbumin (HSA) or
produce the cell-matrix layer is termed "matrix

bovin® k& dbcdIb@Rin(BSIAY flay HeQRB] fol prelbeRarseorhfteromdififath the activity of
production nedi um the base nediumis suppl enented

the pr@%éstbr ARG P &bk gcﬁﬁﬂldc’)r?t THE nidiGlin & §@Q{}Té ?eﬁqggfﬁ%ﬁﬁely after

ascorpi c acid, or one Its nore chemcally sta

prepafsh EEMFEart . Aytared FOIC s B BOGRR0R s postvs

hydroxyl atjon of proline and secretion of procollagen,
[008631y )fn order to form F‘ghe cell-rnatrixqayer %y the culture of matrix-producing cells,

the medium is supplemented with additional agents that promote matrix synthesis and
deposition by the cells. These supplemental agents are cell-compatible, defined to a high
degree of purity and are free of contaminants. The medium used to produce the cell-matrix
layer is termed “matrix production medium”.

[0087] To prepare the matrix production medium, the base medium is supplemented
with an ascorbate derivative such as sodium ascorbate, ascorbic acid, or one of its more

chemically stable derivatives such as L-ascorbic acid phosphate magnesium salt n-hydrate.
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sol ubl e precursor to deposited collagen nol ecul es.
Ascor bate has al so been shown to be an inportant
W@ odoaae3sss f or post-transl ati onal processi ng of POI/H82007/063301
enzynmes as well as an upregulator of type |I and type
Il .co en synthesis. [008 VWil e not wishin 0 be
Ascorﬁatﬁﬁﬁa%gg%g te Eﬂ%ﬁﬁéﬁ%ﬂ ‘P%OIEIFF&WSWGH?W ProsgHagen. a
acids involved in protein synthesis conserves cellul ar
solublerpeecyysopio depositasiallegagmelseules| AscoghapdibaserlioHeen shgipn to be an
acids thensel ves. The addition of proline and glycine
important pofatter fozgoststransiryipnd provebdingesf dthe dnygnexasl ve¢legs dnor m
of proline, hydroxyproline, are basic am no acids that
upreglBIR ol BypeNng typdaliWolan §athegigen. [0089] While not
required, the matrix-production nediumis optionally
uppl e i r ' .
10088 0P8 £ By Wit @ oM el o R oCEE up e e Rkl with
. neutral polyner,.but .again not w shing to.be bound.b
aming i vol P M st RS e A B hatiSn B Rt the cels
may col | agen processi ng and. depqgsition nore. .
produge Higjagtiagp¢igs @ém%l@?ﬁ- sﬂwpﬂdégl.onaﬁ ergineped ghgingds presgrred as they,
pol ymer i s polyethylene glycol (PEG, which has been
as wel hothe hydrquytmast rinef pidling, yrdoeepsilng, ot basie agoiadslids that make
precursor procollagen produced by the cultured cells
up thd @rudiré bkcollapasi t ed col | agen. Tissue culture grade PEG
wi thin the range between about 1000 to about 4000 MWV
[0089$ ol ecyy@le W 'rﬁ%ir_)ed, tH® ﬁ%trﬂ-ﬁﬁo%ﬁ&tﬂﬂm@cﬁﬁ&ﬁ? Gpt%?ﬁ%]lil sifiénented

o about 3700 is preferred in the nedia of the
ith 4 ' rafs - rations: ar in .
it L0 S0 BE S SORBE (LR AL pecl Do
| ess referably about 0.01% w vy tg about 0.5% w v, :
a neu Rlpr it sty MBEDRDUIE DG oV b Bsou U piass i s e
w v, nost preferably about 0.05% w v. Qther culture
produgtigiacdign hay cgiiggmprosessingand alepesation pews @nabicytly between
dextran T-40, or polyvinyl pyrrolidone (PVP),

samplps.eDa¢ plefgrrdadmetitral podynge i0HolFothPROe 413 cON@EXAN whigh has been shown
be used at concentrati ons at about 5% w v or |ess,

to proiodd BIvaRb Yrdeedswaest tADSulible pEtlesot Mrotellale Bioddc&Pbyvhe cultured
nore preferably between about 0.025% w v to about 0.2%

s o BBl R L gE ARG e S b s
1000 g)se{blfoﬁgf(gqgﬁr/l% ﬁ%&%ﬁﬁ?rﬁ\gglggts,ﬁg%ﬁté)ir%rawybe?v%ee%sa%%{r} 3”‘40‘6‘%9 about
3700 MW is preferred in the media of the invention. Preferred PEG concentrations are for
use in the method may be at concentrations at about 5% w/v or less, preferably about 0.01%
w/v to about 0.5% w/v, more preferably between about 0.025% w/v to about 0.2% w/v, most
preferably about 0.05% w/v. Other culture grade neutral polymers such dextran, preferably
dextran T-40, or polyvinylpyrrolidone (PVP), preferably in the range of 30,000-40,000 MW,
may also be used at concentrations at about 5% w/v or less, preferably between about 0.01%

w/v to about 0.5% w/v, more preferably between about 0.025% w/v to about 0.2% w/v, most

preferably about 0.05% w/v. Other cell culture grade and cell-compatible agents that
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art of manmalian cell culture. [0090] Wen the cel
produci ng cells are confluent, and the culture nedi um

wo goosamsbEment ed with conponents that assist i PCIYHB200%063301
synthesis, secretion, or organi zation, the cells are

said to be stinulated to forma tissue-const t . :
enhangg, ﬁ%}%gg% Arasessing 4ngl depesition mﬁg'bgﬁ%f@ﬁ@gﬁé By ﬂwﬁﬂ&s@@uﬂnw in the
cells. [0091] Therefore, a preferred matrix production
art of pagniroahiaheehghlttcon conpri ses: a base 3:1 nixture of
Dul becco's Modi fied Eagle's Medium (DVEM (high
[0090¢] ucoséViicrthebat producing tébuire tordlughamdithle cahareasdum is
F-12 medi um suppl enented with either 4 nM L-gl utam ne

suppl@herREiivitR c8mbondtd AT Hssi€Pih deftHR Ky ah QW Beck@oinQbs or@arft zation, the
ng/ M hydrocortisone, 1 x 10 4Methanolamne, I x |1 O4
t

cols R P Lo PR B RS e TR
sel eni 50,ng/mM L-ascorbic acid, 0.2 ng/m

synthgst ﬁ&Wﬁﬁ%FCSR% 0.1 ng/m glycine. To the production
nediunH‘other phar macol ogi cal agents may be added to,

[0091 he culThgicéorect Rrtesied mpmdin prodreionghediwm fogpulatjeypcqspprises: a
the extracellular matrix secreted. These agents nay

base 3: holixtdee gfdPylpeqevisddodifiodiEhglczdvlodism (OMRKO (high ighreose
factors or inorganic salts to up-regul ate col |l agen

formull dtRns Gith@itiloplutdmiasind Heahs PR i deppderomtéd wvab edh& 4 mM
i nclude transformng growh factor-beta 1 (TG--BI) and

L-gluil?.hﬁl%é‘@r' éﬁhﬁ%@nﬂ%?%?mﬂ%ihé’rﬁ{a@ @Mﬁ’fgotorp@hml%grgl H‘}Hr&ébrtgflfo?l’e, 1x

nown to upregul ate col |l agen synt hesi s. how et

4 f iHRaGal St ' .79:
10" M) Qitim B, G a0L SR L AONGREY ARG yifiS' S 508 FRGED. 5 g/l
Der mat ol ogy, , 100: 549 (1993). An exanple of an .. .
transfergigy 4G ﬁ%gg%mthxrﬂ@pe,sé?m/gﬂ alerigm, g@ég/ﬂﬁ dohsethiopeid.L-2
cerium Shivakumar et al., Journal of Ml ecul ar and
ug/miQeiptalinar anGd}. tugnolgly @de. 7% the §Poqur 8@ medjud @Hjer Phamacological
cultures are maintained in an incubator to ensure

agentSthb{ be béddd t6 il dubtdfeitaiter e ndiukd, an®udf, o8t botHeGt tracellular
tenperature, humdity, and gas m xture for the culture

matri?%ec?&éd. ST hegé %%é?lrtsr ady ﬁﬁﬁﬂ%fﬁg%p%@gr?@%i’ﬁ% ABHcriBfoffactors

about 3 nore prefe mﬁtﬁan
or inoﬁ%a%?cﬁ%&se/ {o(elﬂ%eet g\élgat?e\?ceogﬁgg%tg%@s%ggt?on; qﬁx%%p"ilensdof%o{y%le&tidevgerowth
factors include transforming growth factor-beta 1 (TGF-1) and tissue-plasminogen activator
(TPA), both of which are known to upregulate collagen synthesis. Raghow et al., Journal of
Clinical Investigation, 79:1285-1288 (1987); Pardes et al., Journal of Investigative
Dermatology, 100:549 (1993). An example of an inorganic salt that stimulates collagen
production is cerium. Shivakumar et al., Journal of Molecular and Cellular Cardiology
24:775-780 (1992).
[0092] The cultures are maintained in an incubator to ensure sufficient environmental

conditions of controlled temperature, humidity, and gas mixture for the culture of cells.

Preferred conditions are between about 34 'C to about 38 'C, more preferably 37 + 1 C with

24



90% [0093] In the preferred enbodi nent, the
cell-matrix construct is a dermal construct fornmed of
walesorab3shs br obl asts and their secreted matri x. PCT/US2007/063301
Preferably, human dermal fibroblasts are used, derived
as primary cells fromderms or nore preferably from
an amgspge bytwreas shep - Y - dtinete eudt S EF PSSR (R 9 e @Blebout 50-
stocks or banks that have been screened against vira
90%.and bacterial contam nation and tested for purity.
Cells are cultured under sufficient conditions in

[0093gr owt h Inedipaefetred sabSEmehe Mct RI1Rh&tik fcehaiet 5@ dRAmnal construct
appropriate nunber for seeding the cells to the

formeQ Wikl SR AL eﬁldc’cﬂei\“@c%ie& RafrBr PBréfeh®l , hiRhh :dlérrnal fibroblasts

construct. Alternatively, cells fromfrozen ce
st ogcks be seeded directly to the cul ture .
are wS e sd B ori AR ot ridte bR Ft b E sy passoged o
een obt ai ned el]s are harvested and seeded onto a
Subcugufeﬂém%e%ghﬁﬁb?éﬁtﬁ@% or gﬁ&“é’iﬁt Yebeensaened against viral and

appropriate gromh conditions to forma confl uent

bacters sentapiinagion lagd tastedtfbepyitef Ecledcenbeordil nadar suffivécnt epnditions in
are seeded on a porous nenbrane that is subnerged to

growtl nhaghumedltdige dent tagirolifieriie foednayptdpeiatuduimbree fdrlseadighthe cells to
the pores and directly above. Preferably, cells are

the cubtdRPRBSEA: bR waidhNBfolRRs el ati-OMsn3tri® diAdtcAREvall Ecells from
seeded on the cell culture surface at a density

frozerggﬁtllr\gf%ﬁ%?&%e s%ed(edjtﬁr%cﬂ‘ ‘fdyt‘ﬁ/ g turk gul?sbptgfét 6.6 x 105

nore prefera ween about 3 x 105
ells/ t o..about 6.6 x 105 cells/cn?' apd st
100945 ot or KBy SFREBEG itk s St PkiEng S Depsstod and
square centineter area of the surface). Cultures are
scedeg gpioy-wifably cgltggsaripeding ruttercd §ndes 4ppIPPEIRE gEow thyGoadiings to
are cultured to between about 80%to 100% confl uence
form atonthicotsheetimd cehe ylnghepicfuedethbodendint.ahé yellyyare kedgd oiga porous
the mediumto matri x production mediumin order to

membtpicafd iabgbridige ol lo@shsdiamdt oS Qe Rbin®R10M the culture through the
extracellular matrix. In an alternate nethod, cells

pores ah& IREEREDoHL I BT b RS ALUEE AR R iRel s bl PIRAR fredia and
the need to change fromthe basic nedia to the

ducti g ia but it is thad 1hat reguines 2
are seR ST E B0 PREH B Bir o by BED R DAE 1o, 1T o aboue

fidrobl asts or [ the secreted nmatrjx nol ecules to s
6.6 % {5 RO PRSP Bl ¢S BBL TR Slbliat dp EOBE o 1

nof exhi bit si%nificant contractile forces to '
cells/cm™ and most preferably at about 6.6 x 10° cells/cm” (cells per square centimeter arca of
the surface). Cultures are cultured in growth medium to establish the culture and are cultured
to between about 80% to 100% confluence at which time they are induced chemically by
changing the medium to matrix production medium in order to upregulate the synthesis and
secretion of extracellular matrix. In an alternate method, cells are seeded directly in
production media to eliminate the need to change from the basic media to the production

media but it is a method that requires higher seeding densities.

[0095] During the culture, fibroblasts organize the secreted matrix molecules to form
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cause the formng cell-matrix construct to contract
and peel itself fromthe culture substrate. Mdia
wez@hamges are nmade every two to three days w PET/U8BET063301
matri x production nmediumand with tinme, the secreted
trix. increas in thickness and. organization. Th
a thre?ﬁ%@ﬁ%@@@%%ﬂawﬁﬁ%wﬂwgsﬁ%fgo %Ptc?éﬁlibltﬁg&nﬂ iGNt esdiaptil forces to
dependent on the ability of the initial seeding
cause dleniorming acHamatek consfiyet tordeatragiendpeel figelé &om thi gelturg gebstrate.
the ability of the cell line to synthesize and secrete
Mediaretchanxges Weanadadvieyy fwar toghbicee thgs woln &tshumbsixgfroddvgion medium and
i nvention have bul k thickness due to the fibrous

with tB&, thXscRfdsia edixand et anthZRcR¥nd BRa6RkliSH. TREYmahEeessary
not ordinary confluent or overly contluent cel

r | . 3 .
for crElink W GER HIRL ol oGS deerdBit it AARE) o AENEASRLAR, donsity.
hesi.ve tissue-l.ike propert..es [ .ordin )
the oy el Bt S, RO by b Pl R i enggsccrete
tearing or cracking, with routine handling in a
matrixy| Whiep fullysformedghe ¢anstrpgs phthe imentignhye tal%emlq@f:@diue to the
dermal construct, the cells will forman organi zed
fibrouyematiix peadocerchndhregaetoddy the cellsethew late mailotdingy sanfleang or overly
preferably at |east about 30 mcrons in thickness or
confludar &sll subtuecspriefethalkkls hay be tvsahadherbft to @achbmbiér. IAQ fibrous
m crons thick across the surface of the nenbrane;

qualitg %Y‘(%M o conbir DR Ge NRNE-HREPRoRIMBIARRE bRiBXF 8818ur&f because
O mcrons and are suitable for use in testihg or

..Ni | i Lons,..wher ter.thi 1esses ;. .
they i et SRR O o P L & R SN BOREE R Petinical
. epjthelial cell.layer is applied to one surface, .
Se“m%r%‘rtgf: SR oo ol derarleonsiihg NS EritsaE (B pp graanized

cell-matrix construct. To the cell-matrix construct, '
matriegioppéihicgisclyes oxthewyll seltye sudercamefcrablt aidengt atont ddmigrens in

forma nultilayer tissue construct. In the nost
thickneseéremoredmoet froftrabte batthicamalytue §0 teabione 42F momvskthitkacmss the

grown on the cell construct to forma skin construct.

surfadedf B @EmPFaat SHovest el FIEEIchRE heve Keh BBRIncARh tR&ss 8f 120 microns
cells, also termed corneal keratinocytes, may be

and aSEHR e A SO t%ﬁtlirig'd'f%tlihlcﬂ @P%ﬁdﬁg e f@F Bt AiPGRses are

construct. Epitheldal cel romthe orgl cosa nay
neamge grown on the cell-matrix construct to forma

onstruct of oral nucosa. Epithelial cells from

esophagus nmay be seededon the cell-nmatrix construct to
[00964 or m a%%ﬁm Dreterend rag %é@@aﬁh@a&% 2y iy élﬁﬁq’ceﬁé‘l) pag surface,

cells from
preferably the top, upwardly facing surface of the cell-matrix construct. To the cell-matrix

construct, epithelial cells may be seeded and cultured thereon to form a multilayer tissue
construct. In the most preferred method, keratinocytes derived from skin are grown on the
cell construct to form a skin construct. In other preferred embodiments, corneal epithelial
cells, also termed corneal keratinocytes, may be seeded on the cell-matrix construct to form a
corneal construct. Epithelial cells from the oral mucosa may be grown on the cell-matrix

construct to form a construct of oral mucosa. Epithelial cells from esophagus may be seeded
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the urogenital tract may be seeded on the cell-matrix
construct to forma construct of uroepithelium O her
w@edorao3sbs epi thelial origin may be sel ected torP¢DUR2087/063301
construct of tissue fron1mhich those cells were
derived. [0097 t hods for ovi epi de Ils
on the G5 & FRNSTE{Sh Y 5P & CoREThRL 98 aaeglrtl ¥ m@mﬂ@%@L?eﬂs from
i ncl udi ng i nduction of differentiation and
the ureganifef frechmagrbetsecdedrom the erli-metrarmonstrend tk Brad ¢rostyecs of
| ayer are known in the art and are described in U S.
urocpPatlami. Qlther B¢l81? el tabofRan emtydsiseleeted ad forandcanstribtSf tissue
Patent No. 5,536,656 to Kenp, et al., the contents of

from Whice h@E Relldw ereRRFiaéed herein by reference in their
entirety. Typically to performthe epidermalization of

[0097? he ce :I\Jlletﬁ'@cfs fbipr%@ﬁﬁ{%f éd%&erm%ﬁée’l‘l% L Q1R ‘Eiert&@ﬁ ﬁ%sﬁat%eﬁﬁﬂﬂfﬁﬁds for

he ce matri x const and cul tur ereon unti
. the la bout e..to three cell. hi ck
their yffieg. Bkt Shafrriuitod cpd Somin BHEAT fory atddffefenﬂated
forma nultlla er epiderms and_are then induced

keratipgyi Ryerase kmw H e pppdreteagihed ip 60D d]atans Nope. 712 163 to

met hod of formng a differentiated epidermal |ayer,
Parengaboatlat. ené th Ker. Ruienoligt 58366 todkan, fet almthheontaits of which are
stock and their cell nunbers are expanded. Wen an

incorpiefted haehn byurbeencefin el catifvy eThsdenlyobtpaifoed thet dpgdermnkzation
rel eased fromthe culture substrate, suspended,

of the%@HHﬁzﬁgx cdidnube deanfodyieNrs §E&H ol tRe ERNaRR &iﬂﬁtfr% %n@Eultured
he cell-matrix constfuct at a density between about

thereo%‘ lé]gl)f th]eq%g/e? Jf ug ﬁ&a 11%9 %Mﬁ)la er?dﬁlc ?Pg %&J nﬁﬂ%cg%agggd%gn

05.cel | s/cng, rref erably at about 4.
inducgd pAffrRRiSs oo el PRceis el ¢ den RLGRALLe PRy ©
bet ween about 60 to about 90 mnutes at 37 1 C, 10%

form getratemaPIMeW: he keratinocytes to attach. After the
i ncubation, the constructs are subnerged in

[0098¢pi der mthczatthahoifiedninga differentiacd ofiflermiad tyet, snlgtubtuci
time in culture, the keratinocytes proliferate and

keratifgdy@athré QkEOFomAhe 88lf ti&nindMEie Ly BimB&E @SexpMled. When an
cell-matri x construct. Once confluent, the cell nedia

neces§a9§ A BLd e%??%%gﬁgbtta&eg ' tﬁ%&% %lb@stefi %Pg@ Uik Qubstrate,

I nduce ce ferentiation en a nu
suspetécﬁeél ?%eugllt fi{h{eljts 1[1(2516%1 Saegiﬁ{f Itqf %16 t éjugfarce %‘ﬁ call rna iy USfruct at
a denslltr;ltbeegveae% about 4.5 x 10° cells/cm” to about 5.0 x 10° cells/cm®, more preferably
between about 1.0 x 10 cells/cm” to about 1.0 x 10° cells/cm?, and most preferably at about
4.5 x 10" cells/cm®. The constructs are then incubated for between about 60 to about 90
minutes at 37+ IOC, 10% CO, to allow the keratinocytes to attach. After the incubation, the
constructs are submerged in epidermalization medium. After a sufficient length of time in
culture, the keratinocytes proliferate and spread to form a confluent monolayer across the

cell-matrix construct. Once confluent, the cell media formulation is changed to

differentiation medium to induce cell differentiation. When a multilayer epithelium has
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For the differentiation and cornif cation of
kerati nocytes, the cells are exposed to a dry or |ow
woewordosys air-1iquid interface. A dry or | ow heot/us1097/063301
interface can be characterized as trying to duplicate
W i St re | evel s of skin. Wth tine, T
fomeée?ogm AR gty 1S, Kpidead (Rl > drpusbRLbE Al-ligig interface.
ot her features found in native skin when exposed to
For the deidercatntion and nernifiooopf keratmasyicaribel cellsae cxnoned to a dry or low
system for the production of a cell-matrix construct
humidigyaibBquid édeifacet Redfyan ey ihomidify mtaticaeal bednrsdatarcad as trying
The corneal epithelial cells can be derived froma

to duplRhic@hy 10 mBBHFRIdvVER of GkhC §Fith (HE, l&rr@cﬁ%%fd@ﬁiw@lﬂ) biﬂ}edsln%st or all
cell is a rabbit or human corneal eplthe cell

kerat1ﬁ§ Qx{cﬂﬁﬁer fjéﬁ{naers lERavh %zltlﬂﬂ%kgﬁfe r% d rcgﬁé'ﬁhons.

erati nocyte ITH e use

erati noc h as tho ved fromthe sclera
10099 o1 e AR b T3y ?Redg%ono?fh aefﬁ?aa?twonstmct
may be substituted, but corneal keratinocytes ar
may bﬁrle%matbf éormation pia pRIMAR FORKFuCE oF iR Frgneal eRjfhelal Cells can be
construct, the nmediumis renoved fromthe culture
derivddrisana V(atiehytOé inrnergalidnesousics. - Hipt prickerisd epitheled yelbhima rabplgt or
surround. Normal rabbit corneal epithelial cells are
humaexpabslegithélal s¢lbeoticdr lsratinogpe) butzeg ridnmelimv@ridakeratinocyte
fromthe cultures substrate, suspended in culture

may b@%ﬂéd‘ ptHP gplﬁl%ﬁgl%l‘&ﬂlOE%S Qlchtabend¥® Hptﬁ@e'alefr&ﬁ t& ééfe@%du)’er

bet ween about 7.2 x 104" to about 1.4 x 105 cells/c

white Egg% ;?%t:ljd’rnlj %g ﬁnreggy% ok gglrde#{mg:ﬂﬁ? &&%E%tlﬁaggfquﬁ%%@ke&ﬁmcytes
| I t ttach. Af h
are PGS bge GEtod SeerB e sl sl e CerHe & o kfrom
1& (Johnson et al., 1992.) The epithelial cells are
the cudtyre inpesti(canteining the celbimatmneqrisirueid Ard Hystrauad ¢ Dpapalgrabbit

with the epithelial cells. Conpleteness of epithelial
corncglmpehe i celbnasexpscled tved subdulbyre,arypamizet yo afmovetthao $rom the
for illustration by staining the culture with a

culturSOsubbiras, Sﬁgﬁ)dﬂub@llﬂlﬂt@réﬁﬂk&lﬁﬁﬁ afld Jecd€d S0RpioT tRhAsRAbAKE at a
buffered saline). Once the cell-matrix construct is

densng%%%e%g abélflttﬁ X‘E}@‘pfo%'o {.@ Ixyl()s @é’l& glsh ctoﬁﬁructs are then
err e t

onstructs are aseptically trans 0 new

1ncub%§%lt %t%ﬂm{lg%ﬁbl\‘é\%ateﬁé I‘&IOIEI';S EF %7 1% Z\}g% /n’ébn %q)aﬂf ﬁle epithelial

surface of the construct to maintain moi st interface

cells tpjattadut ABergneubstion thf canieeqss @Wéﬂb@l@rgleéyreﬁonwwel\/lamtenance
constructs are incubated at 37 1 C, 10% CO, and

Medign ¢@VaV) (Jblamsob6@P4al., 1992.) The epithelial cells are cultured until the cell-matrix

construct is covered with the epithelial cells. Completeness of epithelial coverage can be
ascertained by a variety of methods, for illustration by staining the culture with a solution of
Nile Blue sulfate (1:10,000 in phosphate buffered saline). Once the cell-matrix construct is
covered, after approximately seven days, the constructs are aseptically transferred to new
culturing trays with sufficient cornea maintenance medium (CMM) to achieve a fluid level

just to the surface of the construct to maintain a moist interface without submersion of the

28



humdity, with the CvW] nmaki ng nedi a changes, as
necessary, typically, three tines per week. [00100]
wao-e007tbasedli f f erenti ati on, but not the cornifi ceaT/O82007/063301
the epithelial cell Iayer as necessary in the
production of a corneal construct, the epithelia [
epltheélalr lyere Tihs cenyipistsarre cubaied 4374 F G 19/6i (04 Ang glfea@éthan 60%
Met hods for providing a noist air-liquid interface are
humidieys sithilee CMMUngkinPatedit chiNoges5a3tc B4y, typidedy gthteedimes per
As used herein, the term"noist interface" is intended
weekt 0o mean a culture environnent which is regulated so
that the surface of the construct is noist, with high
[OOlOEE_m di Yy thkégitlff&eﬁtlﬂlfoﬁ %Wﬁ@%ﬁﬂl@ﬁcatlgﬁ Bf ﬁféae%hhél?ﬂ gdil fégler as
i sture an ty In the culture enV|ro ment is
neces%ar}gnm tlilF Jra (@18&%11 ?éa carg ?aggé’l | g the Fhseuefé)f Cl%a? 8%1 gur?%g 1S %posed toa
npi st .interface can be characterized as tr .
mmst&upquue%tnéer&% Mgh %?%&RJP@ ding el Audiith hcee% described in
[00101] In an alternate preferred enbodi nent, a '
U.S. RogandiiNog S 377421 & ecBareintaaut. rﬁ&uq@délémm,rﬂge feun[“mewsy ijerface” is
performed on a first formed cell-matrix construct to
intendebtt@ineam a chitwk envic@lnhentathidhxis cepuddt¢diet thatrthasdrtdcay€the construct
cell-matrix construct. The second seedi ng can be

is rnoﬁ? wlﬂlrrﬁgld hithaidityt B8 nR8E F8UbmbdRE Phe StdcRicRelr Mbibthredand
fferent cell "type or "strain, depending on the

hurm(ﬁﬁ/slh rtl?éjcdlﬁ'?é’lé: I‘OIHI%H‘leg% p&t?cﬁ? %Hﬂg Sljlogtllcpﬁé &%91%9%;%‘3%& and

sane condi tions enp oyl ng’'the procedures a
n .t he oduc

humid Pyypid %gd“%%ﬂﬁgf SROICTIcHRS o kit Pt s PRl el as

seeding with a different cell type is to have a matrix
tryingstg dirplicaig similar mpstpicvakofithe lnpwdciyent profiles or

matri x packing density to affect wound heal i ng when
[00108he colsan aledrnits prpferfedeanticalimenpat seeding oflascéandghatosiproducing

seedi ng produces a matrix anal ogous to the reticul ar

cell magpehedbroftel ¢ Sfirsdfoibice celensehy cqrakado bByar a BifickEy p&l-hatrix
col |l agen and constituent extracellular matrix

const@ RGN St ceﬁhﬁaﬁ%%ﬁ%&?l thé?e‘égﬂld"&eﬂﬁ’i Icgn Bé %gt’f&%%damth the

matrix simlar to t e papillary |ayer

acterlzed by, $er,Collagen fibri
same cerl? <ar i;tr 1 o1 W t%lr erﬁ\n eLl t roerssu U d%pepa1 Ngon tl(l)en ccilesured result.

cel | pe nmay oduce a therape(ﬁlc sub tanc t hat
The S%&?E}fiée%’ll Sé’Flffg‘@E e AR GONGTY ST IPYIRY BraHosAres and
take or graft integration or the n1n|n1zat|on or
matrix production medium used in the production of the first layer. One result in performing
the second seeding with a different cell type is to have a matrix formed with different matrix
component profiles or matrix packing density to affect wound healing when the construct is
grafted to a patient. The first cell seeding produces a matrix analogous to the reticular layer
of dermis, a more densely packed layer of Type I collagen and constituent extracellular
matrix components. The second cell seeding would produces a matrix similar to the papillary

layer of dermis characterized by looser collagen fibrils and extracellular matrix. Another

result is the second cell type may produce a therapeutic substance that would also affect
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prevention of scar formation. [00102] In another
preferred enbodi nent, m xed cell popul ations of two or
worerog/1e38b3 t ypes may be cul tured together duriPQI/UE®07/063301

formation of a cell-matrix construct provided that at
| east one of .the cell .types usgd is capable of. . .

woungd WW&WM@ iraRio S e Egrom el icerayiat %féh%ﬂ]am@éﬁtwn or
type may be one needed to performother tissue

preveptigicefi sefrsfopnatias. devel op particul ar structural features
of the tissue construct. For instance, in the

[0010Rt oducin emvtldr pacfekedicrabod nenic nixdlesehiglopplapohd & teeldr snore cell
or epithelial cells fromadnexas may be cultured with

types 2§ BARLIHINA kOBl AGrigEthe Folnutidh 0P W cbil@ndt9x B&iskadk @bvided that
epi thelial appendages or their conponents. Epi dernal

w1 SRE DRSS RID, B0 YR U SERCRETN Bt i cons
conmponents may formwhen.cul.t ured t.oget her, wiith the
col o E R g AR IAg BRSOt Ui G 1S oy ot Culr
derived fromthe appendageal structures of gland and
structyg] featugesafdbe fissug é@ﬁtrg@tr 0§ INSEARER 11&§hedyoductlon of a skin construct,
m crodi ssection, and include eccrine cells, '
dermatpapifh celéd araipitbdlal s¢llsgramddicars seg betcoltyred elithghe hairrx-
follicle stemcells. OQther cell types normally found
produtigskilatotdiiaty 0o figtativh of sKihaliaeyppaddageds thcid esnpatehtsas
nmel anocyt es, Langerhans cells, and Merkel cells.

Epidefthfl dp?éﬁdégesvﬁéﬁ Wb dhef e %ﬂﬂ_@édu@{gla‘i@ls{rﬁctﬁﬁ oP8omponents or hair
co-cultured to produce rudi nentary conponents for new

. i i no y . L .
fotcl{ LS U b PRl o LRl g Hob Fdducing
ed fqr reconstructive surgery.. As alternat e .
cells. 3%%%@%?6@% TP DG AEEYHEPTE 19 PPPisieSyl RuEuTs oF &%g i hir
| ocally seeded as a spot or as an arrangenent of any
locatedirrdesp dsrmisponch asfoyeicraslissection. siidiingladacqcsinaicells, sryocpithelial
conpletely forned cell-tissue matrix for |ocalized

cells, dbuédtlapsrerstorgfcellh bsie falticlastenr edls. Tohaeel tydee noahdlly found in
within the cell-matrix construct, the cells may be

skin thdjcBadti@gte Bieh WegalidTs: ddoed sith RahEIMDCHE f1am@sshatid édisand
the cell-matrix, for the cells to grow, form

Merk?l%ﬁé.?éihﬁﬁﬂ ?&&&g&#&%m@ﬁa d%ﬁF Bﬁg%gbfchrtm%e%& igl%'dh&ed
uncti on. Tg produce a t hree- ayere t1ssue construct,
. a first seedi of cell.s copprising mat i x- pr,oduci
rudimgey GG 2ot 15 VRV P BBt o DePY i S b culfirea
. Eeeded on theculiure substrate for a tine sufficient
with themaprggproducing e¢lfs-tadei & consHyehured fosrecpnsisnqtive sykgery. As

alternate(ineode of delivery of this second cell type, the cells may locally seeded as a spot or as
an arrangement of any number of spots of cells on or within a forming or completely formed
cell-tissue matrix for localized development of these structures. To seed the cells within the
cell-matrix construct, the cells may be injected between the top and bottom surfaces, within
the cell-matrix, for the cells to grow, form specialized structures and perform their
specialized function. To produce a three-layered tissue construct, a first seeding of cells

comprising a matrix-producing cell type or a non-matrix-producing cell type is seeded on the
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the first cell-matrix construct or cell layer is
fornmed, a second seeding of cells conprising a
woraiorite3sps oduci ng cell type is seeded on the tBEI/US2007/063301
surface of the first cell-matrix construct or cel
| ayer an cultur1g.for a tinme under conditions
culturg S8 pirafeelft & ey FiFpicnt SoRAETCEFal AR OB PF el per. Once
the first construct. On the second cell-matrix o
the firsiogpdltmnafeix coastrust pricadldavkirngfosmed, & sgronsl seeding of pellsicomprising a
seeded and cultured under sufficient conditions to
matrixppoduciag ichié tytpkiis sbelead/@r theAsp aunfaex afifhledirsttoellpnadu censtruct or
three-l ayer corneal construct, the cell of the first

cell 12§81 dirdt SRGrdIERYr PEmE ANBE RaMitiohs QIFEehEbifeim 85é@ha ceolbuilrix
as corneal endothelial cells; the second cell type may

constfn@f & 'ﬂh? ?ﬁﬁ%bhﬁmﬁ. &R ﬂg&ﬁsggé%aeceﬁli-rﬁétg& chHtﬂftc)[} ’61 éﬁfrﬂg )E;eeaﬁlg of a third

cornea eratocytes; e thir

conprise cells of epitheli.al ori.gin, such as cornea
cell oY e 4 iBealBsih BndifpPeogrS ol iigr Asan
construct of skin, the cell of the first seedi hg nmay
examplg, t9reduse a thiec-tycHFNed) CPRBRCH Ehecshnd Mgt ¢di-type may be
vascul ari zation, the cells of the second seedi ng may
compuspdmficgdottidraiatighi kbuchish asinsaltanddichalaelsithe seaomd sell type may
construct to serve as a dermal construct, and the
compai&d desls of cariectivi tissusetdhn@chay cics rehedcirids; and the third cell type
keratinocytes to forman epidernal |ayer. [00103]
may chhPPNE cARBEhHIER] Sigih N&ich BY 88hEARp RN aPEIRT As8Rofer cxample
cryogeni c tenperatures when vitrification or
of a L PRECRE Y0P Bki tthlé] %Sﬁ ofthE FFIRCQN dfna S H? 9 Scuf3f origin to
¥ f
VITrPEi Cati on Cof 11 9SUé Constructs ar e Uescribed I
.U.S. Patent. No. 5,518,878 a t hods for . .
provi; SPapoasw? oot @ik OB T e Sadiagragsgmprise dermal
5,689, 961 and 5, 891,617 and in International PCT
fibrobigsg todewn & aelamatsy copptract to havel pse Hespl eensguciwid e gelds of the
i ncorporated herein by reference. C. Culture tissue
third scodiag maytts cpatrpmaldienginacytes tonfoxh un epoitrmaldglek.agen
solution with a contractile agent [00104] In another
[00108Trbodi MaRtie EdnstriEts of Méemidn€on cdtBe Golct Ut 8Fofdrestétnperatures
constructs conprise a a gel mxture conprising a

when %Ehhé&% ot@ ké&@rv@ﬁgn fchRal El%c‘e?ﬂ.sdl a9 thoisqgllgiﬁ]iﬁcation of

I's cultured tissue construct roduce y form ng
. a hydrated,cal.lagenlatiice, i iotd-Q,.  as q%S l.osed in
tissue SN P (R Y SRR B apEinhB R BT o ' by
cryopreservation are described in U.S. Patent Nos. 5,689,961 and 5,891,617 and in

International PCT Application WO 96/24018, the disclosures of which are incorporated

herein by reference.

