ORAL TISSUE REGENERATION AND
REPAIR FIELD OF THE INVENTION
[000d.Ehesdoy eptioris id thedietd.af
tissue engineering, pin-Ocularly hr
theuse o a'dildrediigsdgeéenstruct for
[0001] arahlissie regeneration.ane-fePRAMulry for the use ofa
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[0002] thedunciples ftdife SGACTIGES O methods with the

] lfJnderstand the structural and functional
principles of efa?%h%ﬁ?ﬁ“é“f‘ﬁdﬁ% AT UR-Ya10 B o1 Liato] o7 x| ARG
and pathologicah@ammial anutiSSIMS o The geal-ot tissyeciopment and

ultimate apphc%g !J@ﬁﬁg JJQQ sllgﬁsthl%s%qys%lrg Qrmﬂht (@(-tlrgrove tissue functions.
ultimate appllcatlon of biological

Thus, through gﬁlﬁ§fﬁ1ﬁet%1§5t 6 1?, é(gfalféo %ﬁﬁfémml&fﬂne a bioengineered
tissue in a labdﬁw w&@@&t@tWMda_hu&athﬁmmgh associated with
a native mamx&!i%gl%ghengg %%(g rlrﬂgﬁl Ige stogel:iglues r'ltxga)mx scaffolds.

design and manufacture a bioengineered
10003] t18SHE TR R FABDAORY BiGaigi ekt ficd onto a host
and be permanEirE]S Hﬁﬁp&aﬂi mﬁm&&(ﬁﬁ“ﬁdmaﬂr@Fﬁsﬂﬁﬂﬁuynodeled by

cells from the recnpxen glﬁltpdbrlcnuotlvf% tm%re%m QCIQ ngorut a support
human’ tlssues and synthetic or
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[0004] NﬁWohi@GﬂzﬂgHﬂ Qﬁ%ﬁi@ﬁl&ﬁeﬁﬂ&ﬁteb&e usmg autologous
tissue from the pali.| t'gﬂ%llo\ﬂl tpm mi, tr gg%(ege O\I;l;:l? nasohogf th proccdmcg it has
be permanently mcorporate within the
the disadvantaﬁ:dglteguﬁgdlv 67&%@?6%@%%/&& can be quite painful for
patients. This bim&an&d@lsedamﬁree&s raithe reeiRI8Abuly few teeth
atﬁnt Fabrication of a tlssue
can be treated at one, t1 15 can result m the need for multiple s erlcs or the dentist
eq uwaelent without a support member o
only treating t@caﬁﬁ Fd:t]e a@sﬂmgéémm éeeﬁaﬂéﬁg@gqﬁ that could also
have benefitedGFEALINGING.AGW bioenaineered tissue.
[00041Most of the oral soft tissue grafting
procedures are done using autologous
tissue from the palate. Although this
might work yelp/ well in some of the
procedures, it has the disadvantage of
requhing the creation of a "donor site"
that can be quite painfid for patients. This
additional donor site also provides limited
tissue, meaning that only few teeth can



SUMMARY [0004a]In a first aspect the

present invention is directed to the use of

a cultured tissue construct in a

manufacture of amedicament for treating
[0004a] aISblijGIpiﬂ meﬁd;eﬁlfiMIﬁﬁﬁ (tixssueo@rafi@ of a cultured
tissue consmVMh}Qf ﬂjiﬁhﬁal.id &UMHJ%EHSQH&E@@QSMM&BH need of an oral
tissue graft, G@Eﬁﬂr£§e$uau1@yﬁfu§)f:(ﬁ§ﬁr@6ﬂkﬁlﬁf m@t{ M‘ extracellular
matrix and sﬁmgtﬁas“ilﬁmtagﬁ)mﬂl&s EUI@{%%&Q{“Q&@E&S&S the absence of
exogenous naMllgL-filroblasticglisdn the absence of
[0004b] EXAERRAUSINALHXSOMBONESIMS QN 1o the use of a cultured
tissue constr%%ft@(;ixaﬁm%rg$a Q%Mlt@r @::aﬁﬁéim} condition in a
subject, whe@e%ps%gtcgn@ep (@é@%é&wﬁc’mﬂﬁe@ QH %}IQQ of a collagen
solution andta%m%%s%eﬁ%f a cultured tissue construct
woos; INdhemanyiacture %tﬁmq\%g Qﬂ%ea@t o[ condition of a

treating an oral condition in a subject,
wherein said cultured tissue construct
comprises a gel mix Suit Of a collagen
solution and a contractile agent.
[00051Also described herein are
methods for treating an oral condition of
a subject by grafting a cultured tissue
construct to the oral tissue of the subject.
[0006]The cultured tissue constructs
described herein comprise cultured cells
and

subject

la



endogenously produced extracellular
~ matrix components without the
by grafting 2 PUERGiTSIHSAYET BROGErEuS fhatect
[0006] GMQQ@EH& &ESQ@M&E&M@Q rctnglfrise cultured cells and
endogenously %Q«@f&f&lQ&E@eﬁﬂgﬁﬁﬁu@h@nﬂa}/&@t&t@oﬁﬁk requirement of
exogenous malAUS AAVANTAGEOUSIYDE Rrachced SRy wention
can thus advaWAEtvaHmea}Qaﬁ%g@ br%x@g Q!‘&m%gagnc%ﬁg)gnd human matrix

components prQ&%?%@QE%HQEQ gslélgx%gmta)lys.those cells for
use in humans. [0007]The graft of

cultured tissue constructs comprises
[0007] firobiaStdproducingrextraceilel airamatiixducing

extraceliular n@@f@&%&ﬁl@ﬂ!@h@%ﬁﬁﬂ% %}qq}lgxocgo gixogjmﬁ'rx COMpPONnEnts,
nefwork s gXOgeﬁDlOdUS rpatrlx Components, network
“PPSupport, of scaffold mem bet S.
[0008] [0008BTheseultured Hissue CONSHIUBIScing extracellular
matrix comporglgmg @éﬁafi‘ QEQQL%IM%l%l%t the use of undefined or non-
extranetlular matrix components in a

e RN eI Sy S ettt With it
[0009] theryserafdundefin@d ©dn be made by serial seeding cell of

different types %@r}%@l@s@ -cg[%[:gfggup Lgrllglglc(?@'!at mimics the cell composition
components, such as bovine serum or

e e S ATFRHRHES. TOODIIECtTErr ettt esgpro comprises
least a layer of iSG IRl GONSHUCISCRY HE maﬁeﬁhybse bl sen further,
the tissue cons%%tqg:ﬂggxc(é\s llmosfelgjlﬂs:eerrqglg byglglgegvcl’e]lllgbnt ut the need for

produce a cultured tissue construes that
scaffold suppoyfihf A&l CREBINPBERIGH RPth tiegers™s
[0010] Structure ssof native tissuesibSpecifidalypprises a gel
mixture of a cdfajgnGuIlttredntissuecigonstruct comprises
[0011] airleasteadayerciapitheliakcellscappligch comprise a
layer of collagQ\g& Fa(ﬂnlﬁy@' c@fa@bl Wuwe @dnfibt'@bd@ﬁhﬂﬁ“&i over a layer of
an acellular cofafihl feirther, the tissue construct is
[0012] produced angiselfsassemblediby cultusedomprising
the collagen gCEH WUt theneed for scaffold support
or the addition of exogenous extracellular
matrix components. [00101The cultured
tissue construct grail described herein
also comprises a gel mixture of a
collagen solution with a contractile agent.
[001ljFurther, the cultured tissue
construct grafts described herein
comprise a layer of collagen gel
comprising collagen with a contractile



[00121In yet another example, epithelial
cells are added to the layer comprising
the collagen gel and the contractile
aﬁent. 10013IThe grength

[0013] ¢ strength characteristi the tisSue constructs make it handieable for
characteristics of the tisstie CONstructs

II‘tO be easily ?ﬁ(ﬁgeélaﬁyﬁg??&?de gj:r)ri én 6?1 Iltret Sp%lgtues énS \ﬁl)l/xcgiglx forr-ned a‘md
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ap‘phcation%. ﬁﬁ?f%ﬁe ac]cﬁ';éﬂiﬁs \cﬁﬁ:ﬁ?ﬁd Ilfei‘gmfzai; ﬁﬁaécateg rfioa trfaatment of patie‘:nts
with oral tissg ARRHOPEra S PISATET WitiOE this heledfsp ! peritie
oot 0<iy Sl BIERPFEH [HCITAREAT O et ™ et o
tissue reconstragp) fle S tH AR CBiStPhcts

describedshereinoareringicated:for

reatment of patients with oral tissue

o e R R o
determined by [eygerpfoiiterdentaruye ol teficiericys human neonatal
foreskin cell dfAHIRELAI @k iMpPlARELHentaldureation

defects and Batients in need of tissue

[0015] FIG. 218 a Flot of.data 1 uﬁratl o the contrac:lif)n with. fibroblast celis of a
recons ifol

ruction followmg maxillolacia
hydrated collagggfrfyre:resections. DESCRIPTION OF

[0016] HEEEIGURESIQQL41E 6 ids a05ais: celis of

et coro e PISing Lhe Incregse In, collagen
vated coteEbncentration as detérmined by
[0017] Rict oxyprolireiassay: s ccomparddoothe cells of
hydrated collaggﬁ Muﬂ:kl,mﬁﬁlég d‘iﬁ@eﬂ YR & gQ&@a@eHs;
foreskin cell derived dermal construct

[0018] aIgSSC 1?&%‘3 oli;_] d: )lknéiﬁtaéﬂf cﬁm}grﬁz@wﬁf ifébr&biast cells on
hydrated collagoOttofsdatayvitiustsat gk thecontractiomn: levels:

[0019] with fibroblast. eellsof a.bydrated .. g/ml of the inhibitor
collagen lattice;

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.



[0016]FIG. 3 is a plot of data illustrating
wo 20071¢a@ contraction th fibroblast cells of  rcrws2007063301
hl}/drated collagen lattices haying different
o2l ddfiage eatits Mol 7l fete Pt on by
platelets of capfectat@ict uiStrating thescontractiensmith
[0023] fIQEP B'Q §})Ic9%”1§tr8£q£‘ % f{gae'}%gic%g)c!rlg gog as afﬁmction ofa

lattices containing different numbers o
platelet concefifSHahTASt s P00 TSIFIG B Hdophot Hfritsmt:
[0024] data lm&iﬂ@ﬁuﬂagothﬂu%ﬂgﬁtﬁw e)rﬁaclaaﬁj{tyolﬁgen Iattices as
a function of tﬁlp roet%ln%scgnge%tlilz%i(gnof I;](){Idvléggleg 9%! laang,en

lattices employing celfs of different
0023} poputatich deibliagldbelst (O0TOJFEIGoBlasin B and
colcemid on thS oﬂn@&a&ﬁyﬁ Q&E@d U&@E@Et@@ﬂ?@&ﬁ@ﬁt (I)f

0 ,mtagdul of the inhibitor cytochalasin

o e Ao BIRS LR 15 o
according to thaypptepictatiydrated collagen lattice;
[0027] [BR20}FGpibds BRIAL of data Jstatingin ric. 13.

the effect of 0.36 .mudgairl of the inhibitor
OO Colce i B e CApATHEy SPTiFobiske 1o 1
[0029] célls to montraictiahydriteckooitagemother apparatus in
accordance wi@tﬁ%erl@rggluf IG. 8isa plOt of data

illustrating the effect of cytosine

00301 FIG, 1.7 is an.Sxploded yiew from above of the apparatus shown in FIG. 16.

[ arabiaosideé on the PP

[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.
[6033] 1t should be noted that “cultured tissue construct,” “engineered living tissue,”
“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.

[6034] Heretofore, current engineered living tissue constructs are not completely cell



capacity of fibroblast cells to contract a
wo nonfiyelrated collages lattice. WO PCT/US2007/063301

2007/1031165PCMJS2007/063391
essembled anflyY PIFYC g e HSICIRISHPALIPIE Htegenous masix
components Eff@kiohiiambinan thesandrastion by

telets ofagen lattices at hrom

O et [DQB g oo
native featured g th gyl Ertri NtiStreetivig) colbargeth Tattiee constructs thus
produced can GORLIALHOAAS afunetianQf.aplatelet
cgncentratlondanq the resence of . et ol
thrOMbin at & CONCentration of 4.0 mprisne & fistce
type and endogpptsiedufOO2A{FIGS ] ek b Dedrecplots is capable of
synthesizing ALH»L%&@KELQJ@JMQ%QQM ﬁ@&h@lh@&@%@%ﬁlmet
0037 Iittigles afS a function 01; ¥he type ?nd et cel
07 R RT TR BY CSlI AR &Iy S Ay » fst co
type and endo[@@%]ﬁc}@c.eq@maslalapt@tnﬂIusarnastm cthief a second type
disposed ther&gfg %%19&1(1 t@-ﬁmﬁ!&&%&&y&&g Dﬁlqg %lQ Jezll type.

and coiceinid on the contraction of B
DO HyBPafEd B M ER T CEE 3 srataragrorisine

fibroblasts, such as those derived from dermis, to form a cultured dermal construct.

[0035]

[0036]

[0039] Another more preferred embodiment is a cell-matrix construct comprising
fibroblasts, such as those derived from dermis, to form a cultured dermal construct with 2
layer of keratinocytes cultured thereon to form an epidermal layer to result in a cultured
bilayer skin construct. The cultured skin constructs of the invention express many physical,
morphological, and biochemical features of native skin.

[00407 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,



[0026]FIG. 13 is all isometric view,
wo 207n@gtially broken away, of one apparatasuvszesssos

according to the tpresent invention.

001 [GOPPETE 2 A BYpiotBtristihet feepres

comprise a a 4 elalpmﬁ@ﬁhl& skhimgm sintohGd 13ptractﬂe agent.

[0043] ]‘IQQ(,Z QJF rrgé en:!'b§d 1%61%69 E(QIDVC%JI%)”QC cultt?{'ed tissue constructs
th rough the apparatus shown in FIG. 13.

comprise & SFYEYSOPRPG A B 16 4 fetsprieatitod/iesgnd laver disposed on the

first layer, whﬁ}aﬁﬁiﬁuyobcr Qkﬁ%r@%&)ﬁ,s@nfrﬁﬂﬂiﬂeﬁel containing collagen and

a contractile ageo tp ?ﬁraa g\%l? nll(I;]rea% egeéj (glrgoc(:hem\@,r\{tl E) 1&!] gv tlo 1nstecond layer
Invention. OO%OlFIG 17 1s an ex T cf

of collagen wiffj a(gniisia dé‘tﬁbﬁ/@“%?ﬁ ﬂ*fékaﬁﬁ%ﬂ’aﬂ% shown
in FIG 16 [00311FIG 18 is an exploded

A: Applicationsag The Spl BifgHsthe apparatus

{00447 Sj‘h@&MﬁrbfﬂtsElem%TME@hon may be applied for treating oral

conditions suc?ag 1§cecsse<! I(:))r-all- Igggg\llag)lgsl)l;llg r'c}!:!}cl EN-II-a aJ\Icolar ridge
[0032]The invention is directed t

deficiency. coprfigtPiErle’ i tterattiryar O maé&ﬁﬂni gopfeossion.

[0045] at SLQBMII Q)é@ rafti Fﬁg:t(éwlthlﬁm@d“ Htsghklﬁgingiva around each

tooth is necess%g/rposrgeléll&t' In the absence of this tissue, gingival recession frequently
occurs, resulting in the loss of a portion of the cortical plate creating a worse prognosis for
the tooth. In addition, the mucosa facial to the teeth without a functional zone of attached
gingiva is often times found to be inflamed despite the subject’s good homecare. This
inflammation has the potential to cause bone loss around the tooth.

[6046] 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



[0033]It should be noted that "cultured
wo 200718ig8SUe construct,” ngineered living tiSsti@;s2o070s3301
“cell-matrix construct,” "cell-matrix layer,"
sin s been Syl I G L 4T i oen wed s donor
material. A tﬁ(&ll@hﬁ@r&ﬁﬁﬁﬁﬁﬁﬂ@ tisSuan fmﬁxyrxb&sUﬁecéii with these types

of dermal ma 1l 1‘;3?5 [@rbn%glg QQJQ l%ﬁ\%pa% itls Qg‘gielsryseap¥e§tl\96fd¢tzterrcnt to their use.
cultured tissue constructs of the present

to addition ot fOUBA RSl ETBTE e Pty material is usually
less than ideaN@iNeered living tissue constructs are

nut completely cell assembled and must
B: Culture T@ly Ofﬂsewfﬂroibesﬁﬂfﬁﬂﬁﬂﬁlﬂ[ Layer of at Least One Type of

Extraceliulml ﬂyéi) ryp u%‘iixlcoab i%)@ng(%pn(g}fls v En(%uce Extraceliniar Matrix
componenfs or synthetic members for

[0047] S&E‘e’&‘g’!}@dg&&!ﬁﬂg&g&t&g EVQ QE J;Q]ng’?l gural layer of at
bioengineered tissue constructs

tewstone PSR HEFSTR BXHibHE et G tHirroded

extracellular M@t venfeatures-ehthe-tssuadkammniiehmarix is

completely cegh s%!{he%gl!jsan%gg d@l d §guln-1];1};1]ge t}g%e?ls ef his layer is herein termed
constructs thus produced can be used for

@ el At QR P i B A BO MRS Jatisiat and contein

themselves w{fﬂ@ﬁ@]i@ﬁ@ @Hﬁfﬁ%ds@fﬂb@diﬂb@éﬂ&h@ @ Patent

Application Sena“\lm@ g% 8%9 ??5@555/90(3 Ilzllagrlzg dqaerIgr[ %t reference in its
cell ype and endogenous Yy proau

entirety, the CERTFHERHCE el IR WHErin the firstiatteonous maix

components, tﬁytp@rri&ﬁaﬂ@bllﬁtﬂf)ﬁyﬂaaeaia{-MI@Mcﬂs but introduced by

ecretin eellular matrix to produce

i the cefl- rﬁ%iérlgj]acoﬁeélttrhec%e G057 R Stmcf‘l‘mcmed by human

dermal ﬁbrobb%@fé??@doé\mdﬁqqmtt fsngrﬁﬂayé‘rcolldgen similar to native

skin. As cv1d&9&3$§@é&to§@xm&a§jng: @atﬂfxﬁl ﬁ%&sﬂﬂ@u@%prismg

T plgtogendousl%( r%cgycelg extraﬁcellular .
B O Matrix dnd a 1ayer of Cells G4 Se&ory™ M

organization ofyjiiydls dﬁiﬁﬁ@%@d@ﬂ%@ﬁ @Pwmﬂwthe

[0048] Qi%ﬁyé@ attxsepstuetformmed My RE L8k pe 1 and
ce ty e.

type 11 collagen in thEse constructs, the predominant collagen types found in native human

other means.