C: Culture tissue constructs comprising a gel mixture of a collagen solution with a
contractile agent

[00104] In another embodiment of this invention, the cultured tissue constructs
comprise a a gel mixture comprising a collagen solution and a contractile agent.

[00105] This cultured tissue construct is produced by forming a hydrated collagen
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reference inits entirety. This lattice is contracted
into a cultured tissue construct with a contractile

wa@@ntoisetor porated in it. Exanpl es of contrace¢T/852007/063301
agents are fibroblast cells and bl ood platel ets.

. [00106] A .skin-equival ent c rodyced fromighis

latticq, i1, YiHg: ot iy Uitieht st ﬁ?@%@eﬁwﬁ?ﬁpﬂ@te& herein by

keratinocyte cells on it and providing for their '
referegecoiitits, enfirsity ki hatbepuis wamteseted igtomeuiyeddytisgid eanspgt with a

fromthe previously described artificial skins because
contrdctik dpast iacapgatidzatt. Bramples okenthetile aferakan fibnabladt sells and

living constituent cells may even be donated by a
bloodRRdteletsi al graft recipient. [00107] G and/organ

equi valents or small vessel equivalents can be forned

omt he.c . . i . .

100104 O § B AP B R E RO TR o f8ing spue subsirac
the cultured tjssue construct oduced . accordi ng to :

by pIqE KSR seflsPrErmd Hav el it ey ShG Rl ngis

. tissue, gland and organ equival ents of many types and . .

umunlb,{rﬁ’éﬁf‘i’féﬁtsﬁo%ﬁléﬁ’npféﬂle}laﬁId%??l“?emlﬁé%ﬁkl%bﬁfcélé?rq1 gl Oagrdpization
stored as inventory until a need to enploy them

is likegthited'skin20d 1B divirgnenetftueiitechniney caahvizdagted byfa miettial graft
cultured tissue constructs is that they can be

recipiedtpl oyed in a host other than the donor of the cells
used to produce the cultured tissue constructs w thout

[00103Yf f er Qighd/dem EdBva&Tts Sksn Al RRLETBuiRhIchRIcES bé RMM oM the
m ght be expected. This is because sel ecti on agai nst

I ' L i on by a recipient's
COn“%%%ﬁﬁg£§§£§£%?%g@g§%%F%§é8§%%%&Phe cells used for the
brication of .the |jvi tissye are propagated .
100108F 0or iyt SCom R iR s o e aptced pocording to
. cells lose their ability to stinmulate rejection when
this inyeetiey eféer thapatprind ef pigducing living dissuce glaad Andoigan eqwrslents of
according to recent research reports. [001 10]
many Iyt ahe incobhsa§ech ¢qitalgesmep nvdrebepliabpeat@tareingpdroy ksgrventory
col l agen derived fromrat tail tendon and cal fskin

until £@dcdagemplotthen asigssr ces of col I agen incl uding human
fetal skin have been enployed, and still other sources

00109, RSB B 0y 6 ol S S8 ik oy con
be ernIL) otyteh $ita hét %tﬂte? {hrarl?l(iihebé{on%g gf 19 cells used to produce the cultured tissue
constructs without suffering from the serious problems of rejection which might be expected.
This is because selection against cells responsible for rejection by a recipient's immune
system takes place when the cells used for the fabrication of the living tissue are propagated
according to this invention. In addition, certain cells lose their ability to stimulate rejection
when preserved in tissue culture under certain conditions according to recent research reports.
[00110] Hydrated collagen lattices can be prepared employing collagen derived from

rat tail tendon and calf skin collagen. Other sources of collagen including human fetal skin

have been employed, and still other sources would be suitable. Solutions of collagen are
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fibroblast cells with nutrient nedium and base which
rai ses the pH sufficiently to precipitate coll agen
wo 2aw7i1b3s63 r om sol uti on. Preparati on of hydrat eBCT/US2007/063301
collagen lattices is described in nore detail in the
faol l refer t he teac |n s. of. which ar :
prepayeq g &aﬂn%f@adﬂ Tahegitbraciic gp ; Lytticeyige EHFHS by adding
"Col | agen Substrata For Studles Cn Cel | Behavi or, J
fibrobgzst pellsjvoth mgaentgnali@gs and baseoyhiclErpisea tie, p}ﬂqsuﬁf_“lcwaﬂjd tqy)empltate
G 0., "The Gowmh of Cells on A Transparent GCel of
collagRe d:"lbﬁiﬁ firdr tseld ti&ka t Rrdjeardtiddad flhggened’ collagenNattices Saleseibed in more
Inst., 16, 1375-1403 (1956); Emermann, J . T. and

detail fh HR fKH@wﬂﬁg ré¥erencéd ¥R Bthinksk be Ghichie iﬂ@bfp@?ﬁ%d Y Rferamnd:
Secreted Casein in Cultures of Muse Mammary

e PR il £y B0 Sgating; Sdagsrc oggﬁan&s 7 Ll Biol. 34,
626- ﬁkfb‘ﬁﬁf&lﬁmﬁ i “ﬂﬁ%—‘éﬁ%@l 9- efésst P%?FF EEI gl H5pargnt Gel

(1 ) and Ban

of Re@nsguted%@lﬁr%g@, hWtbpa@ﬁréR%n if; Wébh“&ét(!s%@.;gﬁmmanm
Col | agen Substrate,” Exp. Cell Res., 84, 63-71 (1974);

J. T. sad Piteikal PsR., WoDnorah & ffBetn dp Iitracgllylat aiveSccudted Gastcirom @fltures
Human Enbryonic Liver Cells,"” Exp. Cell Res., 26, 9-36

of Mdu3®®Rmmdr) Ehithdljal Eictis ob Fagiting €lolisgeacVb@blayicd)’s BdVito, 1 B3 16-
experinments described herein as a contractil e agent

328 (I’WW? M%H@l@p&%@ss 3] ani PR&StOPI' as t"ﬁnﬁﬁﬂz G df Ph&néiﬁz‘h[@hver
br'obl asts. Fi brobl asts fron1other sour ces have "al so

I hat kb
Cells ?Ir? Cldﬁg%‘n 1\%”8?%56 A'SE d‘e?l {5,{’78 @8@&975)f ey, G 6%%%?1&%\4

Ver rate nlwa Sui

Foardy B S B o o TR BTN ol ks T pesbl e en'ﬁfﬁ%@ﬂ

plating cells therein involves neutraI|Z|ng an acidic

Substtaéq T By riCodldR epi8dno3rdil it Hitheardithllis, ¥ ané BandF. |-+ Hhe
nutrient nmedium containing fibroblast cells. Upon

Cultivagat pAHumat iEorhryaot Lage €cfls, bExp SCar e, 6t 9436 (19@ t he
solution to formthe lattice with fibroblast cells

[0011hprogeraauslht cdilsatiagdistd T @t Bk uhontsTi8cEiRld R rands a
collagen lattice are then maintained under conditions

contrallCfb e \!\J@g hiRn $5elidn W8 rdbidsBCHhdoRided I%é%i@é%ﬁgﬁﬁroblasts.

attice and to contract It to a fract
nal

Fibro @B B SR S P i et Oty o rgbtass
from allnrglt \%ﬁggg{eaén?rglafvglolllﬁ%e sulltefabtlet Ifo(l:r %gnt%aaclérslg %yctirated collagen lattices. A
convenient technique for simultaneously forming the lattice and plating cells therein involves
neutralizing an acidic collagen solution maintained in a culture dish with nutrient medium
containing fibroblast cells. Upon neutralization, collagen fibrils precipitate from the solution
to form the lattice with fibroblast cells homogeneously dispersed therethrough. The cells and
collagen lattice are then maintained under conditions which allow the cells to attach to the

collagen lattice and to contract it to a fraction of its original size, thereby providing the living

tissue.
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|attices to contract as trapped water was squeezed
out. If the surface on which the lattice was forned is
woenwmessabl e, e.g., a hydrophobic plate, the PEFUS100TI063301
tissue is of regular geonetry. Cn tissue culture
ates, sone cells e fr | at to th
[001 181 ate SUf f%ea)oaﬁwn&?ﬁ?q@%%%t Tt rgisd f(?c@gel? latip causes the
al ways regul ar. When a non-wettabl e surface, such as a
latticas de ptrast esdrapard peter wap batcszqdsoutisiéthe sunface en whish the lattice was
remains nearly a perfect disc as its radius is
formedecn@asetatidy, cddiea bylrbshobkd filatebtha s¢suttalgltsswrie of cagnthr geometry.
honogeneously di spersed t hroughout collagen lattices

On tisgidlclRire PRIcS] BnieRRNs hligratedtdrh E@RSlattb kS Be Platd Rirface and
simul ates, then, the dermal |ayer of humans and ot her

contraﬁﬁ f the lzgtggeil]ls]n%l alm { l% uﬁps\@ &Pa HI)n %Fhﬁe sart (ﬁet §RE as a

go no C ange In ra I US. or exanpl e I oned

b 1x1 06 human r
bactef?ﬁs%%? T DRSS w53, e B8 sy Brafbi oot itdimradius s
caused no contraction when no cells were present. [001
decreaseq bt goilét ed col | agen lattices with cells resenble
the skin or derms; even when partially contracted,
Fibroblhgty choare fowrdomaigencauishyslispesned yhranghovapolbgen bdtatics ynd not
handl ed. Wien first made up with cells, the lattices
merel@upothensiticés antoarkit sibtulatey; aduaht Metned tiyer oPlachehsasd other
water i s excluded and the dianeter reduced. After a
mamm8s 30-fold decrease in lattice area, they have a firm
rubbery consistency, a whitish pink tint, and can be

001155021 SR RRETHORF ML BN, BRI APPIBE BB sk oxampe,

01 1 di anet er
det rmped b

condift g @n@ﬁé’%m@ng‘i?@vﬁ@ ]%lx&Bn%@g ef%gslk%h;gﬁrpﬂlépt cells ¥or five days

contraction is an arbitrary nmeasure, but is related to
in nutgent) meflivip spuseA @oseBE Edtion FYise @ntcels Were. PIEot 16]
Al t hough nost contracted hydrated coll agen lattices
[0011Khve be€entrigcdredlagen bitges svithattHeresehblpelse gkam obéermis; even when
formed. Tubes, for exanple, can be formed by form ng

partiatl{ @oeRitddatice tat@chicheble Rofistedtyindlcafi®é ebady h@nddédWehen first
of skin mght be prepared in an appropriatenol d.

made up with cells, the lattices are almost transparent but gradually become opaque as water

is excluded and the diameter reduced. After a 20-30-fold decrease in lattice area, they have a

firm rubbery consistency, a whitish pink tint, and can be stretched somewhat without being

torn or deformed.

[00115] The initial diameter of a lattice is determined by the quantity of materials used

and by the plate on which it is formed. Thus, maximal contraction is an arbitrary measure, but

is related to cell number and protein concentration.

[00116] Although most contracted hydrated collagen lattices have been formed as

sheets, other shapes can be formed. Tubes, for example, can be formed by forming the

contracted lattice in an annular mold, or a glove of skin might be prepared in an appropriate
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[001 17] Human skin keratinocytes, obtained in
bi opsi es, have been deposited on contracted hydrated
waeodoragses | atti ces. The sane has been done w t PCT/US2007/063301
keratinocytes cultivated in vitro. Plating of
kerati nocytes can be done at the tine the matrix ge
forns, at any tinme during the period of contraction of
the lattice, or any tinme after contraction has been
[0011¢bnpl etlenanakinhiatatineerties. diiainagfin dronsicathiang bews¢roasitagron
of dissociated keratinocytes, the cells forned a
contravaf Hydened ¢dipgen atticeh d'Heatine hes baonfdaae wathcketdtmopytocadsvated
of keratinization begins |eading to the formation of a

in VltI@oPﬁtlﬁg eflkdrayicytoh cahb @ttt Blcautdthel rRfsix @l folfi$ Weany time
luids. [001 18] There are other cellular contractile

durm%ﬂl%rbteﬁod bfc cﬁl‘?&btl%r%‘f tfw? Lty &beirﬁrﬁ dm& Qﬂtérscon@{ﬁ%‘lag htag‘ﬁée%

re SI’TDOt muscli e ce stri nmuscle cell's and

compg:geﬁI mg{f@ ﬁ]é ﬁg{}%l%t%i}gsslug %1%12)%1% Iggglsgogﬁtt [ fES It?nnoc es, %Fhe cells
pl at el ets converts the cqllagen lattice into a tissue

fomeéqlmovﬂp%lﬁﬂaY@f op ghedgftige pyrfage @Hd thermgpecss of kapfgipation begins
conpared to that of the collagen lattice cast w thout

leading te dhret floarotidneofagpemifiegvrgar Which vaudd prgivertt doss off tisnud dluids.
100% rel ative humdity conditions. Cast w thout a

[00118DPNt r adhtdcair@gdot celluhe comttdcaeipch®i] hiadeitidoaso ibroblast cells.
consistency sinmlar to fresh gelatine and falls apart

Amox%f{h&%rh‘{ié érﬁ&oth bt ce8s, SRNRtddaRtRE RYis Bh@h&IEhasE cdR! | s
can be handl ed, stretched and sutured w thout danage.

[001 lgg 012 O]La‘;E %n %H%t%ﬁg{l %ﬂ%tcgnQ&%%% ggeeﬂt §u%ﬁta§ ?ibp&f)tlast cells or ghatelets
convegiy thﬁpqoilﬁg%l“ i e 'e? ﬁlaﬁrslglhteas@: Frepgh

di ameter dish and contracted to about 2 cmin dianeter
compiypd £9 thabeyi the coltagien datticangst widlipus a Sopfractike gaspt, when foth are
Anot her lattice also of 5 m volune in a 5.3 cm
maintdinedrender 100%relatise bontditacbrditibno Mast wighoght coftra@tiR3agent, the
to one of 0.09 cmwi th no change of dianeter, by

collageh ddtetEla a dAdseHEPEmiletoYlesh palatind &d fhls Bﬂ)d’ﬂﬂérﬁﬁandlmg Lattices
[00121] It has been noted that tensile strength, and

contra&w?lec{}l (}ﬂ{t}tgf%%rc;r'c%ﬁs cdh e nﬁféa%tlle%e?fa Wrell @Jl@n%g{ &{n?age

I ncl the types and anounts o agen an
r additi

[0012§ﬁ,g|t g?éianm%ﬁgt%\}%b %aggéegﬁ?sg%@ﬂ%%tgr%ﬁ&tng glllekrnaxnnurn welght for a
given ﬁ%?ven‘g@h %gﬁggegwt@%q? d Orbfﬂ%trag%ﬁ %twérftnions gg?fflplsn%damce of 5 ml

volume formed in a 5.3 cm diameter dish and contracted to about 2 cm in diameter by

mold.

fibroblast cells supported 3.5 grams for 7 min. Another lattice also of 5 ml volume in a 5.3
cm diameter dish was contracted from a height of 0.23 cm to one of 0.09 cm with no change
of diameter, by platelets, and supported 11 grams for 10 minutes.

[00121] It has been noted that tensile strength, and other properties, are a function of
many parameters, including the types and amounts of collagen and contractile agent

employed and the other additives employed. The work described herein, for example,
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tensile strength to skin and bl ood vessels, and so it
woul d be expected that the use of type IIl collagen in

wo b@7aadsbagen | attices descri bed herein woul d POTISASB063301
their tensile strength. Sinilarly, the addition of

| ycos ogl ycan h as h uro
empldf 3.09 st Ly ki %8W8Vf‘de¥1ﬁh’t‘>’a?1 ﬂl a?lf‘a@@% Impaisedgitional
found to inprove tensil e strength and water-retention
tensilgyptegnath foeskin gng i veasals, Bhd se & avouddjehexmsctgd that e ysa of type I
streptomyci n and fungi zone can al so be added, if
collagde $n theatpllagendat@eesndes it dlotcdh Wion]‘de'nd:ﬂem.th@f)&ilﬁﬂﬂ strength.
Al t hough nost of the work described herein relates to

SimildrRe tHoAdaBEdnQT gPfcoSdchinBElytaR| fidh as RyalGioAw feed, chondr01t1n 4-sulfate,
keratinocytes on contracted collagen lattices, other

t I
ond dfldart HRER. B Ee PR By Qlenkfly LRREORR TR
cells, pancreatic cells, liver cells, etc. [00124]

p“meég?taln met hods and devi ces have been devel oped to

assist in_casting contracted collagen Jattices into
(00123t 5 ABKIbERY-BE T HEI@IOH HeHEPEHEY R #IbRIgPRGEH 2150 be added.

shapes. Wth fibroblast cells as the contractile
if deswerbha preverg amistobedl mddctewl | agen | attices typically

undergo contraction in all dinensions. However, a
[00128heet wWihsegbmbstestshawerkndscibddteetic esdtea@tth® fdrshation of skin-

the thickness di nmension. [00125] A device suitable for

equ1v51@ﬁ‘t§ 'bFr %E(Wziﬂ? kEﬁﬁn@&&&eJrﬁco%%Qct@@ céIPa%@n [ QB %tﬁé’rec%fl tffes could

stainlfess s any shape. The desired shape
be gro%?n gr‘f ofsﬁﬁéﬁttlcf 5 Egérgl\lﬁle? %]e sﬁﬁ%oglia((:htedgsgn%% ‘%ﬂ?clg Eéeﬂsntzlﬁ‘giﬁdge, bone

rimed off to | eave approxi mately a one-half inch
cells, ﬁFﬁﬁ?wG?H%@§ﬂ“§ MY the shape. This forns a frane of
stainless steel mesh which can be laid into a pan
[00128bat ed Geitein ractheds-andidekicambavieibgen desighdped so Fefst Brcarng
pol ytetrafl uoroet hyl ene, after which the conmponents
contraggelctollagdndrttict hiatd siictts ©f cantmlliablerdndemcseshs avien vatais shapes.
conmponents are poured and the lattice forms, it fills

With fib®blagcesnaas Bfe dohgadil€leniRHBoriseraill e6lldosn Mﬁ&@&ﬁplcally
anchored. As the cellular elenents of the |lattice

undergﬁ tlbﬁ P dﬂhﬂeh DAL PRINES alsh&t %lohea&ﬁgetg LRI Rl F 1>éed

une of t attlce deér eases ecause t

contr&%?gnly n file tinckness dimension.

[00125] A device suitable for constraining the borders can be made from a sheet of
stainless steel mesh of any shape. The desired shape to be cast is cut from the center of the
stainless steel mesh after which the excess of the sheet is trimmed off to leave approximately
a one-half inch border of mesh around the shape. This forms a frame of stainless steel mesh
which can be laid into a pan coated with a non-stick material, such as Teflon.RTM.
polytetrafluoroethylene, after which the components used to form the lattice are introduced.
When the components are poured and the lattice forms, it fills the lacunae of the steel mesh to

which is becomes anchored. As the cellular elements of the lattice compact it by pulling
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hel d fixed, the dinension which is reduced is the
thickness. In the process, the lattice |loses fluid.
WO 0@126I86The speci al advantage of the steel frBOBUS®07/063301
that the final size of the tissue equivalent is
exactly the_size of the si.de di,mensi ons of the frame
togethep @%&i’lﬁwﬂ% yhe Yoleme of £ thedetige e fehrrasss RHbpacreisdhe petimeter is
strength because of the orientation of cells inposed
held fixpds the daensionaviichip redened is thy thipleness. di theepre¢sss, the lattice loses
di mensions of the lattice do not change in wdth or
fluid.1 ength, if it is cast in a rectangular frane, even
after it is cut amay fromthe frame, it is possible to

[ooueﬁpl y e spdvid el vakage QTRRNREY ffahmeskinat 8QUInMBlignéf the tissue
e dermal equi val ent as soon as one day after casting

equlvﬁlgt?t i @)‘iicgg éﬁ@ﬁfe SRY iﬂgﬂie%lﬁl&%‘?ﬁ{s oF Y gy §n(?1§e{r%1&n§rly the lattice

tinme nee to prepare a |neqU|va ent gra rom-ad

acquirdy AR R S B%%P%eﬁﬁh% Sttt R %%g%ﬁvecpn%%mng

restrainin nes As the lattice sets, it hecone
frameg Rt evingerthe fignapsions albthe fatticedp raschingetin aAdthios length, if it i
| ength and width remai n unchanged. Only the thickness
cast ile pacemgeler fiTime, avchiaftear i isdivtrewsy tmmahe fiamet hiscpassibls th epply the
a function of (1) the initial volune of the lattice,
epidefn?y] coimPoal bf skomegut laht to mhadwdimbByquivigent ab ba@er one day after
content. The presence of proteoglycans, such as

castinBYRd 14ftOthGs @al Hhoai féaﬁrth?@{ﬁd([a‘% biMhSHk %‘é@dedrts ?Péptarei dskin-
i'ncreased contracti on and decrease in i ce

equlvéle tt%@ﬁ?r%m ) Qﬁﬁfﬁr‘oé{&gggﬁe rp{elﬁéxﬁ whi ch ho' dS the

ce or deél onto whi ch epi dernma

[1s e seeded n be a i ed |nt t to a wound
100127 E ' KGPERFHS Ot Ffticeican ﬁgaewed 10 B cpfed gt ygpr the
fromthe inside perinmeter of the nesh i mediately or
restragingipa. Pattls latticasets; ihbecopies apehosehindhe mashiscHépipon gpntraction,
maintain the integrity of the graft. [00128] Anot her
the lenghb land gudth acrdaimenh bl ged ity dreghiokhgsh decreasearitiealimagte
epiderm s on the dermal equivalent of skin equivalent

dimerRodRsATtId thkBedsSs @suricdbh 698l tHiRitAe oA thaattRBl(2) the cell
first cast and a plastlc sheet, e.g., Teflon.RTM

conceRBhIrEIHIRB] 018 é:%nil%flt g Bfégéhc%'f ;Ebr??;gﬂaﬁs RE H‘ésshyaluromc

ave een passe OV\?d to rerra regu
scid SR Sl fssw\é FO 3 e Al

afterward,
thickness. The rectang V\IE,I‘ rnesh Wthh holds the lattice or dermal equivalent onto which

epidermal cells are seeded can be applied intact to a wound requiring skin. While in place, it
can be cut away from the inside perimeter of the mesh immediately or at some later time
since its presence could help to maintain the integrity of the graft.

[00128] Another technique and method which are helpful in anchoring epidermis on
the dermal equivalent of skin equivalent preparations is as follows. The dermal equivalent is
first cast and a plastic sheet, e.g., Teflon.RTM. polytetrafluoroethylene, through which needle

points have been passed and allowed to remain in a regular pattern, is laid over the fresh
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casting is seeded with epidermal cells. This results

in the formation of pits into which the epidernal
waeelraoIsbdw t her eby provi di ng greater surface BPONUSN7/063301

betmeen the epiderm s and dermal equivalent. [00129]

licle | apdul ar cells, whic be. i sol at ed
castingp %ﬁiﬁ%ﬁt eeg e e noghls PECRAPY lﬁ%mftwa@@@@at c
Wi th the suspensions of epidermal cells to occupy such
castingjit seedgdypitBopidarmjcells. disantudigen Bic formeationwf pys irite siéch the
descri bed herein is the absence of rejection
epideemd ol Bove thondtsrprovidingegegperesntfacscahtdct betertn theapideheis and
donor of the cells enployed in producing the
dermdl eggiveeRqui val ent. For exanpl e, skin-equivalent grafts
fabricated wwth cells other than those of the graft

[00122EC' PI g llcklfa i 1y Pa? CRITBAGH Qn PRI Mte(hgsz%ﬁ %ngeatlkc)ut

i n-equi val ent gra s nade up as descri Y

aisso TR Fasal el B afged P EE o R phon Syl elfago occuy

mal e Flscher rat hosts and allowed to remain in place
such #ifr vari ous periods. It can be generalized that
equi valent grafts of any kind which are fabricated
[0013G4 t houtA mpet hdvanzagd off theunengiedshs dessabednarcinbs theiabsanse of
in native tissues wll not be rejected since the
rejectteng@miteedl@hen theracip@nt ie sliffursithha the dogsralfthe &jlle einipsyed in
are not expressed on the surfaces of cells

produkfﬂ%%é’@gsﬁé BGuiVAER F&Uéx\éﬁipf‘en bkihlc3iNaRt %Ilaﬁh fab%@%ﬁ‘ %ft"th cells
es it inpossible for the i mune cel t he host

other {h%n%ﬁlg Bf Eﬂ% erﬁ? lfe% p(ﬁ&lt%glfér Row glé] n m%e %) aQ{ﬁﬁqul%sts ?km egulvalent

ace

vvh h
grafts gaadce ggiewfbg%g@%eeb%g eﬁlfo ﬁ%”é ? Cauf%wé% fjps of the

g%glsmg A Col | agen Cel La ered on a Col | agen Ge

Spragpedrsylay stipieoligfsthave fean g@fy@}/ eandle Fisehey raf hqsm agd aliowed o
enbodi nent, al though simlar in both nmethods of

remaipiieplacafor @leim[scpeuisés. tliocantrepenoehpdi thatreguavalentigrafte df any kind
collagen lattice further conprise a |ayer of collagen.

which 20 fab2icatell vithdubetiali@iGanaineEell it @ @BiqlhﬁG@dlnhﬁh% i&ues
cast on an acel lular, hydratedcollagen gel in contact

will n?faﬁ | af%c%rﬁ sitk@ %eearfﬂ@@?ﬁ@ 4elARR AR edpBAEH IS PSR t 0o are not
expressed on the surfaces of cells incorporated into equivalent tissues. Their absence makes it
impossible for the immune cells of the host to sense the foreign cells. This provides an
opportunity to replace or add types of cells, tissue or organs which a recipient needs, because

his own are deficient or absent.

D: Cultured Tissue Constructs Comprising A Collagen Gel Layered on a Collagen Gel:
[00131] The cultured tissue constructs of this embodiment, although similar in both
methods of preparation and use to those comprising a hydrated collagen lattice further
comprise a layer of collagen.

[00132] It has been discovered that a collagen lattice cast on an acellular, hydrated
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| ateral contraction while contracting in the thickness
di nension, thus elimnating the need to anchor the
w@odoragses | attice on, e.g., a stainless steel PCHDB200T/063301
control radial or lateral contraction. By way of an
exanple, a 24 mmdia er collagen lattice cast. as .
collaggh SE PHRBCSEVES RO SR HBET 00 hedomnArgo substantial Bgiah or
contract radially to a diameter of 5 mmor less. In
laterabepmtrpetian whiloepnigrian sidhethickopssaimanyien, thuseligrsatingrihgpeed to
acel lular, hydrated collagen gel in contact wwth a
anchop éreedbien laticben, arg.| & sthinbiss afleblfrann te amttrol adiidlol yat¢ral a
di anmeter of about 15 mm The elimnation of the

contrRAGA Ay WEy BEANSxanth1€ A4 diahekaddifagei RtticeRAltlagdbiceiBed
of fers advantages in terns of cost reduction and ease

aboveacﬁlé malt‘:%t a{n%g?lﬂ%u%haﬁﬁ u\%ﬂﬁﬁ%hﬂﬂc@ R fally! o agd?ﬁﬂétgr &85 mm or less.

erstoo anc oring neans can pe used in

onjunction.w th hydrated. col |l agen in contact. with .
tn conf 35, B R sl e P EieF St S0 155den b AgbH 1 Betin
obtai ning the tissue equival ents of present .invention
contagtarl § Ba&cablgmanpherivil tepiealkyicopact é@ﬁE%IIYSHOﬁgdl%PtPIa@@&out 15

and at | east one contractile agent; and (b) applying
mm. Theeclmiiratiomeofdhe aichedng mesnsetp confyoltlatcrat/raglea Icbutrantion offers
hydrated coll agen gel in contact with a perneable
advantapeh @r terradelf doBi Rtadtivinrgd ehe ofifxiritadomofitigat cquideents. It should
conditions which permt formation of the tissue

be un&Gtb¥@ RN uch O3 th héking eaELEARA BRGLStBh WiltenRirfS@BSllagen

I nvention, one or nore absorbent nenbers, including

gel in%g{mta&o&/itﬂ b glktttr?e(Abfe%eIM)cgriP&e%ir&ﬁds , cotton pads and
gel's, agarose, are us

ed 1n conjunction with the

| agen gel . descrihed above. Such absorbent menbers
[0013§§ " BN TR (o HRgg Rret e SHETAEEmp! BifcPnt GyEntion
physi cal support and to pronote uniform contact
comppgsiveen the tissue equivalent and the cell culture
medi um Typically, the absorbent nenber is adjacent to
(a) fotnmeg sumikbre cafipritieg cdlagayen gdtasompuosintrectilbegdny.cdmdt ed
collagen lattice. Wiere the absorbent nenber(s) is

(b) applsiak thedmB@hre oBtathed iRERP P50 ah AEcIBRr, MRratb@ cHlla¥h deldn contact
together wwth a nutrient nedia to provide nutrients to

with Je %@%ft@é Et%gﬁ)%{é‘, ir?ﬁa lnfa'ﬂ{taiﬂl,ﬁ%e}gé ki;&nﬁe a{ng! 469% d conditions which

poi nts een nonitored In tilssue

permit formation of the tissue equivalent.