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



[0038]A more preferred embodiment is a
wo 2007100@d|-matrix construct comprising PCT/US2007/063301
fibroblasts. such as those derived from
construct stairﬂ %cismvlgy feé dfﬁ(ﬁjh aaiee‘mm F%@tﬁ)&ffﬁg&‘cw kenown to be
associated witg @NGHUGH [DOB8JANothermoneipieferred Decorin can
also be vi suah@emp 89 J@%@I \L%hq}ﬁ?”ﬁ[ppéggl%eg tlosglg’g sl'ol(gttains positive for
comprising fibroblasts, such as those
tenascin, an eﬁ%&ﬁmﬁy@ﬁﬁ&fo*@ﬁﬁ%%mfﬁfﬁme or tissucs
under repair. d&ﬂmakiﬁms&sﬂ&taﬂ\lﬁhva tlﬁy@ﬁe(ﬁfoduccd in culture has been

shown o incrEHALMOGITES LUllyred, thereon ta form an
epidermal layerto result in a cultured

[0049] pitayer SKinecon Sttt e Clhtired tekits colls fill in the
open space beGQRASIM GLSkOT NG 11X@RHON RXRERSSANABYissue
comprised of gﬁx SICealll’I mgggﬂr%l Q%Ag:e%tl’ a%d blr(grcx:lpd%rtrllljﬁgolse matrix
gatlrss of native skin. [0040]n-an even
with a denser m@mop}peﬁg,{ﬁeiﬁsmdqﬁﬁ@ﬂﬂ hth@duced cell-matrix has been
shown to cont@EHIABLIX CORSHMS! J$13s HSRMECORTHIY Ghronectin;
conpemn LIS SIMIEY 10 (e dermal layer of skin, .,
PeEYE R human dermal construct, that'is ¥ormed
glycosaminogjyyags ehefhn édygiyxg@@mi@@ﬁippﬂgim@-sulfatc; di-chondroitin-4-
sulfate; d1-chMQQEQ%ME&%Q@M%HEJ!leﬁg (mglondroitin-4-sulfatc-UA-2S;
4 diochond c_he6mi(;,all undefineg cqm%%n%nts gfuring v
and di-chondri Gtlire. ALO0 AT AT O prafe fral ™ =
themselves as@bodimentrthetissueconstriygis ofdigen the
construct appHAMEMIRN: RFG FaRricated:in.a ShRmMICAINy formed
defined system comprising

cultured dermil o RTHRMASHCENS BUPHS EHEMICRTY™ ™
biochemical fydefine@chiarinomshumamibiological

[0050] Qﬂﬂlﬂl@ @f@@%&@&&%ﬂ% a M\(Q biochemical and structural features a
20071103865PCIMS209)7/063311

cultured cel]-rr@@(@x]i??céﬁ%érf%?ﬁﬁé alffﬁbgﬁf, thﬂ).ilicébc recognized that

cultured cell-aveRtiontherculturettissuericonsttitiSoduce 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 cither chemical

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



comprise a a gel mixture comprising a
wo 2071¢gHagen solution and a contractile agefiszomesssos
[0043]In the preferred embodiment of the
O inVebtiB T tHEeetued Hos i eoristiorte: laver having
second layer mmpl’dﬁﬁbcahﬁl’é&t |&y@d’ccﬁﬁ)m@ ﬂﬁmgq&mtumd on the cell-

matrix layer t@%gnlybggnggelel:faegbela geedlmaspecio% echr)lcljﬁoa¥ Fcrrcd
disposed on the first layer, wherein the

embodiment g e ayrer Lo HFideR s getend: the most prefemed

embodiment, GO HageRyg al@ﬁl&iﬁiﬁ&ﬁﬂ”@@ﬁﬁb@@ﬂ@ together with a

. ntractjle agent. In a ey fgn more

irst cell- matn ayer, a cell-matrix congtruct forme m dermal ﬁb oblasts and endogenous
preferred embodiment of the invention,

matrx to forpy ey ic st i icoNagenwithan fully formed. the

cpidermal | y@mtﬁaﬁﬂi@‘(ﬁg@ﬁﬁ&s é@ﬁd@@fo\/&/ﬂmcd layer of keratinocytes that

ratlnoc te cells. A: Applications For

exmbltabdsai? f:gﬁlftured1 Hisshe Conathhéraptm comeum. The sidn
construct has {EHdE I THED BetttirestissuEconstretafethigmal junction

as exhibited ban%ﬂuQ& By %l@s%y QQMET rTm%ﬁu&gt gga%rane appears
thickest droun%(h)!r]ndu{tlons SUChl adsb rechessefd cl)ral
Oisg! \7sa 08 (r)nsesg maf <ien t gr ac ort él rébtnfédre comprised of type VII
collagen, as vaWe@IWﬁMg@@etﬂm&f@yls coRseg e Teeshe bascment
membrane an@in@alfﬁiieg gﬁ@éehmﬁlgﬂthggcgrdﬁayer These anchoring fibrils, as
maxillofacial tumor recession. [0045]It is

e e RSB SRR A S TR et e f e
known that wigit Brctiedygi ngivararounde achinto otmtisne components on
their own, a r@%&%§@!¥1j8r Jxl:%grlam Wlpngmﬁg %1% rl)%%cgof fibroblasts.

this tissue, ??lnglval recession frequently
fmenohisos S PRSTY TFF HC168% BFE sitighes i shovr
that laminin, 0fthencefiticad platesereating a Worse

[0052] 9{{99‘%9?9% Ilg&ottho? &ng\tehn’tlollp fog'gldnktrlxg D de mdtnx construct, a
mucosa facial to the teeth without a

first cell type. ) AGHGITAT 2ETeBF dttacHed §irgive jewbsiate, cultured,
and induced W\}i@RstitaeSfoURAC tonha dﬂﬂ&mﬁdndle&ﬂﬂﬁf them to form
a cell-matrix CE) gructu Q}Ig\% qgrgdbngtmﬁ (%%E?n 6-3|1_1t10n a surface of the cell-

inflammation has the potentia al to cause
mairix construpy eI SE PG ERY 1ot fOBUBSimtdom bilayered
tissue construdN @ adee 31%&3ﬂikﬂ.ﬁdtyB@tﬁiﬁ(%@@i@&sﬁ@&ﬂing features

routinely been corrected by a free

autogenous graft. The mucosa is

removed facial to thé tooth in question

and keratinized tissue is harvested from

the palate and sutured to the graft bed.

Initially the agraft is supported by a



A number of substitute donor materials
wo 07ifi@ye been used over the years. PCT/US2007/063301
. Freeze-dried cadaver skin has been
similero ne BT thie AT A Y PCTty At e
fibroblasts, ug@lmaligraftihiasdisen wsedyas a 0RO cell-matrix of
dermal cells m%‘ﬁﬂﬁldﬁlﬂ%&%@t@%ﬁ?ﬂﬂ%}’ elgl%gllzg Egﬂs} Q;c as

potential infection risk associated with
Keratinocy ooy RS 3 ST LHBHTIA Pt o orm a fully
differentiated (Jp¥imMaEE-AIREand hepatitis) serves as a
sy "elalive deteprent o their use, In.addition
~tothat, the final esthetic outcome o
present nvenpPft&ititizing this donor martin-la] is
(a) cu]bllShj;al |¥a4&ﬁ$eth@$ﬂlﬂﬁ@rﬁ@—§bc@tﬁg blﬁﬁy}[c' 29 @bsence of
€xogenous ext(f;icoemlﬁgrrrlfllg$§ cg:rr%mgltrbl gl! g\ ruatu§Er;lﬁl ngt rx:‘r?'elmber; and
‘LayST One rnie Extracelinfar lay e
©) stimplpergiein Cetsavith Erdo gerioensly s extracellular
matrix compoWVhR G akiMatkix-[0 %Zr;lag %emrﬁgerg@gynthesized by
those cells; wh%mrpstocdslrpergit bOInEhbee inve"ntil(t?n Cqmpris:es 'al
VStrctral TRy er'of af TeaSY GRg iy5o Biecuively
(00541 ieteercetlatarirattixaproducingeetis: anighanix construct
and a second @fﬂ@@g@ﬁ@g&ﬁ%&@%@%@&%&@! Ith'cl,@tgp of: (c) culturing
matrix components, more simply termed

cellsofas d surface of the fi d tissue-cons c a1bi i
e mAtix” Whetein ThE MAti IS ¢ St Ryeyered tissue
construct.  cell-sytithesized and assembled by

[0055] (-A—llllEHF&!QQ{JHJ@&LQL@-U%&IHA%@I%@ FO!%SDl@ [I%igvention may be
termed a "cell-matrix construct” or a

el o SR AR el b BREALISE tHE taRgmronerts and

organizing theg@pretduand:contam:themselvestwithifuc. More than

one extracellu@qgtllt?-%g)utgmgtgﬁi%m@qg(cu&%g&%&lg § %ﬁ!—r!}grix construct.
__copending US Patent Application Serial

ol of TRy 001523, BOT e 3132l her o ¢ mistur o podee

complementarifYo@rpOratedhersimmby weference inuisises. For

example, the &Q@%ﬁﬁ@( mm&-p%élw ecgﬂ Iy%es rlrjlaey }%gcr]aﬁg;lég{'%pggnixed with it
not require, thus do not include,

10 produce an gy S HTATHK BT ARTILY, RPaEeRDy the first cll
type. AltematR@tniXeg@MpRNRents oty edysedhy.theixed winh

cultured cells but introduced by other

means. In a more preferred embodiment,

. 0

the cell-matrix constfuct produced by

human dermal fibroblasts is shown to

have a predominant concentration of

collagen similar to native skin. As



[0049]While not wishing to be bound by
wo w0nth@ory, it is believed that the cells fill #arws2007063301
the open space between them quickly
other cell tprﬁ fw@gél?ﬁétwigﬁ% g}élﬁ§§ﬁ1f but do not substantially
contribute to G mu‘miﬂﬂid’ﬂs&ﬂﬁnﬁi&rﬁp&iﬁﬁde@gllm%ﬂyynstmct, such as in
certain skin cgysg'gctll(l)thcglll%ggQiand fi broneCtI n, and then
remodel this loose matrix with a denser
[0056] I’ﬁvéfﬁ %%ﬁmﬁg@éﬂa@f-m%ﬂgoﬁ}w [ray be used in accordance
with this invcﬁQ“,a]g@ﬂ'aﬁerTeh] el pf@dfdﬁ@dn@@ naati % iased from
mesenchymc,gﬁ(/%%ag% grr%\{i\é%lé%/%%gg%!%lﬁé?fogﬂ éﬂls,aagd other supporting
connective “bh’ﬁﬁlll&ré}?ﬂ@fﬁ%fﬂym},dﬂb?bfl’q@@t‘m ;found in human dermis for
the productiozpcrﬁt}%lel Yoeai gnbt&&ld%ﬁe@&@ﬂ,@c%&@*}l }Q&uce a number of
higlycan and versican; and, a profile of
extracellular matﬂ‘fy roteins, primarily collagen. There are several types of collagens
sulfated glycosarninoglycaris such'as
produced by @féjlaya}lm@m@qaémgagen is the most prevalent in vive. Human
fibroblast ce]l%‘a@xlg' QR G@’@H&Eh‘ Qo'x%lalhmy (g g'o@xb@,ngm;xténﬁ lﬂ' not limited to

o mal §ulflated: di-chdondroitin-gi-sfulf?te; | N |
neonate male foreskin, dermis..tendor, ¢ s, cartilage, a, cornes

i <hn0n ns,],lﬁni)a’lérléﬁrﬁa tcea’ cords, cartilage, urethra, cornea
stroma, oral ngjfegth@m dreitin de SulfatelslA-RSBdemrdcced not be limited to

fibroblasts, bﬂ!ﬁ&ﬁ@ﬂ@@!ﬁ&@tﬁ@?@&ﬂ@ﬁ?'cl-m-ﬂﬁb@é 'ar-llcgtaﬁégonnective tissue
structural and biochemical features

o s TE YIS Bt tpcgersn o v e
producing celfjeaga @pgoi@cwhﬂq’@smm distinetivie byissue type that it
is to resemble%ym U&W%@$Qﬁh§ %&M&Q&I@QBF 91?19\'%9[%11 For instance,

. its final form. The presence of these _ .
i the embod S SGTEKES THTIRPRSF e b gl i produeime cell i
a fibroblast. pel@rmalf e@Hermatrix construct indicates that

[0057] tHQnS:[QQ §£¥%5 Qﬂ%§dl§nterr.k! %Elrjoqj%lstsaipo ated by microdissection from
biochemical features approaching that of

the dermal pa;ﬁlb’lﬁﬁng agflﬁs' F§n 1[@% mWﬁﬂéﬂﬁfém'ix alone or in association
with other fib@fofie Men tioneddishis acdista0bnstruct is produced, the matrix-
producing cel ll?ql ge(r:ltfle%rpolr% %(lrr%g ngJ.‘EU &EH (ri.c%lojse rr?'agfl?llgreysln(?evelopment and

cultured cell-matrix construct formed from
age. Cells may Wfdrfﬁ?ﬁiﬁ?gg@cﬁogqﬁ%m Tj5gmates, or older individuals
inctuding aduﬁﬁ@ﬁ@f?ﬂﬁ@ﬂokb\ﬁtr@&ﬂﬁbﬂ:@d ﬁ@lh‘dﬁﬂaﬂ%m cells may be used in

constructs formed from other types of

fibroblasts will produce many of these

11 . .

features and others phenotypic for tissue

type from which they originated. In some

cases, fibroblasts can be induced to

express non-phenotypic components by



similar to native human skin is formed by
wo w0nGeUring fibroblasts, such as human eerusaoormsssor
. dermal fibmblasts, under conditions
the invention apgrfiiestyte (i TirreliiE & Frvatriks ntkasisto
[00ss)  formugneellnnattixf-dermal cells:aRg:, the celis to be
matrix, a dermal la er, onto which human
used in the metho %?3 are not Himited to% 9?‘1‘0 human sources, Cells from other
epitheli [cells , Suc ratlnocy?cs are
mammalian szé‘eﬁ‘éﬂdaﬁé“w1 flﬂ?‘é@%‘ﬁd&ﬂf eonditiongovine and ovine
saurces; or r@&dfﬁ&@&%ﬂ&x@@af@;(ﬁk & xfela‘ltlay lg m@rmﬁggcclls that are
spo taneousl;isérb%[gﬁd exErla? de tr;ms?clctl% Yer: binant cell 11
1 €34 Or re¢ogmoingant ¢ e
erefore, one method of obtaiiing™
engineered ety @ag eftUred tis Sy eveunsiructscofityencnts that incorporate

more than ompcr& %@@E&QM@%&Q&&@MQ §@l$from two@lﬁorc Sources;
culturing at least one extra cellular

mixtures of nonna]tan)(% elll’eotl ll}[)/ d1ﬁ d ﬁ éCtﬁ’q Cﬂlﬁé Oéﬁlétérﬁboé cells of two
or more spemafoemgem@u&aebetv&@ellu lar matrix

[0059] %MQ@ @JE&Q& cg‘ FHQ&L}%EQL@ %E%R)Q Eged in the production of
‘member; and, (b) stimulating the

e clma e SR ST (4 Yo e seerétly et for

patient needing ndt‘@l‘ég anize extrageiidar matfixot with a therapeutic. The

cells may pro(glgm angcpgtﬁhg% ftQIIIMthet Ig%eco%gmas I;lé{ﬁ}roducts growth
comprised of cells and matrix

fctors hom g RHSTABRIP ) (HOSE BEARS eI Stispesed when

biologically, c@@)uamdofbl)irm&yﬂbﬁlﬂ@ﬁ& ﬂimtﬁi)ﬁ@ﬁkbﬁ]yl the patient.