[00134] In some embodiments of the present invention, one or more absorbent
members, including but not limited to, fibrous pads, cotton pads and gels, agarose, are used in
conjunction with the collagen gel described above. Such absorbent members have been found
to provide a consistent and level physical support and to promote uniform contact between
the tissue equivalent and the cell culture medium. Typically, the absorbent member is
adjacent to the surface of the collagen gel opposite the hydrated collagen lattice. Where the
absorbent member(s) is itself a gel, e.g., agarose, the gel may be provided together with a

nutrient media to provide nutrients to the tissue equivalent.
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equi val ents mai ntained with and wi thout the hydrated
col | agen gel and/or the absorbent nenber during
wo anamsephases of devel opnent of a skin ti sSSURCT/US2007/063301
equivalent 1. ducose utiIization 2. The extent and
alit pi.dermal . str |cat on and cornif cation;
[0013§f gﬁh feliiving YRGS T ?Vﬁela?ea [agitoFRddp issue
obtalned fromtissue eqU|vaIents mai ntai ned with the
cquivalpris MseHeinpe itk rapd yithenethe bridtatodentlpgentgich prd/or the absorbent
cl oser to physiological pH than tissue equival ents
membeadmtiad vertus phisee oiselvpencof of heksetisspnioquisalehtn
addi tion, glucose utilization was observed to be
1. GLeegekdlAdod.omer in tissue equival ents maintained with
the absorbent menmber. [00137] It has surprisingly been
2 Théé%&aﬁahagaal PHEGIGAM Ly ﬁ?ctah&pa FethPERASGH [ skin

t1 ssue equi val e nade use o or bent

S) conpared to control skin equi val ents nade
3. pH&EPﬁ%ﬂ%“such nmembers. Al though the mechani sm by which

hese absorbent nenbers na¥ i nfl uence epi der nal
[001 361 f f er dhePAtI Gl B ofimedigwbtainad fram ﬁé%wﬂawé@ntsrﬁ%%m@%ﬁ with

menbers may act as diffusion barriers, e.g.
the abpebretabéhbar(s) bara ¢ansisteatiy hrghyr, fand gloscrtth ehym@lpgmlaﬁﬁ than tissue
to retain secreted cellular products in close

cquivPlemX intiidt¥intdir the abicassief eyt ruahedit In afl Pilld38dluddsy utilization was
skin equi valents of the present invention are prepared

obser@&i t@j%%hé}ﬁ'ﬁjy RRRY & tlﬁﬁg @cﬁﬁlveﬂ@lﬁﬁ niaﬂlté’iﬁ&f’mﬁ MELaBbIRnt member.
hi s embodi nent, the ydrate collagen lattice is cast

[0013?“1;  an d?ﬁ}% SH@%mgﬁy (g%d%ﬁltgxgaggl%ec%ﬁllgg{tf%%??ﬁom%?eed in skin
oo SRS M AT R Rept, Lo o o o (8,

contractile agent; (b) applylng the m xture obtai ned
oquivilants prage pthoniosugh meseticrs Adthouly de anashare bagenclydisq ghsorbent

contact with a perneabl e nenber, and maintaining the
membersaney erflaocogpidammdiediffeentdationon Smk\btdmh itpe podtulated that such

formati on of the tissue equivalent; and(c) seeding the
memBekSBbiE a @AY dfalset badtidra dxe da pétntebisibity Bakriv, bld may filter the medium

ker ati nocytes.
and/or to retain secreted cellular products in close proximity to the tissue equivalents.
[00138] Living skin equivalents of the present invention are prepared as described
above, except that in accordance with this embodiment, the hydrated collagen lattice is cast
on an acellulor, hydrated collagen gel.
[00139] One method of producing a skin tissue equivalent in accordance with the
present invention comprises:
(a) forming a mixture comprising collagen and at least one contractile agent;
(b) applying the mixture obtained in step (a) to an acellulor, hydrated collagen gel in contact

with a permeable member, and maintaining the mixture and gel under conditions which

permit formation of the tissue equivalent; and
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[00140] By way of background, one conveni ent protoco
for casting the tissue equivalents of the present
WO pwenoiser, i nvol ves rapidly m xi ng toget her aPCRHUBZNNT063301
sol ution of collagen having a pH of about 3 to 4, with
nutrient nedia, adjusting the pH.Qf the resultant
(<) soeipe cdtisus qaufalsas Qbjpiped ?Ibst%ﬁﬁtmﬁweé%@oeﬁ% H 7.8,
addi ng fibroblast cells, transferring the resultant
[0014@] xt ur By(wayeof'hagkgrowe, hs cemvsnient protpcahfos ppstiog thetissue
nol d or casting device having an acel lul ar, hydrated
equivalohts afjér pgedendinspomadinyblecerapidincixing erpethien en batdicrglugibn of
a tenperature preferably about 35 Cto 38 C. It is

collagdR Bihvie® B \WeNb Rbout Pt jwiet ndkitR ek 60 ABjulend 1A pH of the resultant
I ngredients of the casting m xture sinultaneously.

soluti g ANl RS} Y RApIET Sp ROl BV SRR e
t he .casti.ng, mxture can .be transferred to a | d for )
resulty Sy §fF; (RS Ghfta e R G AT plep D Sp et B paving an

fromthe casting mxture as a result, of marning t he
acelludgs) Tptdrged eoltpeen Bl digposerkthpiain 1ds Bickh incHRpding pbgfemperature

col | agen gel contracted by a contractile agent and
preferdblypbeetd S0 tay3dr &t dtliscudst agrereniget to 4dpe1AH Jandicombingthe

the nmethods of making living tissue provided by this
ingrediehodf 1ie Rhstmgeniappt sieaibtatedudlyt Hewkadr ihead it mody bd @&sti®l out in

equi valents in general, these nethods will be

any dédideHtdRRviBd HRNME Gleh® BreWohtp s PHhAAUE AR HixRKd Sun be
equi val ents for use in skin grafting applications and

transf%lg%caf}% m?al}éiﬁéf %}Spﬁd) fagg %%%?% 'r'[g%cﬁlgds% nﬁ%&vﬁ%c%_&&%e from the casting
s S, PBR TR B ol e PRSP i ctagn

agents by use of skin tissue equivalents in accordance
contragfadtpyt heongieetsle ggent gpé Atspeied onteewited allpgepgcd
contai ners 10,22 having tissue equivalents of the
[0014pF esentAlihougnthic ometio dspd sed inghlerieg nssae erqvided byetisiembadiment
base or hol der. The apparatus shown in FIGS. 13-15 is

are applissblPtoaté G cididnhofaisC@VQfuiviIBRIRSinZendiil, K€ methods will be
enbodi nents a covering (not shown) is provided for

o R SR TR e R of YN8y 1R 8 2

1.tge co Lakn r.tAcce table c vering]nq;erials i ncl ude
applielprshd i St TR Rgrlipg ST s Y 8E S eal ed to the
paratu? bhynmeans of .an adhesive @@4heat. A

[0014§£a| abReigpng tsthe Arapyings, FEGY a3 | Tillugliaty Ou%wgveﬁnﬁn&qf@n

apparatus for determining the interaction of skin and one or more agents by use of skin tissue
equivalents in accordance with the present invention, wherein multiple containers 10,22
having tissue equivalents of the present invention disposed therein are provided in a base or
holder. The apparatus shown in FIGS. 13-15 is also provided with a cover means 2. In some
embodiments a covering (not shown) is provided for each container 10, 20. The covering is
selected from any biocompatible material which will hold a seal on the container. Acceptable

covering materials include foils and barrier films which may be sealed to the apparatus by
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practice of the present invention. [00143] The

containers for the tissue equivalents conprise an
wouignozment ai ner 10 and an i nner container 20.PdTEs2007/063301

inner container 20 is provided with a rimb50 to

V|d means for positionin the nner cont ai ner_ 20
meany G A BT Reghrhbe et Al ey B ﬁﬁlﬁgulaﬂwa?fefm the
area 14 and an inner area 22. The i nner contai ner 20
practifgoithe pradett ipanHo? skin ti ssue equi val ent 26, 28
di sposed on hydratead coll agen gel 25 which is in turn
[0014d] sposdiic adntamentfoathp eissreaigliealvatsivemp2ide a betepermtaad] 16 and
menber is sealably attached to the inner container 20

an inre® cdrR4iftd 71e TR idmR At SHiihacm i hesve@ld withe rlﬁkS 0tol fr&$id€ means for
equi val ent conprises two layers 26, 28, l|ayer 28

p051t1§19n§ﬁl+esirﬂeg c@ﬂtaﬁ%& g@ fﬂTﬁle n‘g%y €5nta1|n@1yﬁf th%%b? ggﬁﬁlg nﬁ gut%g 8rea 14

ayer sone e odi nents, a seafing
rOV|des eal bet t he i nner

and B SR IEE 22 B8 Fhnet RS ERY 10 @%Png%%hfégl%Sﬁ%%q“&‘é%‘F 26,28

the perineter of hydrated collagen gel 25 in the case
dlspowd@pélyfir?éeaéwgageeo&jé%wheqhés 1 @eu@sw@iimae?w apgrmeagle

is positioned inward of hydrated collagen gel 25. In
membieh @4 eifisquirmesil s mpinbtus echlably iteched guihe snner henteiont 2 toghorm the

10 is provided with an opening 2 1 which provide

bottorAGGEsS: thercdh eTHRWkaT tidteaqulvalet @0hpAbesThe |aRpal@LESlayer 28
depicted in FIG 15 is further provided with a

compAYHRP ﬁﬁ’ r‘i‘igdﬂﬂpa?(e 3%’er b@ cbﬁ%}mﬁh? 8 e @Qlemﬁ 8me ERBodiments, a

out er have a ge not shown, di sposed

seahné E@Jﬂﬁ&eﬁ] ‘SOEonQ%(f'e%] sF lll%%tw%e% tﬁ? 1ﬂne ltlrof‘{h% 11?&@ Eﬁt ainer 20 and the

an appara ermn ng

inte of tissye and one nor, e n

skin cfipiyaigat %%?;E@aﬂ £ 1he PRSI aﬁ@%drweé olfign @Pbﬁiﬁtﬁe casc where
invention. Elenents simlar to those in other

the owirsdes pEthe divprsdiariatost 26.28iinpestzansd imyardied hgdngted collagen gel
nunmeral . In this enbodinment, the outer well 10 is

25. Isthganbodmiknitspiptucad idekk Figtites ghe varttaiders Hets ipoonsd@Owitin an opening
the bottom on which the inner container 20 nay be

21 whigisproh e @becsd xhobtief areglll. 10 rather than projecting
upwardly fromthe bottom of the apparatus is formed as

[0014§LPOC k %e faﬁﬁ{ﬂéﬁlg‘ﬁ pp%‘c@d %%Pﬁfi‘{h@f %r%v[dQQ%v‘}éﬂa m&beﬁt

ter rovi wi th nutri medi um Tor 1
rnernber 3748 yegé'!ther en?bodlrnents the outer chamber 14 may have a gel, not shown,
disposed therein.
[00145] FIGS. 16-18 illustrate another embodiment of an apparatus for determining the
interaction of tissue and one or more agents by use of tissue equivalents in accordance with
the present invention. Elements similar to those in other described embodiments are indicated
by the same numeral. In this embodiment, the outer well 10 is square and is provided with
elevated sections 60 in the bottom on which the inner container 20 may be positioned. The
outer well 10 rather than projecting upwardly from the bottom of the apparatus is formed as a

pocket from the top of the apparatus.
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Such nedia are known in the art. Preferred serumfree

nutrient nedia are disclosed in copending U S patent
wa@ppiitewss on Ser. No. 361, 041. The vol une of nedi/uU82007/063301

must be selected to fill the outer container 14 to an

propri |ate |l evel so as t .to build a_.head .of :
[0014§fess (TS GHCE Kl Qirogidee Ve et dAcke &Idﬁ C figyye cquivalent.
per neabl e nenber 24, the hydrated col | agen gel 25, the
Such micdiguaee iyl thpert Ryefeprd sprmofrechutiions ancdizore disslosed, co-
[00147] In sonme enbodi nents of the present invention,
pendibh&. Dphent guphicationeSer 180.1 3 1 [4d v Thkedblwint lof ared alns oiukteret selected to
menber 32 which is disposed in the outer container 10

fill th& ButdScdPaif@NUAE tan ipSropHABIeveUEd AGRt & bikiltBuPLh &R TIpeessure
menber 24. The absorbent menber 32 nust be conpatible

whic V‘Mnﬂd Irb ek %cﬁﬁﬁﬁhr%ﬂ ) YR p%nfﬂéaé)lej @g{n{%% £ tﬁ%ﬂ#ﬁsdt@& Sollagen gel

the a ent ne i'nc ter an

referr erial is absorbent
25th8§%?8ﬁquﬁ@ ‘%§?gﬂn(¥@81§wa%}gp? ‘that the absorbent
nber be free of. additives such as. detergents.
[0014[7 bo148]n $eMepembedimgnis @f therreseat iy ertiony the Oyter coRfieT Bhis
the outer well 10 is provided with a gel (not shown),
providadohitlasn alartesememherck? whick esdisgostd aptht hateneatitaner 10 so as to
Because the agarose gel can be added up to just bel ow

contaéthie btvedurfate bhibc pp@idabEsmehbera4g Th@ta®sorbem widmiet 32 must be
nutrient nediumis made available to the tissue

comp&§iié WhQMngatﬁgu@éﬁlﬁifﬁéﬂts PHERHY] ERtdRR thi &S léﬁsorbent member
eqU|vaIent 26, 28 is not exhausted as quickly. The use

1nc1u<f%fcoﬁ88 ar ics %g Q%cf%ﬁpﬁﬁ A ?Sﬁ%]{lh? Rkéffe@éa"&h{éﬁalﬁ@ Qbs%?%é%’? t8tbn. In

n|n1z Iea ge of the diia and resul t ant
gener{? A LA S A S SO R At detergents
00149% The outer 10 and i nner 20 containers may
[0014%hde ofin athyr erebodimgntsaf dieipagscuhingentigpetic pgter W@Hcllo 1evptomded
or have an undesirable effect on the conponents of the
with aaged ényat showeh islichgs ap&rosd, sdueh seques vatremthe ratiurexBegabie, the
the casting mxture for the living tissue equival ent

agaro$BUsdl ciibe &ftlRenp té fust b&owahd BvefoftieopcR@s 2¢ oNE@htdeimount of
duri ng contractlon so as to interfere with formation

nutrleﬁLrnE@i hﬁﬁlg@ a@eﬂ Yeatlo% tlss}xlg g(ilﬁg%]leﬂttana ﬁﬁtrl%ﬁ?ﬁl Pﬁptﬂtilhe tissue

USG to steri e | nner cont
equlvga %t r%ﬁ) Zg Eﬁlﬁo Q Ef ﬁ ng Pltgglgzeﬂ\}\ﬁ?c’ﬁqueeoﬁﬁé} %gf% Browdes geneﬁts in
storing and shipping the apparatus of the present invention in terms of minimizing leakage of
the media and resultant potential contamination of the tissue equivalent.
[00149] The outer 10 and inner 20 containers may be made of any desired material
which does not react with or have an undesirable effect on the components of the assay,
including the tissue equivalent. For example, the casting mixture for the living tissue
equivalent must not adhere to the walls of the inner container during contraction so as to
interfere with formation of the tissue equivalent.

[00150] It has been found that methods used to sterilize the inner container 20 may
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pol ystyrene, one preferred material for the inner
container, when it is sterilized by el ectron beam but
wooto7TmbEses it is sterilized by ethyl ene oxide. PET/US2007/063301
contrast, K-RESIN RTM butadienestyrene pol ymer, an
Styrene ut adi ene_and a particul ar]|
lmpa%ﬁ%h%?qﬁs@ ﬁift%slﬂea?qur— Hp TiekHBPICCYR{ATHRS lSygy! adndre to
sterilized by electron beam w t hout causing the
polystysngi ony Nrplsyge magauial firdhe inper coatreras, wheq IRBSILRTADY clectron
but adi ene-styrene polyner is a trademark of Phillips
beam Bet tiad vehiemif) is kterifioetiebyeethpldnarentis, In icontrast, ke RIEISHER [RA NI hattadiene-
the containers be made so that the tissue equival ent

styreﬂeﬁ)olfyrﬁérbérﬁaﬂdﬂ'r dflf)gtysfyl?@le%ﬁttﬂtd’d%e afid 8 partichla@ly Grefbhed material
I's of the container or through a window in the

for thé QH]E@& e%?]{t)lrcl) rSF;{%ltg ?é %tgggg%f @é@tﬁff%ﬁ%‘?%@ﬁ g&ﬁ% Ghe i*(g‘mlng tissue
equi@%@”ﬁﬁ@@%? IRRBEP R R R R e Gt TR ?@gr&?éj Phillps

equi val ent. The di nensi ons of the container wll again
Petrola@@éﬂa seipe AMPAGIMENBe Lt Andesiabls dhas the goatairess bermas saihat the

equi val ent and the desired assay vol unes. For exanpl e,
tissuegquivakeai inarsitia tiragehathe oomtemed icavshwugo theabalstof 25 gamtainer or

and a volune of about 5 m is useful in practicing the
through £s@dow inBNtddinerl Prefdiecdaniiodilseottths bondindml OFhéibde

13- 15, multiple containers are provided in a base or
pmymgg%g%hdthQﬂSZ] The pernmeabl e nenber 24 nust have

ficient strength to support the acellular, hydrated

[0015&,13' | ag 94fle %ﬁ!er ontB 3G a} b? B8y ﬁiﬁ%e" Py will

fanes are us rac Ice o
i nventi on. re size of. uch nbr anes

acco ‘P%&? SiZ§ al slgaé)e ﬁ}g‘ﬁ (E:oll‘%ﬂ HSSHR REHY ?Igr fére mensions ofS the

acel lul ar, hydrated collagen gel 25. Preferred
contaipeiyHbegain denendhyperoiayize end Hzape of theresierbidssupequident and the
to 10 nm and pore dianeters ranging fromabout 1 to
desiredlassaty vbumasuFor dRasipér, pedntameehavahgarf outert diempter ofediolue25 mm
menber 24 include pol ycarbonate. A particularly

and a PoRLRY JfRBoREY MERRIsSfulBNiestidiy e PRsYRanRAfiah n the embodiment
menbrane, preferably free of wetting agents,

i ng a
showif IFTRICI 21 § X’nlﬁﬁgle c@ﬁ’ﬂaﬁle&f a‘%@b{}%?d 3%%2’%Whe% g

pore size of a seal i ng
[001 S?E 2 ns e peXnea%len%gnelbe%fM st rﬁ'at eesruffa c1ermlcrength ) supp01t’t the

acellular, hydrated collagen gel 25 and the tissue equivalent 26, 28. Porous membranes are
useful in the practice of the present invention. The pore size of such membranes is selected so
as to provide attachment for the acellular, hydrated collagen gel 25. Preferred membranes are
hydrophylic, have a thickness of about 1 to 10 mm, and pore diameters ranging from about 1
to about 10 .mu.. Preferred materials for the permeable member 24 include polycarbonate. A
particularly preferred permeable member is a polycarbonate membrane, preferably free of
wetting agents, commercially available from Nuclepore and having a pore size of about 3 to

10 .mu..
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conditions of the assay and the tissue equival ents
bei ng used, as well as provides a good seal between
wo b@7i1038¢3 cont ai ner 20 and the tissue equi val PET/US2007/063301

Preferred materials include polyethylene, TEFLON. RTM

PTFE Pq| ytetrafl uorget hyl ene,, a_tradenar f E 1. Du
[0015Bbnt dd "KeFRHLanSRY g@aw%éﬁwadﬁ&f %ﬁéF’&Eﬁﬁl&r whighds RgTtd the

The sealing neans is especially useful where it is
condidensi af dle assakauithe Hesug sAvizplests bringhecd s siclles praidrsm good seal

separated from any solution or substance applied to
betwebh ¢heaphaenmame? 30 ard the, tiswdvasrquivesest Arafgrrtd emachirfafsuiaclode

or permeation of a substance through a tissue

po1yeﬁaﬁwnu,atmON[IOM%TF@%nrtétmubfo%ﬁ@een@gyirycﬁs,lnw& 8f BNADu Pont de
the acellular, hydrated collagen gel 1n accordance

. " S . . i
Nemlff bt QB ke PUANL LRI, TRE BB AEH, K3 Pialy uschul
tail, tendo cal f ski | | agen nd cal f extensor .
wherd gl prees Bisolisal st b ey ontiinr opu St PRaRY sotugion or
particularly preferred col |l agen conposition derived |
substaneg apRlkedto HisARAeTMISH b &12-» B ARFPUTiehe AT nRIPREARAtion of
of deriving such collagen conpositions are discl osed
substdnge dooyghnaiisyge eljyvalgEt ent appl i cation Ser. No.
07/ 407,465 filed 02/09/1994, the disclosure of which
[00154% i ncBoptpthatiieshehguiialendyand eficaciiaar, hy0idixdollhgeroget in
nmet hod of the present invention, an acellular,
accorddE MBAnE Bleb S BN cBEIN ay be p%@fé@ru@ﬁéfcﬁﬁﬁ%eﬁ RRLEREEM skin and
conposition conprising collagen at about 0.5 to 2.0

tendoﬁglg%c.iing{gcﬁ&%g%?bgn %Qﬂ'lﬂftmoc ﬁaée% %&ca@éﬁgg@%m@%}é 'd;tlﬁe{%ltsources

0
agen conposition 1S a er

ont ai ner., 20.and i nt aj ned de ndi ti ons.whi ch.
of ColE@F?nWPu dhe S&l&?ﬁsg/ga aitls glgipf%nswi sﬁ@g?n SOTRPYSHIAR %ﬁved from

acel lul ar, hydrated collagen gel of suitable -
calf commen sligited ’extplgqgr geaqdply arghwgthods efodasiving sugh @Rl’laggn compositions are
preferred thickness range bei ng about 2 to about 3 nm
discloAed maetpentsug, U.Ryphtattedplicatiba§en NgpeD7/467 465 filedf02rG9] 994, the
thi ck enough so that a portion remains acellular as

disclos@delo$ whid ig ot goRared Reretnl t9aeeer&di val ent into an
acel lul ar, hydrated collagen gel and thin enough so

ol . . e! t !
[omsgr ohd Set8d %92115 r Lent 1n’v§ntg>gaad151§%ﬁﬁlaf,%hﬁﬁtéaedgﬂ‘ég& gel 25

omthe nutrient ce provi I n outer “contal ne
0156‘101 val ent is,,next.c

is preé%'gc{l Eraplaar : ﬁ%é&j}f éqnng%osg%%: cgalé)ﬁlslélglcol&%geﬁ gat agosutt RAPA) mg/ml,
preferably about 0.9 to 1.1 mg/ml and nutrient media. This collagen composition is added to
the inner container 20 and maintained under conditions which permit the collagen
composition to set and form an acellular, hydrated collagen gel of suitable dimensions,
typically about 1 to 5 mm thick, a preferred thickness range being about 2 to about 3 mm. An
acellular, hydrated collagen gel 25 is preferably thick enough so that a portion remains
acellular as cells migrate from the tissue equivalent into an acellular, hydrated collagen gel

and thin enough so that the tissue equivalent is not undesirably removed from the nutrient

source provided in outer container 10.
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procedures in accordance with the Patents and as
descri bed hereinafter. A casting m xture contai ning
wa@odoragses and fi brobl asts is added to i nner coPCHUSENT/063301
20 over an acellular hydr at ed collagen gel 25 and
i ntain der, ndltlons whi ch e the tissue :
[OOISEﬁ o v D R g Podt é“‘iléf PV BidHIEd fosfen e wsing
an acellular, hydrated collagen gel 25, it contracts
proceduges wl dogordppspevid the Rateatseindul describpd heremaftero A cagéng géture
25 prevents excessive radial contraction of the tissue
contaiady codlhgnt andi filrobibsts Beaddedk ioficrreotaarr 28 bveresitacallulamyydrated
nmeans such as textured nmetals and plastics or VELCRO

collagdit Mel Hoakl miidtalRdRmbasdoRBRI0Rs whidhcAdBIERIKiRfic ¥ 1%1@11t to form.
Corporation. [00157] Typically, the sides of t

As thd FSQS ﬁgzﬂ ﬁ]st orfh ac‘éeﬁﬂgg,th?rgﬁ?&iscotﬂlageno 195, P @%ﬂt&la%rﬁfdlally

ate agen ge orma a as shown in

The tj.sss ui val ent [
Howeygiogh a%?hu?%ﬁ qygifff*ﬁdef e B 2 R B et S i BN of the
| ayer 28. The epidernmal cells are seeded in culture
tissucigGHVNFBY B GRS PAMCS TR EOUTAIBBE MERTS Sy ex uryd metals
sup.6 to 30.tines.10.sup.6 cells/m. The vol une of
and plapticter el L RO IR eldoeldand ILdopdgstenelrs uiptyadeanipek of ¥elcof
the nmesa. [00 158] The concentration of collagen, the
Corporatideer of cells and the volune of the casting m xture
can be controlled to optim ze the dianeter and

[oo1sti ck n%ﬁlcglfly,ttﬂcemhésvdf'iﬂe fids8S H&ui SALR R EfHe-to BRls ‘ﬂﬁtsﬁdté}g
m xture Con”prl ses cells at a concentration of about

perlpl*;leg% % ﬁ;gh%e@ &Ea%g %gl 253 Q%I%é & %{e 3 ésnlhto%qg %‘fég a%eﬂldaé at 52. The

AUtT i en

efe ed cell concentrat.i I s about

tlssue§ablva CBEA P SSPIath SN LAHE S K TP HGTRbIHY 28. The
the volune of the casting m xture for the tissue

epiderggplicoldy apseaded itheulipst mediuat atrarreneidiatipg ohgtabawted.3.gmes.10.sup.6
the acellular, hydrated col |l agen gel has an effect

to 30.timos 1¢.el.6 véltsh'nl. iThy valudhediffepaleandlicatls ssededUsdf ddpend upon the
ratios, v/v, of tissue equivalent casting mxture to

size o€ Melm@en gel casting m xture are about 3:1 to 1:3 . A
preferred ratio wherein the cell concentration in the

[001591JI | agefe c?ﬁctehﬁgtldnsofactollggéﬁuﬁe%ugn‘t?é% &Pc% 1§ %hél ﬁ( Wolr¥e of the

1.[00159 e lnvention w urt er st oo

casting ntllgtu?ee I:aenrbeencco%trtoﬁe({ t%eopfu%{lze t\ﬁne Whmeter and thickness of the living tissue

equivalent. The casting mixture comprises cells at a concentration of about 1.25 to
5.times.10.sup.4 cells/ml and collagen at about 0.5 to 2.0 mg/ml in a nutrient medium. A
preferred cell concentration is about 2.5.times.10.sup.4 cells/ml. It has been found that the
ratio of the volume of the casting mixture for the tissue equivalent to the volume of the
casting mixture for the acellular, hydrated collagen gel has an effect upon cell viability and
differentiation. Useful ratios, v/v, of tissue equivalent casting mixture to collagen gel casting
mixture are about 3:1 to 1:3. A preferred ratio wherein the cell concentration in the collagen

lattice is at about 2.5 x 10” cells/ml is 3:1.
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exanpl es, which are purely exenplary in nature, and
are not neant to be utilized to limt the scope of the

w0 poognoisen. [ 00160] Materials used in the fol | P@U/H§007/063301
exanpl es were obtained fromthe sources indicated in

e ex lLes or or dance t he indicated
[OOISEﬂm P ghéntiag @}f hmhs F%%Odvo@}% acettﬂﬁ%%&ﬁsmng
t he Exanples The tissue equival ents were naintai ned
exampjag eyhigloars eayalycxdnep Lo diy batuesy apharediobmich to povlizaddg limit the
wer e used throughout. [00161] The foll ow ng exanples
scopcarf ¢hepnostitbad t o better explain the practice of the
present invention and should not be interpreted in any

[0016@@/ t 0 Midté¥idls 8 i REBIIGKinghRaRpRS Qte bBINIARA oM thd bAFEes
illed in the art wll recognlze that various

if .
B S SLAS 0% TR LR (EHORIRAFRSAEIARE Spori
nt |nve

proce e hEieaeg PR B 5 RBTE e o ST NG Apaprained

Faoreskin Fibroblasts [00162] Human neonatal foreskin
undersl0py 6% H5ths IRdRGT Aad %@iﬂlﬁtpr@eé‘éfﬁﬁ Yerredsed thrppghoutgnt on,

MA) were seeded at 5 x 105 cells/ 162 cnR tissue

culture treated flask (Costar Corp., Canbridge, MA
[0016¢ht # Fhsdolloaride grasowics arc grouddd tﬁévdtt@rmXptanethg peastine of the

nedlun1con5|sted of : Dul becco's Mdified Eagle's
presemenvanivg BAMEMou(dngbeghtagposied froanyul @t todimit Wictshoptt of the present

Lgl utam ne, Bi oWittaker, Wal kersville, ND)

invenB& PTIRIE REiBEd WM the aﬂt%l@@é’&fgﬁ[z@ teANhriSRIHEAifiNBeR) can be made to
(Hyd one Laboratories, Inc., Logan, Utah) and 4 nmV
n

the méth?{ls“&e@gﬁ%% HeRli @ WhiE E}@#&Jpaﬁmlfko‘?’%at oho A g?aopfgg?he Rrﬁsent

S were mal ntained In-an
at nosphere of 10 1% CO . The nedlun1mas repl aced
me@@Qh freshly prepared mediumevery two to three days.

After 8 days in culture, the cells had grown to
confluence, that is, the_cellshad fornmed a packed
nmonol ayer al ong the bot ESMY¥FLERe tissue culture
flask, and the nediumwas aspirated fromthe culture
flask. To rinse the nonol ayer, sterile-filtered

Exagipdes ph Eeendbignios e &pllggerione Measx b dlesnandNqonatabBeregsin Gfbroblasts

each culture flask and then aspirated fromthe

[00162] 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 glucose formulation, without L-
glutamine, BioWhittaker, Walkersville, MD) supplemented with 10% newborn calf serum
(NBCS) (HyClone Laboratories, Inc., Logan, Utah) and 4 mM L-glutamine (BioWhittaker,
Walkersville, MD). The cells were maintained in an incubator at 37+ 1 C with an
atmosphere of 10 + 1% CO,. The medium was replaced with freshly prepared medium every

two to three days. After 8 days in culture, the cells had grown to confluence, that is, the cells
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flasks. Cells were released fromthe flask by adding 5
nmL trypsi n-versene gl utam ne (Bi oWittaker
wakokaomsei | | e, MD) to each flask and gently roPKI/O§2000063301
ensure conpl ete coverage of the nonol ayer. Cultures
were returned to the i bat or on as the cells .
had fojpd aparleddBenaiee alpe Ot‘("gb?/ft}@%HSSPP;%@‘i“ﬁ fr afhiafl {hsyedium
was added to each flask and mixed with the suspension
was agparatedoipom tlee eudturotiasst Tornse thppaprelyxer seeide-fiitgeedpbipsphate
suspensi on was renoved fromthe flasks and evenly
buffedi valdedvisatdded o tht boftdre of carhi anéthirecttask nnd thge aspitmal from the
Cells were collected by centrifugation at

flasks@ FGUII@ XicftcRlaYeBP6m HO0Magk 1y 4d@ingS MLAHPSH-vdr@He 2R@dmine

Cells were resuspended using fresh nediumto a

(Blo\ﬁﬁﬂ&l?e?tmmeps%ﬂfy Z)Qo)%%%lpﬁas%gllnh%ﬁ@le% roRRA %8@ 0 e}ﬂete

mcron pore si tIS ue cu

din erts RANSMELL
Covef%%%ﬁ&ﬁ § mopgIgyers CultUgS iy i gheafoghg it gE | R acsFhe cols
Xx_105 cells/cnR) he cells were maintained in

were 1@#‘%&%96&5{ (%rybe@cT Wpflﬁ Inhibierypapaddcd to ractflaskgndmyixed
and fed fresh production nediumevery 2 to 3 days for

with tRe gusganysson Biseoptho detoomi dithevegipsinyy ooensr iledell auspedsipawes
m xture of DMEM and Hans F-12 nedium (Quality

remowBiddtaag tiesfl4skd ddtervebiyrdividdMDpctwéerrib e amldiKedrttifge tubes. Cells
(G bco BRL, Grand Island, NY) and additives to a

were EcﬁI%HﬂeH %E}tceﬁ‘tﬁ%ﬂbﬁ at éﬁib?oﬂﬂ‘natefy 3118 mOOUUg?d} 9 BfRPRI nant

epi dermal growth factor (Upstate Bi otechnol ogy Lake

[001 6%1 acid cﬂ{%&ﬁ%&ﬁ%ﬁﬁ rﬁsﬁlglfgesﬁ S{GPEH{ {3&/ a &ﬁ%%glttralt%g%? "\5/(% x 10°

rocor ti sone
M eth Ian1ne FL uk Ronkonkoma, NY A
Ceﬂs/@le &a@feoﬁrsd R0 U0 ﬁﬁéﬁrﬂ?r 51 TR PRSI st C@%Prgﬁﬁ?ated inserts
St. Loujs,),. 5 ng/nl insulin (Sigma, St. Louis,
(TRAh@MﬁELL r,é}gﬁ@gr(}(qﬁta@gmw wail tra[y@ga gensmg)of R0 b(M cells/lnsert (6.6
tr||odothyron|ne (Sigma, St. Louis, M), and 6.78
x 10° ngllsidm’3 eThabelim vt gramtahed incim iRtutetoEhedT ¢dPE vath an atmosphere
M | waukee, W), 50 ng/m L-ascorbic acid (WAKO

of 10 €NepCenlaid EdfireshodtRlidn d2Afuh) cvddy 2 t68/dals for PI @hygleThe
(Sigma, St. Louis, MO, 0.1 ng/m glycine (Signm,

produl?ltloﬂ-ﬁ%lﬁm %@ a03 R qurgghyl\f@ﬁf BNERhs £ ﬁ’gﬁedlum

3400- 3700 ce cul'ture grade ma, St. Louls,

(Qualygb;%lg%g& glg t%ergaqui\%g& dJ ]?M&il%%{%%)?( iij f(ﬁ% J %'Ri [0 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 ug/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10™* M ethanolamine
(Fluka, Ronkonkoma, NY ACS grade), 1 x 10 M o-phosphoryl-ethanolamine (Sigma, St.
Louis,), 5 ug/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,

Inc#013-12061), 0.2 ug/ml L-proline (Sigma, St. Louis, MO), 0.1 ug/ml glycine (Sigma, St.
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formalin

t hen enbedded in paraffin.

The for

mal i n

fi xed sanpl es were enbedded in paraffin and 5
wonr@romsser section were stained wi th hemat oxyPCHUSST/063301

(H&E) according to procedures known in the art. Using
: t gi | i des, thick d
Louise Q) gty O3 Ry SRR L (DRG0 TR (G e

10X eyepi ece | oaded with a 10 mm 100 mi cronet er

(Sigmeebt. Epeis, MEYults for two different cell

human de

as it de

r mal

vel ops.

strai ns of
fibroblasts are summarized in Table 1,
[0016whi ch Shopkes tfbrehisthioglcnbamlyeis wire takeh lat datsr7, X4 end3t antfixed in
[ 00165] Sanples were al so subnitted

formal il thé® bmBERIRd ¢ P&efHir. atHcoBrmadlal fisddSsamipledayse mbddted & paraffin
21. Collagen content was estimated by enploying a
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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.

Table 2: Collagen (ug/cm?)

Day 0 Day 7 Day 14 Day 21
B119 Average 0 93.69+22.73 | 241.66+21.08 | 396.30 £29.38
(n=3)
B156 Average 0 107.14 £ 17.16 | 301.93 £23.91 | 457.51 £25.00
(n=3)

Table 3: Cells (cells/cm®)

Day 0 Day 7 Day 14 Day 21

B119 Average 6.6 x 10° 118+44x10°|114+1.7x10°[13.9+1.2x 10
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0.44 granms of GAG per cn in a sanple of human cel

derived dermal matrix taken 2 1 days post seeding.
wez@mpbise®? : Full Thickness Skin Construct [00RGEPS2007/063301

Using a dermal construct fornmed using the nethod

doceri hao rn Evannl 1 nar il urmn nannat Al fAaracli n
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(n:3)9pi dermal keratinocyites (origindted at (rgggogenesis

Bl56\4verageant on$.oMA)0"wer el 3pl a0tk ddit(d 4tve 2ded T0 et/ i 1.7 x 10°

(n=3xconstruct to formthe epidermal |l ayer of thg skin
construct. [001/70] The nedi um was aseptically renoved

[0016&11%“ tREmBHs toT'Fhee HudREr 1 ABHvdd Formll 11}1911511]&6 m h@#sgﬂ'm, and 21

n epiderna keratlnocytes were ScC up

assa fromfroze re.cel.l stock to . .
were SRS By dold QLI HLARENO A B Sudlin i ictrnpsicggeveating

di shes using trypsin-versene, pooled, centrifuged to
type Iragel pyng Tleqollagen §lpha bands isiye sgrapics-n

epi dermal i zati onnedi um counted and seeded on top of
[0016Fhe nmeMvechomical charaguersiticy obthe deBnat magux pietd dtaminkd uBing

constructs are then incubated for 90 mnutes at 37 1
immufiphidiodhcbficdlanehdd3w Fillrendogin atldnmidic yt @swiOc aaitié @t .onlatadfin fixed

t he i ncubation, the constructs were subnerged in

sectiofP LIRS MRIZyaald 19RtoIRH #F8haVibR-6iBiis §F stdh B%ﬁhé@ﬂaﬂ@gbﬁé'@ Inc.,
is conposéd of: a 3:1 base m xture of | becco' s

Southi\%ﬁghfﬁ%ltgc?s!cgﬁk% ?%Ig%ﬂh %?QSFW%%@(%%%&&?gﬁag ’anti-tenascin
T A T DA

ng/ m hydrocortisone (Sigma St. Louis, M), I x| 04 M
labeledtaptipesdyafataogheml kg a sqronR@bkeieodyNSamplesywgre @uplized by
O phosphoryl - et hanol am ne (Sigma, St. Louis, M), 5
applymg/didminnberizyme (Stgmarit. LSuis, M) ad cviDyterstimagl/waith Nuclear Fast red.
transferrin (Sigma, St. Louis, MJ), 20 pM
[00168] i | od@{psaindglycd ARRG) ShantifRutich wMdPerfoPméd oA hy samples
sel enium (Al drich), 24.4 ng/m adenine (Sigma Al drich
ing il ' i (FiYhiNBUKRE). th f
using i elnjﬁe\qgﬁgﬂl | §Iﬁb%fﬁ%ﬁﬁﬁ ( {i/\ég’?, l@%@) We)e a}ssalf\g/ID , 8?13 070 presence o

gl'ut am ne oWi tt aker, ker svi

hel bar. | I o Ut

o.04 L B SR B0 S P, NE R BTt B 21 o
IL), 50 ng/ M Lascorbate sodiumsalt (Sigma Al drich

POSt SefqiRe-Chemi cal s Conpany, M | waukee, W), 10 ng/mn

Example 2: Full Thickness Skin Construct

[00169] Using a dermal construct formed using the method described in Example 1,
normal human neonatal foreskin epidermal keratinocytes (originated at Organogenesis, Inc.
Canton, MA) were plated onto the cell-matrix construct to form the epidermal layer of the
skin construct.