Either long orgl{oxct; Qm§ & el“%)tlrlc}égl)éxljrgs%?nqlleslra !:Tpc ae'mlﬂtllg! my ge use
cultured tissue construct comprising a

indication of R KA N CONSEFUCTSIFTE Hraesnfidedtte when the
cultured tissud &y&ﬁlctheﬁ@@ﬂthth &Imaﬁhﬂﬁumamuy‘itlwt for an
extended periocd%mger.ises the step of: (ci) culturing cells
of a second type on a surface of the
(00501 forryEel tRSUETCONSHNE o o titicessayhere the cultured
tissue construdd iL@M&&ﬁdaﬂﬁﬁﬂ@aﬁ@ﬁ%@kh@%@lﬁ& the cultured tissue
extmeellular matrlx gucmg cell %P
construct are tg promote nprmaj or near- norm g or t rcducc scarificgtion of the
or use In the |nvent|on ma cefl
wound site. Opigpyae @&ﬁé’ﬁfé‘%f%ﬁe@m@‘%ﬁﬁeﬁs@@wﬂﬂgwe construct
are no longer @W&%LM@EJ@&H li&ﬁ?éé m&n@ Q@saﬁkddlso be genetically
organizing the extracellular matrix
components to fonn a cell-matrix
construct. More thaff one extracctular
matrix-producing cell type may be
cultured to form a cell-matrix eonstruct.
Cells of different cell types or tissue



other cell types that form specialized
wo 200718 UE Structures in the tissue but do rotsz7essser
substantially contribute to the overall
engineered to ﬁ)f]ﬁffé;ﬁaﬂniﬁi tiﬁfér?ﬁ gfmfégﬁc‘é&xtlaéfnfﬁlé components which
are cither ‘noi@@|[bMatIX-CORSNtICE, osuehT@% HainCeadMake a graft

device compr&t%@x&ag&ﬁgg%g&% 9}1(:1 ¥1Dl%g i&!leq}QpiQQc'rapcutically advantageous
[00561While any extracellular

for improved Yﬁ%?%ﬂﬁ?dﬁfﬁ]@fﬁgrééﬁtfﬁ/ﬁév?ﬁﬁﬁf‘ﬁ@“ or minimized scar or
keloid formatiblSGdﬁQfduaﬂ@&M@.Iﬁbrﬁh& Snibiventium 2t described in

Sambrook et a,rl? E\?()E(eacgder gl(%%lgl: gy]pagosra:cfoo¥r ]\}[Ja%%ﬂ rClOEg] g%ri Harbor Press, Cold

Invention are derived from mesenchvme.
Spring Harbo 5 &9 Bhesrpise St type&Tare fBRoialsts;mentonsd
types of cells :Slﬁﬁlnﬁﬁl ﬁ@llﬁh@ﬁgi@m{ “SMBDQ&&iB@g cell” as used in this
connective tissue cells, most preferably
human dermal fibroblasts found in human
[0061] derpriisforthacpriferattionof artmermgrpduced by
fibroblasts is ﬁ@ll‘m&@@rﬁq&ghy EJM@QJ@&I @@Mﬁmoﬂagen is akey

_ %enerallx,tgroduce a number of .

component in the cell-matrix structure, {m.wever this invention is not te be limited to

extraceadar matrix pfO eins, prlmarlly
matrices compeigy{] fi falm thTF bretp cap@tgewra]o[y:rgegcgfhcr collagens, both
fibrillar and n&Qﬂ@-]g%§a@£@%@xggl®&f}m@mﬂagen types 1T, I, IV,

V, VI, VIL VIHC%)\?/ )e(VXeIr Itlygl% IX?VOH% eVrIl S }IheVrHOXSI% b duced
S p’re\‘/aileh%ih Vivo. Human fibmblast caffy e produee
by use of the agpragiing camrbeidérivedefrem aonmiberafbe produced
and deposited M E&Q%emﬁleﬂgd Q}glucp,%tntgxg Bilmtt@gotgasﬁn; proteoglycans

‘neonate male foreskin, &inns, tendon,
sueh as decori SHEE G GRS RIS il TPE T 0 onectin:
laminin, thron@@pm@aﬂ,gtlﬂ@m@g@ﬁalmum,m&]ﬂd hyaluronic acid (HA).

[0062] 'ﬂk@ﬁﬂﬁ%mﬂ@ﬁg Igclﬂ m@ﬁn‘&? 1|rl§ mgyslilrt]ag’llel'&gremimal cell or
but need not be limited to fibroblasts, but

tissue culture, icéiaf ﬁ?&lrﬂragshsf}ﬁa Bltﬁl}sﬁ-a(gt& é«lb@ﬁg?ws for the formation of
a three-dimenginOnElOtytestan duother Conmective dissuRihe cells can
be grown can &%Lﬁ%%@ﬁ??o%%ﬁ%ﬂ%le%'g'thclﬁ tllsc cells can adhere and

preferred, but not required, that the origin
provide an ancacfritﬁ élcfﬁﬁff &g fﬁlb]a“ﬂ'ﬁ‘l ﬁ@st%q [od(glédl\/iﬁefihlésuch as glass;
stainless steeL PSQEUICHOMIQS pal HiSTUR: GENSHEUCEAD@iny! chioride,
derived from a tissue type that it is to
resemble or Mingle after employing the
culturing methods of the invention. For
instance, in the embodiment where a
skin-construct is produced, the preferred
matrix-producing cell is a fibroblast,

invention.



the cell-matrix construct to create a
wo 20071gigsue construct that acts as a drug  pcrusz007063301
~delivent graft for a patient needing
polyvinylder et et SR AF IR popviene
and silicon sumriﬁeaﬂmefgifmhthha,ﬁaempe uitigicoh B@sEeNS; be used as a
cell growth su%d@ey. QEQ cgblcgw%@tgﬁgee nlnlé{fj%gltn?a} l[)‘cechl:e)axgﬁnttreated or
via the graﬁ recombinant cell products,
modified, e P AR HEPGhEdo e ptitkesrgr-ysine or
peptides. An PEOIRIRS fQhA CORINRICLISAMouNt of time
[0063] q{/h%csthre]%se Igieccgm\tllvbteoﬂhglovleggolt? gz!%’e rown o1 a solid cell
chemically,"or thermally signaled duie to
growth surfacgtyeecf g Tt presentincthaupatiett, op and botom
surfaces of th&%@ﬁn@@@&%ﬂ%ﬁ&%f gen&: Rt Qdu qgvcloping tissne
construct or foe )C(J?ltra%tsfgin? p ilsbc(ljo%sﬂ!lrabtllgc’ ideeenddm' tOI? tact all
the Use indication (fithe Caltiren Tissteome alovs
medium to copesysti e torl 2ot igrtenmfespféssiohpis: construct for maximal
surface area cg)e‘ﬁ}g %Ql@nmgﬂ(thﬁn&%nwgglal§%Hglum may also contact
ony e oo O 12 MDIBIEC 0 QIR o s
Y “herapeutic produtts s a patid it 18y gfie may e
exposed to airexxtetfm@dlcpem afiltiriekin construct.
[0064] [BRE0IGQRYELSElY: i SROH.SFN, e XRIESSION cuiture-
is desired in instances where the cultured

T PeetS SR E OB IRCE TS GFAMEE Y g e e vese
containing mefjgpy| ﬁigaiadwgag nehvwiherethe gellsobthebuiar member or

framework tha@“ Halslelgggwﬂfﬁ@ yn% &Qﬂ?&m&ﬁtﬁ!& Eg:lparsg g@&t&' culture dish
normal or near-normal healing or to

et be co B UIER: SL At atioH r tRE Wt it vt « porous
membrane are@n@@'nﬂﬂ@W@iMrh&&dh&%@dlg ﬂﬁﬁhgieﬁﬁion and are
described in a QJQQH%%@Q@ Iij&gtsqy tll!:euf{tgg syrr§cs oLg ghich have been made

. construct are no longer needed or may
commercially e 'tEh e 8 T SR Siteh Eello3 S35
5,215,920, 5.0me¥. alsochesgeneticaliyengineeneet 1Qormorated herein.

When these tyge)s(g%rc%%%e pcrsgeqsezlipescm%{oggftﬁert%gutc—t%gguscﬁ%fp oduced on one
extracellular matrix components whic

surface of the a@@f@fuﬂﬁf%ﬁpﬁma@y&%%@c%ﬁm jplture is
contacted by ch@wel8 @i adifieddmseme way to make a
graft device comprising extracellular
matrix and living cells that is
. 14
therapeutically advantageous for
improved wound healing, facilitated or
directed neovascularization, or minimized
scar or keloid formation. These



[00631While the tissue construct of the
wo 20071¢eNtion may be grown on a solid celbrusoomssson
growth surface, a cell growth surface with
(00631 pB‘féngh%f% citimtficate Bothrtopeeni e med or
providing nuB@t{@mA: sufacesiot.lhe Moy aR@ 4., thus allowing the

cells to be fcd%l llQeralQI(!ra qto CIijg !’rc%? b r;[ JE)mo IICE!] eA g)pe egé ore gze is one that is
the developing tissue construct or for

sl cnouch et Fr oMM G- BETOh Hhl e fsmbrae,seclare
enough to allgdl @f@EE@de@ dateral:contaetall@Ws dium o the bottom
um to contact both the top and
ottt o o Uk l5bing
[0066] conewLret o miakinhinl: Surfacecaimigange between about 0.1
microns to ab@%@@ﬁ&[ﬁnt&cmmmgﬁ a@&malﬁlgﬁd R H)lgt 1 micron
and most refm elxlf)Jerrt]O !t\/lm?dol utrna ma 6 also ContaCt Onlyl d.
Pehe bottom of the dinfiny QUG BE By In the
case of humdt@mtﬁhetlmwméewga@m YRy dyehaving a pore
size is betweegmseg &L@&% 1@&0‘1@ tﬁ@:ﬂﬁ%@lﬂﬂ@l@!ﬁe %Eds not only on
e s “h }cl:ulztulred sbkln cf%nstﬁuct [00641The
e of SRR SiNRE Vgt e Bt troven o

membrane. Ituﬁlwzwahaamwdmgeph%ammthtr@aat«edut does not

incorporate o&ﬁfmﬁﬁmﬁsmm%n%%%@ @0§1 Q‘s&g E%%eehng with
. membrane that is suspended in the
minimal forese lture vessel containing medium.
[0067] Typicadly sithe Mmembraneusi8eauN @akto by te size of the
vessel surfac(:g%rﬁ)glgeglrvautyp B'L% %%Eyap?& 9%0 round or angular or
framework that is inserted within and

shaped with gt FARB AR A il Shaprdho e e pe flat or
contoured as :GulitUS @rdishn thaadea;ﬁtrbeoaﬂ&edfedmi\uauai or mimic the
physical structlhlxg ogylmfjt{.s ue %cec!)ﬁn ocr:(g)r[c- 82%? CdbO relgr(r)wth
insert with a porous membrane arc
substrate, pronoriARi] TH'tFES AFsiffd ‘afe Pfeferfeer iy volume of media is
needed to suff&&ﬁﬂyﬂa@s adbdhes nvention-andislonstruct is final ly
de:scrib ber United States
et e ey i v
by pecling frop diapepiisefa bfiniercaiyeaaidble,
[0068] iﬂfélchldifagtifﬂﬁ &51&1&5&%%@7&@&3% rely on synthetic or
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 arc
incorporated herein. When these types of
culture vessels are employed, the
tissue-construct is produced on one



10067]The size and shape of theuct
wo 207n§@¢med is dictated by the size of the rcrwsze070s3301
vessel surfhee or membrane on which it
bioresorbablengaWﬁ f‘gf}ﬁ%‘t‘ré‘f@% jmﬁvr%t?’bfﬂtﬁfju&rof the tissue constructs.
The mesh meAREMbAEOESHaped, With soundedigarRekns where a
mesh mcmberalp chlﬁ(;s t—:a? gmel EESS%IUSI%TJIX(i?QlaYQS%dC&.h %ymt%esrtelt’n te'oswing on either
may also be flat or contoured as a mold
side and w1thwhbwéoahegﬁgmémgctm@?%te the mesh within the
cultured tissutRé@FFACEnMith anvounehQ K))VHH{EH@, mﬁncorporate such a
mesh rely on ft) gylﬁllycégelﬂ S&g&%talﬂg %r%]:llp ?}!yﬁ? IELS()§%ﬁﬁr;!‘- 9 sue constructs that
account for greater Surface areas of the
rely on synth(ﬁ'?mﬁq%bgaﬁedt@d m@é@rﬁ@ﬁaﬂ?rfﬁ%ﬁl, 5,443,950,
5,266,480, 5, 0EHB Ak seaded.ie.tbe surface and a
[0069] gl[e?'ts%r VorltlﬁI mrg gf’orrpoef C}i1|eaécllls Qeeded to ither stati
C1m I L1¢ Cli-TRatyix cr ma S
sUFGIERTY - BAhE BRd hEURSH tHe B cither staticor
may employ AftHignthentisgueleonstiuct is firadhyem, the culture medium
is still and 1'61IQ\M§] ﬁgwwaggt&ga&eﬁﬁh&a@L%J %fytgﬁ where the medium is in
cell-matrix construct or a bilayer

oo The SRR G IS Tehibued By Seeliy e o
development ¢free mreRibranefsiubstratecheforergrafiting to: usinga
magnetic stiﬂJfQ M@&k@ﬁhp&ggﬁéﬁfgﬂg& ngHggd(bgl§§%?ddj acent to the

o constructs of the invention do notrely on
s cem R 6 B ESOPBEB I figriBER Tape medim
within or throggj ¢y @@ dvieshamenaderafoditnee culture dish on a shaking
or rotating platggr‘p @U&ﬁgﬁ%&l@ﬁn@%ﬁbbm@ rBch [(.Jell%ision means can be

___organized as a woven, a knit, or a felt
determined OSSP 17 SY/BHERHS ARG triesdpyention
[0070] membeniiSoenmyployedpthe salsargemvention are

selected basec;g)r!:%gcgﬂ)%QQO ge]%%Dre%gmp’%gueagrgctgrg?ﬂjﬂ)gduced. The
on either side and within the interstices of

clture e ot s e VBT A GGt s <

growth, matrifR@SBMAthinthewaultpre 6h issSpe Ganstetwn.

[0071] rb s%rrrel rl‘n@tlanccg;,rlg:tl[ lajsqg thcc) %%91'09){10 m)gntgl]n%cdrg;sd ?ilayer skin

that incorporate such a mesh rely on it for
constructs of (FATUAT i P &t deror it R E REMplesee of
fabrication as AFFGHHUFRSHESLIOS 6@&&%&6@&%&;&@&%@& a preferred

synthetic mesh members am found in

U.S. Patent Tsiumbers 5,580,781,

5,443,950, 5,266,480, 5,032,508,

4,963,489 to Naughton, et al. [0069]The

system for the production of the

cell-matrix laver may be either static or



constructs of the present invention, the
wo 20071@@dia composition varies with each rcrws2o07063301

stage of fabrication as different

mehod e el T TG 1S SR o i cuured

chemically degliffE@Rt PuliESeSHa @piefese hnMM@comprises a cell-

matrix layer p;ogige?i/\x:!'ig§9@§0§£§6MI@§%91503Z5/09 QI%%SH&M thercon wherein both
method the eet'is for‘med under define

cell types are ffi g " that is medrtiiTed HeHERTicEIfpue construct

comprises a chﬂzlﬁQﬁinﬂQﬂiﬁteclﬂnw&m@rnﬁﬁetﬁﬂﬁiﬁs and a second layer

formed thereo@u%gggr%bf% Blgg 1aeco(r:1: 1tl1‘(])St.ch%tEeC00nr;fre] ser,l’c%ee t?ssae construct
call-  xlayer prow&secf with a secon

comprises & cfFaiFrO ety Wikpeose dhdndeinttmele conditions and the

second layer mﬂﬁe@fa&(\dﬂ@f @Jﬁ@&%a@&lhﬂﬂes are

[0072] G Ltllf'sgeog ¢ in i%algedﬁfgleedcu(l%ucl:tnl{rga [perccflelr?éd that is, media free of
system. Alternatively, the tissUs eondtier

undefined anips) prgaris suacrtisratrixvlavemFgbricated. bypothalamic

extract, placeﬂtuﬂggdfctqggﬁ‘%gnmgn@omggfmgm§c% gec@cted by feeder
second laver formed thereon under

04 i B WA TGS T e oo
defined biologipyyEigeystheytigsuecconstruet-c Orpris @saddition of
undefined con@ar@g! lﬁm@%@%ﬁg EHQ% Qgi f@M&ﬁ@rﬂQ QIith the disclosed

under undefined media condidons and
e R SRR 1Y B TOTHE THE PR it e Whe e
invention is cf@fipvedinre dia-eo nditions cf0QT 2 hentisy defined
components dQL&hﬁM&&UXﬂ%‘chﬁﬁg SQHLE%!Q = @8@!@14&0 construct is a
preferred, that it, media free of undefined
e R Bl O HSSEE EXIPARTR; i oo boedded o
supplement c}@xmpééqesefumjt@itbﬂ t&f\ybebﬂﬁa@é’ﬁnition of chemically

defined for uJ‘Q{BQle@@J@& %&gggs’ngtlf%ge&%%la y),(fi):rr;ea oc;‘tskill in the art of
or embryonic extract or proteins and

cell culture wihe ¢80 SETPERSHBY TEEURI ER Mg prpgmbinant. or
synthetic equit@stqareferrad-embodimpnt;thedwmedia is culture
media of the ixI\l;c%gorp \Ili Qg g&h@%gcs%gamp 8@)%@&%6%&1’9@ The advantages in
defined biological components derived
using such a cqpgt R SHYOR P STaTeBs! ATerEory HithEr cross-species
virus contamiraEhél i Oirafou RAefinea Gﬁm@ﬂ@@&ﬁ&iiﬁtﬂa Qtvantages ofa
preferred, they may be used in
accordance with thel-7disclosed methods
at any point in culture in order to fabricate
successfully a tissue construct. When the
invention is carried out utilizing screened
human Mks cultured using chemically



[0073]Culture medium is comprised of a
wo 071086irient base usus fly further PCT/US2007/063301

supplemented with other components.

chemically deﬁfﬁ%@@r{ma tlg}.ﬂ&(gﬁ:@&:&ﬁlﬁéf é?' ﬁLﬁtﬁCé of the results being

confounded dPPKODIAtENULTIBMIDase&insthe art of

[0073] %nf mcar'xlle 1%'1! tgéf’(l)lrggm%dvyfl ; ugg%%g ng!ﬁy further supplemented
expectations for successfully producing a

with other corﬂqggaate Eﬁﬁ]gltlﬁij Etmﬁ(f % éctﬁrivéfﬁﬂﬁwnm é‘ﬁVm bases in the art

of animal cell G&m&rﬁi&”%lﬁ&&@d&ﬁm@ fﬂlﬁlﬁEiﬁd%lS@lbﬂﬁﬁ@ a tissue

construct of th_?ﬂ%en ?qg.fkll]ano r(]:o!:rt-lmeerp al %\t/!ﬁ%le nu‘i-rlcnt r1-1rec§§eare useful on the
invention. These include commercially

practice of theavgﬁﬁmﬁmﬂl?@ﬁ tngﬁiﬂ WI‘%YC\W%WCHt sources

which supply iﬂb@ﬁg&ﬁi@ 5alSs,30:ENBIGYSOUCEBRMHMh o

Dulbecco’s Mﬁﬂ dsf.ag g V't§> @ﬁ%&’%ﬁ\ﬁﬁuﬂ)@%&’u&‘%ﬁgm M199;

RPMI 1640, ]Mﬂq ﬁﬂa{l@égémls M@@IWWW‘“MH.@@Pﬁa} Medium

(MEM) and NE@M‘JJ&6&11@01!&3g@ﬁ(@;&tmqjimmphohpld precursors and non-
Dulbeeco s Medium (EDMEM). Minimal

essential ami dscgise N H dVdﬂdEM éﬁT rich nmiieggdt supply additional
amino acids, rre‘qmrésaddmoﬁatogupwmmmiw Witfporganic salts

include Ham’aqh@,%ﬂgg ﬁﬂ@\@ﬁ%ﬁ&%ﬁlﬁ@@ 5135. Albeit in varying
nonessentlal amino acids. CommerC|aII¥
concentrations, all edm rov1de a basig nutrient, source fi 1{9 in the form of
availa HaMin-fich mixtures th:
glucose, aminGeH{Ip byfaazd!d ridnataimimoacids;huekeisc media
components. %Igét &M@%e%@i@&@ ﬁ%urQQ]%.QHQJJiPJQ nutrient base of
precursors, and ino igwanlc salts include

st oo O TSES A FTO-NETC 109, BHE
alternatively , NI@FMGEnd 34’ ﬁlb’eﬁcw&r\/ﬁrymgﬁo to a 1-to-3 ratio, respectively.