[00170] The medium was aseptically removed from the culture insert and its
surrounds. Normal human epidermal keratinocytes were scaled up to passage 4 from frozen
subculture cell stock to confluence. Cells were then released from the culture dishes using

trypsin-versene, pooled, centrifuged to form a cell pellet, resuspended in epidermalization
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epi dermal grow h factor (Life Technologies Inc., M),

and 50 ng/m gentanycin sulfate (Anmersham Arlington
whedoghoises | L) . The constructs were cul tured i nP€TES2007/063301

epi dermal i zati on nmedi um f or 2 days at 37 1C, 10% CQ2.

.[00 171 ter ays t struct was s rged [n
medu&%mﬁ&% ﬁ%%%e@&efﬁfm top.of tFﬁ Engpt bﬂ%&f@g?? obfl el lgm”. The
Eagl e' s nmedi um (DVEM (hi gh gl ucose fornul ation,
constictshouthen glcubatad fre Y0BhiowWes vt Bkel C,WiVkEDs to 4llos, thiyBEratinocytes
Hams F-12 medium (Qual ity Biol ogies, Gaithersburg,

to attdvh) AfeH Rl iecmatied thé édhsBudts %fd’ﬁubh])éﬁg’edﬁﬂ epids@mgization medium.
(Sigma, St. Louis, M), 1 x 10 4 ethanol am ne (Fl uka,

The e @Hﬂaﬂﬁ%% mb¥ilim i C&N[%;Josgﬂ of” QIQOISIPJEQ ﬁﬁktu?é Mlﬂb@&b rkqvlodlﬁed

Sigma, St. Louls, , mg/ M T nsulin Slgma

Eagle GEIEWA@WE I)Ir@lg tgillliflrpgennIOfﬁrgl{l% %M%g?L %tarmne (Ilga)Whlttaker
nd678 ng/m seleniu A|dI‘ICh Fl emc | s
Walk@mﬂ%‘{l ) fig ek del 2 w%in "2345’% ThpBiplosaerdst grsburg, MD),
(SigmaAl drich Fine Chem cals Conpany), 4 mM
suppl¢mgited with Bl Bmd Whdroterkisone (Bigrieests LotisgyIOYD) x 107 396
chel ated new born calf serum (Bi oWi ttaker,

thandNakRy (FUikh! Ronkdkomf, 19€8 1ngl ot MPO @Eﬂ%heﬁﬁ[%ﬁ@ St.
: anArI | ng(tonal—le‘lbght stI L), ¥50 g/ gglg%m ascor bate1 SBT%ma

Mald MG
Louls;'%GB1 Sﬁg}r@dﬂ 1?12(% gnléa?]?g rIFyl\é?I 2 SLXthg/ml %@?&ﬁﬁ&%ﬁl@h‘i St. Louis,
.on ts ain r.u
MO), 2H@UI\E %18 E?roglg‘le (§1géla) §b% | ]\/kg 6%% Z)‘gl se{e@&[@%ldnch) 24.4
After the 2 days the carrier containing the construct
ug/mhgalsnias épigmeat Idiich Fandthemieds €ompay. dilwankcngVhr ayaM L-
with a sufficient anbunt cornification nmedia, 9 nL, to
glutarambi(BiodViaitthltdnj BVdllearetillg,MD),t003 % bclatedingeebooh calfiserum (Hyclone,
carrier nmenbrane to maintain a dry interface to allow

LogarS tUtat)] §. '62@&1%/%{1 p?cﬁge*sﬂ%?oﬂéf(hhﬁ?iﬂaﬁ{ AHRYE H@IEl@ts GOSN MO L -

were ‘i ncubafed at- 37 1 C, 10% CO, and | 6w hum dity,
ascorlﬁiaﬁ Mﬁ Is%ﬂmél} %15}(1) SZ@HQ@G&YC?[SyC&n% g?ﬁ(/ﬁlv&faﬁkeg V@ﬁyﬁ) ng/ml

epidefgiy] Eggcc%fts g @ﬁﬁf?@ﬁ%ﬁ?% ol Y e el i p e

Wal kersville Hans F-12 nmedi um (Qual i

(Amegﬁl@mo@rlégtorcﬁleghz@r Hpudge cupyructs yypse epeledl %ﬁ epidgrmplization

mg/ m hydrocortisone (Signs,
medium for 2 days at 37+ 1°C, 10% COs.

[00171] After 2 days the construct was submerged in media composed of; 3:1 mixture
of Dulbecco’s modified Eagle’s medium (DMEM) (high glucose formulation, without L-
glutamine, BioWhittaker, Walkersville, MD), Hams F-12 medium (Quality Biologics,
Gaithersburg, MD), supplemented with 0.4 pg/ml hydrocortisone (Sigma, St. Louis, MO), 1 x
10" ethanolamine (Fluka, Ronkonkoma, NY), 1 X 10™* o-phosphoryl-ethanolamine (Sigma,
St. Louis, MO), 5 ug/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 Company, Milwaukee, WI), 24.4 ug/ml adenine (Sigma
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St. Louis, MO, I x I O4M et hanol am ne (Fl uka,

Ronkonkoma, NY), | x | O4M ophosphoryl - et hanol am ne
w@ siogma%st Louis, M), 5 ng/m insulin (SigneCT/B82007/063301
Loui s, 5 mg/ m transferrin (Sigm, St. Louis,
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. e t
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I nsu
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ng/.m selenlumfsl gma_Aldrich Fine Chem cals Co ny,
Stratlfmarlmemé cpiflpolial bycrg Thg/cpnsteusesvere ipaubaiea aind G il 1ﬁ|/<n€02,
Chemi cal s Conpany, M| waukee, W), 4 nmM L-gl utam ne
and lovBhwilitly 1 akeedia With lnesdsa/eHahees dVB)y; 2-3 apefor Bataps. cahik medium is
serum (Bi oWii ttaker, Walkersville, M), and 50 ng/m

comp&RA WY il Migtird it Bul@;@é’ﬁé" %@Me%'a?l@%trﬁéﬁlﬁﬁl (OMBM) (Kigh glucose
[ 0173] Final sanples were subnitted for henotoxylin

I
formug?gg)ne%hgutm gﬁﬁﬁrﬁh@ gl(ﬁﬁhgﬁﬁ&r W‘)a réxplht il 6rPgaSnc}:sol§)92 mﬁ%hurn

et m ne gross appear ance uhder

(Qualf Pirlog R aher g M e Biltach” ByfRRedrisope (Sigma.

having features described in Exanple 1, and was
St. LogispI @) & xyl (5\Mratlzsinglapyiney(Fhuka Rloalgmﬂ@dla NYDat kflDEM and

wel |l -differentiated | ayer of keratinocytes that

phosph¥HilRiHanélaP@sa(Sidray, St., Lodiss MO gisagdh] Insyéf (Sign@rinubas, MO), 5
| ayer and a stratumcorneumsimlar to that of skin in

pg/rnl a%rrrlgferrl-rp éehr]StCE&f’ g,tlﬂﬁs c#ba 6%1‘1}6%0 g?oﬁ%r? (J% L%%g%, i%gf]]?ow%]tl\/lO),

sent epl
6.78 ng/ml selenium (Aldrich), 24.4 ug/ml adenine (Sigma Aldrich Fine Chemicals
Company), 4 mM L-glutamine (BioWhittaker, Walkersville, MD), 2% new born calf serum
(BioWhittaker, Walkersville, MD), 50 ng/ml sodium ascorbate, and 50 pg/ml gentamycin
sulfate (Amersham, Arlington Heights, IL). After 7 days the construct was fed for 10 more
days, with changes every 2-3 days with a maintenance medium. This maintenance medium
was composed of; 1:1 mixture of Dulbecco’s modified Eagle’s medium (DMEM) (high
glucose formulation, without L-glutamine, BioWhittaker, Walkersville, MD), Hams F-12

medium (Quality Biologics Gaithersburg, MD), 0.4 nug/ml hydrocortisone (Sigma St. Louis,
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as exhibited by transm ssion el ectron m croscopy
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BRcaR
nd seede i cron pore size 24 mm di e

(Blowaliﬂ%liﬁé Waﬁiewé e? Wﬁ%fé% 3 calt germ Bip Whiftaker \Wé??rsvﬂle

tray at a density of 3.0 x 106 cells/TW(6.6 x 105
MD), gad ISQAugfml) gentanhysgesudiatd (@ npgssham, Hetingtah Aiteaghte dL hs
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[00178kdi a Fhradsginded weldbubmipddbf haadtbyylinhedreesdinyiiocessing as
contai ned: a base 3:1 m'xture of DVEM Hans F- 12

d %saiiﬂlma&@l@hltw tBith® GRS aprfeaidnbE SRy ight AYle) h 1ti
= A utaMAX (G bcoe BRL, dp llﬁg aan lgand a%sglél%mse resne

constf? cg{n?tsteﬁégg?oe\&ﬁr;(g%m ;i;)algie Bhgﬁfngacg f@k@gﬁs@%&%}‘oﬂﬁ%ﬁ by matrix
havm%%‘%ioco #ﬁ@eﬂcﬁ&%ﬁ%@% RS %f?lbﬁ%?%aimﬂ%%al%\%@ﬂed

fq X | O4M ophosphoryl - ethanol anine (Sig
stratifeyd ang&ﬁllsdlthlatgd ,Lﬁjpﬁp lfeﬁgu}olcyite% glagﬁaﬁnblsg baq_ab[jlygr a suprabasal
MJ), 5 ng/m transferrin (Sigm, St. Louis, M), 20 pM
layer,targramxﬂmlhxar ond petr{tSmgrmencust simlilautosthatmﬁ)skinan dit6. 7B skin
ng/ M selenium (Sigma Aldrich Fine Chem cals Conpany,

constivtd M ukedl-ddiclopcd Bagegdoit memdsmepadsentat it dWAKIpidermal junction
Chemicals USA, Inc.), 0.2 nmg/m L-proline (Sigm, St.

as exﬂ-rﬁ’i%ds‘oy MdmiQich 6"&41'611 nkdGé ((Fﬁﬂ\)g)naﬁhe%tasenltéﬁlt' hRmUMAe appears
an 0.°05% pol y-et hyl ene gly (P Si gma,

thlckefs all’lrlmsmd[ ﬁl ar%léiﬁsnéogﬁglge%tnrvl\%r ?% & hgl(l:czlggmg #ﬁbnﬁ%}a&ﬁ arel édrn rlsed of g‘ype VII
collag%g Sacsrvlls?l%ﬂze%rb%rcﬁgll\'l/lr eASs exRpggtlélcli tchsesérjl gfchgrl{m {)nlzsecgln Ieansﬂy%glsgesn
exiting from the basement membrane and entrapping the collagen fibrils. The presence of
laminin, a basement membrane glycoprotein, was shown using the previously described
avidin-biotin immunoenzymatic technique (Guesdon, 1979).

Example 3: In Vitro Formation of a Collagenous Matrix By Human Neonatal Foreskin

Fibroblasts in Chemically Defined Medium

[00174] 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
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4 (cell nunber) and 5 (collagen). Sanples were al so
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construct. Exanple 4 : Full Thickness Skin Construct
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Island, W)l%gp %ta%lﬁtvt;?; qqﬁl‘rg/ﬁh@l%?c r I%ﬁggﬁt%ﬁ%?glﬂnglcﬁr&g&nécto%[ﬂpstate
bioted gl GG 08 bot + AEE Gy e isen CHRTEISF GO MLl x 10°

to formthe epidermal |ayer of the skin construct.
M cthpogameie (Fhkankenkenkems MY ept #eA00ACEgaded 1ix Hin Mhe
culture insert and its surrounds. Normal hunan
phospapiytiethandlakérea(Signes Bt dsourse MO 5 Salgaal] inpuliro( Jigasael duis, MO), 5
fromfrozen subculture cell stock to confluence. Cells

ng/mMBS e (5 ?ﬁh aaseshif VMGT) e uifodby finte®igtad, 9, Louls MO),

trypS|n versene, pool ed, centrlfugeg>to forn1a cel

esus nde on ne
and 6?3 @ﬁ?%losekﬁaﬂ% ETEV N R SR lf%aués% Wpys0
X 104 cells/cnmR. The constructs were
ng/mi Irré%ﬁ%l% aoid 6V AJEO ihsmieds HbAginc.)10&, ugﬁ@%wh@ Gignwwst. Louis,
t he keratinocytes to attach. After the incubation, the
MO), onsg/mi ghysingeBeensa B royed M) andi e frpblyzethylom gpcdl (REG)
The epidernalization nediumis conposed of: a 3:1 base
(Sigmiaj St Ubeis WODuU Sheg e werdbitickéest daagl ©4, sinddiforaolIRMnV)
(containing no glucose and no cal cium Bi oWhittaker,

conce%!ltli‘cﬁ{ ¥ del1 Surm¥B) u @ dddeitBeds régedﬁ‘?ég' R EIfURE hﬁrﬂmarlzed in tables
Bi ol ogi es Gai t hersburg, M), supp enmented with 0.4

4 (cel I’I%GI‘FXI{:H 9 gc%[l%_.é %ﬁ:ngar&@ g\g&%& Hiso tl’oﬁ%lﬁ’n ]Fl)'é@ e}nd&messe%\qr

anol am n

hemo‘ﬁ)é;ﬁxp glf(ﬂg% 1}| %3?1%1%%3 Fg]é 10{08% rmanﬂ}%t);ls ag %slﬁysl]aﬁ({vo Exarnple 1.
~ transferrin (Sigma, St. Louis, ) )
Histological evaluation demonstrated that the constructs grown in defined medium was

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

positively for fibronectin, using procedure described in Example 1.

Table 4: Collagen (ug/cm?)
Day 0 Day 7 Day 14 Day 21

Average amount 0 107.63 £21.96 | 329.85 £27.63 | 465.83 £49.46
of collagen in
cach construct

(n=3)

Table 5: Cells (cells/cm?)
Day 0 Day 7 Day 14 Day 21

Average number| 6.6 x 10° 78+22x10° [ 9.6+25x10° [ 1.19+2.1x 10°
of cells in each
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MO, 20 pMtriiodothyronine (Sigma, St. Louis, M),
6.78 ng/m selenium (Al drich), 24.4 ng/mM adenine
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i nckrodt, Chesterfi el l[1noleic acid

eplde(%%l%%c?n %—:C.ilu oufhe epi%%aliz]aggy R%ﬁ%?u%?ﬂ R{pg?e;(ﬁ%f? t %1 base mixture

serine

of Du|'b%géos’s N%%)lﬁedoEagle s Medium (DMEM) (containing no glucose and no calcium,
BioWhittaker, Walkersville, MD) and Hams F-12 medium (Quality Biologics Gaithersburg,
MD), supplemented with 0.4 pg/ml hydrocortisone (Sigma St. Louis, 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
ug/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-
glutamine (BioWhittaker, Walkersville, MD), 50 ng/ml L-ascorbate sodium salt (Sigma

Aldrich Fine Chemicals Company, Milwaukee, WI), 16 uM linoleic acid (Sigma, St. Louis,
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nmM choline chloride (Sigma, St. Louis, M) and 50
mg/ M gentam cin sulfate (Anmersham Arlington Heights,
WO 2Jo7/1T38e5 cul tures were fed every 2-3 days, foPCIAS2007/063301
days [00178] Sanples, in triplicate, were subm' tted
and 14 days after the construct was |if
MO )t hél\%ﬁoraonheaql Acperaﬁﬁ Yigaeedtspuin e 83d/ PG ne aﬂ&e@é@%n Sulfate
processi ng as described i nExanple 1 to deternine gross
(Ameeppaatdngporuddights] IlghfThaconstsicopyere Fiairedsiuthe epigermalization
construct consisted of a |ower (dermal) |ayer

medif@®@ Rstizsddy8 et 9f + i idon okl gt surrounded by matrix having
features as descri bed |n Exarrpl e 3 and was overl aid

[001 7?1 " a | iy %fayss ‘r%x Iexc @3 tfreg} Slgdlumf cornposed as

ati nocy
Col | ag}r nous l\/ht rix by Hurm Achl I I es Ten

aboverpt sHirad t© thomerlatoicst pt-dvgs t Cx 1R &nlse P&Lstf@,r e Pdlery 2

usi ng the same nmethod described in Exanple 1 replacing
days, theecalneraontamargtha lcofistueskanastptiradp tmssfsrred tomewuerdturing trays
Achill es tendon fibroblasts (HATF.). Following 2 1

with s&fEerit indali-D@AUChicOfa R 14111 jSQ EPIHR SuttBdctfahs earietithbRe to
for H&E staining and thi ckness determ nation using the

maintRih SR &%Scc‘ornbm a’t the %ﬁq%ll@m%?rfa-gg eThE Y lc&ﬁtgcgung tlh?( tGOp

construct s visualilzed as cell matrix tissue

K . ,
surfac(e ﬁ)@% rf%EHng geg rilll'la%err g‘gﬂ‘é’% atr%tlf‘gclap ion %f?' tﬁg gpﬁtléellfélf I%yer The
decorin_and gly cosam nog ycan were al so present in the
constiypiI ST e mcubatei(atr%ﬂﬁel 6 10%C Q4. ppd lomphyraiditgninangdia with media

Col | agenous Matrix By Transfected Human Neonat al
changeoeesk 2 dybfatil dests ThBGA&RYm Toatasicd atletmittoerofdarlkalco’s
fibroblasts were produced using the follow ng

modi i § ﬁledQﬂ?%[YMEMﬂEoﬂthBh@' 1Rék @h&ho @ﬁﬁiu\&? QlOWhlttaker,
growh factor (PDGF) viral producers (Morgan, ,

Ik&hyill tg ‘%% el Eri;o %4 706
Walk il By AP R QR BB SEEE Bl M1thy

These fl gro di um ed
suppISRETE MHE Jaei Gy crgsortache (et Sh %SH gl

1% CO . The growth nmedi um consisted of: Dul becco's
cthanefpirfci (BtkEaRprkos komei N, CDVEN] M triphespipusthenolamine (Sigma, St.

formul ation,
Louis, MO), 5 pug/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 (Sigma Aldrich
Fine Chemicals Company), 24.4 pug/ml adenine (Sigma Aldrich Fine Chemicals Company), 4
mM L-glutamine (BioWhittaker, Walkersville, MD), 2.65 ng/ml calcium chloride
(Mallinckrodt, Chesterfield, MO), 16 uM linoleic acid (Sigma, St. Louis, MO ), 1 uM
tocopherol acetate (Sigma, St. Louis, MO), 1.25 mM serine (Sigma, St. Louis, MO), 0.64
mM choline chloride (Sigma, St. Louis, MO) and 50 pg/ml gentamicin sulfate (Amersham,
Arlington Heights, IL). The cultures were fed every 2-3 days, for 14 days.

[00178] 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
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wi t hout L-glutam ne, BioWittaker, Wal kersville, MD)

suppl emrented with 10% newborn calf serum (HyC one
whadwonedses i es, Inc., Logan, Utah) and 4 nM L- gbCt/anionz063301

(Bi owWhittaker, Walkersville, MD). On the sanme day, 1

vjal of human neonatal foreskin fibroblast(HDFB 156)
Examﬁjﬁ 8 ‘%‘E?r‘?lﬂ]é?v%assa?‘ﬁaeaﬁﬁ%é’&ﬁ%fhlgi%t Bugt Oict%’ycfef&‘!? Losygpe cppstruct
flask (Corning Costar, Canbridge, MA). After three '
consigied/af 4 lowcf CRImPalpher: adsipting pf 6‘8@@1@@@ serded g dnagiix having

fresh gromh medium The HDFB 156 were fed with the
featurabasvdesgritmdtih Exeaplerf, phdisraBovalaid byelaybr efwratiSedyamd differentiated
Louis, MJ. The next day the HDFB156's cells were
keratihddy@st ed as follows. The spent nediumfromthe jCRIP
PDGF- 43 viral producers was collected and filtered
EARBEE%T o R Fe P Lo eendly R JR R PRI Tendon
was then placed on the . t he next two days the
HDF were fed fresh grom:E£H§§%3h1 The day after the
HDF were passed from p5 to p6 and seeded at a density

2.5 x. 106 cells/ 162 cnR flask (Corning Costar, . .
WO”@LW i 6%@@%} CoRuCts %ggoraﬁgél@agé%e 1291978 93 gﬁ%ﬁPed in
medi um was aspirated off. The flasks were then rinsed
Exampijet lhreplaping $hthburnsarbugonatabreskin fleroblosts enthhamamyAchilles tendon
resi dual newborn calf serum Cells were rel eased from
fibrobildses (HAEBIK). byolddh @ @1 Baywslin tpryjustion mediuse Re@mples eaadinlso submitted
flask and gently rocking to ensure conpl ete coverage

for HRE stdi@infRn@tddi@kss detdrbniti2i9n W8Ie thehrebaRee 8QckiP&l in Example 1.
i ncubator. As soon as the cells were released, 5 nmL oF

The r%ﬁ%f&éc?ﬁ%ﬁﬁ?@a? (I%RQLZQ? h.glg' 'cai hl%{r}x t\ﬁ@ﬁe{ gﬁé;?cglsﬁ'?ﬁ%ﬁp% th(i)ckness

m xed wt e suspensi on e action
the trypsin-versene. The cel |/ Trypsj n/ SBTI .
of 7 5-§§§&3r§s& Blkrapsdn mdvdaesony Pt BRE Iafieg 88f@nflgporin and
di vi ded between sterile, conical centrifuge tubes.
glycogmhineglyeaneverolalse presdntoy theeeensiriaigat i on at
approxi mately 800-1000 x g for 5 mnutes.). The cells
wer e r eEnsppledednivitrd Ferrgsttunt Of ARthlagémus deadk By at
the density listed above. After two days the cells
were fed frEepstgrtehinmea dNeoptatraesn F%Wh%@st% ay the
cells were harvested as above, and diluted to a
density of 1.5 x 106 cells/m in growh medi um '
[0018@bnt ai ﬁ‘mgf@@%hﬁl@m&eﬁn@léibﬁol@@itw\el(emo:@)cednuwng tlgofpllowing
di met hyl sul foxide (DVMSO) (Sigma, St. Louis, MJ). The
procedwt] Onesia of [(ERIPR4opletrelct dotdivedrgrowihafactat (FADGH) vird @rddiicers

(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
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[00 181] Production of the collagenous matrix for this
exanple utilize the sane procedure as Exanples 1 and

wW@200apdsexi ng the human neonatal foreskin fibrpti/aS1087/063301
with hunan neonatal foreskin fibroblasts transforned

els of platele rive owt h.
<HDF§3§é5>o %29@%51% RbRiEA Bbl > @eﬁ%gﬁ‘e?p% sﬁ%iﬁr(&%%ﬁow
for H&E staining as descri bed above on day 18 post
CambgideeliMg). Satapthees degp hedCRIP EDATHEY vinalipmeduckes were fed with fresh
avidin-biotin nethods for the presence of fbronectin
growth insddédn i TheEIBIRBI 86 $0rc Sdngpthahe wbrve graskthmediud juslBug/ml
post seeding for H&E staining as described in Exanple

polybienc #8ignRXHi. DotiRAV®)S At hakt da§lthe ABIFB156WIc8BSwere infected as
appearance to that descrlbed in Exanple 1, with a

follov&?&e aﬁﬁe ﬁgnttnl?é ?ﬁ)gn l_]%ﬁfP ﬁD ?91?3[1 (p'Pgdu):ers F&Q@éoﬂé&éﬁﬁnd

transtecte S |nt matri X construct

ﬁltere@ﬁﬁrgﬂe@% oot 3&%??550&%5% it ?%P 83%?1? f ftfafaii S

of PDGF was undetectable

mediygr bt speph@edige wakthan niaaﬂ oke éil?Fm 09@@@1@%} two days the HDF
Cell-matrix constructs were prepared according to the

were fedtfteoll grawth Excaligph.e The dai afeer thnld PFdesrerphsstd ool Saotpd and
derived fromneonate foreskin and were grafted onto

scededl at 4 d@xity of 015 i Reks/ C6eahelaskCotitey absymiCambiidges, MA). Cells
M ce were grafted according to the nethods descri bed

were PHsEPLEBIERY sp&lt niddiurk 1A ﬁgplraftélieoffi' Phd ASWE Qe th@ﬁ‘ hﬁEbd with a

'S |ncorporated her ei n. ts were exam ned at 14,
pho spgigtg gﬁfgrge@é ?lllgeo 0 rgrk]g{]e; %nSrf 1e ?\g{fﬁ rn%gzﬁgrélsc%g?sgﬁuﬂ\o ?Ql?s \Qgrg released

from G a1 e l%g RSt 2 2ot Rk h g@ﬁ@v ke g ensure

nunber of mce were sacrlflced at each tinmepoint, and
completrecayersze ohheasonghayer. heilturenwersup@ancgde ehcaneibatt. Assagn as the
with a surrounding rimof nurine skin to at |east the
cells wemmeleasedsS marafd8IE.(Sdyhrat iToypsirblatibeten wiseaddedfo caalmlask and
the nurine skin were preserved in each sanple. The

mixed®W{th 8 sR6pdnkios Y6 s@?mmi KSioMBF thetthiPBinfverde] ThbOBPRPLR/SBTI
buf fered 1096forna in and fixation in nethano

suspehQEATRLE Ronfdvi8 EroR AR e Sks H%v&ggg?\fi&&%eft% n%létc%in 'apg

according to procedure escri
Inte

centrlﬁfgﬁ% abl gg A; Yv S (‘ioglﬁgt %P\é 8enqmtl%n i}%asoxgn%t]ew §0|6 1000 x g for 5

minutes.). The cells were resuspended in the growth media for seeding at the density listed
above. After two days the cells were fed fresh growth medium. The following day the cells
were harvested as above, and diluted to a density of 1.5 x 10° cells/ml in growth medium
containing 10% newborn calf serum (NBCS) with 10% dimethyl sulfoxide (DMSO) (Sigma,
St. Louis, MO). The cells were then frozen 1 ml/cryovial at about —80 °C.

[00181] 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
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grafting, the nouse epiderm s had m grated conpletely
over the graft. Using the H&E stai ned sanples, vessels

woweoog/1ad8¢5 ous Wi thin the graft at 14 days, andPCT/US2007/063301
t hroughout the experinent. By gross observati on and by

E st al S les, jt termn r.aft
grothﬁ‘%fé?rs@ bgﬁgﬁé %ngﬁlgﬁll aPVie ;’S I‘Y%Waf?@n %%ﬁ%‘%}% fEgIng as
living cells, no gross natrlx abnornmalities, etc.)
describpd ehayeoutday H8 postrigedingf Strpleewigtsralsretiainedysmgpihe agidin-biotin
Use of Full Thickness Skin Construct as A Skin G aft
methdd® Gd88¢ pisiséray ef fibkinectoohigtd incExsanyude £0.pRapplcedemsaken on day 18
described in Exanple 2 using human dernal fibroblasts

post s@&ruhg/ﬁﬂl H&PRanfNA ®sEMBRSKIBRamplet INan g exiiBiked DY ilaP&l-matrix
unan keratinocytes derived froma different neonate

gross %b? td flaf 3§ (Léec 9k IVEFIQJDB aily %gthfa-rrlg%sﬁ dn[hfé E bH$3$6 microns

eto manua ane
h t d to the
(= 1>g?§?¢§ il O vag &l SRR Fpuf %8?&0 s \8?83%3&%01 to be
full excision wounds created on athym c nude m_c

100 ng/@&obﬂ EhESA threvghoniths dyeation 9f feradfursy(1 Paren mdnlg coafrol output of

al . (1996), the disclosure of which is incorporated
PDCthaEmeKTHﬁtpoints for taking sanples were days 7, 14,
28, 56, and 184 days post-graft. The graft areas were

phot ogmBxphgit WhubeOf MhaDirmdl onetrildt 0. A Arif ieeriadf
mce were sacrificed at each tinepoint, and the graft
areas and their surrounds were excised along with a

[00183pr T Oumllqﬁatﬁk PoRftrydty WhR prkpdted fecdldih@@Stheth&hods in Example 1
panni cul us carnosus. Junctions between the graft and

usingtﬂﬁﬂr (%éﬂglgl FBLIDIANR' ForPle SRIN %g?tl'%agen %@%lﬂq MR Fere Ségﬁl’ted onto full

t1ssue san‘p es were In p

buffer d 1OW for and fix [

oxcisiBh R crr sk an St B kenise s AUeS SikeBrd Rerdipe o b gethods
according to procedure described in Exanple 1. [00184]

descrippd by Parantcapngterdr P20, et Hsdlprarnebwhichds ineotiorsipdh herein.  Grafts
days by gross observation as well as by histol ogica

were eppaacdatckt, 2Byand&i® dayaifor signs efesthetamoovry thewvanal bededvidence of
growing into the graft fromthe host tissue within 7

wound ayhtradtiof) afchd 66 grafhBsgraldt sresemoRionedsdutalzafiyn dddor). The graft
persisted through the experinment, wth mnimal

arcas QR RS drAhcBWIRR- intdbd dd Ak el c@NAIruRHERDF AL AE Khificed at each
staining the persistence of human epidermal cells was
timepgfﬁgmd R gllaﬁ A&l hdf ﬁlcr}ounds were excised along with a surrounding rim
of murine skin to at least the panniculus carnosus. Junctions between the graft and the
murine skin were preserved in each sample. The explanted tissue samples were then fixed in
phosphate buffered 10% formalin and fixation in methanol. 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
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period. Exanple 9 : In Vitro Formation OFA Matri x By
Human Cor neal Keratocytes[00185] Human cor neal

whesoatiaasyi e cells (originated at O ganogenesi spPCT/I82007/063301
Canton, MA) were used in the production of a stronal

construct .of cor e ent cultures .of h
graft wglfsawﬁwésr%f@ B lpok Fimeohaingd cByibg@lio Ro gross matrx
substrates using trypsi n-versene. \Wen rel eased,
abnorgwliiesaatcorthieshout His lbngtb of hesxpeedento neutral i ze the
trypsi n-versene, the cell suspension was centrifuged,
t he suxempit &NUsdoSitdlr TledkeendSkin e onetrhis avvdr &kih iraft
resuspended in base nedia to a concentration of 3X106
cells/m. Cells were seeded onto 0.4 micron pore size,
[00183F NM GilRyEiskn donSBues Wotelperdd Batesctitedan EwahbR 2 Lrsirag human
six-well tray at a density of 3.0 x 106 cells/ TW(6.6

dermat bbbl &R &e%{ve&f%bm nem% Gorebibih W 82 éi\eﬁ{]ﬁ_ l%pelr BhAh#MBEh keratinocytes

overni ght 1n seed ned |um The see m was conposed
3: 1 m.x CCco Ie S
cert g i ey Pl B RREF R P b, Ky ST F were

i t her shur .,4rr1\/IGI MAX GboBRL
able t@%ﬁ@ﬂ}l@f’ymgﬂed%m gfﬁdn%@iafl? \}@gglegwﬂ P\(ﬂ CaffitahpPor, and placed
reconbi nant epidermal growth factor (EGF (Upstate
onto th} gradiciinoTbg Pilavek ekiplcapsteictsnvgre goafigdpgionfull excision wounds created
hydrocorti sone (Sigma St. Louis, M), | XI|I O4 M
on atlghlianedamiceacddrtinkao tlﬁ(‘méthdiklsatmcriﬂﬂhf)by HareantdauQ&MI. (1996), the
0- phosphoryl - et hanol am ne (Sigma, St. Louis, M), 5

discloREHe B whitghik iftofpair&8& hersin. Tﬁfh@b&nts"f@) bakﬁg@ﬂl[ﬂes were days 7, 14,
transferrin (Sigma, St. Louis,

28, 56t L %1%? gtp &{% ,?.%SH né}?%l( g% g%l’ft d§| %:Sh %H hﬁot&%@&ﬁ gﬂecglﬁgpcgon the mice.
A nuf%eé“ﬁ G CPIHRAT B UrRRPORY-oOES it hhei At g Surounds

conposed of: a base 3:1 m xture of. DVEM Hans F-12
were ersificd ,q{op@ygth 3 SurpuaABgires obaiuFiAR PIB 6 &, leemg)he neviculus carnosus.
G utaMAX (G bco BRL., Grand Island, NY) and additives:
JunctiSnsbgtwier-mrafRestirbimaint skipivee pealseryedin dnch agnple. The
(Upst ate Bi ot echnol ogy Lake Pl acid, NY), 2% newborn

explagtadl tisshe suipichiyetohen fikefimmhobfitaky) bufferéd h@hMbrmalin and fixation in
hydrocorti sone (Sigma, St. Louis, M), | x | O4M

rnetha%Bh anghaith BRed Hntkas WB%%@J&K&W?M H&Eﬁ@:ﬁnﬂl"g%@@@rdln% t glj&edure

M o- phosphoryl -'et hanol’'am ne (Sigma, St. Louis
descrlggA{HExa%p%lln (Sigm, St. Louis,

[00184] The grafts integrated with the host tissue within 7 days by gross observation as
well as by histological appearance. By H&E staining, vessels were visualized growing into
the graft 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
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M), 5 ng/m transferrin (Sigm, St. Louis, MJ), 20 pM
triiodothyronine (Sigma, St. Louis, M), and 6.78

wmguorioises eni um (Si gma Al drich Fine Chem cal s BOI/PS2007/063301
M | waukee, W), 50ng/m L-ascorbic acid (WAKO pure

o015E b P i g e B T OB g mon.
and 0. 05% pol y-et hyl ene glycol (PEG (Sigma, St.

MA) weigiused pche priductéan efir srogiag genstrupogreslcaTheonButnt suligesof
mai ntai ned in an incubator at 37 1 Cwth an

humaakemsphtes ecof rekdded 18m @Riandtutedibktrashugmoayestin-oersene. When
medi um every 2-3 days for 20 days (for a total of 2 1

releas@@%Sybdan Giptid iBhib At veds wWBed thdtralift bl kdyP§ig-vetsfe, the cell
kerat ocytes had deposited a matrix | ayer of about 40

suspeffi 5t A 0L KR o AR R EHA K e Bl TR fen resuspended in
fibrillar collage ¢orj n_and. gl ycosam.nogl ycan were .

base iyl s Bingfft R P P e Re R b R R e sz
In Vitro Formation of A Col| agenqus Matrix By Human p

24 migdimgted tismer @URrnireatest Emsasts meutravell thypyt s digetityad 3.0 x 10
Media [00187] Human neonatal foreskin fibroblasts

cells/ T (6¢fi 1 &0°ext [semCy:. gEhesg ewlbrésswerk mint@mad ongrnighy inseeémedium.
seeded at 1 x 105 cells/0.4 mcron pore size, 24 mm

The sefdan@digm wdssotposad dftid BaderlehingttuasMEb&cob B Moditixd Beglk’s
tray (TRANSWELL(r), Costar Corp. Canbridge, MA) and

Medi6th QYRIEND) SHOMhRs FEGI MEN LN @I AN 1B GUIHEABS S VS cat ), 4
e O e ba T ed@;ﬁ% AligBiIIRY (R T MID cat.).

i ) - gl ut-an ne, -
M GHTERR GRS B G NN AT e o rgypoinent
.. newborn calf serum (HyCd one Laboratories, lnc., lLogan,
epideiga] gyovgth JactamnbiGIy (LpstateRioteahnolgan b aedracidady kb P mg/mé
MD). The cells were maintained in an incubator at 37
hydrogor@smiet (Sigm St; osiphdiOs, bX 0" MoiEDolanihe(Fieldi, Runkeskoma, NY),
repl aced every two to three days. After 9 days in

1 x 1cUltaipleospheryretiansmas (8kpia, 8t edufst MO, Bagahl il ﬁSigma, St.
di sh, and replaced with production nmedium The cells

Lo 560 APPSO RSB B B KRR 1.
Lous B LA LB (S DR B CRRRPLREL RSB,
Milwaukee, WI). Following this the cultures were fed fresh production medium. The
production medium was composed of: a base 3:1 mixture of DMEM, Hams F-12 medium
(Quality Biologics Gaithersburg, MD), 4mM GlutaMAX (Gibco BRL., Grand Island, NY)
and additives: 5 ng/ml Human Recombinant Epidermal growth factor (Upstate Biotechnology
Lake Placid, NY), 2% newborn calf serum (Hyclone, Logan, Utah), 0.4 ug/ml hydrocortisone
(Sigma,St. Louis, MO), 1 x 10™* M ethanolamine (Fluka, Ronkonkoma, NY ACS grade), 1 x
10 M o-phosphoryl-cthanolamine (Sigma, St. Louis,), 5 ug/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
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DMEM Hams F-12 nedium (Qual ity Biol ogies,
Gai t hersburg, MD), 4nmM d utaMAX (G bco BRL, G and
wo g00ana3seNY) and additives: 5 ng/m human recoP@i/ns2v07/063301
epi dermal growt h factor (Upstate Biotechnol ogy, Lake
Pl aci d,. NY), 2% newborn calf serum cl one, Logap,
ng/ml@rawgbl@?%d @ff%ﬁgw&‘r Jicareal semBanye; @%g@?ﬁmﬁv@?gma St.
I x I OAM et hanol am ne (Fl uka, Ronkonkoma, NY ACS
LouisgM&¥e§. ] ng/ml glycam SigphoStpohoviyl ME) laah 8103k prly-ctivdang glycol
St. Louis,), 5mgy/m insulin (Sigm, St. Louis, M), 5
(PEGhyigrha.tStabafie MOncd Siudtioee, gr&tle). Loui s, MO, 20 pM
triiodothyronine (Sigma, St. Louis, M), and 6.78

[0018?/}3/ m 91%'3 @B L BhARRineY aIPﬁ'lcﬁ‘)é@@r denem cahwsitCh atrnosphere of
| waukee, W) 50 ng/m L-ascorbic acid (WAKO Pure

10% ﬁgLJP ﬁ r?é‘@ a/ﬁdqc /d}ﬁ)tl (?1 edium e(r%woirfg I’&eé{ tSor %gﬁa%s%m total of 21

and 0. 05% pal y- et hyl C (PEG (,Si gma
days ip Gyture. er§é| dhvicu s @%&@}0@}% 28 PPaHADP @?t%lfa@er of
taken at day 1 and fixed in formalin, then enbedded
aboutidf mpigroas fitt thickmpss, fompasifad tyi the thedwdplcseribad ie Exervpldded
in paraffin and 5 mcroneter section were stained wth

Endogranadl g pyddiutedllsiliar Cbldgen adeeorin and) glyeadaniigpgdgcan aitdre algd present
used in the art. Using H&E stained slides,

in the TBASHAERBMFru¥er € made at ten randonmly pi cked
m croscopic fields utilizing a 10X Eyepi ece (O ynpus

Ane .
i or SAgmLiE s NS FefinadiflorCeHiik ot Marl 7 bn
NY) . TheNeansdl Foedskindtisabgts $sedeg ih Preducedmdbtdar e

simlar in structure and bi ochem cal conposition to
those created with Exanple 1, and have a neasured

[00187i Ckn%ﬁﬁndﬁfneSQatQQOreZklﬁ‘E%Klﬁ@@@rlgﬁﬁﬁ@th@réénogblﬁbsiél 1rco
Formati on of A Collagenous Matrix by Pig Dermal

Cantohl pfé}%&é (& @8R 0P disfoe] Hﬁror@&e%yeaﬁ find 8’13{119’%6? ggsft(‘lg

ganogene3| s, Inc. wer e see e

cultur&%regte RSBk r%ﬁiIﬁéWE&i@n@t G BegbleR M

medi um as descri bed bel ow. The growt h nedi um consi st ed
and gropn ipygroyebapediugy %F iCERYV R AR dRTE CRRT e DRERYCCPH %‘Hdl%ed
glucose fornul ation, w thout Lglutam ne, BioWittaker,
EagleWahedinsDMEBM) Kigh gnepsceivemeletiomiwithoutbeghetaminec BioWhittaker,
serum (Hyd one Laboratories, Inc., Logan, Uah) and 4
Walkerille gVD) aappien {riBedWth t108keswborn calf serum (HyClone Laboratories, Inc.,
Logan, Utah) and 4mM L-Glutamine (BioWhittaker, Walkersville, MD). The cells were
maintained in an incubator at 37+ 1 C with an atmosphere of 10 +1% CO,. The medium was
replaced every two to three days. After 9 days in culture the medium was aspirated from the
culture dish, and replaced with production medium. The cells were maintained in an
incubator at 37 = 1 °C with an atmosphere of 10 = 1% CO; and fed fresh production medium
every 2-3 days for 21 days. The production medium was composed of: a base 3:1 mixture of

DMEM, Hams F-12 medium (Quality Biologics, Gaithersburg, MD), 4mM GlutaMAX

(Gibco BRL, Grand Island, NY) and additives: 5 ng/ml human recombinant epidermal
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Wal kersville, MD). The cells were maintained in an
i ncubator at 37 1 Cwth an atnosphere of 10% 1% CO

WO 200a03%etli um was repl aced every two to three PElES2007/063301
Uponconf | uence, t hat is the cells had forned a packed

growthg%qt%r thﬁ‘:%%?efcgm@a rlfeﬂ? P%@Sdi AW, étncquv ﬂltnl 0y chHyclone,

t he nonol ayer, sterilefiltered phosphate buffered
Logars Al thtne0 viagy/ mbletiotastisdne (Higre! Siyleouin MOY, Hen 1 GiSM etharedamine
fromthe dish. Cells were rel eased fromthe flask by

(Fluk&Ginken Eonid, NY KOS drad@) 5&Ne oIl gtk d@@dl?@ﬂ@éﬁblaﬁﬂm Sigma, St.
Wal kersville, MD) to each flask an ently rocking to

Loulsei ns Hgﬁllqggﬁﬁhgslt'gﬁﬁﬁ 1348, flo) B %g?H%ﬂ?ein@Ye%n (sqé‘ﬂn'é UEEteEouls, MO),

were-returne e I ncubat'or. “As soon as

re.rel ease T. psj n. In blt .
20 NS GBS tside: 57 LoRPaME b e Rrishiug] (S ki
suspension to stop the action of the trypsin-versene.
Fine Ghpsigals E@anbﬁaqkag, Wékd0 ag/ntlrlomcprhiac ﬁ¢lé£{g’s‘“‘é@ dues/ehgryical
di vi ded between sterile, conical centrifuge tubes.
Comp@ey), 8.2wey/al Eglrbleat @dry, S¢dntuid, MIQB10L lopg/atl glycine (Sigma, St. Louis,
approxi mately 800-1000 x g for 5 mnutes. Cells were

MO) &R501698 8B pdndblyubIqEEGY éﬁiﬁﬁnSte Nbid! M) coll cilture ERMc).
cells/m, and seeded onto mcron pore size, 24 mm

o0t e B L B S

s.cells I nt ai ernight in
pafaff’él i@s SO J?ﬁ”gfﬁrgpksw&f%%mﬁ?%“%w i mlamg%%i%f stetion
:1 mxture Hans F-12 medi um (Qua al i t
were %?@F%@Ftéélem@ixb’h%ﬁ%& de&E&/@ycorwt@hmanu‘(@lb agedgmythe art.
G and Island, NY) and additives: 5 ng/m human
Using[é&ﬁrsmimnde@ ingisuraimens over hmade stgen (dgdembt pcked microscopic
Bi ot echnol ogy Lake Pl acid, NY), 0.4 ng/n
fields hyitlria g @r OXSPY®idcSi( QHnpdls A th@iadnc. Mlelville, NY) 104ddd with a
et hanol am ne (Fl uka, Ronkonkoma, NY ACS grade), | x |

IOrnn@fl(M ﬁld?&ﬂ@lﬁf‘%rtlﬂe (G A S e @f@vﬂlgNY?—. OYhSeanstricts created
ny/ insulin (Sigma, St. Louis, M)

using ttﬂl?ﬂl%gl r@ 51£§'1'a9ﬂ¥(3¥u§£1re &t%t%lgihewzal c%%ogyuo to th(}g created with

yroni ne

Ienlum Al dr i e Chem cal s Co.
ExamR,FQI ]w&ﬁ‘i E%Ve Wj’as Hﬁkmss B% gg@@ft %4 R V\AKO Pur e
Chem cal Conpany), 0.2 ng/m L-proline (Sig
Exanple, 1 1) Vltmelormallonrgf ™ C@Ia\g@mmé Ngyig b, Plgperrn@hﬁlbroblasts
MD). The cells were nmaintained in an i ncubator at 37

1 Cwith an atnosphere of 10
[00189] Pig Dermal Fibroblasts (originated at Organogenesis, Inc. Canton, MA) were

seeded at 5 x 10° cells/162 cm” tissue culture treated flask (Costar Corp., Cambridge, MA. cat
# 3150) and grown in growth medium as described below. The growth medium consisted of;
Dulbecco’s modified Eagle’s medium (DMEM) (high glucose formulation, without L-
glutamine, BioWhittaker, Walkersville, MD) supplemented with 10% fetal calf serum
(HyClone Laboratories, Inc., Logan, Utah) and 4 mM L-glutamine (BioWhittaker,
Walkersville, MD). The cells were maintained in an incubator at 37+ 1 C with an

atmosphere of 10% £ 1% CO,. The medium was replaced every two to three days. Upon
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1% CO and fed fresh producti on nediumevery 2-3 days

for 7 days. The production nedi um was conposed of: a
whaw®a/183885 mi xt ure of DVEM Hans F-12 nmedi um  PCT/US2007/063301

(QualityBiol ogies, Githersburg, M), 4mM d ut aMAX

Conﬂtr?aﬁf‘gﬁl?%t S%féﬁﬁ%%ﬂ% HQBWQ%? %}% %\%ﬁd # tg&‘a@‘%tltﬂ\ﬁ? %’ 5@ culture

Bi ot echnol ogy, Lake Placid, NY), 2% newborn cal f serum
flask, (haymedine, wassigamatefran) the gulurergssihi Ty énse thermonrgdaysr, sterile-
(Sigma St. Louis, M), | x | O4M et hanol am ne (Fl uka,
ﬁlterequbspﬂam'mJ,ffeE‘M AGS: gaaadded td the Méhodayet and then aspirated from the
o- phosphoryl - et hanol am ne (Si grra St. Louis,), 5 nmg/n

dish. KRN (cRiasHiBfronvithe ﬂé%!élbg,adm)g 51 smwéxﬁ%sg‘l@taﬁmﬂé
(Sigma, St. Louis, Othrllo othyronlne(Slgrra

(Bio\@ltta &%me lle t?/l %% ﬂ%%d%%ﬁ%pgogmn gﬁ%ré%cﬂﬁﬁlg@

ne em ca
cover%?ﬁg{%ﬁ%l%g%g geggv%flé%tucr'ﬁgﬁo tﬁe W@J{;@[ ygw%ﬁzas the cells
yci nhe ma, St. Louis and 05% pol y- et hyl ene

were @l%qﬂS (\éyg B@"%{%}yﬁea@wp@g&p@bltmyvaé afgeddp cighy fdask and mixed
grade. After 7 days the nedia was replaced with

with the oelLisusponiongdistomthé adiontof tewibygrsm-eabdnes dhawuspThdien was
nmedia was fed fresh to the cells every 2-3 days for 20

removddrfeondl SesflaskOindeevicolyadividéd BEwdey setile, eonlidall centrifu@0 bk, Cells
Sanpl es were taken at day 2 1 and fixed in formalin,

were ¢1RBtcE %@%@ugaﬂoﬁ’ﬁf eﬁjpﬁré)ﬂmafg RGRITY A & £ %ﬁﬁlu%m@eﬁ§ were
wer e enbedded 1n para N an 5 mcroneter section

resus;%’éﬁaﬁd é?t}dadlﬂl%%i i) atJBnE‘e‘?{E%hS%fX% Q- l%agélﬂérfp%e%ﬁé@ é@g@gl 1In9cron

gues customar used
st aj ned | ides,. rerrents wer e de at ten randamsy
POTC 7% %81 @P}S’éﬁ‘c’f&ﬁ?v@ tBTecfEeaEﬁd] NSRS 19 apek el digy @t & density of
a us Anerica Inc., Melville, NY) |oaded with a
3.0x 1&/6@\’ (h-e P‘deeP@PS/qﬂét) i EFls wearcynginiainaderermight frea seed medium,

Melville, NY). The sanple exhibited a structure
The sexminpadead cofisistedl b§ adnse dratmixmrevof BMEMeHsms €6l 2 inedikmg€miality
of 71.20 9.57 microns. Besides endogenously produced

B1010§1|cb rGdifhafsbG:@|, MVaYE Ml 6E@EMA R (Tibgd BRIS @FMPB 6 AVY Vi E
al so present in the cell-matrix construct. Exanple 12:

addltllf&nlf gl:éatﬁlnlgﬂcieﬁlq%&&ﬂ?lﬁgnt %R']I?I agr?v?gﬂ fﬁctgpﬁ%sﬂﬂé:ﬁlotechnolo gy Lake
Placid, NY), 0.4 png/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10™* M cthanolamine
(Fluka, Ronkonkoma, NY ACS grade), 1 x 10 M o-phosphoryl-cthanolamine (Sigma, St.
Louis,), 5 ug/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 Pure Chemical
Company), 0.2 ug/ml L-proline (Sigma, St. Louis, MO), and 0.1 pug/ml glycine (Sigma, St.
Louis, MO). The cells were maintained in an incubator at 37+ 1'C with an atmosphere of 10

+ 1% CO; and fed fresh production medium every 2-3 days for 7 days. The production

medium was composed of: a base 3:1 mixture of DMEM, Hams F-12 medium (Quality
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[00191] A cell-matrix was nmade according to the nethod

in Exanple 1 using Human Neonat al Foreskin Fi brobl asts
w@200a/163865t matri x produci ng cell type. The cePCFD&L007/#63301

wasl ocal |y seeded with spots of dermal papilla cells

. . as tio I.ch in t ed
Biologjcs. %%@P@E @{ﬁbe gmﬁi %W"é@w %Sﬂ%&%%}ﬁﬁ% 87
a continuous epidermal |ayer over the cell-matrix and
additiy¢re S dermpidhunpapiesqrabigant egiderad rooy thifpeter (Unstate Biotephnelogy,
construct was formed using human dernmal fibroblasts
Lake PHEK) N§9s 1% edwbomatftaenat dilydleregskpan, UHDH, 0ve g/ mickaldestortisone
up by seeding themat 5 x 105 cells/ 162 cnR tissue
(Slgm%l-ﬁttlycﬁﬁs tM@fltle)gl(f 4 I@fs&h&lg@a?ﬁlﬁé Sﬁ}ﬁkzp Rongéﬂgﬁﬁadgﬁﬁ A@@ grh&b) Ix

|un1con3|st|ng of ' bécco’ s Nbdlfl

10 1\% g%ho&ﬁh ld?tH%naolglﬁnrl]lélM(%% ?tt ?8&1&‘3 S5 %flr)lkl 1S %nl(slgmawgs Louis,
upplenented with 10% newborn calf serun1(NB
MO), GHyaimbtiansferHp (Bigs ek LopiscMO) dyaM triipderyyramge Qﬁlam St. Louis,
L-gl utam ne (Bi oWittaker, \Wal kersville, MD). Wen
MO), and bl78engtml sdlnivwe K Rgmel dds edF ine dictielpCat Milvaukee, WI), 50
trypsi n-versene and resuspended using fresh mediumto

ng/mla-6RBAROhEAWAK OfPude OhdmibREC &:8pAnSH, .2 namsl ISpRAiRE (SBHA, St.
0.4 mcron pore size, 24 nm di aneter tissue culture

Loulst m&gﬁ | p!g[‘*ﬁle%lglémé gﬁ%@@-kgﬁ% ]%I@% AT ?8)8@9@(?1? e/)hﬁlghe%lycol

ensity o I’nse

HDFE ,cul, t.ur i ntain

(PEGH (i St it O Tt g A Y ‘Z?wﬁ?é%@?@laaﬁf%ﬁa&Wﬂh
CO and fed fresh production mediumevery 2 to 3 day

produgtipn madiyaywithout sewberg ceescmst nbiys aedi wasded iﬁreékt@rqua éells every
1. [00193] After the cell-matrix construct had forned,

2-3 dayss fowad) mersdiags,vipt htosad of 8 diyydierontthrepapi | | ae cel ls as a
second cell population. Dernmal papilla cells are a

[0019d] scr etSemplagthedd taken of dag e cindlfixzé th fortabnltRst @nbedded in
surrounded by the hair bulb of hair follicles to play

paraﬂ?n 4R Ff&ﬁﬁalﬁl‘?ﬁx%d'sﬁ‘mbf%@ WRR EmBHdavd (h a@ﬁ'ﬁ%‘nd Bé}ﬁﬂcfdn‘?&et‘%‘%&lon
be isolated by m crodi ssecting halr follicles and

were SRR B8 L PR SRR GRS gy v
S TR T, LA TR SR —

i ncorporated herein. Wien a culture of dermal papilla
fields pglirigg pdfXhEyepiece (Olympus America Inc., Melville, NY) loaded with a

10mm/100 micrometer reticle (Olympus America Inc., Melville, NY). The sample exhibited
a structure composed of cells and matrix with a measured thickness of 71.20 & 9.57 microns.
Besides endogenously produced fibrillar collagen, decorin and glycosaminoglycan were also
present in the cell-matrix construct.

Example 12: In vitro Formation of a Bilayer Skin Construct

Containing Cells of Dermal Papilla

[00191] 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
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confl uence they form aggregates that can be repl ated
on culture flasks to reform new aggregates. Dernal
w@apriibimes were i sol ated from a skin biopsy obtBECTE82007/063301
froma 4-week oldpig Cells fron1the dermal papilla
e seri cul in DNENIC nt ai ni.n

100&11%@%%@%%5* SPRigos 35%9(% pamhﬁ grilsasegrand oellggpulgtie” Wé%wé was in turn

PDP cells reformed dermal papilla- |ike structures,
seededythdgatimacytehasa ird lech aapeatiing fesfosm axgoptiovusepisieymal layer

between 90 to 210 microns. The aggregates were then
over the odiredtrix orh thé dermal papiBa pdlat e by vi gorous pi petting

of medi um agai nst them and then seeded onto the Hunan

[0019p! | ageneUs cMBiatrix dnstrie WwigTSihod Win AO0WrRIPLRSblasts
per cn?. The aggregates were cul tured submerged for an

mm@%ﬁ:é?ﬁ‘“ Wé""ﬁ‘n e ER dgef?&%[%%@gf Ao’
cells/ T8 erg i By te iﬂ%ﬂ%ﬁ&gé’aﬁ% RSt B B roth medium

cultured to forn1a conti nuous. epidermal |ayer over the
consigtigg|of nuphegcop Yadiféeddérehas msdpit (RMEMhigh gluose frrmulation,

constructs were made: the first with human
withokiek-glutmomygt BoWhiteke eWetkdrawiltech Midpukpleatented oxithe K% newborn
Nor mal epi dermal keratinocytes were isolated from
calf sdrunB(INBE)(Blly@llorfedradstitdtics HRP) Logdn, UtgiNapid ¢ mM L-glutamine
keratinocytes (PEP) using explant outgrowth to

(Blo\ﬂ*ﬁ’étﬁ&lr' WRIKRFNTRY ¥ISH | WHEESonIRES BIDTel b3 r%ﬁs%dtfﬂ)%pthe plate using
cultured and expanded until passage 3 for the pig

tryps@-tsfrgfas H%at?cf re g%ﬁdee%ﬁﬁlg%tsﬁ nIe’a[untl ﬁ &%Mra?hoh%lfg ()I XA‘E 6@%lls/rnl

ease
fro uIture di shes, using trypsi n-versene, pool ed,
and sedid Pitp E)g‘@au%n PRI, 2T e E%%Sws% wekaldi lwerts
epi dermal i zati on medi um_ counted and seeded onﬁ% )
(TRAI\%éN Keh®r aaming Cester fisd si-will @aysate depaityeel 3.6 xd cerlbfmsert (6.6
HEP cells, or 1.6 x 105 cells/cn2 for PEP cells.

x 10° Eisttem’iya HDFesh l@dstwire mangtied inl dntinesbatoarat 12+dag svidsan
previ ously described in Exanple 2. [00195] Fi na

atmos%ﬁ‘gfg lh8$0 Wee C%%tféc?ﬁiesfh rod\REBh %F‘Xi dnfle 288 §'d'aﬁ %or 23 days

rocessli ng ght n1c oscopy. The resuftin
onst r uc thb A aS|c nor phol ogi ca
accor% afm%ﬁ%ﬁet%ﬁl‘?d llnjf" ﬁ a dermal |ayer
conS|st|ng of fibroblasts surrounded by endogenously
[00198} oduc édterthierdel-matris Icoaitingt kaddfotaerb itswas ssedrduidlespots of dermal

fibrillar collagen, decorin and
papillae cells as a second cell population. Dermal papilla cells are a discrete population of

specialized fibroblasts surrounded by the hair bulb of hair follicles to play a support role in
the hair growth. Dermal papillae can be isolated by microdissecting hair follicles and
cultured in vitro using the method previously described by Messenger, 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 papillac were isolated from a skin biopsy obtained from a 4-week old
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gl ycosam nogl ycan, |ocalized areas of dermal papilla
cells and a continuous, stratified |ayer of

wheroatidisetyt es across the cell-matri x construcPCHOS2007663301
dermal papillae. In both tissueconstructs overlaid

: i ei thery human_or nig kerat. ytes,.the rmal . .
pig. %%%ﬁ%tweﬁ? ighla4P ﬁ?g Rt Sl eurEcs %ISME% GeRigining 20% of
snal | undulatlons of the overlaid epithelium
NBCHumtflaassaee 8t édtee pividglss inadultges, the BpR cdlistrelorped derpal papilla-like
close to the dermal papilla cells. Exanple 13:
structidye sl armogriegatég itltht Macdhshadendametoy afpandmiathy BdtivEn POBIDI®] microns.
Hyal uronic acid (HA) was nmeasured in cell-matrix

The a§@B84tEIGER thAT RBGvEY fro@tABLulfird pREB ®s¥igolos pipetting of medium
serum cont ai ni ng nmedi um and chem cally defi ned nmedi um

againd ¢, g gheltnose&?% %@{h@@rﬁa{ ?a{ﬁ@h&% Mat@R 0t gre density of 200

respectlv mat r 17X constructs wer e

I 75 .
aggregaﬁ%so%%t Tt e B e PR ek Fil ftons 13 dysin
CorningCostar). Extracts fromthe cellmtr
DMEMy#¥f #ﬂ%‘? W\Nélrseerﬁrﬂée;sialrr@ Gxghypngeriv i fresh WEdlé}ﬁ%ﬁYﬁm%ﬁ days.

acetate buffer and 0.5 ng/nL Proteinase Kto a
[00198 st - t The celbntagiincultyres wotdiningtenimal papiba celtsttherfprewere seeded
m xture was i ncubated at 60 OC overnight. After

with l@eediloejte Oimdodultdtdgias fordha cohimubuxépid@mabhysiouer towallangrix and
the supernatant extract was transferred to a separate

the d&MQﬁpafpﬂ[aethﬂlﬁ@feﬁt &ﬁﬂsﬁ%@@ FRYe m@deg @nev‘ﬁlsi whth ﬁﬁﬁaﬂ"ﬁ@ratlnocytes
coated with 50nmL of HA bi nding protein in O.

o RSP R S5 e s o

cont ai ni.n n 20Q.  To .each was then added
huma% eaorwtal e, g%lﬂlil &315%}3 P frplalrpl% §8f&f%9ﬁ%%3’§ﬁh)a ng Gt outggowth to
pH = 7.4 contai ning 3% BSA and 0.9% NaCl, PBS +
establ@%pgsm}“y avlgiren eThsseedlsasere theayliuied and cRmnfled untilpassuge3 for
pl ate was then washed three tines with 0.85% NaC
the pig etméiaj oviumgl PasB&Eh ATive ¢hre IAMnanTadratrh eA fidratbeutia® G deyn imddede, cells
50 nL of standard HA sol utions and extracts from both

were %P edlEd¥ed o 160 Bdiirt dRes honed tehstgvatadieOpsolel, lckiittiangd to form
of these conditions. The plate was incubated at room

a cell Pﬁle n err\;c\glssgélgie(i% Qﬁﬁet%%%gtlcfnoﬁed?luﬁﬁo Eduiite Tath% s@écfbtd%nvi@ﬁ of the

three tines 59 ohb cont ai ni ng

mem g Ay AR Bt T 8: 9000 B T BAy TRt TR ARtEa: BaPEP
cells. flé)prldezrmgﬁgerdscu tturers %)e% cultured for 12 days as previously described in Example

2.

[00195] Final samples were submitted for hematoxylin and eosin processing for light
microscopy. The resulting skin constructs exhibited the basic morphological organization
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
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tenperature. The plate was then washed three tines
with 0.85% NaCl containing 0.05% Tween 20 and t hen
wa@adaedoses each well was 50 ni of HRP-avi din D PC/USHO0V063301
di | uti on) Thepl ate was then incubated for 45 m nutes
r oo ture. The ate was the hed.t hree .
constRF SO 11D, S99% R STHE ii?ﬁ%rlﬂ@%e%%ﬂ@/ pURA D AR pigod o
each well was added 100 nL of ortho-phenyl enedi am ne
packed ghygetpest thatgadused omall vheulpliopsef WpsovicHedrattbelivm. Brifirentiated
for 10 m nutes. The reaction was stopped by addition
epithebifal &is ate affenl dvbddal closd toahd germabpapilleacadlsat e reader, the
absorbance was read at 492 nm and recorded. [00198]
Absor RaeHdTERSMLATRNISAWE NcRVRhREES) SidivieNFEISAed to
quantity nmeasures. Circular cell-matrix constructs (75
rrm dianeter) fornmed in a serumcontaining nedia were

[00198 t er mFﬁ%le&ﬁc %HEHS&QW hﬁbaﬁﬁ@?‘in QOG- RYBh YRR t%rrﬂﬁd By

se forne |ncemca efi ned nedi um eac

dermaggig) ?%Il%ﬂ Sdl.]ilggli%uaaolnat%lal rn%(fj‘ lrllfll(r%lgm I’I%C !cl e naegf[%nc%lﬁum according to
tr| x Construct Produced [00199] The nmechani cal
the mgﬁ%se? thEPs h HW 3 FREEBnst ruct s of Exanple 1

cell-matrix construct), Exanple 2 (cell-matrix
[0019gbnst r Getl-mattiy canstectstvare éyrmedioayaculah @y eomyliametey carricrs
Exanple 3 (cell-matrix construct formed in defined
incorpueatingn poseusemombrane { TRANSW BED®r Gomingtidsar). dixttaestfiom the cell-
These tests are simlar to assays used clinically

matri{ orBtruée KWERS 151%%5& by &¥AI8E dehin Jtrﬁﬁlonluw?éjde@ate Bif¥ferand 0.5 mg/mL
Cut ameter(r) urage Khazaka, Col ogne, Gernmany) but

Prote%géle% Y(?% ]fé'sgﬁ'l% e ﬁf%aecc‘elll G &dcjoﬂgcrl&[i CPRULBIURRY £ 1£<fqlbated at

rane. € sanple ce matri X construc

o PR A o SRR 15

nornotoni ¢ saline. A neta ate with a circular hole

SUPCTRAGHH 3Rt dvas Grapefcirebtogh Sﬁﬁé‘tag‘rtubff for hzalgganigapid awpy wd|96-well
was placed over the sanple and cl anped to the bl ock.

plate Whecasadphils Stde of 2hpg/nilnHAbiedink pratedhus 0 igMaddi ¢ O osdition and
saline into the well with a syringe punp. The

stored @uifhtr@ 470 eShaiplatcwess thensushed thité Hmas Pt 98H% NaCl containing
transducer. Pressurization was carried out until

0.0598/2bEL20. 214 Uich NG DIES R R 5091 Molottihg bolaNST REESPShosphate
mm Hg for the cellmatrix
buffer, 10 mmol, pH = 7.4 containing 3% BSA and 0.9% NaCl, PBS + 3% BSA) and the
plate was incubated at RT for 2 h. The plate was then washed three times with 0.85% NaCl
containing 0.05% Tween 20. To the plate was then added 50 uL of standard HA solutions
and extracts from both experimental conditions, including various dilutions of these
conditions. The plate was incubated at room temperature (about 20°C) for 2 hours. The plate
was then washed three times with 0.85% NaCl containing 0.05% Tween 20 and to each well
was added 50 uL 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
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construct generated by the nethod of Exanple 1; 998.52
mm Hg for the sanples of the cell-matrix construct
waowao/1e88ker at i nocyte | ayer generated by the nep¢iDuSmh7/063301
Exanple 2;and, 1542.26 mm Hg for the sanples
mat r nstruct formed in defined nediu
plate a%télp%frg&{)%{eg gqrdLS ﬁamtl‘@s 2HOOmCHBarage Eig?ﬂélia@ wgas then washed
[00200] To determ ne the thermal nelting point of the
three a@pﬁm PeitS’p NaCl egniriang &% fatcen 20 @@dmsx ¢agh well wasledded 100 pL
at 2 1 days were prepared using procedure described in
of ortho-phiyéentdiaiiie sibspdte soldesrat Tircatlato rwads emubrtat ut &7 @afer 10
deternmi ned by analysis with Mettler Tol edo (Hi ghston,

minut®y ) TKH deh@ToRnVdsakopped B additi6Rbos0 NEIEN M BEE PmamyGlsing a plate
#DSC12E) . For our purposes, the nelting tenperature

readeﬁ"@?e felehNe %%dglﬁ@élnﬁg he.sapp! e from45 and 80 0C

a rate of m nut e e average denat urati on

nperature for the sanples is 60.8

[0019%0201 i Benimr R R TSR Sresin <oFYEisgn e easures.

epi dermal i zed matrix created using the procedures in
Clrculex sethmelix conetsngts (e pimydigneist)r aré@f)d la@oﬁe@n( e@ltpinpgrpgdia were

construct formed in defined nmedium were neasured to
deterrdmté tameashk comteinsaboutr 2uigihyyluodni¢ had edmnls tthase forimredar cherhigally

clinical situations. Suture retention strength of the
defined rhediay: catldlcdnsamed suels m@hydlxronasacitet er m ned usi ng

met hod described in Anerican National standards

publ i catid.gmid Qf P 2@@&1 IRtirfg ﬁfdtMgélﬁﬁch?lsﬂogemes of the

(I nstrunents, using a Bi onex

system (MIS systé&dl@6&p®(@@ﬁ0ﬁﬁPMKWn€hpol|s, M nn.)