[0074] Cﬁ@&%ﬂ%ﬂ?[‘ﬁp@&&%@ h%@ﬂ&?mﬂ“&éﬁ' A€o acids,
basic nutrient source for cells in the form

growth factorcozfn&rﬁaiaﬁé ’ Iﬁfiﬁ?ﬁ%ﬂ‘a o mid\ﬁf gxﬁfﬁ,lfgr? gﬁﬁals of the invention

are described INOfiGARNICIDAS,NOgBther withoeihel hagi@ational PCT

Publication Nm g @/9%&9 J] s%l %és Ifh %clm a@esl!lcglgvglf ?cgl%gm by reference.

base medium of the invention comprises

Other media a5 YR BAF Ha¥® BiieTtHEr CA Rl llshan Methods in
Enzymology, lowi-catoum: Bilbe eea5idM odified ﬁﬁ@d@lﬁia, in

Medium (DMEM), or, alternatively DMEM

and Ham's F-12 betyveen a 3-to-1 ratio to

a 1-to-3 ratio, respecgtively. [0074]The

base medium is supplemented with

components such as amino acids, growth

factors, and hormones. Defined culture



trace element found in scrum. As iron
wo 20071080 be toxic to cells in its free form, iRcrwsaeoroessos
serum iris supplied to cells bound to
Bottenstein eijla NEROA) AR LBt AtTOH Paki e resferred embodiment,
the base medi@‘ﬁ@fﬁﬁﬁbﬁyn‘aﬁm% %l&bﬂgﬂngpa@mrﬁw the skilled artisan
in animal CCHSCUQHJ%Q ll'n@ul'ih rpagsrfggg?rt%!oe g%}prl ir%t('%?ogtgiger or both
gg/ml. [0077]Triiodothmonine ir) Is a
cthanolamine BEsitr eI etEntd g theaetivien ferpybstitutions for
the supplemelﬁsf rﬁk})bé@bdrh@fmptﬂ&kth@tﬂﬁamdUded in the
medium t9 rcrgﬁ@ye tain r%]tes of cell

[0075] ulin is a po at pramotes the uptake of glucose and

metabolisi. T riodothyrdnine is

amino acids t%ﬁmﬂéﬂ] tosthe Triedh oryrat- dupplementation of insulin

or insulin—lik@m@eﬂﬁﬁmﬂsr@&ggyb@Mg@ﬁ @MM‘% Qc&qzvi 1l be eventual
peon o about 400°pRi, ThoTe Preferaity Betids e oo

the cell phenogrpyg iyt Pntor iy ut 9O pfehameah G txample bovine, human

sources, or byp!@xt@ﬁﬁip lyeaﬁg EQM TZ(QH‘QIJT&H[QIQIZ? ]ﬁlletrlgi%re,gguman insulin

, i both ethanolamine and oir]k 'bur,iql) arc
o BB S, TR WO GRTE g O s
source. Insulijsngrcirmportantprecursorlinithednositebvided to the

media at a widd %@W%n@éﬁ@tfﬁ@ty/\%lgxJ&%E@Q&I[lmngc is between about
upglementation of lipids that are

AR TSR TR SEAU S AeREsEaty ik g «nd
most preferabS@rerpa-fre e miedibiprviak thanolammenangicmentation of
insulin-like grQ\x_zQ Iadg§rpst&91r¥ l%@ Iho@[@lgmal}pb% 9&{1 N pe gr\nlllr% gf one of skill
} to media at a concentration range
i the art for ths (RGN SO 1056 to about 10-2 M,
[0076] m@ﬁ&rﬂreﬁeﬂawiﬂi falbl&lﬂdlls@ok rdllation. Iron is an essential
trace element goQ‘deg Je-[umo&g'pnocyg btehc?xig tlél lctéTlxrs.% gsl%rre% ogrrq in serum it is

‘ the base medium is additionally
supplied to cols iy fee iR TR GHHEP EeshrpoTiatibs ey cen about
0.05 to about iMEIEEnGY RteSIS.Qbdifferantiation or to
[0077] ;?HB&Q}Yyleorgneeu s rl? g\{)tat}cscyrr%r(}neaf%an is the active form of thyroid

yd rocortisone, Selenlum, an
hormone that {Lrgl“&fé}aﬁiﬁ étcdium to maintain rates of cell metabolism.

S
0.1 pg/ml to aPlo

Triiodothyronine is supplemented to the medium at a concentration range between about 0 to

19



[0080]Hydrocortisone has been shown in
wo z0dg@ratinocyte culture to promote PCT/US2007/063301
keratinocre phenotype and therefore
about 400 PMeAFCE TSRt At e A rAB Rt atipe! preforably at
about 20 pM.SUCH @s involuerin and keratinocyte
(0075) %n;c, Igggsmlnrlase content (Rubin et al., h .
Cell BRysior °138: 58851 ﬁ@%‘f)‘ammc e are
phospholimdsTaﬁe#@ﬁyf{@scﬁvém@gmwn@t iscargesitabeto! pathway

and fatty acid @QQHMQ Hﬂplﬁl:%@ﬂ&ﬁ of WQ%@[ m%ﬁally found in serum is
o charcf)cto -istics arc beneficial such as in
necessary I RETOTRIALION Gf KEPAtNGLHTE SHedt rgrae =
provided to m@*rdskq reonstmets.MydracorntiSoneumeaiM, more
preferably ot S PLQYIGE at a concentration range of
about 001 ua/m1 to about 4.0 uggi
0071 s preteraBR/ BE Rk Eel aByiro, zédr e
supplemented @ty p),{ﬁnj eiwgﬂgﬂx@@@ﬁdbm israddach too i improve cell
growth such a%%'é@ng gg sm§ gl’lanQ Lrg %&?‘rp IB lement the
trace elements of selenium normally
00801 SPRaEBY SerU Y SRS HRIF T oot
keratinocyte ppHioyiel@d tiat-a-conaentrationd ange-fics such as involucrin
and kcrdtmoq@ Qr(a)r&’slgghgf Qn%naM gngctg(aygm Q IYM Ceﬁn g}\mol 13%8:208-214
preferably at about 5.3 a 104 Ivf
(1986)). Thcrtfyeg?irrﬁ@sgmmdcg@fa ﬁgd’g]'ﬁlfﬁﬁsfﬁﬂl‘éq jghere these
characterlstlcspfﬁ)‘s@ﬁﬂidj]ﬂuaﬁnﬂt&kﬂ Hm&m&aﬂ&ﬂﬁ)@ﬂdlm @¥fts or skin
constructs. H}l%rocorg sonec(.iinzlg be aseds d\é\{gg)rx-lge}tpaggne rdlnsgcn Qabout% 01 ug/ml to
insufficient amounts present.
about 4.0 e/l i RESTFTIIEP YAy AT b/ priovidedin
[0081] Sta&bllﬁx f&fﬂ&d%&h@&&h&i&%@[&@l@[ B uce clements of

selenium normr;lrl]lr aplr’(]) (d?reslé%g/l ﬁ\§¢l \(s;]may Pﬁ%&sil% aIE(mcentratlon range

of about 10° Mmbsmalﬁléddvpémwéﬂngmw x10°M.

[0082] lralamyd 2 ddraming anc ay. e WSEUnd may be
sddod in cases nﬁggg:hzélrg S?Q' gWlth 2nglutam|ne and is
in cases w T ufficient amounts ent lutdrmne may also be
provided in equimolar conc Atrations 4
provided in st fphystituteitoldsglertamineS TTRe X-1m™ (Glbco BRL, Grand
Island, NY). @ﬂﬂﬁ[&ﬂd& Q[@éﬂ&%@%@]@@@'}&% %i-alaﬂyl-bg]utamine and may
IS-cluramine from degradation over time
in storage and during incubation that can
lead to uncertainty in the effective
concentration of L-glutarninc in medium.
Typically, the base medium is
supplemented with preferably between



[0084]The medium described above is
wo wongypically prepared as set forth below. ecriuszo070s3301
~ However, it should be understood that
e e e OO T8 o YhieP ST SR fifespy radions as e
substitute to maynbe Uﬁe@;ﬁﬁﬁﬁ aRd-assemblad.disha Gom degradation
over time in § O%nevzgp J&Qt%%llcwa%&b ‘89 g)alrggdx tg: Qnr;:@x%%g}?r! he effective
with their physical properties. It is wel
concentationiefy GURTIFF s BHFE 1O Ketbis i bter Besttatinupplemented with

preferably beﬁ@eﬂl{ﬁ@ﬂﬂﬁ%owj&h ﬁm\/ﬁfﬂw Wi@tﬁbetween about 2 mM to
about 5 mM, og %L%%%é‘%bgﬁffé{? ctionally equivalent,
acting agent for tlﬁé purposes o
0083 ofaitaBility ‘oF ecoiroryantRarTGer ataslso be sdded to
the medium tchmH ak {@ﬁﬂl&n&l@ihw%&l%rg%&&gm ng Sg[&)w End sceding.
ctors may be substituted with

EGF in native ?orm or recombimant form ma

be ysed. H s, njati i
recombinant of SyRthetic growWin TActog o ecompinant
of EGF are ptfrgtdtiave isitmilaiuquilitiescaings ssultision contuining no

non-human le(l%@zrll CH%%QIJQ g@ P %réptfm%g&n% Lmﬁnay be provided at a
invention. [0085JMedia in accordance

o B (O ST A THV BTG APt ot S o 10 ngfml.
[0084] Sterikewohyporentsiarscbought stetileropclow.

However, it slf&[&(ﬂ@&ﬁgs&@ ﬁl!x@t}p},/o&&)@e\ég @Ji@g@lent invention may be
procedures, such as filtration, after

prepered nd B SRR . PP HSastie bt phsice

properties. It etiekysed throughoutthe:feheming with an appropriate

analogous or mm@l %WQMBM %ELQf(E ‘Eh]é%ul%g%sfcg §\!:ailability or economy
~ combined and the individual components

end ernive o <R RHEH At fo°Bpptete e Frgdiued vit

recombinant S{@OKi SOt GRS Ofall e omponentsseanidenen used in

the performan§et9frt§e g;v@htﬁgno'D" with the exception of
nutrient source that can be stored at 4

0081 CAIFStkSOILOT B preparetaf s comones
are bought steBIOOXrfialscongentrationsdisted, abQv&edon, afrer

preparation. Psr(%)elgﬁest%l;%’l!(glccc)(!?lrgfwlepcsulélel(l:lnhrgg [)]ust 1t:he rg&“ﬂr%%xamples,
h||odo¥hyron|ne (ail from |gma3 IS

DMEM and Frj¢ ais Seiirag folioWsdtrifertiothyron irrahig added to
complete the tadtial |yt(dk.tsaQIM@dF e-lm cﬁaﬁm@n%m@i@&ut i@O °C., with the
IN hydrochloric acid (lid) at a 2:1 ratio.

Insulin is dissolved in dilute HG!
(approximately O.1I\ﬁ and transferrin is
dissolved in water. The three are then
mixed and diluted in water to a 500X
concentration. Fthanolamine and



fOORS]While not wishing to be bound by
wo 2007ntR@0ry, supplementing the medium withvus2e0706330
amino acids involved protein synthesis
exception of T&&’ﬁ% @f\lf‘é graé@ﬁ m a‘c?lglﬁélr"gy ﬁyri;fbfolutions are prepared at
500X final coﬁ@ﬂﬂi[‘ciﬂ@sthebﬁells @fﬁd)liﬁﬁl $hﬁ>xami'ﬁﬁerrm and
elves ]’ e [pddltlon gf rof in

triiodothyronine {a (I q§r0 hglgma is prepaled al tritodothyrdnine 19 mmal Iy
and glycine is preferred as they, as well

dissolved in agsghttﬁ éhmu?é&%gféﬁnfbﬁ;ﬁ (Bflmﬁﬁéatlo Insulin is
dissolved in dhydﬁoxmr&im@y are) basicsami n&ﬁ@d& water. The three
ake up the, structure of collagen.
C er toa 50 concer tra on anofamine and o-
While not required,
Phosph°fy1~€tm@tﬁxnwe@1§éﬁé>h We@iéﬁ% @r@ﬁpmmrﬁ/m filter
sterilized. Pr(%&ﬂl%l@ m&d I}MJJ'& e Q&H&fﬁqh lem@{ water,
The cell-matrix constructs of the
Hydlocortisone is dissolved m absolufe ethanol d diluted in ﬁ}:‘l te buffered saline
nvention may duce Suits
(PBS). Se]emmeutfhablp@I'ymertOBWag’aﬂrmmawl@hmglmd- EGF is
purchased @teggamglay 1$ Bgé)l)(d%c&r%gn coehm)lwﬁxt may be
matrix production medium may collagen
dissolved by dn¥ (r)uémebgrsolfﬁngcﬂéoid] éfn \%n pt% t§? Ie Oslﬁlll 61rt%e art. Serum albumin may
be added to i@ g]lgt@qrﬂynb@tﬂwe@mdgaﬁnp leslu@mned are presently
derived from Qtlflgf ﬁ&ﬁ@ QL%HH@IHQQ %mgﬁqﬁz QQAM%Lml S0Gin (HSA) or
glycol éPEG) which has been shown to

bovine serum f)%‘f?? ST itFS Pro¥esditeg’ St tee SaRpnGe acivity of
the progestercpqre@[]i@@pcpa m@@ﬂaﬁmm@d@%@tbyutmmmedratcly after

preparation o@é&]ﬁé&r‘?@@ QH§OFQ g@ts@gﬁlgl?op&%;@gmtﬂ the time of use.
collagen Tissue culture grade PEG

00861 tHiR e T ARG E BB WER Y BB Tt R5oducing cells

the medium 12Dl aﬁe@@ﬂﬁtﬂ‘dddWréna@Iﬁ(ﬁulahwe I@Iﬂb) synthesis and

deposition by % cgﬁs p[rheeIce s(lal?lXqu ager se aI;]c éacla(gcli'lrr!: 3% 9 Hr?ed to a high
about 3700 MW is preferred in he media

degree of punaf.lzﬂtﬁge ﬁl‘f\? éfﬁfmmpf%f%ﬁféaup E@ to produce the cell-matrix

layer is termecaneemﬂmim&car@ for use in the method

e{e t COI’]CG t|0n§ attgk%out 5%

are then mixe% aj r]

[0087] pare the matrix pro ase medlum is,supplemented

Y% or less, preferably about 0.01% wiv

with an ascorlﬁﬁe éﬁﬁbsufeeugr% W]W O RS pﬁe@%ﬁ*y one of its more
chemically stmwvbsabﬁ)ﬂtas@%%ﬁ cﬁﬁ&)fht@ r@a@Qbﬂm salt n-hydrate.

0.2% %iv, most preferably about 0.05%

wiv. Other culture grade neutral polymers

such dextran, preferably dextran 1-40, or

polyvinylpyrrolidone (MVP), preferably in

the range of 30,000-4,0..000 MW, may

also be used at concentrations at about



[0092]The cultures are maintained in an
wo wendfagubator to ensure sufficient PCT/US2007/063301
environmental conditions of controlled
Ascorbate is afié?chtﬁ ér')%rkgdrﬁ(tyj]fiﬁ?aPr‘}yroaﬁdngggemlbgﬁlj%ollagcn, a
soluble precuff@rid B e feellss. Rretert@d also been shown to be an

important cofacgngr %'OQ Qran&}d‘n onbleplt'(\),cve%s%n o?qg)cu tnz34cL as wcll as an
about 38 <C, more pre gferably 3ym

upregulator OW W@e 11} collagen synthesis.
[0088] 2@@?18@318@5&@3&552@&%/@@33@%@% medium with
amino acids i mvo Ve 1%81[‘] t%g;es b ets\llyceoeﬂgrvgsbco dr5 enloy ynot requiring the cells
a relative IhumloT ity Tﬁ between
produce the d‘ﬁmﬁﬁ%@m‘@@% T@@@gg@fmr?h@ ﬁ?@%Wrcferred as they,
ag well as the %mnga&m@t)fEQ&&@&T&%@%QQﬁﬂgﬁmlno acids that make
b the structl Ofco?d of dermal fibroblasts arid their
’ S&Creted matrix. Preferably, human
[0089] dfé‘rmm fibroblastsareusedrdérived as!ly supplemented
with a neutral QJW@%@@“SJ[ anngthﬁlmg&emay be produced without
preferably from serially assag ed or
a neutral polymer but dﬁﬁnrré)(tjw ishing toe bSc %Jéib bF\ cd)r% étn etsenci:(m the matrix
production m@mlbankgltkpaprbfav@ e dmosicreamednsistently between
samples. Onc%gmﬁeytgaﬂo%g %9@@&1@16 QQQI%&Q @-ﬂgﬁas been shown

and tested Ecar plurlty CPUs alre cultured
to promote in v1tr0 éorc%ijtﬁfnc |b ?] f & (H) Oﬁﬁg?] gr?ﬁo IaFWuced by the cultured
cells to matmcntp@dq@hﬁplt@egaﬂgg thenuto: p¥o Kfiebatte rimee between about

1000 to about %(ﬁsﬂp (IQ(QJJ\@LQNQ&WQ@! pfrgfgrﬁ)%/%qmglgth%t 3400 to about
cells to the culture substrate on which to

3700 MW is e e TP At B EH St GRS ﬁw"é‘ﬁ?}érfi)?“s are for
use in the met@@HB s M dfrozencelstocks mayspeferably about 0.01%

w/v to about 0%@ ng\eg g']gl%&t(! %tﬁ%tm% C%HHH 5%@%%& r@tﬁ 0.2% w/v, most

094]Once sufficient cell numbers have
preferably ab“ﬁié’éﬁ/‘)d’fﬁ‘ta‘?ﬁ’érd}“% & e pe HaRESTEY- Bfjeren preferably
dextran T-40, S@eCIeGHORNIBI@SHHPA BlE-et i he StiEfaceo00-40,000 Mw,

may also be USCd eg cgrli’cl!%% gt?c)gs !iltnbdetlcj‘g E\)/E r(.)(r) Fg!sl %;gfeg.gpw;ween about 0.01%
conditions to form a confluent s eet of

w/v to about O('..Séi I&g/}/ ﬁotﬁép%félfé)ﬁagﬁl éﬁﬁ:fb(boa?rﬁ‘éﬁf? ﬂ?ét 0.2% w/v, most
preferably abcﬁﬁilﬁ‘ﬂ&@.&&l&d@lﬁcm@rﬂ@ Eﬂi.balmammfﬁ&ets that

that is submerged to allow medium

contact from below the culture through

the pores and dlrecﬁy above. Preferably,

cells are suspended in either base or

growth media and are seeded on the cell

culture surface at a density between



a three dimensional tissue-like structure
wo 2071065t do not exhibit significant contractiterus2007063301
enhance collaforces L? an%laleS ilghl? mgorglls?eg Ce” mfciglgl)l( routineer in the
EOHES BORIPM BRT PEET e om the

art of memmaigkUr@ltsbstrate. Media exchanges are
[0090] %g%e%éﬁﬁl YahwQ t9. three-days with. e Shm i

matrix production medium and with time,
supplcmentedfﬁ@ cgn@%rt@&dfﬁaéﬂ.&r?ﬁ&é\/gggg Istrctlon or Org,amzauon the
cells are said HhiGKRAESS anthe rg@mz«a{m@rﬂﬁhedmm@s and matrix
synihosized b/ 1G8ESRANY for creating a cell-matrix

construct is dependent on the ability of
00911 tRErRitiaPsBEd G oS TR BErHye, comprses: @
base 3:1 mlxtttt}a& agﬁc&fsnMenﬁaltdme ,Nﬂflﬁﬂlm&labkl]ﬂgb @ficose

formulation, Wlt out(iellult!in%e 9n§¥nth§§zl %‘lgd%rg gu;% er%gn gg with either 4 mM
matrix. When fully tomnid, the constructs

L ghutamine opfogh i SHIGRHEYE BT PR AKTEES dReerione. 1~
10°M cthanoi@utxae ;f ib%@pm@flﬁm QﬁﬁdluﬁﬁﬂS aﬁﬁl insulin, 5 pg/ml
1\gganlzed bg/ the ceIIs th(%y are not
transferrin, 20 riiodothyronifie. 6.78 ng/ml séleniunt, 50 n L~ abcorblc acid, 0.2
6) nar C0n luen or over %'I]ﬂ
ng/ml L-proligedld U litredyvwhehethecealls miayy. b‘écr pharmacological

agents may bcl %&J%@QQ@JQ Eltcitﬁcel%}b aqmﬁror]-ypce)f the extracellular
fibrous quality gives the constructs

matrix sooreted S HEE G HRE B TRE BB AIRY (kg ncrition fectors
or inorganic s@scH M@RYGLItLIrES tbeﬂ@ame theylsesigheptide growth

factors includptg){éci%gc;%mlaigc%tﬁydqrh%ﬁfgg grmlaugf;lasminogen activator
crackln%@ with routine handling in a

(TP, both o i AF St thes YABTICAtIOH Spee o o fovmete!
Clinical InvesGattuir et derrral consinuct sthesge Hsnwilizative
Dermatology, f%@lﬂ@@f@?ﬁ@%Qﬂo @?%tﬂé %Jfgéif‘gat stimulates collagen

themselves on the cell culture surface
oo e B At e ASEABY S0 GFOrA e
24:775-780 (figkness or more, more preferably
bx% een abou t 60 to abqjutr]TZO micr.

UI’CS are mdm amed 1M an meubator 10 ensure s ICril t environmental

thick across the surface of the
conditions of ppfSpHIrefPRE HOWENAEY, THIEKAIESS &S Hiaw of ool
Preferred conI@EILORIRAIBRGLIN £X6RGS:0f d, 20 HEHANS7 + 1°C with
and are suitable for use in testing or
clinical applications ;Aghere such greater
thicknesses are needed. [0096]In a more
preferred method, an epithelial cell layer
is applied to one surface, preferably the
top, upwardly facing surface of the

[0092]



formed, comification media is then used
wo 20071@f€l the culture is brought to the air-liggtick2o007/063301
interface. For the differentiation and
an atmospherebSPHITCHHETY GF KeT SiFHISSs iz @iRgbeneen sbout 0-
90%. are exposed to a dry or low humidity
[0093] allrra!!:?ye%grég] gggf%%g t,@lcccicrli{rr(l)airrl!(%\,\r{;pul'cj rl? Lcilletr)rlndl construct
interface can be characterized as rying
formed of derpey! dibrpificater thié fowefmoisture’dtaels ef dermal fibroblasts
are used, deri&hiars] pr\évalm&'lm@m K%B@U%%ﬁ%a\ﬂl&l kr%gﬁg%assaged or
subcultured frnr‘]noegcg IOE’K%” kLetraltlnSb aln%toghe’tr)- features’ al iral
FOURT i hative SRR WHER SXpESae Tty tevinst viral and
bacterial contfipgien egndition surf) 098 s umentionedicient conditions in
growth mediu@myxgo th@r@t§%§¥ggtef Qra$%r&%g%%8%gie§mg the cells to
cell-matrix castanet may be used in the

et R Ol & EOt AT EORBtRG T o cols fom

frozen cell siogigrme il sepithiediat cellsueanbe-derived

[0094] fram.aavan.ary.of Mammalian SOUICeS:, wesied and
The preferred epithelial cell i8 a rabbit or

seededonto  ptfifiai CorHEE BT Al EerPEtiggy  condiions o

form a conflufeett@di ﬁl@@th tbl;bfc&f?@l mammatariGenieald on porous

membranc thalt(xg EQDQQ&&%?HEQ%R% c%r%aecgfrogggg\g the culture through the
epithelial keratinocytes such as those

poes s st et SETEPA(BPoits o ot mecis o
are seeded on @P &0 LIBPALLON) Oftheveyerarepidermism’ o about

6.6x10° ceusmma}fncpr?prsé%gﬁ%%ee%’ apolﬁltt3c>:<q 59561%10 2 to about 6.6 x 10°
keratinocytes are preferable. In the

cells/em” and prsl i S PFOPPHING '4 eBTAB Al BopStrge tentimeter arca of
the surface). thie-meditds ﬁﬁﬁﬁﬁﬂ@ﬂnf FRIReICUlMGAd are cultured
to between abég&g%tto(?&l’ltcadkghggetg gh&?t'i':i@%ﬂé indyced ghemjcally by
construct) and its surround. Normal rabbit
changing the eoticarapitheliabeetiyarcdx pareeidoiasyntesis and
secretion of exSUIGHANAE, thyp sikize @et&&%%q)é@em@ Mectly in
4 fgom the cultures substrate, suspended in
production media fo eliminate the need to change from heéuasxc cdia to l%we production
culture medium, and seede onniop 0
media but it isthyesthprshritneeire ighasedmsityibetween
[0095] mcheat%eJ&éﬁghm% lle%e&e;l:g)lﬁatrix molecules to form
cells/cm'. The constructs are then
incubated without mgzdium for about four
hours at 37 I'C, 10% CO, to allow the
epithelial cells to attach. After incubation,
the constructs are submerged in Corneal
Maintenance Medium (CNAM) (Johnson



wound healing, such as improved amaf
wo 07n@ke or graft integration or the PCT/US2007/063301

minimization or prevention of scar

a three dimengigpptistisfe FOOTO2Y Aoan st pyefarpagectile forces to

cause the for@Hp ROEMERt;Mixachel LpepulationsQuire substrate.

Media cxcharygves%rérmr;gg egeerygt%!)l t(c): E‘}!’!:eayrsn\xzaﬁ\é l'lr%% Cut]!ity pi;g(igjxction medium and
together during the formation of a

with time, thicgdfipA B TorrVid e thatrdtlestoni e necessary

for creating Jhecel J&pﬁ& iH&@Qdiﬁt Qﬂmgl@/ thhe initial seeding density,
§¥nth? izing extracellular matrix. 'rho

the cell type, the age o §e celll ne, and the ability of the cell line tg s tkicsue and secrete
second cell type may be one needéd 1o

matrix. Whefaltf Grpridotia ertisgué fumctioms o puip thickness due to the

fibrous matmq@o\dﬁlg E&@@gﬂ%ﬁ @JtﬁEHQWJ@JrJ %Mﬁ%ﬁy Q)txﬂucnt or overly
the tissue Construct. For instance, in tile

o et e O oT & SRi& COREH T Gprhagier The fiorous
quality gives hagotHarcetssor epithiehaboe sifkondinary cultures because

they resist ph@g@%‘ﬁg%, aYs le&%ugg’&ggy&“brgme handling in a clinical
matrix-producing cells to allow the

i 0 SR 5P BT A Ao G v s
matrix aroun(th@ipc@@mm@n@m@rﬁpfdeﬂmmy at least about 30 microns in

thickness or &Q%&@QQQ&%H@Q&&@%@@&M 1599%91%%%]% across the
eland structures or components or hair

surfuce of th FETRRE" SHPUIR I 6P C it P ES g of 120 microns
and are SUitabfmSV\ﬁh@ﬂnﬁuMmﬁ@daﬁﬂgﬁbhﬁ‘fhWiﬂibﬁ:ﬁleater thicknesses are
matrix-producing cells. Epithelial cells
may be derived from the appendag,eal
00961 Jfrk Bt PEE B I aRitr b (oeaitaeipg © one surface,
preferably thedﬁﬁpwﬁiﬂ{fﬁﬁ&ﬁig sHeh oa.ﬂicbéﬂ—miﬁf adisseation cei-matrix
construct, epit@e@g Jgﬂg!rgg bee seegigc[ LQ(? c&t%rlel§ fherng notoe ﬁllrtnh aelll?llayer tissue
colts, glandular secretory cells, hair fo
construct. In i giest AT CRAS - MBI CB Ty S MO Haby™ on the
cell construct fORd JAnSlkim-dhat &Qnﬁ&&ﬂ&&ﬁﬂgﬁyﬁﬂ@ymﬂeal epithelial
cells, also termaeldsc(o)mke)s k%gglc?cgte%gn%}h beaseegn deolat ch]}{teagl’x construct to form a
Langerhans cells, an Merkef Cells.
corneal constragiiishelp! spddieniiar enheiothietiabordte pngcell-matrix
construct to folHa G@sﬁﬂlﬂﬂﬁ@dnt@o@.r @QM@@ &’&ﬂdﬂaﬁﬁ‘&ﬁ@ﬁﬁ may be seeded
components for new vascul alum
formation. Adipocytes may also be
cultured with the méﬁix-producing cells to
form a construct used for reconstructive
sin-get)'. As alternate mode of delivery of
this second cell type, the cells may

needed.



when vitrification or cryoprescrvation
wo 20nqa@thods are employed. Methods for ecrrs2e07s3301
vitrification of tissue constructs are
on the cell—maér'é§8ﬁ618(tf fﬁ‘nt}gnbpgté ﬁf%clagisgli.gjgv?%helial cells from
the umcemmaﬁndrrrmi hedsdfare wy@mewmatiﬂmwmmma of
uroepithelium: gger ce ls 0 1thLe'La§or1 i1] ma rlate Is\ellgc ed ? f@rm a' cons%l'ruct of tissue
- and 5,891, 617 and in Iynternatlonal Prl
from which thﬁe&ffﬂt‘a@fﬁfﬁ‘WO 9624018, the
[0097] d‘lﬁﬁlﬁ&bﬂ' ﬁ&l.ﬁmﬁha&ﬁ&s 'lmﬁ@ﬁm{@teﬂ:, and methods for
their culture, mgu HQ Ctlr;)%.'(:) d fn r%n%anon arli1 u r?ﬁctég(%l?loe form a differentiated
COﬂS ructs comprising at g lethe or a
keratinocyte Iy Pafrert SoIketio Vit cottt actite™ egeret 5712163 o
Parenteau, ot alQQllrQﬂ'g- h}[(ﬁmthejé em@@&lﬂmm tmcmt@ts of which are
|atsent| n. the cultured tlssue constructs
incorporated herem b rence in their entiret 1ca to perform the epidermalization
Mprise & a gel mixture Comprising &
of the cell- maer@ H@geﬁ st gﬂ@e@(ﬂéoﬁ{p&@ﬂ*@nﬁg@ﬂ{:} and cultured
thereon until t@@/&@s&]}l@&%@ MFL&Q%@%J&% Cﬁm@&r H&t:;l{%s are then
roduced by forming. a hydrated colla en

induced to dlferf t(lfltec tol rf]orgl fr%m%d cH.pSCcIrél)uSs edrai are t&ignﬁ%ﬁ fomlfy to
form a sratuiNp@nedmd 85,096 to Bell incorporated herein

[0098] by FEIRFENER LIS BRUER: f IS AC QIS ture
corat coinl'graftl;te(g1 thtakcultt%Jred] tissue P
eratinocytes &r(e) rz]t Seflruc eﬁ: S 0%: cz)lxh léléﬁéﬂgf&gha}{e expanded. hen an
necessary mupYC Ot Orated-irnitirkXamplesof éontractile substrate,

suspended, co@geg r!ﬁﬁt@"@dftlm ercl@s$ tﬁﬁ%s%g (p &le matrix construct at
platelets. [001 061A skin- equwalent can

2 density betvgig fi?k’iéﬁééo S A&V’ %6?%1?{8?:&??@“ preferably
between about SBUR’ sttt atedny platinde ke rat ROy terably at about

4.5x% 10 cell&%usl"gcrlo&t%qdarg (I%Xlgcmgeg(?c!’r gg&égn%(%%md about 90
This skin-equivalent is uniquely different

minutes at 37 ﬁ,bi;n] Qﬁ;&(b f%@mgvt&@g@ﬁb@tﬁta&?tm%ﬁaﬁ incubation, the
constructs arcSlﬂhﬂ@g@@C@’d&ﬁdh@ﬂbﬁ%Q rgain Ma&lt |l$ngth of time in
culture, the kere!%e g heas't rgltfesretgr;r%nrde ! % !)\r/rlxn% gn??rllglﬁl sr cross the
ﬁo ) oven é) (:Tonate Yy a potenif T
cell-matrix cog;rraft @eqméﬁtnt{@@qf@@c]@ﬁamiﬁpgapflanged to
differentiatim\elg@lilmj)exﬂﬁge 81| &mﬁ“&%@s S@lena%iﬁ{g@@tﬁehum has
can be i'omted from the