[ 00202] For the sanples of Exanple 1, (cell-matrix
construct), the tensile strength was determ ned to be
[0019965 N fhe haxchaaog pagpertics pétiedisancandirmgs dOEExaapipll écdl-matrix
(cell-matrix construct with a keratinocyte |layer), the

constiu€)SExanpié D eI RattBScoddtARt Witha HcPRRB3Yte TRRr H1dtddh and Example

retention strength for sanples prepared accordlng to

3 (cel %@m’% St oo Pa%é%ﬁl@#ﬁ@??%fnes‘i@&ﬁ?%@%ffé%?%’ﬁ%gﬂaUOH
rlbed in mpl e and. 3 hav be qe
tests. TR S i SR8 Soanv PSS BREL (8 OSRET Pye o bRetamylye-
the culturing techniques of all 3 nethods are. cohesive
Medig, iPdg gad Cufeanaderi®y Eourags KdperkaaSplogng Lermany)duginvalye higher
menbrane with
pressures including pressures able to burst the membrane. The sample cell-matrix construct

was laid flat on a polycarbonate block centered over a cylindrical well 10 mm in diameter
filled with normotonic saline. A metal plate with a circular hole corresponding to the
diameter of the cylindrical well was placed over the sample and clamped to the block. The
samples were then inflated by infusing additional saline into the well with a syringe pump.
The resulting pressure was measured with a pressure transducer. Pressurization was carried
out until device failure, the burst strength, which averaged at 439.02 mm Hg for the cell-
matrix construct generated by the method of Example 1; 998.52 mm Hg for the samples of

the cell-matrix construct with a keratinocyte layer generated by the method of Example 2;
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m ni mal force, hence "peel able", and able to be

physi cal | y handl ed and mani pul ated for use and testing
wowvahasetlanage occurring. Exanpl e 15: I n VitroPCT/US2007/063301

Formation of a Col |l agenous Matrix By Human Neonat al

Ki n | asts in Chen call fin di :
and, 1[585);3 ﬁfﬁw’gﬁqﬁé&ﬂ]& C31CH GRERK FanSf BT @%@ Gmedium
expanded using the procedure descri bed in Exanple 1.
gener@édﬂ@lomrl@tqtﬁémqt@ﬁ@w 3.0 a concentration of 3 x
106 cells/m, and seeded on to 0.4 mcron pore size,
(002088 MM dioaker@inctths theemaluh¢lting poineaf ted d onenmdd naurex, ismaplet gcell-
in asix-well tray at a density of 3.0 x 106 cells/TW

matriX @mﬁtrﬁct;l Qfkcnek m;/d@yg&)vere g@a&e‘a Ushhgt dﬂib@edﬁi@dﬂé&r@oé&ﬁﬁ Example 1.
cul tur ed in chenical l y i ned medi um t hr oughout

The shfii2 ﬁ%%mgt#dmtghl#gﬂg %%%ﬁl@e%lﬁgﬁ%%}lés Witk WBerCfoledo
(Highign ) i dolnit et r%gﬂﬁﬁ%ﬁ%é%ﬁf%gw purposcs.

epi dermal growt h factor (Upstate Bi otechnol ogy ake

the mﬁpgg f[ednpep\pp)lre wasydeterpmegh bytheates %Sﬁ@p]@ﬁr% 45 and 80 °C at a rate of
Ronkonkoma, NY cat. #02400 ACS grade), | x I O4M

1 °C/rmmpheo sptearvgtage tbzanaiaon reenpeBitgedor tHe sampias; 5,00M3 1.28C (n=3).
mg/ml transferrin (Sigma, St. Louis, M), 20 pM

[0020f11 | i odghByh@QR REnfiSh SRR Aﬁoulﬁutrengﬂl%ﬁhe MdernANfeBmBix created
ng/ M sel enium (Si gma dri ch Fi ne Cheni cals Conpany,

using %}é eﬂ@&%ﬁ?@s Lﬁ@(arpﬁgs T%eg' glla'tr&sc(rir)ﬁgtﬁl (Fi?r 91‘(1 fi%cgly\@ﬁglx corgtruct
formeq g ?%@%%%dégwi&%%ﬂvé% ?tﬁéwl ﬁwﬁgm@&@%@ Syt in

in these separate Conditions i nsulin

certau(l S]l]@{ﬁﬁ sitagtiong.q grigre W@)ntlog s‘qeq:ﬁﬁl;l ﬁ«f thﬁgg [dar gl hugapedermal matrix
(Sigma, St. Louis, MD, 0.05% poly-ethylene glyco

was d¢eEGned Ssiggmetisid. desailicd in MD)erican Natiomp!l mtandardsipublication for
(Sigma, St. Louis, MO, 0.4 ng/m hydrocortisone

Vascul] £ G, Pr&ithestsQUihstrunéls, 1986) 34ihg AOVIi-Bistes| 858 tdsSkgyben (MTS
St. Louis, M), 6 ng/m hydrocortisone (Sigm, St.

systems Corporation, Minneapolis, Minn.)

[00202] For the samples of Example 1, (cell-matrix construct), the tensile strength was
determined to be 365 N/m; for samples prepared according to Example 2 (cell-matrix
construct with a keratinocyte layer), the tensile strength was 2720 N/m.

[00203] The suture retention strength for samples prepared according to Example 1
was 0.14 N; for those prepared according to Example 2, 0.22 N.

[00204] The constructs 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.
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Louis, MJ. [00207] Sanples were formalin fixed and

processed for henotoxylin and eosinstaining for |ight
wor@rosisepe anal ysis. Visual histol ogical eval BEr/usmwo7/063301

denonstrated that the Condition 2 | acking PEG

denonstr at ed conparably simlar matrix as ndition .
ExqmEg | ailh AgP align o8 AR Barhoss gy Yﬁ%lag%}ﬁ%ﬁ@lw Foreskin

col  agen content of the construct showed nearly the
sane amount ofibeehlasyahomipgdbhPetigd Medigmog ny/ cnp
for Condition 1 wth PEG as conpared to 170.88 9.07
mg/ cn? for Condition 2 without PEG Condition 3

[00206bnt ai ungpnhieghathldforskindtbrobigus ivarcamxgated usingthé pronadure
showed a hi gher expression of matrix, including

described lra@emplal. @elli Werahed re@@peh@d th hanntdn@anbher 3 kWo° cells/ml,
condi ti ons. Besi des endogenously produced fibrillar

and s&8kd 8989 .4 %&%?gﬁa@%, ghma%&&qisx&@amg t?ea%c?ﬁembrane

present 1n the matri X constructs In

. di.ti .. Th [. d | sf b o
o GRS A 1T ST L SR e m

Figure 2. Shown in Figure is a photom crograph of a
example pege Clﬁglr# i CHG@FP&EH% I}edﬁreﬁ%tlwﬁﬁuah%d eosin
stained section of a cell-matrix construct fornmed from
[00206011 t ur dtic mpdirm dentambd:fa lsso bll asixéire af PivéRYle Hamg F-12 medium
defined nmediumat 2 1 days. The porous nenbrane
(Qualap Beclosgica Gathtizburgt MED)S # uwddrGlubdaX fclimy BRie, Gangd Tdamci NY)
and it can be seen that the cells grow on the surface

and a@itivdies AEARNARRN 3O bpidbvel QRRvth Tadtdt @ PstEBIoRRhnology,
menbrane with matri x. [002%8] Fi gure 3 shows

ne A | : .
Lake f;r%gfrﬁll?ﬁ‘lyﬁsi Qfpe Mgfh%u aﬁin%é(?ﬁ%?,f%ﬁkﬁ%mh,”f@@%ﬁt 9bod0oacs

atirons o ture construct or med by

t he et hod of ndition 2.of .this anpl t .2 ays,. .
aradef gy, FE' S pBosalio e RelairRi Glsthd 5 -4y NOh s b Rsrerrin
~of endogenous col | agen fibers between the fibrobl asts.
(Sigmaj i Leuis BV, 20 pNloooothwgening CagmarStokoyisINIQ).fapd eld ng/ml
endogenous col |l agen fibers denonstrating fibri
seleniamr (Siged A idrich iingp@kdehiogls CodPp209 | Mllwaaltde, Wan d0tngnnbL-@kcorbic
this Exanple, the cultured dermal constructs forned

acid (MOMROISRpflEngBs AL IR PARY S 2o RNAGIRNRS! Nouhl, MOREAH pg/mi
n

matrix. Al have fully fornmed collagen fibrils

gb@“ﬁﬁ§&§g1g59§ﬂh%?@§fn arranged between the cells. Their

us quali

To the basic medium above, other components were added in these separate
Conditions:

1. 5 ug/ml insulin (Sigma, St. Louis, MO), 0.4 ug/ml hydrocortisone (Sigma, St.
Louis, MO), 0.05% poly-ethylene glycol (PEG) (Sigma, St. Louis, MO).

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

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

[00207] Samples were formalin fixed and processed for hemotoxylin and eosin
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t hi ckness, and cohesive integrity give the construct
consi derable strength to allow it to be peel ably
w0 espouedses rom t he cul ture nenbrane and handl edPEBUB2007/663301

transferred to a patient tobe treated with the
stainigg]ofoz&iﬁgglglcg%%ﬂf) Narth Esﬁ}];\%is?%@%?;g!?gaiggleﬁ ugt?;%l (ier%é@trall:tléli Ithat the

dermal construct formed by human dernal fibroblasts
Conditina erlackiegiP Baldegnogetaterbalcarapranbly sieila seediid pngonditiomé

met hod of Condition 2 (w thout PEG described in
contaiaxanfii@ Bigchalobanahsisatashtingthervedagmalonfeat efStke nonstruct

epi dermal keratinocytes were seeded on the top surface

showé?iC ndaf§ teSlahdBidunX o fQMREEMGRIbIY {8 MU @pbdefdF®ondition 1
| ayer " of the skin construct. [0021 1] The nedi um was

with 337 B R 5 Tt el R R MG Py G Pyiion 3

scal ed up to passage 4 fromfrozen subcul ture cell
containgchugh kpvelsof Insslhe end lnadrpepriigang showeed ¢ bigherseprdspignof matrix,

culture dishes using trypsin-versene, pool ed,
includiepntallapuigeda timepointrealicethin thelolthet two esnkfi@rsdeBlesides

epi dermal i zati on nmedi um counted and seeded on top of

endogeRSusEpHARE fbrilRr BENSE YcbdriftaR] dydd4meRiglyehs WRre é'l_é‘tﬁpresent

constructs were then incubated for 90 i nut es at 37

in the gﬁll-ma{ﬁ)ggbﬁsﬂ’u@s i l EBRKEAATIOGYLES cfeg”ngitctoﬂgpuct ﬁfrhf%[i by the

e 1 nc tron constructs were subnerge

meth DG SRon s BR A&’émf maél-i% FEEEEor SRR R

Modi fied Eagle's Medium (DVEM (contai ning no gl ucose
photogyigogyark af & fised- paradimnrnbeddse, h%ﬂtwlwmi egsin mneéﬁ@ctwn ofa
Hams F-12 nmedium (Quality Biol ogies Gaithersburg, M),
cell-nsutnppt@wenetddrnmd fiiord caltungd iimhy demed fibrabdases 16 Shemwakhy defined
Louis, M), | x | O4M et hanol am ne (Fl uka, Ronkonkoma,
medidYht, 2 1l dags| TEY hbioup hesidraicyppeirs anothairirass (cShigad bSlow the

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

constiiB{ 41 it ERANT REX 1HAt (hS1c8MPsrowton the @hﬁace'@)the I%QmQMne and do not
triiodothyronine (Sigma, St. Louis, M), 6.78

envel elgnlé%é]&{eﬁgeﬁe@ane 1’th4ﬂra'€( m adem ne (S| gna AI dr| ch

waukee, 4 mM
[OO2OE laggg E%]ll‘% §wvw%ﬂﬁrt§§}l§sgo(n§ %%rgrelrgl\éllrolslcoepe (WM) images ofrpwo
magnifications of cultured dermal construct formed by the method of Condition 2 of this
Example at 21 days. Figure 3A is a 7600X magnification showing alignment of endogenous
collagen fibers between the fibroblasts. Figure 3B is a 19000X magnification of fully formed
endogenous collagen fibers demonstrating fibril arrangement and packing.
[00209] 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
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Al drich Fine Chem cals Conpany, M I|waukee, W), 16 nM
linoleic acid (Sigma, St. Louis,MO), 1 nM tocopherol
w@\e@ranisey Si gna, St. Louis, MO and 50 ng/m gREIT/ARI007/063301

sul fate (Arersham Arlington Heights, IL). The

constructs were cu.Iturep in the epidermalization
betreﬁs@wa%tg%?mlétraﬁygs 3@ Gyt of nlay. 105 Co2. [00212] After

2 days the nmedi um was exchanged with fresh medi um

conposed as abo@éi,amahdl@éﬁllﬂrﬁé@lkﬁe@s $lis Gonstyieit or set

at 37 1 C 10 1% CO for 2 days. After the 2 days,

the carrier containing the construct was aseptically
(00210t ansf éismedch 2 lodayederimal donstrng fenmeddyviiuntansiefrhalditeolplasts under

media to achieve a fluid level just to the surface of
chemichigy @&l @bndiaoHy @06rding; tdRhdinaihod b €odéivieh Q@ivitdout PEG)

construct at the air-liquid interface. The air

descrii%@@ hiaﬁiainﬂge § g‘,eabBQQ _n?)ﬂﬁél%ﬁlaﬂfnebﬁ‘ﬁalffefemdﬂglp?%%'[g‘lﬁr%ﬁiﬁnocytes

ayer all'ows stratification of the epith ayer .
were %reg%(ﬁ onnmﬁltg F[(%J@gusl’rlfa\gg rﬁgt :eg:%fvll\ﬁb aa{%r?%g%aﬁsg%éqtg n%rgr:% thé\%ﬁﬁ({%ng: é_tlsl%peclj’ of the
. days for 7 days. This mediumcontained a 1:1 mxture
skin cgpstGH-hecco' s nodified Eagle's medi um ( DVEM
contai ning no glucose and no cal cium Bi owittaker,
[0021\V| ker dhe mediunvBps asdptreal Iy-remoped fromm thQue ire ynsert and its
Bi ol ogi es, Gaithersburg, MD), supplenented with 0.4
surroungls "Nohyiadrimeentdpglenaal(Ksrgimecyt&St weleoaalsd up/id pasSage 400 frozen
M et hanol am ne (Fl uka, Ronkonkoma, NY), 5 x 10 4 M

subcufuiRtRARARK Y cAiRR). AMBIRBY & StitiBelcaded fletihS culik dishes using
nmg/m insulin (Sigm, St. Louis, M), 5 /m

. . \ ny
op SRy R Gheto Y 5 gl et pepigsppiadon
e R TR e SRRl e SR ey . e
4 mM L-gl utam ne (Bi oWhittaker, Wl kersville, M),
constipcvarghen iecubeicd forcHl it af K&k I1i GdlPodO; to allow th
Chesterfield, M), 16 nMIlinoleic acid (Sigm, St.

keratih®dyitss, to Mihich, Alfterivhd mcoiphien ahe acwirat® wWebt gubtner&id in
Louis, M), 1.25 nMserine (Sigma, St. Louis, M),

epide@ndiatidy] @B@LIN ertehpRichHglidagbe MR divdt is deRipoSed M)a BNGageCnixture
/ gentamcin sulfate (Arersham Arlington Heights,

m
OfDuEbg%%O.’J S MRS ek POV oo b b g golcium,
BiOWiIiIQEfak%I‘? Wa?lgg’sxgiﬁe,%%ﬁ a&[ grrns tF|:]1e2 rcl:lgglﬁltnr c{1tality 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
ug/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-

glutamine (BioWhittaker, Walkersville, MD), 50 ng/ml L-ascorbate sodium salt (Sigma

Aldrich Fine Chemicals Company, Milwaukee, WI), 16 uM linoleic acid (Sigma, St. Louis,
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was lifted to the air-liquid interface for hematoxylin
and eosin processing as described inExanple 1 to
waeleaenndsee gr oss appear ance under |ight m cr osPOpYS200M@63301

resulting construct was a bilayer skin construct
consi sted of a | ower dermal er _consisting of de

MO )5} pivotgreiherol d\gietas ragina %%Hli'}l/\f!ob%@r5%”%(“5%%‘1%%%@#&“@
epi dermal | ayer of stratlfled and differentiated

(Amekshrat Arlogydredeightsellhi Thy eonsstcts vooa stltwred inghe eidsrmalization
Exanple is shown in Figure 4. Figure 4 is a

mediPh Broa55 @05 AP N @fl0a fo,xgqsl, paraffin enbedded,
hemat oxyl i n and eosin stained section of a cultured

[002 l?tl N consl El'éi%t S th% n%gu ag he crﬂa%geld 'éélt]gi ?res nglgdl% Sposed as

e abdencé “6f exogenous nponent s conpr
a cell-matri x construct forned ron1cu tured

aboveg adrigturpgdyiodhe suatorseeplelie hGh Y0 def’h hél fWe?dqiqygm witteh the 2

multilayered, differentiated epiderm s forned from
days, thel danee domamang the canstmocy t esscpticalp erandatréd/todefn qudiairing trays
medi um Exanple 17: Formation of a Col |l agenous Matri x

with dayfiditHimiedBLeGRhickt bk @edlSudt @OE4]irfIdter Ak QRS Er @Embrane to
this experiment is to produce a cell-matrix construct

malntgﬁlqﬁ% H’éﬂl}%ro%lmgf %0915191%‘[ %?ﬂl% ahsl ﬁl‘gerfarcg.ml"ﬁ %@oﬁgﬁﬁ%ﬁ%e top

tissue ccal were culture |n T-150 f asks 1n
surfacte Ztﬂlﬁel r?tngl%g Oeo(l)/ NBcﬁa rallﬂ\g§ streB[ fﬁcgté?n %%F gpl&\lléelhfélf(layer The
harvested and passa ed into nine T-150 flasks at 4.0 x

constryglg vweasp ingubgieONEN £ bkt 491 (e toddonplngnidityi inrinediy with media

cultured until confluence at which time the cells were
changhaewey 2 &ddays GQ2Z71&dys Ta hisanadesh coh@ineedlal 1s] miixterengfdduibecco’s
was aspirated fromthe culture flask. To rinse the

modi fEIDIeRY € ned R EIDMEM) (cbiRhipchOSBORE Gnd b t8EReh, B3 WhRtaker,

was added to the bottom of each culture flask and then
et I m
Wall BRI MB. G40 d&%édg@fﬁ“@ualﬁﬁélﬁb R QiR té%é%é
| kersville eac
Suppléa?ﬂt%@ t@k‘ﬁ %%j"‘y\gy%rﬁg?ﬁléo o<§tﬂf%% St &55.«) ]t(ﬁgg’
nonol a Cultures were retuxned to the |ncubator
ethan@l@mmeaé [kheR ekonkomerMY ), &l e b Nl @pmSPbbrySBmaanwm@e(@rgma St.

Trypsin Inhibitor) was added to each flask and m xed

LouisyMid), § he/rslusRemnsSiind, St 9i0al, M®), 8Giganr&fsfdrie (Sigma, St. Louis,
trypsi n-versene. The cell suspension was renoved from

MO), tZB I\II Itr%%hc?th%&gm%v(g&n}/a gjt \Log%dNRﬁ)t veR r111g%11(:“sre enﬁirn ‘(:§1 rlng %ldrlch

Fine Chemicals Company), 24.4 pug/ml adenine (Sigma Aldrich Fine Chemicals Company), 4
mM L-glutamine (BioWhittaker, Walkersville, MD), 2.65 ug/ml calcium chloride
(Mallinckrodt, Chesterfield, MO), 16 uM linoleic acid (Sigma, St. Louis, MO ), 1 uM
tocopherol acetate (Sigma, St. Louis, MO), 1.25 mM serine (Sigma, St. Louis, MO), 0.64
mM choline chloride (Sigma, St. Louis, MO) and 50 pg/ml gentamicin sulfate (Amersham,
Arlington Heights, IL). The cultures were fed every 2-3 days, for 14 days.

[00213] 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
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centrifuge tubes. Cells were collected by
centrifugation at approxi mately 800-1000 x g for
worioineisss [ 00216] Cells were resuspended usi npCT/UEEN7/063301

mediumto a concentration of 3.0 x 106 cells/m, and
Feded onto 0.4 micron pore si 24 nn1dH$nete.

ExampleglsiQelefqmineresoss a@Re e e fedst lig %‘CWRE%REXL( § resgdingicpgstruct
CpstarL inasix-well tray at a density of 3.0 x 106

was abelpy e skinsaenstrye consistaodf aclemesderp) laycrinasiséng of deemel fibroblasts
mai ntai ned in an incubator at 37 1C with an

surrowatdod bp heatréx oferbdd byl & Gipeanpidémehl hydi ofstaafitdiamd differantiated
base 3:1 mixture of DMEM Hanms F-12 nedium (Quality

keratiRb&hQY |T¢i%,b11§%7’értsﬁﬁrc§)BM®t oMBls Efhnipve (4 s%b@WF{g@r@&F OFigure 4 is a
BRL, Grand Isl and, and additives: 5 ng/ human

photo@?%?gtﬂhﬁ gf‘% S)Q/?d %g{( mfrgggdé\feawgyi&gﬂ? E?&ﬁ stained section of a
cuttury RSP B R BleE P i B et e a%%feef psgenos

grade), | x | O4M ophosphoryl - et hanol am ne na,
matng@ommq;@p@ comlsmg arp@}lrﬂlatpﬁ §91|1th0‘( fgin@ﬁqafrogt cultggﬁg man dermal

MD), 5 nmg/m transferrin (Sigm, St. Louis, M), 20 pM
fibrobilasks ipatbethion by eféncdShestiem veith a uitilayeredoyliffeaerdiag:dzidermis

ng/ m selenium (Sigm Al drich Fine Chem cals Conpany,
formcifrommuiiaged Minan b&ativg/ciics in asedediyed ocfigid mcdvicO

Chemicals USA, Inc.), 0.2 ng/m L-proline (Sigm, St.

L@l}{hl%ple'\{@) Fo@m&ﬁ&%f"ﬂ CSllla\%%h&% NIt @B Hthan Bﬁé’da§ FitMBlasts
and 0. 05% pol y-et hyl ene gl ycol (PEG (Sigm, .
Louis, MJ. [00217] At day 1 post seeding, rredl um was

[0021 EIE pl ac gﬂg\ﬁ%%plasesg? tﬂ{p e|>:( gﬂtqg C r gléc%il‘f’}natﬁ %Hﬁ'ﬁgﬁgfrom

every san‘p es wer

buccaLbE%% o ﬁ%}f“@%ﬁ%ﬁ@ﬂ%hﬁ%&ﬁhﬁ% 8&&0@? Rt At sid- o s

18] Col I agen production for 24 nm di amet
DME Wﬂrl@@gé%ﬂﬂ Sgaacduny. Agtepddags fe exnsad ﬂwrwabez of cells further,

days in culture. Total protein production for 24 mm
buccatitabprae hawnged uut mssaged agedin 101 Hyflpsks atdAst 10etlls in DMEM
after 2 1 days in culture. Mrphologically, the buccal
containingr 09 ABCS @klrufPdrd caltaesdSintiUednfludneudt twhigttite SsUuRlls were
construct of oral connective tissue, showed buccal
harveftbdpr obl asts surrounded by matri x while physically, the

construct had physical bul k and

[00215] To harvest the cells, the medium was aspirated from the culture flask. To
rinse the monolayer, sterile-filtered phosphate buffered saline was added to the bottom of
cach culture flask and then aspirated from the flasks. Cells were released from the flask by
adding 5 mL trypsin-versene glutamine (BioWhittaker, Walkersville, MD) to each flask and
gently rocking to ensure complete coverage of the monolayer. Cultures were returned to the
incubator. As soon as the cells were released 5 ml of SBTI (Soybean Trypsin Inhibitor) was
added to each flask and mixed with the suspension to stop the action of the trypsin-versene.
The cell suspension was removed from the flasks and evenly divided between sterile, conical

centrifuge tubes. Cells were collected by centrifugation at approximately 800-1000 x g for 5
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integrity. EXAMPLE 18: Preparation of Tissue-Equival ent
by Contracting Coll agen Lattices Seeded Wth
wo-2dromsest Cel Is [00219] Crude col | agen sol ut POTES2087/663301
prepared as follows. Frozen rat tails from450 gmrats
. were thawed in 70% EtOH for 20 m nutes. The tendon
minutgsndl es were excised in 70% EtOH in a | aminar flow
hood. |ndividual tendons were pulled out of the tendon
[00218heat h CeHb weraresusticsled seamgifreshmedivan tcreqnecnfeitignef 30 x 10
,000) using 250 m per tail. This solution was |eft
cells/mt, and serged onto4B4 ieros pate sike(24 aim ddaheter piosustcuttine treated inserts
m nced tendons had swelled to occupy the total vol une.

(TRANSVBENVL'S QUHHinG @ ddtalr PR aWRE wel akiaf Haeshitglor 3D K10RAL/Msart (6.6
Beckman L ultracentrifuge in an SW25 rotor for 1 hour.

10 R RS AP Bl ML B dn BB B SP5306 it Rogphore
of 10 §0b) B E SRS Rt Ml B9 BAVER, s P12
neutralize the acetic acid )igon whi ch col | agen

mediyn @euality Biolesicsyijaithersbure; WP s1M EHutaMARY £6bxe BRpdirand

rpmfor 5 minutes in a clinical centrifuge. The
Islands d)@rand tadditivesa$ ngimclamgadreaordbiamtegidgimalgrowth foftof (épstate
acetic acid (1:1 ,000) was introduced to resolubilize

BiotedHh@1de9! 1.a@Hacid W), 9 Hi/nd lhgﬁ@‘éor_f’éfs@r[ i@ha,%t. Couia™0), 1 x 10™
refined collagen solution (Protein "R'"). [00221]

. . : ] ;

M et Bl FARGTIBRLEAR, 197 APHEI OGS Bk T ) -0

phosnbit-5yhe ine Lt Rhdets: M. 7 1€l inSy (S G L MO). 5
Med. 48, 3 11-314 (1956). [00222] Protein lattices

ng/mbjeanefepiie fagad, $tnLeos,iORa oY thmdpdiyrainy(Sezma, dit dknags, MO),
to which fibroblasts adhere poorly. Each dish

and 6 78 migahiN@tEnivkn 0Sifa SAdMHBYyie £hemidbdTepany, MilWauked, al1), 50
Calf Serum 0.25 m 0.1 M NaOH, 1.5 m col |l agen

ng/mlsil\/%%t:%ﬁtﬁa aciB P AK @ (Henfidd QBJA;aﬁ{c.S)f §95REMAED rblhe (gigrnaﬁ St. Louis,

y's nedium The dishes were first fill'ed with the
M), BRiBa B R Glenlf SR CE BERdnR b RRd o)
(Sigma, St. Louis, MO).
[00217] At day 1 post seeding, medium was replaced with Serum Free Production
Media, exchanged every 2-3 days for 21 days. At day 21, samples were fixed in formalin for
histology. Three samples were used for protein and collagen production analysis.
[00218] Collagen production for 24 mm diameter constructs averaged 519 ug per
construct after 21 days in culture. Total protein production for 24 mm diameter constructs
averaged 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.
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prepared. Speed was inportant in sinultaneous addition

of collagen solution and fibrobl astssince the ge
wat@rtieseset ti ng i mredi ately. Di shes were pl ackdI/us20am063301

i ncubator at 37. C. in a 5% CO atnosphere at 100%

EXAMBL Pt Prrrationf SOk En REledy (ommonye Fhjacen Latices Seeded

fibroblasts enployed were human foreskin fibroblasts,
strain 1519, obtai nedVith ErhreblastGellan Genetic Cel |
Repository at the Institute for Medical Research in
Canden, N.J. These cells were grown and naintained in

[00218F Coy' €ride cnbldidri edutivad iwgene picpire@ 894adlemynfropaniat iailk ifiom 450
and streptonycin. The cultures were free of

gm rafAe@p kiasved.in T0% BAOH for 20ahihutell| THertendoaiuadlephepad:@tbed in 70%
and froze cells of every tenth popul ati on doubling

EtOHI 1§‘éq£mﬁlﬁphéw hBQ{-P %ﬁ&ﬂmﬁgl ﬂ%ﬁ@(ﬁﬂ Wort gﬁl'iédccﬁlt dF ARLRIOR shedMg

IS es Werepace ontopo atr nsparent matrlc
k b k b el
i B T BT n AR HOBH s S e
standi %fn‘? ; theﬂ?‘?&? bﬁgfvogr%g{%éa% {fr‘% $@3}%§%§?H¥€m&ew the

of diameter at various points. The average of the
total vedyroe. Tamdvisdous solaiiens wageentafugad als?3 kepng inagrBedyman L

EXAMPLE 19 : Measurenent of Contraction of Hydrated
ultracGigtifagen ah 8W 1 cetdByforrl howbThstupealatant {(VaO225jn offiend stored at 4°.
contraction of a hydrated collagen lattice prepared

C.as %ﬁ@&&l%@n%&uﬁ&?(mét@ﬁﬁ@ﬂ)es of Exanple 18 and
containing 570 .nu.g/m of Protein "C' by 7.5.tines.

[0022%))"S up; R@ﬁﬁé’(?@d"}%g@ﬂ § % \ML@ g elr@c? yc‘ mi b{g Ahfe chljr%ﬁenjsgfulﬁon

ange I'n the

rth and el hth da he dat.a ,obt ai ned

with 6, §1 5B g § o S B GHREEIS HYE apid e PuBol G et
reduction of lattice areain alittle qver seven_ days.

precipyjatad; hhisselutay vap perteigad abbxd ramdey & mingpying diical centrifuge.
contraction. EXAMPLE 20: Contraction of Hydrated

The s@uirhage nwvas aiscirded a akduabyenmef dceh aceGorcidrii 1l i00pwas
[00226] The effect of protein concentration in

introdoyelf tatresdlializoage Bolladkch | THES sliti@owhd Acicd andt (L herefined collagen

|attice was determ ned as foll ows. Three hydrated
soluti&@tf‘r@&ﬁf‘"ﬂ'@.t tices were prepared
[00221] Protein concentration was determined by the method of Lowry et al. See
Lowry, 0. H., Rosebrough, N. J., Farr, N. J. and Randall, R. J., J. Biol. Chem., 193, 265-275
(1951) and Waddel, W. J., J. Lab and Clin. Med. 48, 311-314 (1956).
[00222] Protein lattices were prepared in 60 mm Falcon bacteriological dishes to
which fibroblasts adhere poorly. Each dish contained: 1.0 ml 5X McCoy's 5a medium, 1.0 ml
Fetal Calf Serum, 0.25 ml 0.1 M NaOH, 1.5 ml collagen solution, and 1.0 ml fibroblasts
suspended in 1X McCoy's medium. The dishes were first filled with the above volume of

McCoy's medium, serum and NaOH and then set aside until the fibroblast suspension was

prepared. Speed was important in simultaneous addition of collagen solution and fibroblasts
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according to the procedures of Exanple 18 except that
each contained a different concentration of Protein
wO Ro7/1648pmn foreskin fibroblasts, strain 1519, PARURIPDI63301

were enpl oyed and medi um was changed on the fourth

. ay. The a obta ned are plotted in FIG, _4

since %ﬂ?e%eé tﬁﬁtecﬁ%ﬁ#%m% el PR PSIACH 1 4 frckigor at 37 C.in a
contraction varied inversely with gel protein

5% Ceotimesihess #tdQ0%rmenidgy t Gele ingpawsatigrihe fiblodbtrstasvare pempletely set
went on. EXAMPLE 21; Effect of Number of Cells on

after Womimu&st | on OF Hydrated Col |l agen Lattices [00228] The
effect of the nunber of cells on contraction of

[0022Bydr at adc €k ARG erhFbYddCRSc Wamaf €6re6lith fBebbRsts kdiRWs19,
A nunber of hydrated collagen lattices contalnlng 720

obtainelYro?h He geﬁ{zg&t%t i Ce? SR%EI?O Hl% fr 1t&8 ?&r nggaltfges&!}@h n

procedure Huma ores bro
1519 d and th
CamdghadUTHF e i S R R YSsgiﬂefﬂ?ﬁﬁs!ﬂawdmm with

tenth days [00229] Controls were enpl oyed to which no

20% seBT-PRsHEN et P omysHdiThe 6u4tu%wresf&e|0é§1wplasma The M.LT.
experinments were run in which varying nunbers of cells

Cell Gudtuee Gettehrefired aut fozstueHi nbeveay tenth mpubdion dombl®g 16vdl PDL).
whi ch each point represents the average of the

[0022¢pnt r adbirdasofe lithcediatictcrQttic distick waesSplabeirbiop @fia ttaﬁsparent
not shown because they were all very small (<.+-. 1.

metrlémﬁer onQ0E30bakSrein, @ﬁtlﬁﬁﬁr\ns%lh@y St el RS %'b{éné‘t‘l"tgr shining

have an effect on the rate of attlce contractlon

whltetllgh§h§{Jo£@[1§ Qgeﬁgéﬂhe"&{g Logt%i d @ onttd géﬁ‘ WL k Hdiscs;

I Ce approac

n nber r.concentr tion ahove sone
they Pty oRetaH Berish Hig It A PR (RE BVCTage of the major
telationshiE between rate of lattice contraction and
and mirgriaxpgyrbeiekeass the dtaeéarl y non-1inear. The lattices
with 8 1.tinmes. 10.sup.4 cells did not begin to
contract for 24 hours. These sparsely popul ated
EXAMBELEi 10s Mt aggewntivel Congeletion of Hednatedd adlegselsttipoByFatreblast
ones throughout the period of the experinents. EXAMPLE
Cells22: Contractile Capacity in Hydrated Col | agen Lattices
O Cells O D fferent PDL

[00225] The contraction of a hydrated collagen lattice prepared according to the
procedures of Example 18 and containing 570 .mu.g/ml of Protein "C" by 7.5.times.10.sup.6
human foreskin fibroblasts, strain 1519, 19th PDL, was determined. Medium was changed in
the dish on the first, fourth and eighth days. The data obtained are plotted in FIG. 3 which
indicates a 112-fold reduction of lattice area in a little over seven days. Within one day, there

had been a seven-fold area contraction.