27



contracted hydrated collagen lattices
wo 2071g@@scribed herein. [OOlO8]ThUS, it carnd@iszoomns3s01
seen that the cultured tissue construct
formed. comifiSEsely ke S TS Feshtio iffipd inerface
For the dlfferﬂ‘ﬁﬁnﬁﬁxtﬁ m@fommﬁmgeljmwlnﬁwﬁmed to a dry or low
humidity air- i%ulﬂgcr ace. gar'og qyfﬁl}é%lfergé[r ce can g)e(ractenzed as trying
types and functions. Such equiva ents
to duplicate tirpyay sy el felbiic dféd emicl Stored v express most or all
keratins and cHE) %LQEYOanln@d\Q @ﬁdﬁﬁ@} @mﬂlﬁyﬂm&mmtions.
|ses L %OQ]One of the major ,
[0099] s mentiohed above, the sy em 0 he r(()ji ction of a cell-matrix construct
advantages of suc r’é ISsue
may be used fp nStIAEIS IS et th@y%aﬁebeneamtpﬂwedlls can be
derived from Iﬂaﬂc@ Qﬁﬁa&ﬁl% ttlﬁ& th‘ﬁ ]QQQQJ cﬂ%fhmﬁcﬁﬂll Drabbit or
human co aI ﬂg EJ.(I) erdU(.he tl?e Cu“l:aured tissue 1
rneal ¢ h SCPI’ U%: {S c\(;\rlrll cer; mocﬁcérlurt] al ﬁﬁn%]h écomea keratinocyte
may be used. é@ﬁméepﬁ@blﬂemste@@reje@mmvm feir right: (outer
white opaque p&t %%‘th@g}r Ih@n 5@?&%%%%@@ lﬁp&!g& | keratinocytes
against cells responS|bIe for re éi‘(gactlon by

e et TETIIAN TSy ST tAKES BragEmoved from
the culture insgyfi@metiie cels-usedofornthedabricationcefa rabbit

corneal epnhetngelllyIQ&H%%%@G@CH&%R@Q@&%Qto remove them from the
according to this invention. in addition,

cultures substR PSP R IS S et bty (5 ‘Sithit Bpgbrene aca
density betwef@BOLIOT: WhendpresenyedsimtissuenguituFethen
incubated w1th01gqg({xum%1r:about our Cgu:rlsoa% :§1G g QBQIEI(QZ to allow the epithelial
recent research reports. [00110]hydrate
cells to attach o (s P fefttie S 8t Hoybreparieghmeal Maintenance
Medium (CMHMQIQyJIagl collagengarived fremikal tail e cell-matrix
nti_calf s in collagen. Other
construct is cogc—:orcltj r\ggl Stgo %hoc?lagcgegn IIO"]m letg?eis oﬁﬂ%lhegztrl_lc?vefgie can be
ascertained byskrichatecthde ﬁrémtpxmywtaamdﬂg’ﬂﬂt@t [yl a solution of
Nile Blue suh‘ﬁ@@ﬁ@,@@) M\{)Qy}lge I@l@f&éﬁl llﬁpéﬁ 0§QMTJQAQ§1@I construct is
collagen are prepared and maintained
covered, after ﬁnﬁ aer aé LIV ig] tTy 3 éje 6:06861%0 S fre ase tltl%\i rz(i:né%rred to new
culturing traysgyfigh fggared vy adding: filslioblastice Heivithuid level
just to the sulmgﬁﬁ%m@g{%ﬁﬁq 1p@sﬁﬁtépfnimhggti§x%§ersion of the
the pH sufficiently to precipitate collagen
fibrils from solution. Preparation of
hydrated collagen |attices is described in
more detail in the following references,
the teachings of which are incorporated
by reference: Elsdale, T. and Bard, 1.,



WO 2907/1113865PCTATS2007/063301
wo 2001&@01 12]The incorporation of fibroblagtrusze7ossser
cells into hydrated collagen lattices
epithelial lay s ahe @0t psthiedaete EoritFaldtd S trapyyee e 60%
humidity, w1tW@t@fv{Mla§k§gM@§ Z@Qg&),lél nf!(feua@, %Gﬁ@;@@xrce times per
on which the lattice was formed is
non-wettable, e.g., a hydrophobic plate,
[00100] the thegﬁﬂttppfgtrgtsgu eof Qo@f&rpéga@@_pf the epithelial cell layer, as

necessary in t&%ﬂ%@ﬂ&@%f Qg}n@@%@&Mﬂy&%ﬂlﬁt@l§w§gm%xposed toa
cells mlqwate from the lattice to the plate

moist air- 1quls<’i ljnrt g%c% A ﬁth for ﬁ;cé édtllné ﬁn&?fgiﬁéh%ﬁi& gffée are described in
U.S. Patent Nn@ﬁalwafygar@gwlars. Whensataem-welttablece is

intended to mokd rf@lgﬁge ciHﬁsﬂn% v@xlg‘?&ggﬁ el(psg Ea@!h?s@&ﬂ:e of the construct
plate is used, the lattice remains nearly a

is moist, W“hﬁé?f%tdﬁi SR BT AR ere dage o md

humidity in tth@tgeisidiioblastcells:arefouneticienty moist and

humid to avo@%g@og)rgae&%ggggycadc&peg dc tcr cte %gLaagamctenzed as
lattices and not merely upon the lattices’

frying to dupligg(i-fillar mppsiediilt ASE B &Y he dermal

[00101] Iayem@ﬁWan&&M@M@ﬁcmW&d matrix-producing

cell may be p([rQormc:(lf 311 arhrst rmc %%%%X%Lrﬁt? ”?t’o o%tl:lnc aet[%ckcr cell-matrix
undergo no change In radius. F

consct o O ERIONEe AT e preed i
same cell typeb)ysgsﬁﬁ)wm@ A EO6: b MaABr fon Qﬁlﬂfﬂdmg on the desired result.
h robla§t cells for five days in nutrient
e second scc mg 18 performed under the same condtions employin, the rocedureﬁ and
. medium Causecﬁ no contraction
matrix Pfoduce‘éI@W@@bﬁ%@ﬁf?@ﬁ@@ﬁ%}‘@ﬁ%a@teﬁsuh in performing
the second %eeﬁﬁg ag&ra&ﬁtﬂ&%ﬁtb\%m&@iki rese m&@vxtiﬁ%ifferent matrix
nor dermﬁégﬁ? when artlaII

week.

component profk 1les or matrix to affect w und hng when the construct is

contracte ve reasona
grefied t0 a pegyp SistEFiCY arvdla:mqubeamadwlmanw @lreticuler layer
of dermis, a m%h@@:ltf' Bﬁ(mﬁﬁﬁ‘oﬁl?pwlmla‘éﬂ Lﬁd mﬁn@u@%ﬂlular

are almost transparent but gradually
matrix compotbents Trlﬁ éecc())nd d:cl usga é. wou % éf_océuceesx aC atax sdmlart the papillary
layer of dermitijiardiameterredued itifter aRB180-faltk. Another
result is the scgﬁ&!&%égrAQ L@U\lgeea @J%tmﬁxtﬂémt @Dmmgso affect

rubbery consistency, a whitish pink tint,

and can be stretched somewhat without

being tom or delbrnféd. [00115]The initial

diameter of a lattice is determined by the

quantity of materials used and by the

plate on width it is formed. Thus, maximal



[00116]Although most contracted
wo 207fwgelrated collagen lattices have beenecrusz07mssson
fornaed as sheets, other shapes can be
mound el PR 8L TGt ekethigles gy g minimization oc
prevention of fofA@kilY forming the contracted lattice
[00102] ”i]n_ %@th@'ﬂ)@@ elrgc'[i eml(%l 1d’_1€91tl: mal'ng 9%%08\5_&%})(1!? of two or more cell
might be prepared in an appropriate
types may be ppfgyTef. Feyeel A7 HRIAARISKIFT Kératinoeyegsprovided that
at least one of@RtaRQE Jﬁdbsi&@ﬁjle&ﬁshkﬂ&emgdﬁp@ﬁitﬁdagﬂ The second
cell type may geo oqgﬁlae'%%gg) ;I;]e}{”grrr‘nag egtigsgcl_lig?oqgg J%j dgfglg’ tDrEcular
same has been done with keratinocytes
structural featprer o faetdsed pPVItEe. Pl ativtep of teeratirfmmyieisn construct,
dermal papillCAIRA HEAORR AL RS HME 08 NAHX. @ e matrix-
. {orn]s, at any time during the period of
producing cells to allow the formatiop of e 1t1%'hal appendages or, their comgponents.
contraction of the Tattice, or any time after
Epidermal appspstraretions rais séerrcempleta:s Wfthipents or hair
follicle structttxlaJ @%Q@M&@ﬁa@ l’fo&l@hl&%ﬁ&!&ﬂ?gam t%fmatrix-producing
dissociated |coratinocytes, the cells

{ls. Epithelial cells may be di fi g dageal & :-0f gland ¢ ai
oo e a8 BN SAL TSI G thacig gt glend end hair
located in decg grfarcecamdvthieProc@ssromkeratinizatio myocpithelial

cells, glandulapggiggl L@qu;}goﬁglébgn chm@fn'cQ &lg%es normally found in
ramified layer which would prevent loss

e eon B SR Itds U TS TTHErE At gy
Merkel cells. Getlularcontractile:-agents bincadditicntduce
rudimentary cgmggl@f%}- ng\g Uﬁcxﬁmﬁﬂgamﬁ %%1}%£$6§I[;’Q}Q eﬁ)ﬂg}ac cultured

. ‘muscle cells, striated muscle cells and
v e e R R S eI RS OO T Y ettt e As
alternate mod GO MYFAGHIONI DY @ICONTFaCt e agentBUShi@Ss a spot or as

an arrangt:rnex];i WQPAQI%GPO@ Ll;%tpcrf pelﬁs%%'o@%%ttgp ﬂgrrep{ril:goy’cloempletely formed
collagen lattice into a tissue equivalent of

cell-tissue a0 AR HG RS S REMS T BT cOTipalerdls within the
cell-matrix cof@rit @t efithey Gﬁuﬁ@ﬁ Bdattiae 162 withQuHaces, within
the cel]-matrixfafo(r: %Qg%qyl%xg g)?npst $ e\c/}{ili?zeeg] st%%%bes%rﬁ?perfq their

maintained under 100% relative humidity
specialized fupsti T GHE T HET WL U4 et aictifigecding of cells
comprising a rﬁi@ﬁlﬂﬁ;dﬂ&ﬁg G:ﬁl"@g@ﬂ rl@tfriﬁﬁxfﬂﬁ&lﬁhg cell type is seeded on the

consistency similar to fresh gelatine and

falls apart on handlig)g. Lattices

contracted by platelets or cells can be

handled, stretched and sutured without

damage. {O0J20JTensile strength has

been tested by determining the maximum



[00121]It has been noted that tensile
wo 07n8tkength, and other properties; are a rermsz007063301
function of many parameters, including
culture substs oy s e ORI e essfaigecameloel laver. Once
the first cell-EARA ARG agEREeMplayed.an Qeﬁh@ C@Eble&)mprising a
matrix-~ produ%grgéhlve%sgcnlgilgy Edtop-ls-ubgce fo l!;k dstec%ﬂ mbtgxdcomtruct or
erein, for exampf empl oyec’lr type
cell layer and sy, Heci s ienoviichoweiver that typ coll-matrix
construct on tﬂsjfrl;t%u@@.ennim Q@J@o@dﬂ&i%@h&@&%l@ seeding of a third
cell type is sccsdercgncgth to Snkle[]se}fgcd blogd Vetssedls t%nd d 1 A
twould Be expected that the tisd of 2o Asen
example, to ptyipe WT@@@@H&@@H imsthe coltagen fliatn@e@e may be
comprised of Q}@‘gf&ﬂ@ @gnh 585 !1@ QM @d&ﬁgfc@ @cﬁ@ tib@ignd cell type may
tensile strength. Similarly, the addition of

comprise cellg cif connectllyrc] ﬁ%%eg % aﬁléh délCJOC al ki §reﬁ%ﬁ] radnt éthlrd cell type
may comprisegeliehf etipfid roitip it suliate srtnte denraradher example

of a three- lay§ UJI@&%H olaﬁ\Athgﬁ QmeQtQSEBanQe ?Va@cular origin to
tensile strength and water-retention

provide compi g BHIBY ! [00T22) AfitbItSHEEe stidhe gy comprise dorml

fibroblasts to pervcillinsrmycincand-fungizone canalBthe colls of the

third seeding Q% @%&%aﬂf(ga%%gﬁcg totgrrp Eg é{)%nrtnm %P bial
infection. [00123]Although most of the

(001031 \N5PK YREEHISER HEPATh etatas it frpgenic temperatures

when vitrificsfOf A attQRs Of 6k Met@aUIVAl SIS, DY EHRMINGfication of

tissue construs ? Q‘E&Uc@&\ﬂ?é Qpatgq Qtr?%%gs Jlaegne(ﬂ for

lattices, other cell types could be grown
eryopreservatig i A atideS PERGMIPHES TFé BMEOtH” and in
International H]’]‘(i‘rﬁ}tﬁﬁtﬁw mlﬂ%ﬂﬂl@ me&l&loﬁﬂﬂmj)lfaz@eh zkaﬂﬂa"porated
cells, pancreatic cells, liver cells, etc.

herein by reference

[00124]Certain methods and devices
C: Culture tlg%\égn!?rggpc%%}[? QQQthQt es (%l Stgo'lgognas%kpg with a
contracted collagen lattices into sheets of
contractile aggtntrollable dimensions and/or various
[00104] Sh@@% eWithdibroblastcells asuthieissue constructs
actile agent, unc

comprise a a %‘ptm)g{lre comprm % a collagen @o rllsoir:lr%cnm contract”a%ent
attices typically undergo contraction in all

[00105] d" ]ﬁbl éﬁgi&éﬁguelgpmé\]@?roﬁc% é]f‘lwﬁ egératcd collagen
borders are held flxed contract only in the
thickness dimension. [00125]A device
suitable for constraining the borders can
be made from a sheet of



stainless steel mesh of any shape. The
wo 07n@@sired shape to be east i.s cut fromsth@s2e0763301
. center of the stainless steel mesh after
fattice, in vitrgy 1 fH "X CAEE Bf tHE- CHBET I LTI by
reference in iQfftioylcAV@@pPpProxinaiely: aReRaldleh winh
contractile ageng)l{lgo?pl’or%t:m%%)mmp es 0@ conttlr‘:]igﬁg Dg% § 4 are-lljgo%last cells and
fonns a frame of stainless steel mesh
blood plateletiy hich can be laid into a pan coated with
[00106] &ﬁ@%t@%m&t@ﬁ}%cm}ﬂ @Sliving connectmg tissue substrate
by plating kelatmci):cyt'e:l‘c! 35 on it a do llx‘aegg JH%%E‘TO %twth ls sk ~equivalent is
after which the components used to for
uniquely dlff%%fmfmgﬁwwmﬁmmhem@ its basic organization
is like that of GRMPAISAL S REEROUEEE, aRGLIBE IS oontial graft
forms, it fills the lacunae of the steel
mesh to which is becomes anchored. As
[001077  tHen¢etularelemmems! ofdthenliatieesan be formed from the

contracted hy@gm@agznlta@&sgum% hA[MIO

00108 T(})107/1011)3865 PCT/1T5%OO7/O together

00108 (8 dOTtAG SR HIS STHE VO FRE B frigecd eccordine o
this ivention kit e reletreRsess Ut caUSethE orn cquivalents of
many types arQ %@;@&:&@@L‘iﬁtpﬁ@gm Eh@ QMIQQJ& %@Horcd as inventory

WhICh is reduced is the thickness. In the
until e need (5PBRELE HE attice loses 1001261 The
[00109] speeﬁ at advantage oftheustee!sframerniss is that they can
be employed qugstlaﬁelf l&glhg uangrQHk\éeéﬁmgeﬁo%%%gIMemgured tissue
_size of the inside dimensions of the frame

constructs Wltgothuﬁeéxl;ﬁ 8&”[51?@??1’%@"&1&%@\0 éeé?qtﬁﬁglgch might be expected.
This is becausg gaitional-stra E}@hmb@ﬁ@lj@@t@f Hﬁhﬁccipient's immune
system takes p@ac'e%@%@@ﬂ@&goefuﬁﬂmpQﬁ%g ch ¥v1ng, y tissue are propagated

constraining frame. Further, since the
secoring 1 BHETO RS G thE Tetfidle 't U ettt iston
when preservaiCHRuOG R gfchr Wit iSeash lvdding to recent research reports,

[00110] rﬁ%tqqggllaaggnfr%ceq can%\gg*gpa%r gnlgpllt I%g C(l)”agen derived from
away from the frame, it is possible to

rat tail tendon é‘lﬁiﬁﬂ? %oéaﬁfa @ﬁi}ﬁé‘f%crﬁﬁﬁh@ﬁp@fimg human fetal skin
have been emﬁlﬁjﬂyeﬂ divalenitethaide Emﬂle@am\ﬁalﬁmﬂagen are
as soon as one day after casting the
latter thus shaving at least four days off
the time needed to prepare a skin-
iivalent graft from a biopsy provided by a
patient. 100127]Components of a lattice
can be poured into the coated pan to

recipient.



The plastic sheets and needle points are
wo wori@pnoved 1-4 days afterward, when therusaeores3s0r
casting is seeded with epidermal cells.
prepered ancPRipipelsts e thes s errvtion’ e it fritepd by adding
fibroblast cellAARiE RLRE Rpidermal Qﬁﬁsrﬂs@,\%ethﬂﬁﬁbﬁémly to precipitate

collagen ﬁbrilgr o\réig)ilgt% gfrrgp%rta%g Solfllll’farg:tgi CC(I)IEI;l Egﬁgtic's is described in more
between the epidermis and dermar

dotail in the fllquiiveat @t fOB129[Rotiicletan dglandutarierence:

Elsdale, T. arﬁ@Uﬁ, Mh@@&@ﬁs% i%pﬁiﬁgggdgye@-gehavior," J. Cell Biol. 54,
nzymatic dissociation technique, might

06707 Bt with 1 SusBERBIAHE of e

of Reconstituspideihial eells o b Ceup s ueh 3pitsio3 (1956): Emermann,

J. T, and PltcﬁQQﬂ-ﬁoiﬁrm%%@Q\(ﬁm%ﬁlQ QHE%CJl%HEQSCin in Cultures
tissue described herein is the absence of

oo M Y B URTEREH Solien WhePecipliriee = 1
328 (1977), Nigigliffetentothamithe. doronof theraeHgenchymal Liver

Cells on COu%EE'QLQM%Qs,!'nEQ.rQQ%MQ, 0 (1975): Gey. G. 0. Svotelis. M.,
tissue-equivalent. For example,

Foard, M. andlignie: B oy AR SHIHEA S RyitrOn A Collagen
Subsirate," Epeflg BEher thanithose ofithe. graﬁBand,_ F.B., "The
cuttivaion o BIRIERENAVE AW DEEN-MAde,to, animal

hosts. Skin-equivalent grafts made up as
OOTHT - ettt 6: ABBY Bt BeSeiists driite beroin as 2
contractile ag@@HNS<fir@m femal® sk IS 6EINQdermal fibroblasts.
Fibroblasts fro%B[k%gsléllgc-elsjl%w la?%ybggsgc!ningft [1-‘,abta?10\he ,\{ne fabt,e t art] fibroblasts

grafted to male Fischer rat hosts an
from any verl GIRS\RRERY £ P PP Feste fesr g epglagen lattices. A
convenient te@ﬁd{ﬁ@d&d&hlﬁ%&&o@ﬁﬁ@fﬂl@ cd Bl@ttng cells therein involves
neutralizing ane agllalil_cvco ggre]rii bglrl.l of!:lsmgrtta%lre]y ink'l_lz:]u tuvglgill!,% Qit {Emem medium

- fabricated without spemaflze immune

containing fibpRs eHiat iractiBefittot s ¢ Aativectigguis: the solution
to form the latWHkaaaaE&@MQ%@ym% ﬁlg@ﬂJ)Ggh The cells and
s determinants respogsible for graft
collagen lattice are then maintained under conditions which alfow the cells to attach to the

rejection are not expressed on the
collagen latticasgffig euseesft e ligciinedip orataezintecby providing the living
tissue. equivalein tissues. Their absence makes

it impossible for the immune cells of the

host to sense the foreign cells. This

provides an opportufity to replace or add

types of cells, tissue or organs which a

recipient needs, because his own are

deficient or absent. 1): Cultured Tissue



[00133]One method of obtaining the
wo uorntigsue equivalents of present inventioRruszomossson

comprises: (a) forming a. mixture

00112) CHifSPIRIMGCS e abieat gsasensn lices causes the

lattices to corﬁ&m%m&&g@ﬁﬂ;qadaﬂdeﬂﬁ ﬁpwmgoﬁhﬁlch the lattice was

formed is non- wetttHc! ee g? Qaaf!l ehq ! Bcﬂas)ultmg 1ssue 18 of regular geometry.
acellular, hydrate agen ge In contact

On tissue cuhwﬁﬂ{]ata; ﬁ@mmtﬁm@u%ﬁ@e plate surface and

contraction omaiﬂ{ami&glm r&ﬂ%ﬁWﬁ@m@g@laM&d@Ee suchasa

bactcnologma??etrrd pltaltgg %M\al(y ch"g Dttfo ermll it form atlc?fgct%;rsct I;]sem radius is

tissue equivalent. (0013471 &me
decreased by spafjodiments of the present invention,
Fibroblast ccl@ Q@f@ﬁm@cﬁgﬁQ EQ&HEdQﬂ@GBQQ |Eghlagcn lattices and not
1 t|hn§:Iud|ngfbutT£10t Ilgnltetd teh fcllbroHs pa}ds toh

merely upor Wotton pads and Gers GaroSe ars ey e other

mammals.  jn conjunction with the collagen gel

[00113] q@§9ﬂ)@§g @Q@svﬁmé%gnrgnp§ QQR&"H radius. For example,
members have been found to provide a

oo R SAEPI BRI BB sl o
in nutrient mettiyrp)mmbeomn‘r@mmmmtaetvbeﬁween the

[00114] t@%&"a@te@ g)li‘! Lg&llﬁp&@vﬂﬂ cmgrege%Hﬂg‘Hltslﬂ&%r dermis; even when
medium. Typically, the absorbent

perily conT T8 ARG TSP B et When s
made up with @@H&g@m@@f@pﬁ@@lﬁ@mbtﬁ%dﬂm@decome opaque as water
is excluded ang %J g’&g&rlégl %g Agyhigg %Otp E aa chd,soeng ?ch area, they have a

member(s) is itself a gel, e.g." agarose,
firm rubbery cfﬁéstgg ﬁﬁ?&h@nb?%ﬁféa} .Pﬁﬁré‘rfﬁ@ chxéwnhout being
torn or defornfitltrient media to provide nutrients to the
[00115] lﬁc ln%dﬁﬂi Yer 0 pldttxce lsQGterrmmd the quantity of materials used
21107/11t3565PC T1U5200 71063301
and by the pla[m IzgngF%ébfawOWfﬁ Qlaéli’(ip‘é?ﬁ‘;ﬁ@ﬁ‘tél an arbitrary measure, but
is related to c@RGPOIAtSHavebeenmonitored in tissue

[00116] Aqkloug%ilrgorq]} g)n%qlnEa glt%g co clltglgn 1ces\%:$c %en formed as
the hydrated col agen ge

sheets, other s%eg ﬁaﬂj@ Wﬁem?)@w)g Vaﬁémed by forming the
contracted lattphiam@irgﬁi\{,@l@ @meﬂh@f @&KU};&}&%&J@ an appropriate
equivalent: I. Glucose utilization;

34



2. The extent and quality ofepidenv,al
wo wongtratification and enmifleanrin; 3. pH efrus2007063301
medium. [00136]The observed pH of
mold. media obtained from tissue equivalents
[00117]  rAaiaiadA aiﬂltﬂib&l‘fhe absarbentit) ember(8)ositcd on
isten and closer

contracted hyXMt?ed o age a 168, 'H}é erg Igzg [)é one Wlthﬁierdtmocytcs cultivated
physiological pH than tissue equivalents

inviro. Pltig 0 FeSfiFrRIE Pt EC Sk sttt forms. atany time

during the pemmhe{&milaf &dd&u@ﬂn d@l UEOSe: tiliZzatian veen

completed. W\I%l %hroeeb d;%ra},{“tgrdlgt?n bs?ﬁgneﬂgnesr%"y clgytv?lr I;](mocy‘ccs the cells
tissue equivalents maintained with the

formed & confiypytyrribhEtTivErs (OOt fralsratinizaion begins

leading to the Mﬂﬂﬁm@é{nﬂﬁﬁ%m{&dﬂm@%mt%%f tissue fluids.

[00118] Ql%(gg Iegg c%ﬂ:?crc] LS P (r).gtqc]:toﬂic:eadenl n Sk&(gtlgns t% lf{goblast cells.
equivalents madé By t&e b e

Among these am%@wlmémwer(@mwpedrmmwe cells.

[00119] CIQ@@E Q(lngKMn%g yéym%maxgﬁawmgwccﬂs or platelets

uch members. AIthough the mechanism
converts the c% ygen Httx ¢ info ea éxsesué ival e(h tre[Lﬁléﬁ;iB é}}' gnrsﬁeakstlrength
compared to fhnﬁﬁmee%piderrmahmﬁfe rentiatiogiSyhen both are

maintained unbH KjaQWQuV.Lth@]ggﬁ:w&ﬁ]&gsdm&&dmonﬁactﬂe agent, the
members may act as diffusion barriers,

collagen lattice has a conslstcPlgﬁ égﬁ irl f)ﬁr%}aéﬁilé?e "ﬁﬁfiufﬁ‘ﬁ? (ﬁﬁé]ldhng Lattices
contracted by bh@lqtﬂedwfmnamm@mgw@tm mEeer@t@dout damage.
[00120] qgrllhg @Fe%ﬁplg%g§ téﬂeg: L9§?6191!I93g ml%xgmum weight for a

tissue equivalents. [00138]Living skin
eiven ime NS OF e SPESEH VDR e e o7 s mi
volume formefi@paredias describet-abovepexceplithat: vy

fibroblast cells] %}%&%ng %knlgefowmnta thecmglce a bO Ehlt\p)ﬁmc mnas3
hydrated collagen lattice is cast on an

cm diameter dgbxgﬁ fﬂﬁxiacﬁmt éi'ffg’ifﬁli %@ érhtgél: of 0.09 cm with no change
of diameter, b{a@al&g}@ nepsnathed-eiproduacing a skin

[00121] tllt% cen qy (![\{hd! egstllérgtrgcht(ﬁgl;)gaf e(r:go\]la\{:gll«’e]s are a function of
present invention comprises: a formin

many parametggs RIS e BRHPMSIPRy e ol faljen a&ﬁ?ﬂna%ctﬂc agent

employed and l&ﬂ%@ﬂlﬁlﬁmﬂﬁﬁll angﬁdﬂlit:pcebl-d) 35 819) |M BYmple,
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



(c) seeding the tissue equivalent
wo 20@ftained in step (b) with keratinocytessrusaoomossso

[00140]By way of background, one

employed Ve BVETIENT PROtOREY Tortastife e tirgstieddion:!

tensile streng® q»l:l]ﬂﬁa]ﬂ ﬂtﬁd@@sﬁh@aﬂf Q$ﬁ@\ﬂlthimy&ﬁn@ﬂhat the use of type I

collagen in thLQMglgrxel%t&gs%lngwaﬁél Q} gwggggggg 3 e? téacs:illgsl;gength.
solution of collagen having a pH ot about

Similarly, thegdgion oAgfitRsHUPRE PRI iRl valeljuis ity chrgoitin 4-sulfate,

and dermatan @h‘ilal@,fhlh@)eﬁe &b&lﬁaﬂﬁqﬁ&l&iﬁl@l@ ;Sti%l@ﬁ CRS28FYatention

to about pH 6.6 to pH 7.8, adding

fibroblast cells, transferring the resultant

1001221 mibisres (thie* eraistimg ity ety fivtgzem can also be added,

if desired, to @tp@f QWJ@Z&@E@JQ or CaSting deVice

[00123] hﬁvln% mac!!tgfcel Mlag? hlygrqtedlcqllagefn ation of skin-
ge?dl)ﬁspo_se&hft‘ﬁvérr(eieﬁcrla.ﬁdlfl merena;tc.s to the formation of skin

equivalents b gewheting @tta termperatuife-preferathiycell types could

be grown on @Q%&E@@;Q&Q ;3&;118;:}1 LLJM&%SCI@ cells, cartilage, bone

. Jt(:or}lvelz.nlenl}tp adjust pH and combine the

e P grédienits 6 the casting, mixture

[00124]  gSiruidtarteduslyvidtowever ithese stepsn casting

contracted coIﬂ%@rMaggesQ% Q@&L S}{J&M&l@tﬁ‘eycﬂ%%‘&%gm%g%euq shapes.
provided that the steps are completed so

Wi oreblegyget S EAETHG FHIELTPR EAp flesen etices piclly
undergo contrfr@insferiedniona iImold:- forappsopsiateare held fixed

contract only REHINGHGEQIAGeN fibrils precipitate from
the casting mixture as a result of

00 R e SO R PTG e o
stainless steel t@#@fmyah*bydfﬁﬁeﬂd:ﬁ%ﬁgﬂacgek cut from the center of the

stainless steel %95@ 5'{3%%%91 Bye%e%%p&[easgegtl 1eb t%grger(ltog Q)(?eave approximately
disposed on hydrated collagen gel.

»one-hallinc Yo uef PRI LG Rthie Bt iRl BFiTraRfintyss stecl mesh
which can be UMIiAg dissuia-providedday-thisiembodiment.

polytetraﬂuor(%!h%e%@ még\%pcllqetI}p cgrt][%ntzgt? r&!gdatg Iporrr]n %% alt§ cSeLéIiree introduced.
equivalents Iin general, these methods

When the comprinper§prstt ateeF itiedrimet fitiihtnanbthe steel mesh o
which is bccorﬁHéQﬁi:meﬂ Q; C3K1Br agﬁéh\éamt&i@ Eola'@ﬁt ln)y pulling
skin grafting applications and in test
systems incorporatir{{ﬁ skin equivalents.
[00142]Referring tothe drawings, FIGS.
.13-15 illustrate one embodiment of an
apparatus for determining the interaction
of skin and one or more agents by use of

properties.



practice of the present invent.mn.
wo 20011{80143] The containers for the tissue rcrusze07063301
equivalents comprise an outer container
together the c@laﬁ:ﬁ&b&ﬁ, ilﬁﬁ@]lme dﬁféﬁﬁté? (Q@cdsrsh@tﬁ;fﬁép‘e the perimeter is
held fixed, thC@RERINSHZ0: is:REOV A MWth 180 B B0, 10 1attice loses
provide means for positioning the inner
container 20 in the outer container 10
00126 fsratsl elefitiing A oUiet arealt Ananie el tissue
equivalent is éﬂﬂ@ hakeR 22 infiRQHANEREs Gﬂﬂt@eiﬂ%ca@ni& larly, the lattice
acquires additBnQVt!rgr%t h I}ICY:Ith %lf klnlc!:lltg’t%rlij ef gl lilrlnv(;asl:%rt-)]t 266constra1mng
28 |spose ratea collagen gfelf
frame. thCQSnwﬁ?éﬁ“r@ﬂmbmm dispbsedadjacetitoaloneth, ifitis
castina rccta@aﬁm@ﬁm@nm@rm l@%l’t g\é'y %ﬁ%&ﬁﬂmﬁam&mm to apply the
member is sealably attached to the inner

e o itainer 010 T tot?}/r?w ' He botom' suirtage™
casting the latthy @spetyfvifehdeskin tiss uéte quivetedt prepare a skin-

cquivalent g-BRBHAIIBES HOMRIRYELS<0, 28, layer 28
comprlsmg an epidermal layer, I?%/er 26
[00127] ongnts of 2 ldm ¢ can be peured into the coated pan to cover the
mprising a defrhar fayer. i’ S6mé
restraining mcefm!a@dim@mg itgegeal ingomientoersB that on contraction,

the length andg\rigyigﬁﬁl @&Q}@Jd%tw%%mg JQQ%&WQ&I Ll@xtxate
the inner container 20 and the skin

dimensonof BeATE A D26 HN BOUEPUTRE e wice 21 e ot
concentration @@Kﬁjﬂ}et@ﬁa@aﬁx hydﬁa‘[@dx@@“:ag@mt(gﬁfc% $iich as hyaluronic

acid and chonﬁaﬁmc's@i%% ng@{ QHEQQCQH)E%!;CQ qgﬂ% Oaf (!J‘l%e in lattice
tissue equivalent 26,28 is positioned

thickness. Thﬁ Wﬁﬂfﬁcm%@&q élﬁllrﬁgce%da‘@f] %]Vi}ﬁh{ﬂ]éo which
epidermal cel@mbﬁdﬂm@m&@k@ﬁuﬁad dm/cﬁhernﬁbg]di €S hee in place, it
can be cut awa QLnIK’quil g{ld% 90111%&)6; M!lg%g,hvl\rlllimda E!,Iyo JQ q somgldter time

1 which provide access to the outer
since Its preseperey!d beIP[O O} PhiE AP erkteis depicted
[00128] iAnbthGtechBqls S2tinMmer wpmwldﬂﬁhﬂ\ﬂ.lm%rmg epidermis on

the dermal eqU.lleSQ ops Qtemv%map p?cl;)ag’d%ons is y%gl \ygqge dermal equivalent is
embodiments, the outer cham er 14 may

first cast and 4pligfia sBe &R NSO SROWIT VIS oSt trefeish which needle
points have beE@@alA(ﬁa}E KpSed 16480 iiuuﬁgﬁt@a%}ﬁmﬁfover the fresh

embodiment of an apparatus for

determining the mteractlon 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

fluid.