EXAMPLE 20: Contraction of Hydrated Collagen Lattices Of Different Protein
Concentration

[00226] The effect of protein concentration in hydrated collagen lattices on contraction
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[0023 1] The contractile capacity in hydrated coll agen
lattices of cells of different popul ati on doubling

wo ewel1o8PDL), that is cells which had under goneCT/US2007/063301
different nunbers of cell divisions, was determ ned as

|.l ows. Cul t.ur re formed of hydrated coll agen
of theﬂ%fflfff vas dﬁ%%?(ﬁ%ﬁ TS oﬁﬁ@e I%B@T%tﬁg % AGER IS Yf e Drepared
Exanpl e 18 and containing 720 .nmu.g/m Protein "R".
accordjpgl tithenaeccdwam gelbxanple Hg ek ¢t that g@h@ﬁﬂwr@d@ diferent
days. [00232] Control cultures contained no cells. In
conceattatidn @iPro@irs'®'l. Elanah fexcgan ifiteott stonstrdin ¢619,9 9df PDL were
di fferent PDLs was carried out. [00233] The data

empldiRll he€ hRdiudl Radbihb&ton hefbetiPddyn whi ch each poi nt
represents the average of three or four lattice

[0022§gm r aqth (agt% oog)ag%édaa%%?{(}ﬁ%ﬁ{ BG4 whete gg?irbwee é?enqm}t Crate of

per f or med ose
19th PDL, but s of.the 50th P wer.e unabl e
1amcet Cém Bﬁfor“av icf ét}\’ersgﬁ'swgﬁ ey p&%ﬁ?%?ecr%lﬁ?'g‘iaém’? D‘bbe AP E
23:. Effect of Cytochalasin B On Capacity O Cells To
dimingshpd pRdme WepyRf-at ed Col | agen Lattice [00234] The
effect of the inhibitor cytochalasin B on the capacity
EXAMRId] 2 EffetohNuader af Gglthax Cohtootibmbé hlyideated Cellagas Lattices
determ ned as follows. Hydrated collagen lattices were
prepared according to Exanple 18 which contained a
[0022B} ot ei The Effec@ftlemundicr 57 Cellsrom. aghtrhctiohidfhgbtaasitco(lhgmmEattices
foreskin, strain 1519, 19th PDL) cell concentration in

was dbREnREd hyfRRWAR n%n@)ei d)ﬂ"l%ﬁirit@d §(Hﬁg5n ladt€bed corﬁh‘mg{(?ﬂ20 mu.g/ml
cytochal asin B was added to each culture and nedi um

of Profidii "RPGNRAE ﬁre ed chcoFcﬁH {&hgﬁ%ﬁgé@@é? Egé’fﬁéﬁle I[SOQE%EL foreskin

ta obtal are p Ot as can

oG ket ST RS Eohyettr e SRTaT fh b BRI ) thanged

gh ceII concentration enpl oyed. EXAMPLE 24: Effect of
1nthe@@ﬁbéﬁﬁ%ﬁhjmddémﬁéﬁéh Latti ce Concentration [00236] The
effect of the inhibitor colcemd on protein lattice '
[00228bnt r adontyplswase daployed tvewhiak nb okllowsre aGd¢d. i eddition, four series
cont ai ni ng hydrated coll agen | attices prepared
of expRei@@heh vige fngh in which varying numbers of cells were added. The data obtained are
plotted in FIG. 5 in which each point represents the average of the contraction of three or four
lattices. Deviations are not shown because they were all very small (<.+-.1.0 mm).
[00230] As can be seen, the number of cells did have an effect on the rate of lattice
contraction but this difference in contraction became less significant as a function of time.
Lattice diameters approached a common small number for concentrations above some
minimum value. Below the minimum value, the relationship between rate of lattice
contraction and cell number was distinctly non-linear. The lattices with 8.1.times.10.sup.4

cells did not begin to contract for 24 hours. These sparsely populated lattices lagged well

behind the more densely populated ones throughout the period of the experiments.
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t he procedures of Exanple 18 which contained 570

.mu.g/m of Protein "C 0.36 .mu.g/m col cem d was
wa@adaedoises each of these except for the control BCIWOBN7/063301

contai ned no colcem d. The sanme nunber of cells was

ot h tes cul tur nd contraql cultures, d
EX@S{&ZL%%? érb %P% i8 Sidﬁatii‘? eoftagen datiings OB & ells O Different
the 45th PDL ceIIs outstrlgng the performance of 19th
PDL cells, while 45th PDL reated cells | agged
behind the 19th PDL untreated cells. It is clear that
colcem d can be used to regulate the rate and extent
[00230f conflhacontotitf caphetyl iathydicesl, cobXgdvPRhE c2bofkfefle of diffierent
Cyt osi ne Arabi noside On Collagen Lattice Contraction
populﬁ)[orpdﬂdbﬁn@eva (PiDAN) ettt BIGk1{ WRRB Rhd Thderedeatiffereht dunfbers of cell
.mu.g/m of cytosine arabinoside on proteln lattice

diVlSlgl%n%vr Fﬂétkﬁﬁ‘m@df aSRlbws Afuididd §&R rfﬁrn?elal-oflh Y& d\%ﬁa%&ﬁltaﬁfées

I'tures contalnlng ydrate | age
prepallre atc<|é9qr %g(%oﬂ{ ap'n?c':e@ 18 8?Eeu nglﬁ: f8 Cant%{%]{l]&%e)ﬁdb%{aulséj/ml %I‘OQGIH
v Strain 1519, of t e 19th PDL or 47th PDL were added to
R MetiHmowst v%edasﬁ afHidn e vivBt é%n%ga%ﬁ abi nosi de and
test cultures contaln[ng cytosi ne arabi nosi de. Data
[00238bt ai né@ntplkcubiursstcentaingd BpEellg In additien, jatsegerofisapedments with
that the 47th PDL cells outperfornmed the | ower PDL

cells afeliffsresnIDLE Wwasighritheyt. were fewer in nunber. In these
experinments cytosi ne arabi noside was used to bl ock DNA

[0023§Y nt hegis d@ﬂa%ﬂ&%@zﬁ%}é kfen it PEG R Hﬂ%ﬁch‘ﬁacl@ §bl|nf5relpfbséﬂ’c§ the
|atti ce constant. LE 26 Formati on of

e Ry .Yoﬁ%ﬁwf%@é@@ﬁ SRR ERLEEC gy o
o e B I B55hgh Ty PHRSSTAF A2, R AR08 o

foreskin flbroblasts obtained in a biopsy were renoved
were yirabig tg coniraqh fatigas At & CMPKNYIEB YL on of EDTA and
trypsin. The suspension of single cells was
centrifuged to pellet the cells, after which the cells
EXaeVIBLE@SuE ffeetdé & yitarhelabin gy Onfeghaiin @hdeishbn Caefyass it Agdrated
on top of the hydrated collagen matri x
Collagen Lattice

[00234] The effect of the inhibitor cytochalasin B on the capacity of cells to contract a
hydrated collagen lattice was determined as follows. Hydrated collagen lattices were prepared
according to Example 18 which contained a Protein "C" content of 570 .mu.g/ml. Fibroblast
(human foreskin, strain 1519, 19th PDL) cell concentration in the cultures was
5.0.times.10.sup.5. 10.0 .mu.g/ml cytochalasin B was added to each culture and medium was
changed on the fourth and eighth days.

[00235] Data obtained are plotted in FIG. 6, and as can be seen, this concentration of
cytochalasin B completely blocked lattice contraction even at the relatively high cell

concentration employed.
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seven days after the fibroblast cells had been

introduced. Wthin three days, the keratinocyte cells
whaw7avsethed to the lattice substrate and t hePQT/U8®e%063301

of keratinization began | eading to the formation of an

I mper Vi rni Jum obse vations were
mad eﬁ%@m 24%#% 8? tfﬁmif?@lﬂ Zioéléﬁ%}l Eeeptatiqn
V'vo Studi es Wth Skin-Equi val ent Enpl oyi ng Gui nea Pig
kin Fi brobl asts and Keratinocytes [00239] Skin

[002361 opsi ddcgipe of ednhibitensleqnpid fnprrfsindaldice eoriastiopyas
separated fromepiderm s surgically. Derms was

deterroling g e< fodived. Euinyantdntahing hydiatedootsgdnt latiats mepdred wdvioohng to
were plated onto tissue culture dishes and allowed to

the profediarg @ f PkempleelRathiol cofteints 570 @M. £ad b f exqpeni"tensalmu.g/ml
animal were grown in separate di shes so that their

colceﬂﬂﬁﬁ}ﬂ ddlciBPcdh ©F Blc¥e gxceg P SCoWFrFﬁ WIBGEcRihdY ¥ Ed1&mid.

oan1ng conLracted hy col agen [attices
The sgrflr%ﬁ%mb%rg)fl fcle \6/? %d;dto é%} Jﬁotﬁ%sﬁ ulP% %q})néi CSngleg;L@g res, aq;i data
e eSSl P LSS, T

t aken fron1second bi opsi es so that keratinocytes as
perfoxgenie a61%th BPdh¢cdlst whilavt dh P Lgynifcatodeselds fagged hohandhe Afth PDL
whi ch was to becone the recipient of the graft.
untredt@DANQ] Tt (& dédr shav olicbi@icaniicnis ed)tol reglileettse wsr andnoxdant bd
the dorsum of the experinental animals (guinea pigs),
contr®06n bf theastit@und that such grafts were thoroughly
integrated at alllevels within one week. From bel ow,
t hey had becone vascul ari zed; at the |evel of the

EXA%‘ILE §]§] E%&t‘@ﬁ@osﬁﬁ&&h‘bﬁm&’ Eﬂh QNRLL TURIE doH&QJtM‘E%PCeHs of

ose of the surroundin ost “t1 ssue.

hi st ol ogi cal secti ons, qgﬁgF?%}S coul d be
di sti ngui shed by t hei r Tobl ast cel | density

and by the reduced degree of birefringence as conpared
| th that rroundln ki n .when vi ewed thraugh .a
[0023% ari E@? F?f%ctmLférOow E@@ﬂm{lwgemawa? P Ppigin Tattice
provided with epiderm s were conpletely covered with

contra&ﬁO@ by aeltsafldiidercnt FI3L &qvel way igsticd ot {alloss. Galycreqntaning

deep. The | ayer was continuous with that of the
hydratedjcatiegen lirtists kiaming Protas "Cl' éaa calcsntrathvat S 78emoad/ml were

wound contraction was inhibited by the presence of the
prepafedl Au@@h foradkem Fibbdsts, tktsh 1889, of tHeSI 9NBDLaR 47th PDL were added
to both controls containing no cytosine arabinoside and test cultures containing cytosine
arabinoside. Data obtained are plotted in FIG. 8, where it can be seen that the 47th PDL cells
outperformed the lower PDL cells even though they were fewer in number. In these

experiments cytosine arabinoside was used to block DNA synthesis and thereby keep the

number of cells in the lattice constant.
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autograft is made. EXAMPLE 28 In Vivo Studies Wth

Ski n- Equi val ent Enpl oyi ng Rat Skin Fi brobl asts, Dernal
wa@pa7Emseer mal Cel | s Formati on of Dernal - EQui vRCEDIB2007/063301

[00241] A snmall biopsy froma potential graft

eci pient was cuf_into 1. sup..2 a nts
EX@M@@&@%&@&&%# %@P-%ﬁlltaﬁ@n?@&@m K Spbindiiygblasts and
the Lux tissue culture dish, and after 4-7 days, the
fragments were renoved Keatigpatesr ded or transferred to
new plates. The cells on one or nore plates were
al l owed to propagate until they becane nearly
[00238bnf | uénhydratd edliaghn {atine wisepregdrédsaaverdeng ®rtby pebckbdures of
treatment with trypsin, washed, and thereafter

ExampleOi3agidit e dortiintd SGV eme ginil wf @rdtbiasks. HAhew foréskid fiB®blasts
10. sup.4 cells were needed for each square centi neter

obtaueﬁ 1&@%@@ QR ﬁéﬁto%‘d froRN o A EPREAREH AEGuMSHBEEDPA and trypsin.
S cast by renoving the frontt e substrate
er mhl
The s{ipiigd ép s B T L o SR CRE e ccts were

Iture .medi | agen was i ned by
resusee@? @rerrat iy atﬂ%@t?%ﬁ%ﬂ 0@.%@0&?%@@@1@&6%@ Hagearpatrix
pur|;¥ % centrifugati on. Wien kept at an acid pH
sevenglapls It Bbrablesirisdphadibseonniseduted Wihimthree dayse g1l kegggmocyte
was a viscous slightly opal escent solution. It
cells ledrustadiiceldo drd Iyttioé saslrhizged themecdss of kérateavndrpaateatigg to
protei ns detectable by SDS pol yacryl am de ge

the foRh&Edn’ STRAGH ?@ﬂv%us%rﬂu'ﬂﬁ m 1051 RBsGPtlAY QRYBSade by means of
conbined with the cells and her ingredients, the pH

ebcﬁ&@ﬁ?&g&% %ed to 7.2 with NaOH whi ch caused the
colTagen'to conme out of the solution in the form of
fibrils. As this occurred, a gel or lattice in which

WR@E?% RSB oD Sp S e e B e

a process of active conpaction of collagen fibrils by
the cells, the Iaﬂ?b@% apgeng KerdOFYieY into a tissue
of firntconS|stency The result was | oss of trapped
uid and a many-fol d decrease in volunme of the
[00238} i gi n&kin biepsieseveratakicn Sipe gwiBed RigtlandhdEmicy#stePagted drom
a dermal -equivalent (DE). Addition of Epiderms
epidermis surgically. Dermis was dissociated enzymatically into constituent cells which were

plated onto tissue culture dishes and allowed to undergo proliferation. Cells from each
experimental animal were grown in separate dishes so that their identity was preserved.
Tissues were made up in vitro by forming contracted-hydrated collagen lattices according to
the procedures of Example 18 except employing fibroblasts from the guinea pigs. Some of
the lattices, after contraction, were plated according to Example 26 with epidermal cells or
keratinocytes taken from second biopsies so that keratinocytes as well as fibroblasts in each
graft were from the animal which was to become the recipient of the graft.

[00240] Grafts of these skin-equivalents were made to the dorsum of the experimental

animals (guinea pigs), and it was found that such grafts were thoroughly integrated at all
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[00242] Epidermal cells dissociated fromthe biopsy

fragnments by nmeans of trypsin were distributed as a
waaapamssDN on the dermal equivalent. In 2-4 degEUS100T063301

epidermal cells fornmed a continuous sheet that covered

the .dermal suypstratum_ Wthin this tinme, the confluent
levelsghighip opf weslf- f@orséakw,ﬁlafychagfbmm Vacelimesed dbs Sl oFe
junctions, tonofilaments, and keratohyalin granul es '
dermigeaolaggapizhrdm ot thageaft wercpgniseeavsnofitlcidpsa ¢frihe sirraymding host tissue.
proceeded | eading to formati on of an inpervious
In hisglogtal seations ehngraith eowdd be detipgusteddyvibeil Highdthueblag cell density
vitro on the DE if permtted. However, in this work,

and by bR rblied degreWBf bidyBInEshck ia§ SSIBpWBS Wit ARt @€ sﬁ%dnaa%\/skm when
for grafting as soon as the epidermal cells fornmed a

viewe Mo BRe&TonWic coise. ¥6th Rs@oratth REPLYi Jec?afﬁth(eﬁgl)ermis
R i FRELIEPYR

i n-equi val ent's were grafted ar ge

nunber. of rats with the followi ng, results.. First, b
were %QI%TPHS%%COXF‘E@SPV 1?4&51 L e&?ﬁag%e}ﬂ%e& i ‘i“i‘%”f bRt Cf't”ﬁé%ep- The
graft had begun and continued rapidly with no necrosis
layer yas caitihapysav B gt pf thg adigeenb Aast skine H waswwleexk alsp thas dermal wound
the graft inhibited would contraction. Wen the graft
contragtien was ehitited byehé piesenge of theakimatquekilent gujfajustats it is whie an
graft was tatooed to mark the limts of the grafts, a
autogfaftas edidee whi ch enabl ed the nonitoring with tine of
the di nensions of the graft. The exceptions to
i nhi bition ofwund contraction may have been due to
EXARERQURE B VRbiSt@dicCMNBraae EqlivhRat Eﬁ?l@rinngﬂs‘kﬁi EiBfoblasts,
by the epiderm s, to dislodgenent of thé graft by the
animal, or to for j ' ate lattice which
was a function of n,tbtﬁgﬁ%&gpi@@et@at %Hcol | en
preparation used. [00244] In one study of thirty-one

uch afts_exa ed at the tine the bandage was
Form g 4 e gl

21435%) | seven inhibited wound contract
conpletely, fifteen bl ocked woul d contraction by 75%
nore, and twenty-three b oc#ged.i.t by 50% or re.
[00247ho2457: %rﬂaqg‘ﬂameff!g@@wn&ﬂ’ FRHEGLIRIRR Ysefif 410 hIuRe-sup-2
contraction was bl ocked in at |east 75-80% of the .
fragmgntsf figroblagzaey opt eftbe frements ppdporstated tietlgixdisougeenltgre dish,
decrease in size with tinme, nost were stabilized by
and aénd-y daley thedrggmeaseveave rensejdent! dicar@ed bt samstertedrtg@ew plates.
size (approximtely
The cells on one or more plates were allowed to propagate until they became nearly
confluent, at which time the cells were removed by treatment with trypsin, washed, and
thereafter propagated in tissue-culture flasks. About 5.times.10.sup.4 cells were needed for
cach square centimeter of dermal equivalent, and an appropriate number of cells was cast by
removing them from the substrate with trypsin after which they were suspended and
combined with a collagen solution, rat serum, and tissue-culture medium. Collagen was
obtained by extracting rat tail tendons in 0.02 M acetic acid and purifying by centrifugation.

When kept at an acid pH and a protein concentration of 1.5 mg/ml, the collagen was a

viscous slightly opalescent solution. It consisted only of collagen type I with no
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8.times.12 cn) wth good epidermal coverings,
effectively bl ocked wound contraction (75% or nore)
wa@pa7iiedsks wel | as repl acements for burned ski nPCT/08247963301
C}afts persisted for |long periods, the |ongest having
en in place for er, two vears. 48] In addition
contapgapiag Bmtﬁas Pota I8 BE SO RoR T ik cria] frdregPopp: Al (i moment
der mal equi val ent underwent consi derabl e renodel i ng
the colfagimigps cmbiric stithf thocetbsrand other irgredjents thapH vaﬁaidge@dutﬂ 72
its structure were studied by exam ng the
with Wa@f which emosed dfe dollagol ogomesmedf tha sblutom whihe forint ofifdlsils. As
apparent that the matrix exhibited birefringence by

this oQEreWeLEe] Bt 18ticcdin &fHidHBuid vaR nleppé‘ﬂemﬁe@ OthcQRBEIMMAE ldttice were
granul ation tissue of conparable age. Wereas the

more 911 fe?sf ﬁﬂlf&ﬁ%erﬁ%ﬁ{eﬁﬁ‘%ﬁgﬁ i B?taz)%sc'fegsy%f\%ct i Iﬂﬁrctl&l? 6f collagen

tern was-not on et weave

qn chara teristi.c of nor
ﬁbnlsﬁ?é’v&é% g?Li 5 ﬁg? PR Wé%ﬁ%nSf?{“{eﬂémP }?é‘r‘etnaflof?{“} %Odﬁs%e“\% efhg result
the graft nmeets normal_ tissue, the basketweave pattern
was logs of Bapped fiwid ard e mepy-fold dloargpse)ip volups, oftheorigingldatiipe A tissuc
hypertrophi es, and even ten weeks after grafting, was
resulteowbict epadiityted hidekeal-cghialcatiRdent normal ti ssue.
Tongues or pegs or epiderm s were seen penetrating the
dermal equivalent. Externally, for a period of severa
nont hs, the epi derm sappeared sonmewhat scal ely, and

<Admﬂdy%ﬂyﬁﬁéﬁnﬁad a reddish tint. By about three nonths,
grafts were snooth and pinkish in color resenbl i ng

[00242 rmal F%rdepmglfce Lb SISQACI%‘[&P fr{)r% &hg B'lo &tp%e%@ of trypsin

scal 1 ness persis eve even

ht be attrihu 0 the ab ebaceou
were é@aﬁa&eﬁ] NIICES19 Ong} éf?aﬁnalt qaghvadnt %P? ‘ﬁ%yeqff}waa grgal cells
By Contraction of Collagen Lattice Wth Platelets
formefl@opBONUADs shiest Erit poered e demmd swstratues Wihia this tigjonthg confluent
fromthe Red Cross Blood Center in Boston, Mass. Rat
sheet afickligibggdnaiol diffematoate. dddshaganal jmmﬂ&neﬁbmcsfdaradltagnd keratohyalin
descri bed in Exanple 18; pigskin collagen was supplied

granuly wke afgpatdnt,BRE thCHodss bhRer@hi tRhSproddedeblchdisg kd fofr@ation of
of Boston; and tel ogen, a bovine collagen, was

an imﬁé%%h@ %atﬁﬁl%rgﬂh{ 39€ AnfiR rp?&re% WB8d occur in vitro on the DE if

permitted. However, in this work, the living, two-layered tissue was considered ready for
grafting as soon as the epidermal cells formed a confluent sheet which served as a skin-
equivalent (SE).

[00243] Skin-equivalents were grafted to a large number of rats with the following
results. First, by 3-5 days after implantation, vascularization of the graft had begun and
continued rapidly with no necrosis or ischemia occurring. Second, with few exceptions, the
graft inhibited would contraction. When the graft was made, the periphery of normal skin
adjacent to the graft was tatooed to mark the limits of the grafts, a procedure which enabled

the monitoring with time of the dimensions of the graft. The exceptions to inhibition of
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Palo Alto, Calif. Collagen concentrations were
determ ned using a nodification of the nethod of
woaodadisetee Waddel , W J., J . Lab and Cin. MOUS287/063301
3 11-14 (1956). The fornul a enployed was: . mu. g/ m =0. D.
5-0.D. 225/64.6. [0025 1 The el et concentrate

wound SoBisHIP P ot %f@}a s TQSALF PP PIHGhFR e AR e G55l cauivalent
was further concentrated b centrlfugatlon for 50

by thagpidaress, & dislodgement of thergrafeby Pr-apinalner tofforgeatiosjof gn anadequate
253 rotor at 4. C. to renove red blood cells. The

latticeswipieh mak arftnoti@s of Henjuabtyt afitheigedn gncpaddionivserhl 50
m nutes at 1500 rpmusing the same rotor to

[0024@PNcenty ahEsthdoPthatyedt sich eRANRRE s tiHeand b dage was
and used to resuspend the platel et pellets obtained.

rernov-ga?9 qqstﬁkéﬁt &vBh ﬂ\th%lfetdvs; a%@g{r%' cOR f‘é?erl Gthc:h 8 cﬁ@c?would

experiment” to the next pen I ng up e pl ate
tions in the Dbl Q but aI
Contraéﬁ S Bhrs B Ao atholb Sndr e ok %a%@-/ﬁ%e’%r e based
the use of one or. pool ed sanples which are

[0024é]) ncenth anather sHlyioh dhtydvogralis, waupgd cgqltgtcgp]é{was blocked in at least

concentration is equivalent to the concentration of
75-80p4 efitbb gtadtsin 1.0 nl of bl ood. [00252] Pl atelet
| attices were cast by conbining, in order, the

[00246D! | owiAough 3nitinDMYIgtafGGhowed b dotreddelifvize with time, most were
Laboratories), 1.5 m rat tail tendon collagen, 0.25

stabiliZbd By §1XN My h&?e WaREE @été@td‘r&lﬂs of la%%%ertﬁ Sote dintalely

neuttrali'ze"the col |l agen varied slightly dependi ng upon

8. tlm%rl?é:%ﬁ)l vgllr:kgéo ?d{__ﬁfpg%%ggéoorvgﬁ%k Effgg%ﬁffﬂlg{riﬁ%g&?‘o%mi co@t?agstlon (75%
gsu S a a 601nn1FaI§ § 37 Petri dish with O 5 n

OT MOgY) ag g%’ } & 1eplecIRTH Y SpEcd skt ed in smal | drops on

t he dISh surface. Alternately, all ingredients were
[0024¢bnbi n&daftnpeisisted frders pesvssl the fngpw hiwiag baeringice for over two
enpty Petri dish. The resulting lattices were
vearsi ncubated at 37 C. in a 90% air/10% CO sub. 2
at nrosphere of 100% hum dity. Lattice thickness was

[00248PNt I Ollh edHitiyn ioet8AFIgNYel PYasd@iaF £l tHegnithe of eealermal equivalent
|attice volune cast. No dlfferences wer e observed in

under%ﬁte&)ggifdetlaﬁ trblfflgdé]qf?%th(féﬁﬁ lﬁ)enﬁﬁﬁfe@z et LRG né?gftlﬁgséﬁdﬁ%es in its

procedure rates of contractio
sruciip ST B exmngﬁﬁ%é&f%eféms%n% o ELTIEER RphdBrpnbigh it ves
apparlenat tl?art thear?lgtrlg(hegﬂlblteg 81re rlngence yvo%le lil)vne%k (a)lffter grafting, a phenomenon
not observed in granulation tissue of comparable age. Whereas the birefringence increased in
intensity with time, the pattern, generally, was not one of the basket-weave configuration
characteristic of normal dermis. However, by ten weeks in the transition region where the
graft meets normal tissue, the basketweave pattern had begun to develop.
[00249] In vivo, the epidermis hypertrophies, and even ten weeks after grafting, was

considerably thicker than adjacent normal tissue. Tongues or pegs or epidermis were seen

penetrating the dermal equivalent. Externally, for a period of several months, the epidermis

&5



withdrawn fluid after which the withdrawn fluid was
returned to the dish. These neasurenents were repeated

whowrhy3sentil the lattice had contracted maxi nedT/YPS200T1063301
t hose Iatti ces havi ng a platelet concentration of Ix

| ower i.ce e were fir etached fr
appeafqﬁiesoa}e%lahw fh%‘egr%@ Eﬁiéredfi&hft%ﬁ%f ﬁ%ﬂuﬁlﬁ‘{?@afﬁﬂ%t » grafts
beneat h the‘lattlce for neasurenent. Because a lattice
were shoqth ped piakeshae aoler weembling naimahskin pbiha albirg wt Watdacking hair. A
taken to avoid damaging the lattice to obtain
degretrefisialinese iptisisafd dvbnitadseveh emathd winithymight pt attebwetd to the absence
contraction. Experinents were al so conducted to
of sebdledoRk Blangs.t he ef fect of the addition of thrombin
(Sigma Chem cals) by spotting thronmbin and pl atel et
concentrate onto the Petri dish in discrete droplets
i :
EX fQ(/lO_"PQ 'Ea%% PI": graﬁ?% 85 g%?u@ﬁ%‘ﬁlbﬁeﬁt%s Ebabgﬁtga%c%wg ggiléff&geﬂbttlce With
obt ai ned whi ch |Ilustrate gﬁneffect of thrombin on
the contraction by platele of col l agen |l attices when
the thronmbin concentration was 4.0 units/nm. [00255]

FIG 10Q i lof illustratin he lattice copgtractio
100255y i ot Sasle Bl ponsion e n SaBineinm it K60 bie S ipod

the presence of thronbin at a concentration of 4.0
Centey i} Beston. Nloo g jandpigctaH tenslos sehagenmhwcreexéierton as desquibedein

rapid. At a platelet concentration of |x, 80-90% of
Exampleel 8 pigakinfcblagtnwidsahpplidd bytiar. @wlrlﬁsﬁeldohtas Shekas Burns

pl ace by the third hour after casting of the lattice.

InstitlBY oS BEstOR W telbfid, b Ba¢ihE 06lldgen 8s&eibtdindd fom@HIagéLCamdration,
equilibriumis attained; that is, no further flui d

Palo Al‘%‘é Rane ¢oﬁ1ag£>§@6n\e%9tram mg@mﬁh&&ﬁ gfgualglg%qa fttxe

I'S pol 20-80% o e 1 ni

RSB 5 ARl LRI e

concentrations and _aon ot her casting nedi um vari abl es.
emploprd w3p gregdnlo- Iy Pl Bt 2454849 -ce contraction results in
the formation of a tissue-equivalent of relatively
[0025t] gh t dhs iplagcleitaoreapttates eonsanteaicdiio ¢xtasabtapfedarans thealeehCross,
|attice cast without platelets . [00257] When thronbin
was fursher oohdg¢deated by tharifigatiomtprF0xhivnes wi 300 ransiufahil[ECAR-2
nunber of platelets, the tissue equivalent forns nore

centrifligle @iy 2383100k GB4°e. Rrefb$ red blddtEcdls SPHERPBInYBheREs then

centrifuged an additional 50 minutes at 1500 rpm using the same rotor to concentrate the
platelets. Supernatant was drawn off and used to resuspend the platelet pellets obtained. The
absolute platelet concentration varied from one experiment to the next depending upon the
platelet concentrations in the blood of the donors, but all concentration values within each
experiment are based on the use of one or pooled samples which are concentrated and then
diluted. A 1x platelet concentration is equivalent to the concentration of platelets in 1.0 ml of
blood.

[00252] Platelet lattices were cast by combining, in order, the following: 2.3 ml
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contai ning thronmbin has properties sonewhat different

fromthose cast without it, its tensile strength being
weormembsts | ess and its fluid content |ower. TePSI/U82007/063301

strength was neasured by tying gram wei ghts to tissue

DMEFDh38aredhe Feos GIOOE AT B A G e Ol 0.1 N

is related to the concentration of platelets.
NaOH fihe eensenfptionef pleatténeaded émeaittatas thewolgmsadgriapslidhely
rate of lattice contraction and results in a lattice
dependirighuppon olpoadidionettee yollagss pfepaiatdonsasedpand .45 ed FBh(Flow
FIG 10. EXAMPLE 30: Effect of Protein Concentration

Laborﬁi&eg_)y PRisRx kRO WaApiredinRY a BD diIFalcon 0002B&L di¥ewith 0.5 ml of a
effect of protein concentration and source on

{
o EGIERAL LTI YR LGS L s Bt
i R
[ 0026 ]Co seen, I ncreasing t .
1attlceé anr%@@Hbaé%etéﬂt fn ¢ H%A@gékq "n & Orvby @@ml?%’éﬁl@eosftlﬂ@ Vol dity.

~of contraction and quantity of fluid expressed. These
Lattice g5 cirtess woy cangiotindi by ervesaainizyor docredsoretho batali Iatide whleme cast. No
fibroblasts were used as the contractil e agent.

differfdQ2 Gttc dBetivagd @nratds @fidttie doatracttbnf dsarfandtichaflcagihg procedure.
enpl oyed functioned simlarly, except that tel ogen

[002591]“ err Qﬁe cABSHABhARR onl RES dERTHRERBE Bravng ﬂﬁtfﬁﬁ& Fél&@ed by the
than collagen fromthe other three sour ces

i e AP R B8 P %:bs o
: 002 h hi b
witndlgiy Rt abi whish S Gupue iy i el QRS Feh cORet act
hydrated coll agen | attices was determ ned foll ow ng
measyrpaciie weralcpptetenilyantibthedatiop hed cmtiagicd mraximgally. In'those

follows. [00263] Cytochalasin B (Sigma Chem cals) and
lattices b ciegiagl{t€t BnkPberatac etif k onlowConthahwt)cewdges welddtst detached
directly to the concentrated DVEM nediumto give final
from the dish using a fine scalpel to free fluid trapped beneath the lattice for measurement.
Because a lattice will release additional fluid when torn, care was taken to avoid damaging
the lattice to obtain measurements of fluid released only by platelet contraction. Experiments
were also conducted to determine the effect of the addition of thrombin (Sigma Chemicals)
by spotting thrombin and platelet concentrate onto the Petri dish in discrete droplets prior to
the addition of the combined DMEM collagen, NaOH and FBS.
[00254] FIG. 9 is a plot of data obtained which illustrate the effect of thrombin on the
contraction by platelets of collagen lattices when the thrombin concentration was 4.0
units/ml.

[00255] FIG. 10 is a plot illustrating the lattice contraction obtained as a function of

platelet concentration and the presence of thrombin at a concentration of 4.0 units/ml.
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concentrations inthe 5 mM lattice volunme of 10
.mu.g/mM and 0.5 .nu.g/mM, respectively. Data obtai ned
wae@7pbssied in FIG 12. [00264] As can be seePCT/US2007/063301
Iattices cast with platelets in the presence of
toch aS| B fajled to contract. | cem d t he
[00258] her  Asiian D RATFInBIedpsEPR At Uit aRif- St PRIt cahcentration of 1x,
contraction; this was expected since Colcemd is known
80-90/pofthe eotaldluad prbiah voil herrxpegtsiadi hay taben plaea Ry phesthist dpur after
contract fibrin clots. Cytochalasin B, on the other
castingafiche IsttiabiBy gie dothcthd irsactodisshsgpaaldy cqsxhpibtel aatl eqaihifirium is
prevents pseudopod fornmation. EXAVMPLE 32 : Rabbit

attamé‘a' aﬁatt i{, 00 268l cr TiusB RSOl iob et $nde® b oA drs @M1 by ahadity. At
| agen lattices contracted by platelets and suitable

this p{;ﬁf 29I b | H‘tﬂt lﬁu&lr}ﬁu& %lﬁnf%f al B0 é@;éé&?néa‘if &5‘%19@1?{% gwg}tltl the

[ ows. ets were coI ected

ood taken.fromt raft i .
precisfafppint FERipe SPhR it B o Bieat bl ifeaR R b pther castng
centrifugation as described in Exanple 29.
mediy BEiahisal bt Biocess|of Plasdle letise corﬁlfa%oq BYlsvinAke formation of a
procedures of Exanple 29. After contraction, the
tissue+eamt\iateesOﬁvetaeivsleéldgdtemitdstlepfgthepmhrede‘#itlsthaltelﬁa\ﬂeﬂagmldmtice
a biopsy fromthe sane rabbit follow ng the procedures
cast wathobixsintelces 28. [ 00266] The anesthetized rabbit was
prepared for grafting by clipping the hair over the

[00259] af t Sy tthl?@ong iAhEuB&HinRS cAHhS hidre il atsfi‘itff%fént number of
nmar ks were placed just outside the periphery of

platel?[ytthe & g Wﬁ&lvgll {ﬁh S m‘é’%s(ﬂﬁ&lylaﬁ Hldzc%lé% Eﬂﬁ%"b 'ﬁg]e tls%{lé

i'ssue aSC|a ove rtilege

renmoved. .The ti ui val ent eed the
cquivalgpf GopLinine BromRid T BFAPCBES SARew i‘tﬁ’étrf S ashgast without it
graft slightly overlapping the edges of the graft bed.
its tenphesteangth bajpgssapesyliahicgs ondt s Hlyid (centgntdewer. digasibecstispsth was
I mpregnating Telfa pads with vaseline. Telfa pads
measwsod ke thinmngiaar Weightssatissus eljuitvalonts wrecaptiag adl meesurihg breaking
tulle gras. A foampad was used in the ear to hold it
time.i N shape and the ear was bandaged with three-inch
El astopl ast. To prevent the rabbit fromrenoving the

> ;
[oozsg ndaggye bt Bfﬁ@ﬁ%a L8 eﬁlétel%glahﬁ%isf}%gatéﬁ'tmhégj; ne&ittaioh of

ast op ast S were renobved seven yS
plateleats. I?lcreggll?é % elep concen*%ratlon speeds up the rate of lattice contraction and

results in a lattice with proportionately less fluid, as can be seen in FIG. 10.

EXAMPLE 30: Effect of Protein Concentration And Type on Contraction By Platelets

[00259] The effect of protein concentration and source on contraction of lattices by
platelets was determined by employing collagen from different sources in different
concentrations, but otherwise following the procedures of Example 29. The resulting data are
plotted in FIGS. 11A-11D.

[00260] As can be seen, increasing the collagen content of the casting medium reduces
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was fitted wwth an Elizabethan collar to prevent
scratching for another two days. [00267] The grafted

w0 e@romssdget her with a border of normal skin MEUS2007/063301
excised as a single piece fromthe rabbit ear and

i rsed in 10%formaljn,in 0.0 hosphat e buffer.
the rafgifl CoRiFgFigASn ﬂ&aéﬂal%eﬁﬁwﬁgﬁmessfeanﬁﬂ%%e WSERS EATESPPdegenerally to
wat er, dehydrated in ethanol, cleaned in anyl acetate
those pbaingderdienyibrailaghwecigndedriibd dewfrachlcrgentp| ast t
Seven mcron sections were cut using a rotary
[00261] cr ot GloHagmdrdrh elsefonediéfesdnasneceswintipioyedfah@iontd pindlady,
eosin. [00268] Grafts were accepted and inhibited

excepVVNdNE1dpRAbFRALH Bdhsiderably 18X REKkialB M MoSonfh@Rs than ddM@gen from the
grafts appeared whiter than surroundi ng skin, the

otherﬁ#&f&%?cegei ng sonmewhat scaly and | acking hair. Even
after six weeks, a small centrally |ocated scab
remai ned. [00269] A graft which had been in place for

[ exam.ned histologi callly An part t :
ESAMPEERTD PRGNkt BB T g ol on' Contaction of
infiltrated by fi Eftﬁ@l asts from Serroundi ng tissue.
The density of fi pastatices ByBlafleli t was
consi derably greater than that of theadjacent tissue.
The graft was distingui shed from surrounding tissue by
[00262he r ediie effesteobthe ihibitors £ytoplipdastieBrod selcomed waythg gaeacity of
a light mcroscope. Vascularization in the graft
platelatp prearmec ct ly dogtedycd izen lattivan wian detdjrained follomssgithe gEheral
graft was further distinguished from surroundi ng
procedirsSSEERIMPIN LI BRaphsefonbwsecondary derivatives, that
is, hair follicles and sebaceous gl ands. The epi der nal

[00268PVer i c%fhaltagiﬁ Btiha gﬁémﬂ}%[sF e é’ol&‘e}fﬁﬁf(tﬂ?}z*ﬁhﬁﬂnaceuﬁcal

MPLE"33: In Vivo Studies of Rejection o

Skin- Equiyal ent i n ts Fo L Ski n- Equi val ent
Comppiiry el i B2 P Rl ER L sttt e i
backs of femmle Fischer-344 rats (Charles Ri
concepgie iy heaE) BtioPEBH b o TS e PP Rifedmpespectively. Data
_extraneous tissue, cut into 2- 3 nmm sup.3 pieces and
obtaingdjaewipldtedhindrifio 12.he surface of Lux tissue culture
di shes. The fibroblasts which grew out of the biopsies
[00264kr e CWstodn &diseenDlattives cast svithipdatélicsah itlaprofen&aef @/techalasin B
M ni mal Essential Medium (DMEM suppl emrented with 10

failedRE b&RPct. [N @mig add the 8fHéFhaRE RAEhd hpparers LITBRIAMEEE Pontraction;
and fungi zone (Fl ow Laboratories) in a 10 percent

this ng)e%@tea since Colcemid is known to have no effect on the ability of human platelets

to contract fibrin clots. Cytochalasin B, on the other hand, stabilizes the discoid shape of

platelets and prevents pseudopod formation.

EXAMPLE 32 : Rabbit Graft

[00265] Tissue-equivalents formed from hydrated collagen lattices contracted by
platelets and suitable for grafting to the ears of rabbits were prepared as follows. Platelets
were collected from 10 ml of rabbit blood taken from the potential graft recipient by heart

puncture, and concentrated by differential centrifugation as described in Example 29. Rabbit
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at nosphere at 37 C. [00271] Collagen lattices were

prepared foll ow ng the procedures of Exanple 28.
w®eioefldises 2- 8. ti mes. 10. sup.5 fibroblast cel | BCTHES®07/063301

conmbined in a 100 nmplastic dish with concentrated

platel%t)ﬁgéI \g%rlélrscg%]f,o etlgﬂefoflg%fu}g; é%qucplglgfeslgfe ]E lggélu%) t%f,?logffsfac%%g the
~acetic acid in water. Wthin a week the fibroblasts
latticay aepre easdediwith ¢pidaema siellsdestyer drom & biogpyi framsthe pranesiabhit
of epidermal cells dissociated froma fresh biopsy was
followiay ércgaoadues bfi€Exsuplic@8e of the lattice. Cholera toxin
at 10. sup.-10 M epidermal growh factor at 20

[00266]7U. g/ Mhe anehtttyidé PRBb a9 PepatedFo raﬁylgg;/yrﬂhpmrgeh@ﬂaﬁ@lver the
to the nmediumto pronote the growh of ‘epidermal cel

graft ﬁ{%d Thd %raﬁ' =H %s%ﬂﬁlegua\ﬁﬁ%tt)ﬁ gf’aélgsl \82{% %Hﬁi%d gﬁ 31&’[?(1@ the 0pelrlphery

am)sp ere. thin a week t or me

confl u heet o .col | attice
of e e SR v el B b P 5S PRGTe B
To test allografts, |attices were prepared with cells
overlying fcrcpeilegemutsea crey ey Ube tweéwaéang Waﬁ feedipafhedish and
onto mal e Fisher rats. Gafting Procedure [00273] Male
placedps Heagrafi hedwithitlyhddggs afpthe grdfndigbtly 08&rpp0E the cdgss of the graft
anest hetized with sodi um phenobarbital. A graft bed
bed. TheREaKivambedriaid Weth selheersd grep@sd biémprphdtisg Tl pads with
prepared by renoving the full thickness of the skin
VaSGhBé %lfaqﬁdp%l%e@fn Barh s@ﬂ 's{)rﬁhon Wk piadddi s+8r MR SulR! g’iﬁ@‘;& foam

he 'wound and covere th a vasel i ne-i npregnat ed
pad Wé? He% i ?ﬁje gos%lg g%heg)%qavn\g ?lgekegdg v&}ag b%%{)a)ggd %mﬁ%ﬂntee uﬁ%l

th se rs of Elastolas At t
Elasiqsb e PL G AR B R inG S SOagagn PO e R faped together
after the graft was originally appl ied, the animals
with theseanelyBliapfoplasts Thebandagesarere réveovedseyes @W&ﬁftervmftmg The rabbit

excised. Half of the graft was fixed in
was fitad spthaneEl trabdtkarechbl faotonmt vant screfelidigdoedhother evd dmol |
and enbedded in paraffin. A central portion of the

[00269} her  ak fradfed k8ol forktheWasth arboPd® O f Adrmun dieih WHs REcik@t as a
tissue, cut into 2-3 mmsup.3 pieces and placed in

single gdléc%bf?orﬁ W HbGt LR Rl iR if 86 dEMalin! iR Iﬁ%%sﬁh%te buffer.

row out

The skin was fixed overnight, rinsed with distilled water, dehydrated in ethanol, cleaned in
amyl acetate followed by toluene and embedded in Paraplast t. Seven micron sections were
cut using a rotary microtome and these were stained with hematoxylin and eosin.

[00268] Grafts were accepted and inhibited wound contraction in all experiments.
Grossly, the grafts appeared whiter than surrounding skin, the surface being somewhat scaly
and lacking hair. Even after six weeks, a small centrally located scab remained.

[00269] A graft which had been in place for six weeks was examined histologically in
part to determine the degree to which the graft was infiltrated by fibroblasts from surrounding

tissue. The density of fibroblasts in the graft was considerably greater than that of the
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Preparati on of the Karyotypes [00274] The popul ati on

of fibroblasts which grew out of the grafts was
waewcabises ed to obtain three to six T-150 fl asRGT/U82007/063301

rapidly dividing ceIIs. The fibroblasts were treated

col chi cj 2 .u.glm for four hou
adJaC%itilsstUﬁe 9 ggfiavas ng@ﬁhqﬁéfmﬁwwﬂden%w% hef@%%ﬂe? level of
DVEMto 3 parts distilled H sub.2 O, air-dried onto
birefrigigaras notaddvdewedwitics b Aighieniogsoppe daselsizetipm in thagraffanneared to
thirty conplete chronosomal spreads for each tine

be graqaair tanvie nejapdro tiegie aphegraftrvehsKanthatdygpi@guish i@ dutrounding tissue
deternmine the proportion of female cells in the total

by thdPRERtIf Q¥codlarkiderioltvas, ttﬁat if, 9@ t6llicles ahd Sebatdos glands. The
Sprague Damiey femal e cells were received and retained

sl LG ISLS R OR g 11, prezence o

Exanple 34: Preparation of Skin Tissue EqU|vaIent Test

h RPERMILE oLy s AT TR R Dt i Sk Rl BIRRE

herei nafter. The cover is renoved for conducting
operatjon_but is otherwi se kept in place to maintain
FOHH@F%M%‘%PyEqwaﬂfmhent i nformation regarding the
paratus is listed bel ow. Quter container

[00279Fanet emali®ieass ebgar Weye 3BI0vPd framdhe beagks af ffélilalQ bischer-344 rats
di aneter 24 mm capacity 4 m Perneabl e nenber 24:

(CharRsRycarByeethneLamsnbThese biopsies Mecd €maned ofpext@nsiuseissue, cut into 2-
3.mu., thickness 5.nu..
3 mm.sup.3 pieces and dried down onto the surface of Lux tissue culture dishes. The
fibroblasts which grew out of the biopsies were culturedin Dulbecco's modification of Eagle's
Minimal Essential Medium (DMEM) supplemented with 10 percent fetal calf serum,
penicillin, streptomyccin and fungizone (Flow Laboratories) in a 10 percent C0.sub.2
atmosphere at 37° C.
[00271] Collagen lattices were prepared following the procedures of Example 28.
Briefly, 2-8.times.10.sup.5 fibroblast cells were combined in a 100 mm plastic dish with
concentrated DMEM plus 10 percent fetal calf serum, antibiotics and 6 mg of rat tail collagen
in a 1:1000 dilution of acetic acid in water. Within a week the fibroblasts had contracted the
collagen lattice and a suspension of epidermal cells dissociated from a fresh biopsy was
layered onto the surface of the lattice. Cholera toxin at 10.sup.-10 M, epidermal growth factor
at 20 .mu.g/ml and hydrocortisone at 0.4 .mu.g/ml were added to the medium to promote the
growth of epidermal cells and the dishes were moved to a 5 percent C0.sub.2 atmosphere.

Within a week the epidermal cells formed a confluent sheet on the surface of the collagen

lattice and the skinequivalent was ready for grafting.

91



[00277] B. An acellular, hydrated collagen gel was

fornmed on the perneabl e nenber 24 as follows: (1)
wEr@mia3se1OX MEM 16.2 m  L- gI utam ne (200 mV) BCBURL007/063301

gentanycin (50 nmg/m) 0.2 Fetal bovine serum 18.0

[0027 ofﬁd u{nﬁ%tt’ '@@ar b&%ﬁlatégﬁﬁi(s;éf‘&é afe?ﬁgffﬂm@)'lth %eg‘ﬁ@ ﬁh%g llf:ﬁ@rague-

above sequence, and stored at 4 C. for approximately
Dawlgorafs and implapgdranto malsdFighestatyassed). (2) 27.8 g of a 1

ng/ M col |l agen solution (extracted by acid fromcalf
Graftioginareddicgi t al ext ensor tendon) in 0.05%v/v acetic

acid, was weighed out into a 50 mM tube and stored 4

[0027 for Mgfe FlsGher(r@t); weighing appfroilﬂﬁtew 501400 §6s&t hR@ehetized with
ove and 4 nl of conpl ete (contai ning 10% FBS,

sodluillg;}%ﬁol%:rﬂ{al? ?a’ft Q. aﬁ)g}t 2 gﬁgﬂslxgcﬁgg GL0)s R Sar@AARL pr%ared by

ots pi I nner contal ner

1002791, C.. Ti .
remOVé%rWﬁ@ﬁf%w b Frolh P %%%hﬁmal o es placed
and seeded w th _human epi der nal i(1e pithelial) cells as
in the yepd japg aOYf‘é%wthAV@@eﬁ@Pamp%%tﬁ pelfepabindy belEdpadegaked in
and reagents may al so be found in the Patents and

Earle's sgdeSalithen. dhpsd atliges vSee cowdoed 7w B9ping4hs badyl wigh aneral layers
5, 1989. [00280] (1) Casting mxture : 8.2 m of the

of Elapfo@tali. At digscihicbeds abgvig fivasniaddegs thahiZéeBmanthk afierlthe graft was
ng/ M coll agen solution in 0.05%v/v acetic acid, as

originfgiﬁ% Q}Bﬂlgﬁdthb ﬁnﬂa@@w@i@%)gaﬁﬁ%%ﬁhet%g afld fﬂe e%ﬁre!%fﬁﬁ Qvag QLABdd. Half

robl asts .5.times. . sup.5 cel wer e

C e t
of the LgoH? ]ggg gir(ecglél géﬂa?ﬁjgﬁfzegé\ﬁ 13 ehgcgr dﬁ) P Oalgaenrﬁi embedded
n parafcfl{nngdcelntr}alspto?tponBéfz t%e 0'91%}/ ﬁalfl Qfd th{é1 lglra \Avl?zgs ttrl?n ee(l of underlylng fat

tissue, cut into 2-3 mm.sup.3 pieces and placed in tissue culture to allow the resident

fibroblasts to grow out.

Preparation of the Karyotypes

[00274] The population of fibroblasts which grew out of the grafts was subcultured to
obtain three to six T-150 flasks of rapidly dividing cells. The fibroblasts were treated with
colchicine at 2 .mu.g/ml for four hours, shaken off the flasks, swollen in hypotonic medium
(1 part DMEM to 3 parts distilled H.sub.2 O), air-dried onto glass slides, and stained with
aceto-orcein. Twenty to thirty complete chromosomal spreads for each time point were
photographed and kayrotypes prepared to determine the proportion of female cells in the total
population of fibroblasts.

[00275] Drafts with Sprague-Dawley female cells were received and retained by male

Fisher hosts as determined by the presence of female cells in the graft 1-2 months afterward.

Example 34: Preparation of Skin Tissue Equivalent Test Systems
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m  DMEM conpl ete was added to the outside container 20

and then incubated at 36 C./10% CO. sub. 2 typically for
wd2@7de3sss [ 0028 1] The foll owi ng medi um was UBETIUS2007/063301

Component s nSBM Hydrocortisone 1.1 .mu.MlInsulin 5

[0027'615;"l Etg {] &-Ir-lraa%%a]féﬁ%rsgrlpﬂﬁlfgg tlgui élgégbm:rfgﬂld\ﬁg ‘o\}véﬁsy Jsgcril Iinnc%n%?lcting the
O phosphoryl et hanol amne 1 .tinmes. 10.sup.-4 M Adeni ne
work destgbeaMiPeingiiert Ehoervepis reingees for gondughng ogeraicBeus i fhgrwise
5.26 .tinmes. 10. sup. -8 M Bovine Serum 0. 3% Epi der mal

kept ifapbaat ko framtaon stieriyg Pedtin Gatlisfounmutkanee gVl tHS pdeatiisis listed
F-12 25%[00282] Two ot her nedia used were identical
belowM t h nSBM except as noted bel ow. ¢cSBM mai nSBM
Progesterone 0 OBovi ne Serum 2. 0% 1% Epi dermal G owt h
Factor 1 ng/m 1 ng/m
Outer container 10:
diameter 38 mm
capacity 35 ml
Inner container 20:
diameter 24 mm
capacity 4 ml
Permeable member 24:
Polycarbonate membrane
from Nuclepore, pore
size 3.mu., thickness 5.mu..

[00277] B. An acellular, hydrated collagen gel was formed on the permeable member

24 as follows:

(1) Premix:

10X MEM 16.2 ml

L-glutamine (200 mM) 1.6 ml

gentamycin (50 mg/ml) 0.2 ml

Fetal bovine serum 18.0 ml

Sodium bicarbonate (71.2 mg/ml)
5.0 ml

[00278] The stock solutions were mixed at 37° C., combining in the above sequence,
and stored at 4° C. for approximately 30 min. in 50 ml. tube (not gassed). (2) 27.8 gofa 1
mg/ml collagen solution (extracted by acid from calf common digital extensor tendon) in
0.05% v/v acetic acid, was weighed out into a 50 ml tube and stored 4° C. for 30 min. (3) 8.2
ml of the pre-mix described above and 4 ml of DMEM complete (containing 10% FBS, 4mM
L-glutamine, 50 .mu.g/ml gentamycin) was added (and 1 ml aliquots pipetted into the inner

container 20 and allowed to gel in a hood.
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Cal ci um Free DVEM 50% 50% Ham s F-12 50% 50% [ 00283]

In some i nstances calciumchloride was added to the
wore@7aomss 1.8 mM This is indicated as medi um pCT/ES2007/063301

calcium e.g., nSBM plus calcium [00284] D.

i der I zation was |n|t|ate 6 days t cas
00279t Lo ﬁéﬁ%ﬁﬁ%ﬁ I Werergsart ?liryafsg?%@} ﬁﬁﬁq%%sw@n gited
~ medium of step C above was renoved from both the
with husesingwidzomal{@pishatisl) dellsi@ deseriteidbelosy. Angggral gasdription of
suspensi on of human epidermal cells (3. 33.tinmes. 10.
procedurps fndcrebgatanindy wias bp famddn dre Ratwntd argisiopcatig wglleation Ser. No.
formed above in step C above. The contai ner was then
07B6hmﬁyhﬂb@¢mﬁ5 BiRo C. and 10% CO. sub. 2 for 4 hours. 12.0
of nBBM was then added to the outside chanber and 4

apparatus was then returned to the
[002861@ &De%at 0 ml%ggezss] (2) Differentiating [ 00287] At
ost e roalizati t.h
8.2 mﬁgﬁtﬁ%’ 8b€1p 8%(&65 11?%1 Bf EI@ ega‘“) 27 g% ofu ag]()%é-]ﬂ c(oénl;ggen solution in
JATlifting At 5 days. post %fldernallzatlon t he
0.05% wiviasaiisisich e deytiPed axcmatd) ebered and b ol whhivgan deimn) &igroblasts
frominside and outside chanbers. The inner container
(2.5 tip@silisup.& wolNsbahanec combingt e Ak @B whiePpipedticd infenthe container
soaked cotton pads were positioned in the bottom of
20 ovtihtéc acdlitar chaiidied col Rgam gdelFofndd inGicpdRBMitdvieaing allewetdmo gel. 4.5
added. The inner container 20 was then replaced and

DNIBS1 BRPACRIMS dd0&HRAhE dudide %5nt§1n@r 2@ HOY ‘hfé@oated at 36° C./10%
[ 00289] (4) Nhlnta|n|ng Every 4 days the nmedi um was

g ced with fresh mai nSBM pl us cal ci um
COs@i%ﬁ%ﬁ%ﬂgggwé h&?atlon of Test Systens Incorporating
arosel 0 0]. A 2% agarose solution in water was
“Xngi?erili Sgﬁgv%ﬁ%?5@1 PMayUssdool ed to 40 C. and ni xed
with an equal volume of 2 concentrated nain SBM The

absarbent cottaon pads
Components mSBM

Hydrocortisone 1.1 . muM
Insulin 5 mu.g/ml
Transferrrin 5 .mu.g/ml
Triiodothyronine 20 pM
Ethanolamine 1 .times. 10.sup.-4 M
O-phosphorylethanolamine

1 .times. 10.sup.-4 M
Adenine 0.18 mM
Progesterone 2 .times. 10.sup.-9 M
Selenium 5.26 .times. 10.sup.-8§ M
Bovine Serum 0.3%
Epidermal Growth Factor

10 ng/ml
Calcium Free DMEM  75%
Ham's F-12 25%

[00282] Two other media used were identical with mSBM except as noted below:

¢SBM mainSBM

Progesterone 0 0
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were renoved and 13 m of the m xture was poured into
the outer area 14, allowed to set at 36 C. (10% CO )
wa@ea7ibaseappar at us returned to the incubator fBPET/US2007/063301
storage prior to shipnent. [00291] It is understood
Lhag t he exggples and enbodi nents described herein are
Boyige Seiumyst rabive Pdt poses only, and that various
Epideignal gay ihofpstdr changes in 1ight thereof that will be
suggestlé@/mb paesens skilled in the art are to be
Calicrwed biteddDNMEM 1B€%spi ri®% and purvi ew of this application
Haad-1he scéOpe of 5G%e approved clai ns. Exanpl e 36:
Efficacy of a cultured tissue construct for treatnent
of recessed oral gingiva [00292] The prinmary objective

[00289RS 1 014k HsRRANBICNER chIBEIE Wal HARY b HRSHEIS ANEE mMT This is
coul d provide a functional zone of attached gi ngiva

.. €O 0 r [ 00293] During
lmﬂaﬁﬁﬂgﬁééﬁggﬁﬁ%ﬁgygﬁagyéugﬁggy?hgﬁgéhg%roIIed. Subj ect s
re aged af |east. 18-70.. .The first three .subjects :
02sE o LEdrisrEheting na® gLl 0 g “fat sy LSS Sigivalent.
t echni ques, and were not included in the statistica
szgéhalys%QJﬁ8@§§@h@@Et patients were enrolled until
these three patients had conpleted four weeks of
The nfediunowf stpp CHbeves whs moicce fioal bathl thraidside 20 eaddutside 10 containers.
non- adj acent teeth with an insufficient zone of

A 50 @it BREshsin@ihvialan WPidetindl @ENN geﬂ.ﬁﬂl&uﬁs@r@&uﬂs@m whB8laced on
two sel ected tooth nust have been | ocated in

: | { C . o
the tlsggé]&{:ug\{%édﬁ g(‘;ﬁ]méﬂlé@g{feaﬁll st%ept ﬁgﬁ veC PHE F&g}ﬁgg\??%sgﬁénr ﬁlgubated at 36°.

i ndi esired a etine o

C. and RO TR AR TA AT BB b 1% FUh B S

graft. The grafts were evaluated clinically to
and 4 ddite e el (The 2ppAlye Wiah theRdcimed ¢p Y gMsdRRrtoEnd on

at | east three subjects, a small biopsy was taken to
[00288] | ow K3)IDidiconyitigtieyyal uati on and conpari son of both

grafts. Secondary efficacy variable were the changes
[0028f7F om basgeldapepdsd epiddinfuliahtidethamddive tvat rSseied and replaced with

recessi on depth, inflammtion score, color or texture
mSBMBigtaRfiuthhe grafted tissue to the adjacent tissue

resistance to oral nuscle pull,clinical attachnent

vel , proehi-ng depth and subject disconfort. [00294]
[0028 e st:§1Q€¥$@$zed a random zed, controlled treatnent

INOY - SE M L S LY
removed from inside and outside chambers. The inner container 20 was removed and two
volumes cSBM plus calcium soaked cotton pads were positioned in the bottom of the outer
chamber 10 and 9.0 ml of cSBM plus calcium added. The inner container 20 was then
replaced and the apparatus incubated at 35.5° C. and 10% CO,.

[00289] (4) Maintaining

Every 4 days the medium was removed and replaced with fresh mainSBM plus calcium.

Example 35: Preparation of Test Systems Incorporating Agarose
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the cultured tissue construct and free aut ogenous
grafts had occurred at one week postoperatively, and
wa@rooroedshs 1, 3 and 6. Primary end point had orCT/US®A7/063301
at nonth 6. Al postoperative eval uations were
rfor by the research coordi nat or_ who s. blin o
1002995 ¢ herf(seg%gﬂgargpe plBR TR ST HEQd bEARGFIAving 4 f‘& t0 40" C.
i nfl anmation and resi stance to muscle pul | was scored
and mixpglepidth aepqua) velymg of 3| cdopecattated erddn SBM.cldwraliserhemsicotton pads
[ 00295] Al though the foregoing invention has been
were ctaswed bedl 13 ml sdthe nilietuae vabpoway imod thel dutkstaraat i4oalla@net to set at
Exanpl es for purposes of clarity and understanding, it

36° CW10bs 06, 0NditRYgppatat@ i@ tRhcdStéithd incibdtdl€foR§tbralgb fior to shipment.
certain changes and nodifications may be practiced

[0029‘3%t hi n1#06,8G9B6d Bat tl RxARRRY Qx?cﬂerﬁt@dlfiﬁ% Qr@!s&/her%m e for

hod for treating an ora condltlon of | ect

1llustr8t(% d}fl}rngéﬁgg S%ﬁzg%}%f t:hg og% h a]:hff]fc 0§ &h%rggrgﬁe d’bﬁ%‘]ﬁ zl?eﬁeof that will

said cultured tissue construct. conprises a |aye
be sugaepted &upiremaskitigd in thegricrrs i b vgludad oy the priFit MWXIGW of this

conprises cultured fibroblast cells in the absence of
applicefioy embihs seerterdfthacapppordiamer scaf fol d supports. 2.
The nethod of claim 1 wherein the oral condition is
selected fromthe group consisting of recessed ora
Exapplg 362k fficassofaf cultnteelrttheind adnspaqifdl tagatabmed kaessed dge gingiva
deficiency, failed oral inplant, dental furcation
defect and mexillofacial tunor resection. 3. The

[00290Ft hod Tt peihRlybEjectiRerLitd dedamiay twhagrt thel carturdatisiue construct
conpri ses: (|) fibrillar collagen show ng a packing

could%?(%‘@é Z Qb 2 odd égrdtdaéhearggln%bmdl Lund k@ﬁe@aiﬁégénkwgfaft.

quarter - stagger di n attern

10029321 oiPi %mé&us eI A T

deri ved fr
18-70. The first three subJects were used to determine surgical and material handling

techniques, and were not included in the statistical analysis. Subsequent patients were
enrolled until these three patients had completed four weeks of follow up. The subjects
enrolled had at least two non-adjacent teeth with an insufficient zone of attached gingival
which required tissue grafting. The two selected tooth must have been located in
contralateral quadrants. Root coverage was not indicated or desired at the time of grafting.
The subjects were treated with either the cultured tissue construct of the invention or with a
free autogenous graft. The grafts were evaluated clinically to determine the change in the
attached gingival and on at least three subjects, a small biopsy was taken to allow histologic
evaluation and comparison of both grafts. Secondary efficacy variable were the changes
from baseline in width of keratinized tissue, recession depth, inflammation score, color or

texture match of the grafted tissue to the adjacent tissue, resistance to oral muscle pull,
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ti ssue selected fromthe group consisting of neonate
mal e foreskin, derms, tendon, lung, urethra,
waed7hiozses cord, corneal stromm, oral nucosa, BPeMUS2007/063301
intestine. 5. The nethod of claim1l, wherein the
.. cultured fibroblast cells are dermal fibroblasts. 6.
clinicHUARSEHS A£G PETATGHIODTh ARBTG5 SREDTROY ur ed 11 br obl ast
cells are derived fromhuman tissue. 7. A nethod for
[0029¢} eat i Age arndp ptlizasohandemizedicoatraligs) teeatmens gpappmsandigtween
conprising: grafting a cultured tissue construct to an
subjeds.al sdebssane oHthetahmustidajdebt qualhte p€attachad gingivhl gemechted through
ti ssue construct conprises a first |ayer of

the cubitddaiehd dindfrudrahd Fse atdg@hons cAMd hhd¥edurRl a€6hd Week
di sposed on said first |ayer, said extracellular

posto étwgdg;g %HH’H{ Shid 1 CHLAME EPrifb) &B‘dﬁﬁ{t ha& 'otéur}eg ot BRntle. Al

nce oOf exogenous matri"x conponents an

scaffold s orts, d sai d,second | ayer of cells. .
postoigils g R Y srdine Pt s g FSHTED b S Er g linded to the
_wWherein the oral condition is selected fromthe group
surglcgbhr@pg(%qr@@eéﬁorm% esaley tertae, @;ﬂﬁ@r@a&omagg gesgptance to muscle pull
interdental papilla, alveolar ridge deficiency, failed
was sgrred indapdndant]y bieataibritaresatrichnoardfngtr. and
maxi | | of aci al tunor resection. 9. The nethod of claim
[0029F] wher @iltholiftethe Xbicasiak linslcationhds icsn deytpibed BSson{d Jetail by way of
fibrillar collagen showi ng a packing organi zati on of

illustrhdid ddSERRH1ES BF hlirpBdRYr eRirigX i diddeAGnding, it will be obvious to one
quarter-staggered]g7 nm banding pattern; (ii) decorin;

an (iid can ‘ ‘ ,
o WG LR SAT QSO By, RSB Sy e o
ro onsi sting of keratinocytes, corneal epithelial
tm:q%@mﬁac%RWthelial cells fromoral nucosa, esophageal

epithelial cells, and uroepithelial cells.
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11. The nmethod of claim 7, wherein said cultured
fibroblast cells contained within said first |ayer are
waleroraedsed rom ti ssue sel ected fromthe group cPOEUSI00TIEN3301
of neonate nmal e foreskin, derms, tendon, |ung,
rtilage, urethra, corneal stroma, oral nucosa, and

“ﬁzdﬁ%ﬁ%ﬂine 12. The method of claim7, wherein the

cyl t ur edmbinBa @&l t@e%tmg &h bﬁal EORi Bt é’Mbjé&t @ala%&héd Ecthprising:

| ayer are dernal br obl asts. 13. The nethod of claim

12, wher edraftinge @%ureddssuanoastnmm auxofaliigshe of hospbjcstesherein

fibronectin aad &en§§cin. 14. The nethoﬁ of glqinuﬁﬂ i

wher ei n t he SEAICEUHVED TPTU5 BT ST CUBPTSES &y °f fgextracelivlar matrix

epithelial @gd kad exteacdRilay@etrix @MPHIBRE Huk &SoblhS-cells in the

The method of claim7, wherein the cultured tissue

construct célhfses a second | ayer of keratinocyte

ol 1 1 ayer . S5 b ius Sorp Bl RO R The™
epidermal cell layer is a nultllayered, stratified,
di2f f er ht nadtled Erthiaxihwherem the basd adnditdyreis selsctpdi &boastht group

| ayer,, a granul ar |ayer and a strat mcor

COHSlWérOéF??eW@O Lf@&@ﬁé\fae S0 ’tnLFF@?Pt%llHaﬁllﬁéoﬂﬁ ey m@galency,

faﬂed%"i‘eﬁ‘?mgfbht RERRT AREtBh %%%@E arfitm N80 fa LAt hRR ré%EctHﬁe first
cond layers. 17. A nethod for treating an ora

condition of a subject, sald met hod conpri si ng:
gBaf t i dfc methdd:afrcéadmt I, sdgei thesxtraeslutas nstrivoeehprises's u e

of the su a i d cult red tiss

corpr 1 ses Tk b TR LR i L it Gorbadralon SR PR 5 e
contracti| ebagasd exhifiind b quarkir Regdoerd 617 ahibahdinghes e

the oral condition is selected fron1the group

consi sti ) gecarecasded oral gingiva, |oss of

i nt erdent al ol ar ridge deficiency, failed

or al inp”gggg%geﬁ%a?g?%¥§atlon def ect and

maxi | | of aci al tunor resection. 19. The nmethod of claim

1%, whéheinretisai af ctzomt Ir, adicrdirethegaittired ditpolilsse sells are derived from

) fipbroblast cells. 20. .The. nmet hod of .claim.19,. whe
tlssuetSﬁléctrcS @Pabihagfweqqn%l%%ofd@ws&w? S%uhﬁﬁﬂms ten({on fung,

urcthra, umbilical cord, corneal stroma, oral mucosa, and intestine.

5. The method of claim 1, wherein the cultured fibroblast cells are dermal
fibroblasts.
6. The method of claim 1, wherein the cultured fibroblast cells are derived from

human tissue.

7. A method for treating an oral condition of a subject, said method comprising:
grafting a cultured tissue construct to an oral tissue of the subject, wherein
said cultured tissue construct comprises a first layer of extracellular
matrix and a second layer of cells disposed on said first layer,
said extracellular matrix comprising cultured fibroblast cells in the
in the absence of exogenous matrix components and scaffold
supports, and

said second layer of cells comprising epithelial cells.

98



tissue. 21. The nethod of claim 19, wherein the
fibroblast cells are derived fromtissue selected from
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wherein the oral condition is selected fromthe group
consi sting &pngl @%@é@éﬂngﬁ grargirmstpggered 0 s& panding pattern;

i nt erdent h Q&g{ al veol ar ridge deficiency, failed
oral i npl ental’ furcation defect and

maxi | | of a@ii)glycbsamiinoglesast i on. 24. The net hod of claim
22, wherein the contractile agent conprises fibroblast

5. The h of cl.aim 24
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wherein the second Iayer conprises human
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foreskip, qﬁrg@u‘@g Ay 1 ynge 818 UrpihFas cme rﬁ{@ﬁ)@nQI@, mucosa, and intestine.

12. The method of claim 7, wherein the cultured fibroblast cells contained within

said first layer are dermal fibroblasts.

13. The method of claim 12, wherein the extracellular matrix further comprises

fibronectin and tenascin.

14. The method of claim 7, wherein the cultured fibroblast cells and the epithelial

cells are derived from human tissue.

15. The method of claim 7, wherein the cultured tissue construct comprises a

second layer of keratinocyte cells disposed on the first layer to form an epidermal cell layer.

16. The method of claim 15, wherein the epidermal cell layer is a multilayered,
stratified, differentiated and exhibits a basal layer, suprabasal layer, a granular layer and a
stratum corneum; and wherein the bilayered cultured skin construct has a basement

membrane present at the junction of the first and second layers.

17. A method for treating an oral condition of a subject, said method comprising:

grafting a cultured tissue construct to an oral tissue of the subject, wherein
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29. The nethod of claim 28, wherein the fibrobl ast
cells are genetically nodified to produce a growth
wo awae3sehor nrone, peptide, or protein. PCT/US2007/063301

said cultured tissue construct comprises a gel mixture of a collagen

solution and a contractile agent.

18. The method of claim 17 wherein the oral condition is selected from the group
consisting of recessed oral gingiva, loss of interdental papilla, alveolar ridge deficiency,

failed oral implant, dental furcation defect and maxillofacial tumor resection.

19. The method of claim 17, wherein said contractile agent comprises fibroblast
cells.

20. The method of claim 19, wherein the fibroblast cells are derived from human
tissue.

21. The method of claim 19, wherein the fibroblast cells are derived from tissue

selected from the group consisting of neonate male foreskin, dermis, tendon, lung, urethra,

umbilical cord, corneal stroma, oral mucosa and intestine.

22. A method for treating an oral condition of a subject, said method comprising:
grafting a cultured tissue construct to an oral tissue of the subject, wherein
said cultured tissue construct comprises
a first layer comprising a collagen gel in the absence of cells, and
a second layer disposed on said first layer, said second layer
comprising a second collagen gel containing collagen and a

contractile agent.

23. The method of claim 22 wherein the oral condition is selected from the group
consisting of recessed oral gingiva, loss of interdental papilla, alveolar ridge deficiency,

failed oral implant, dental furcation defect and maxillofacial tumor resection.

24. The method of claim 22, wherein the contractile agent comprises fibroblast

cells.

25. The method of claim 24, wherein the fibroblast cells are derived from tissue
selected from the group consisting of neonate male foreskin, dermis, tendon, lung, urethra,

umbilical cord, corneal stroma, oral mucosa and intestine.

26. The method of claim 22, wherein the second layer comprises human epidermal
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cells.

27. The method of claim 24, wherein the fibroblast cells are derived from human

tissue.

28. The method of any of claims 1, 7, 17, and 22 wherein the fibroblast cells are

genetically modified to produce extracellular matrix components.

29. The method of claim 28, wherein the fibroblast cells are genetically modified

to produce a growth factor, hormone, peptide, or protein.
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