[00147]In some embodiments of the
wo w070present invention, the outer coutiuneicygsz007/063301
is provided with an absorbent member 32
casting. The p{?\? GI (s: eets ary InScFe)d(l)e ém slﬁ'etl néoxgclij erda E) arg évi/ﬁrg rwhen the
casting is seediﬁwwxasrrt@i contactethieiottemsimfaipes @fo which the
epidermal ccnﬂi’@wﬁ%ﬁ'@??@mﬁg@gm Qﬁgcg%m h)@twcen the epidermis and
_ absorbent member 32 must be
dermal cquivalemnatible with living tissue equivalents.
001291  Pseterred-materialsiforthe iabsovbenrtzymarc
dissociation tergrgque rb]c A‘égzg vgt? tBQQ{SpQQM?&E%{d%@CCHS to occupy
_ rayon. partlcularly preferred material is
suchpits: — apsorbent cotton. In general, it is ordered
00130)  thatithe.absorentimemberdbe feee iofic absence of
rejection encou ge(r:!elcl:l\élens th% lr'le(c:lgleg’t Ereerl;g an E% dLQoQgT%g]cleq% employed in
other embodlments of the present
producing the istpespfiHE tHer Beftelp et eerspfo e it colls
other than thowm@gjgﬁls(' 1818 &m%eﬁu@bt&slx&g&m%m equivalent
grafts made yj h(!c%bnb%? Qalo%es bltlpastslé% let v»?t mﬁq{”o n?emdle animals of the
‘Because the agarose eel can be added
Sprague-Davigey e fiistbetomr s svatiof e gpeninggioved ©
remain in pla02 39} %mi&ﬁBdammtg@& R lﬂﬂiqmagﬂémtd Of any kind
made vallable 0 the t| uivalen
which are fdbncatg Wlt out speclalize mune c?] S l at are 1quitous in natlve tissues
nutrient supp y to the tissue
will not be rej waqvwéﬂ@%}lq@q§lm§ @%mﬁsfe@rﬁtgej ection are not
expressed on Mmys o;rcblﬁ Ih@@ogfe§lﬂgbq9@l§ltﬂggysldﬁ§r absence makes it
benefits in storing and shlp I ng the
impossible for the 1mmu e lj:%l b %\C { ¢ host rgoe sserés?] h?n \1}% tcl%lrs_] This provides an
opportunity tqepmsowﬁmmi nfrvzm grleakage oithecmiedfgeds, because
his own are d@gg,t!;ewant potential contamination of
the tissue equivalent. [00149]The outer

D: Cultured ”ﬂiguaﬂdlsitﬂﬁgEmlmm@i’@n@@Yaaeemﬁd@ollagen Gel:

of anx desired materlal WhICh does no
[00131] Thec ur %mbue onstructs of this embodiment, altho h snmlal in both
react with or have an un eswa'b’l
methods of pr@@i{%ﬂéwmwwr@p gthé/(aas@ag}d’agen lamce further
comprise 2 Loy BGHAGIQG the tissue equivalent. For
example, the casting mixture for the I|V|ng11
[00132] It has been discovered that a cotla en Id Lce ton an, ace{ lar, hydrated
tissue equwaTen mos dhere't
walls of the inner cogtalner durlng
contraction so as to interfere with
formation of the tissue equivalent.
[00150]It has been found that methods

used to sterilize the inner conlaitter 20



[00152]The permeable member 24 must
wo ongwe sufficient strength to support thecrwszoo7os3son
acellulat, hydrated collagen gel 25 and
ollagen el frEr e Sife BeRiVARTE 26 28! "Pigropgstantial radial or
lateral contrabREAHDE anesiad e thﬁﬁiﬂkimm&,m aﬁtigﬂu@img the need to
. w resent |nven ion, 'I[ ore size of
nchor the collagén'lattice on, e.g., a Qtam €58 stee, o control I’d xal or lateral
such memibranes Is selected so a.8
contraction. Fyptjyitier sittathirient fordicdeellatar ,cast as described
above but wiwm?ﬁtﬂdrﬁguﬁgseﬁlgﬁjogéet P&@f@g gcgametcr of 5 mm or less.
In contrast, a g% (P !rgc?e?cs 112 r% ]D%{ d E?@ y!xl gccnx%yg arated collagen gel in
ickness o mm, and poré
contact with mmmgn?awgﬁwgmbmmmy toe ab@ut of about 15
mm. The clim]erl&U}f tﬁ!&ﬂ%@%@l@&%@@l& 1@9&1@@& contraction offers
ermeable member 24 include

advantages meenils %f éi?_ roeiq]ué (én aﬁ case ﬁf éalljxi éﬁy\ ﬁt}_ éfécr?%laalents It should
be understoocb‘erméab'ieﬁmemb@n isugootyeanponalgydrated collagen

gel in contact me mgﬁ)@ npll;x@@frqf @cglyd free of Wetting
Ngents commercially available from
[00133]

S8R KRG 20 piotesize arenion
comprises:  gbout 3 to 10 .mu.. WO

(a) forming a ggrt:llng ZJJ}Q §1%Q§Eggﬁlbdi§gcgg Zx( §1§§ 4'56 agent and

00153]The sealing means 30 may be
(®) epolving (s mRETGP AT FISEEHAI ORISR R grfee! in contact
with a permeagi@melitions: ofitheass akEn chd @ﬁuﬁlﬁﬁuﬁhn ons which
permit formau%lg}‘}'tyé%lglgt%u %entg USEd as well as

provides a good seal between the inner
[00134] dBRELITIRPIPO S A tHE s Btra- SefTnrafsritebsorbent
members, inciiRf@fi@rrednmate falssnaluds.polyet By enese:, are used in
conjunction W-El%:él)' :cl'oll‘ldcg)elyg(la? (Iiebcrlbed aL:ove Such absorbent members have been found

~ Polytetrafluoroethyiene, a trademark of
toprovide a cquysfoih S it el NS FARILS P e o iy iact between
the tissue equ)pﬂll'y Qﬂﬁmaﬂmuﬁﬂailﬁylﬁﬁ}lcsnet@e%Mt member is
an peci I ri here |t s

s e SR s gy o o
absorbent mengbeytit i cs@lrarateerehF r‘bmelarﬁybsmuﬁ@mmwr with a
nutrient medi ammﬁ&lﬁpﬂu@gsﬁgegmed@@ [ d erm [ s 25 )

e.g., when measuringu :ion Or

permeation of a substance through a

tissue equivalent. [66154180th the tissue

equivalents and the atellular, hydrated

collagen gel in accordance with the

present invention may be prepared using



[00156]A dermal equivalentan acellular,
wonondygdrated collagen gel using procedunessuosssn
in accordance with the Patents and as
PO s EraY AT A Castiy iRt e e
equivalents mgi@fitiad mmgnamtl&g@ﬁ ek filonablastsds: the absorbent
member durin@gdqgg pglgﬁép(g gcrve(‘l:o%rr;]xgé ICQ ggl{% 1591\0/66 I;li% ent:
aecilular, hydrated collagen gel 25 and
I Glucose witighifftained under conditions which
2. The extent @A AL theitissue-eguivalept-tadesm. As
3. pi of meai€ tissUe equivalent forms on an a.ccl lu
lax, hydrated collagen gel 25, it contracts
[001361 (B PR OWevdt catra Set titaheiydraitagntined with
the absorbent (ﬁ@”lﬂ@emcg ehﬁ&@p@\é&ﬂki&)&%ﬁ%f&@@@h than tissue
equivalents m%%é%%%&?%%}fecgeu tgtel %r?r]l%n% eerac.lrll]flig/cfxlt%rqtglucose utilization was
observed to bergeatrfrifie) miearre Stich A HEREE the absorbont member.
o137 metals-andyplastics @F MEL CRERR fomoted in skin
tissue € uivalel;lloo'lﬁ al'Jan l?)(f)t(h)J)abFaESttenerS’ 'a tra'dedmark 1 ski
Gt Velcro Eorporation T80 TE 7P picaily: <
equivalents mtw1mcb@m@q|§gwwmh@m R@vhich these absorbent
members may%l%@ctg)w%gaim%ng Lgﬁgmﬁﬂ%&&lated that such
S Shown INETGS: PESAY € AT B 2 dppgilter the medium
and/or to retaitj ogeted etitiviadént 26q4s mowiseadeduvithvalents.
[00138] QP«&EQ@J{l@JqQ:eJﬁthfftQ%&hﬁv@QL@%W@LrL@Xe%resmbed
. tgl8t Thedepldegm_al cells are seeded in
O e U TREET S B B PtPATTST B fotice is cast
on an acellulogiydret OBatime's. 10.sup.6 to
00130 oSS0k, 0 Lells(oll The Yolume.Of i me
~ epidermal cells seeded will depend upon
presentivenfR &8P of the mesa. [00158]The
(a) forming a @@m@@mﬂ@tﬁ@ﬂl@ie@@“&@@ﬂ pithenfudimber:;of
(b} applying th@%l@u@%ﬂgﬁgn\/@g&qmg azp Icgr]]u?()r?%f%rtz‘!g(g‘colla en gel in contact
‘ mixture can be controlled to optimize the
it s permeal A AT HTCK GRS 6T HHes Hifigendiions woie
permit formatitisgue iegUivalent .nkhe casting mixture
comprises cells at a concentration of
about 125 to 5.time4so. | 0.sup.4 cells/ml1
and collagen at about 0.5 to 2.0 nagtml in
a nutrient medium. A preferred cell
concentration is about 2.5.times.10.sup.4
cells/nil. It has been found that the ratio



examples, which are purely exemplary in
wo wo7nfd@ture, and are not meant to be utilizedszurmsszn
to limit the scope of the invention.
(9 seeding I BEAASHANS (ISiSEI i gerstinocyces.
[00140] f@uWiﬁ@éﬁk@{(ﬁnﬁlma&ﬂﬁaiﬂ@m&b@oﬁgéﬁﬁgﬁ&msue
‘ indicated in the examples or made in .~
equivalents of the present mvention, 1 Volﬁes raﬁ?f mixing together an acidic solution of
accordpance with the | fcateﬁl
collagen havipgghplicationg o Steile proeaduresiware! of ti esultan
solution, if neUsSﬁrq, MH&HQH@&I&) Hﬂez@s@ﬁ@ m%lasq-(b@, transferring the
resultant mixtt Irs %tuee" e UIr\{na lerp”gsmvvfere m aitntailned' ljrl'ndder' havi
1096 COZinthe inCibEor aRE S fare dovice having an
acellular, hydpyye eelehgress dwere Usetth Fougbuits ot o temperature
preferably ab({\Q @5]36141816]@ fQU QM El)gvg%ém Q{]§§ p%rﬁd combine the
rovided to better explain the practice of

ingredients of?hhee caﬁt}n Smeuﬁ I"GI ﬁi{/nélﬁflisalﬁlya%cavt‘gﬁo ﬁ sﬁBstnﬁébe carried out in
any desired oifyt@rpréteid: it anywaytodisnittiie soapexiure can be
transferred to Qﬁlm@oz%%ﬁﬁttc EQM%”HQQH;QQQ&% %Jéulﬁge If!%m the casting

_ the art will recognize that various
i s ¢ A BIEAO HS AT HAERHS g « et colagen g
contracted by ethotisdeseribedherginawhilgnet.
[00141] %RQEE' BQJ&QJJE (Lhﬂ%ki‘g Hﬂ,;n Qgsglesp%%[a% %/ftlgg cembodiment

. _present EXAMPLES Example I .

e PRI bY B OMAGENGLES Ak Byhods willbe
illustrated in dohbiiavNeo patalimoraskinifikroblastskin grafing
applications a%QQ ;Iéé%]slalaéi{mlgbrrlpcggggns%gae!llfgcﬁgn%kI n

ibroblasts (originated at Organogenesis,
(001421 | Reerna it NIR) Weré Seiltetr g Srhedrent of an
apparatus for @HSALH2 Mcﬁﬁst@lﬂﬂwermaax@ﬂtsfwgﬁ of skin tissue
. . (Costar Corp., Cambridge, MA, eat .
equivalents m%cg{%ac)e gﬁ%}%ﬁ)‘fgﬁ%ﬂmrﬁmg‘%\g&f eull'ﬁﬁél a?be rcr(])fltamers 10,22
having tissue IR EOWEPPTHIRERIPH COiveTsteidrdf erpepvided in a base or
holder. The aRRGEAOSn MQdﬁﬁﬁlﬁﬁQ&%lﬁvm@d&H Mover means 2. In some
. DMEM) (high glucose formulation .
emodimens L a0 20. T e
selected from yay Al pearatfitlenyAaR) Siupplentente oh Wittntainer. Acceptable
covering matemo/ﬂclﬂtﬁwmgﬁ@ b@alzf Siol umhm%axgga to the apparatus by
(HyClone Laboratories, Inc., Logan,
Utah) and 4 inh4 L-glutaminc
(RioWhittaker, Walkérsvil le, MD), The
cells were maintained in an incubator at
37#with an atmosphere of 10 L 1% CO,.
The medium was replaced with freshly



had formed a packed momilayer along
wo 20071th@ bottom of the tissue culture flask, rat@2007/063301
the medium was aspirated from the
means of an sdbg % hﬂﬁ#ea"lﬂﬁ”??ﬁ%yfﬁ‘é HIoHBIAy ety vseful in the
practice of thStevilexfiliered phosphate buffered saline
[00143] e conggeersq’“o!:%et Es%up co H\% entgzt)rg %E:chmc lﬁltler cogtamer 10 and
flask and then asplrated from the flasks.
an inner conqmE (S (fiter relEAE e Tt thetfraskohy provide means for
positioning th&dﬂiﬁ@tEﬂHﬂb tﬁ)?pSﬁBrV@raﬁf%ne tgal‘blgaﬁﬁln@ an outer area 14
and an inner a( 8 Mhlttglc(oenriu}éy ﬁ)l kfgrszJ I? WIMBQ 1nt gss%ea quI?Wd lent 26, 28
flask an gently roclklng to ensure
disposed on byspdfetee e averatie: of the trrondléyer : permeable
member 24, T@@&HE@& Mere J&@Mﬂ'&eﬂamdﬂa @m‘ Bl %@Lr 20 to form the
S sgon as rho cells were released 5ml

bottom eurfacc ¥1e§:ﬁ_6 E m tjs sue CHuxfarl)e/nf) csoinrllp t%yrc)rs V2V6a7s8 fayer 28
comprising anadérwwmemh Traskeang: mmedwmmscmeembodmems, a

sealing mcmb&l-és M&Q Qﬁ%e@l@ptmglégmg@t@tmgontamer 20 and the
prsmsversene The ceII suspension

skin cquwdler{;v as28r denrdn cg(fresdmfFenme lﬁrdrd d colla rﬁan éi}éﬂwhe case where
the outer cdziiiicleei@tviee s SESFieiiooNicald of hydrated collagen gel

25. Inthe em&ﬁﬁg h@%gﬁrI&JQ s F&@U%W@x'{sﬁq& %lg %@chth an opening
centrlfugatlon at approximately 800-1000

21 which provide iy B M t8€ Too1631Cells were

[00144] r@smpemdmtwsnmgi freshrmedium t@ha absorbent

member 32. T Q}Q&%@IQH@H%Q%@ ()th%(cgagémqg u%;mv’e ?‘&g not shown,
seeded onto 0.4 micron pore size, 24 mm

disposed thereiia metter tissue culture treated inserts

[00145]  (FIERAINSWhdnida(b)yCOMREGCRBSERR) I Br determining the

interaction of §43&6V\£§ uny.oqxlo@et a%rg %I;/] §Jg Xf psfsuse eoulvail' QS 1n accordance with
cells/insert (6.6 x los cells( cm%

the present inyeppe Wé’Fé“ﬁﬁfﬁiﬁf&li’?&d“ﬁ‘f‘%i%ﬁ%ﬁtﬁa‘teﬁ‘%f“ are indicated
by the same nZnbrd G Wlt&ﬁl@mrﬁﬁm%ﬁh% l@fsl@are\lndl 6 @rovided with
elevated sectlomQO’ matgq)ft§ d fre 1ch l;qgg(églrl dmemﬁ Eppositioned The

every 21to 3 days for 21 days. T
outer well 10 BPEGTAIRETE P TSERITEIY COTHp PRéeseef §e3pparatus is formed as a
pocket from @G 6 Mi¢pabes0f DMEM and Hams F-

12medium (Quality Biologics

(iiaithersburg, MD), 4 mM

CflutaMAX-1778 (C“Iza) BBL, Grand

Island, NY) and additives to a resultant

concentration oP 5 nu/ml human

recombinant epidermal growth factor



Day 0 Day? Day 14 Day 2 131 19
wo 07nPaderage (n=3) 0 30.33 u2.61 63.33  rcrusae0763s01
(34.40 84.00 J:4.67 BI5OAverage ii=4) 0

[00146] The outer well 10 is provided with nutrient medium for the tissue equivalent,
Such media are known in the art. Preferred serum free nutrient media are disclosed in co-
pending U.S. patent application Ser. No. 361,041. The volume of medium must be selected to
fill the outer container 14 to an appropriate level so as not to build up a head of pressure
which would force the medium through the permeable member 24, the hydrated collagen gel
25, the tissue equivalent 26, 28, into the inner container 20.

[00147] In some embodiments of the present invention, the outer container 10 is
provided with an absorbent member 32 which is disposed in the outer container 10 so as to
contact the outer surface of the permeable member 24. The absorbent member 32 must be
compatible with living tissue equivalents. Preferred materials for the absorbent member
include cotton, polyester and rayon. A particularly preferred material is absorbent cotton. In
general, it is preferred that the absorbent member be free of additives such as detergents.
[00148] In other embodiments of the present invention, the outer well 10 is provided
with a gel (not shown), such as agarose, which serves to trap the medium. Because the
agarose gel can be added up to just below the level of the openings 21, a greater amount of
nutrient medium is made available to the tissue cquivalent and nutrient supply to the tissue
equivalent 26, 28 is not exhausted as quickly. The use of such gels provides benefits 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



42.00 + 5.14 63.85+4.50 76.25 + 8.84
wo 2001jB88165]Samples were also submittedsf@fszo07063301

collagen concentration analysis on
impact adhergjehpEe tpske Q241 FCONEyerr Eotitefitvagader ©

polystyrene, @SIS[‘Hb&«tEd&tbyxleﬂmlﬁéﬂﬂ@tan@ﬂl@&ﬂmﬁt{d@lzed by electron

beam but not }? ast sterﬁlge\é(%lf’%%;xp ro>|(l1neeh§: co rl;] rtaestn l}%‘s W]QTM butadiene-
in the art (Woessner, 1961). ose

styrene polyrasa it {epoifiiss S st e
for the inner c(dﬂ%/thﬂ?d: st}?&b}lﬁ;}ze Bcétran Sum@nycgting the forming tissue

equivalent to ad?e EES]%QTTE qg‘tgi{lleo D -5 agf\d -I(;lartr:l)elre %tl‘gd ?nark of Phillips
summary of the cell data 1ot atrix

Petroleumn.) lwmmm@e§cpfroﬁmds%mhmradﬁ¢@pen@e 50 that the

tissue cquival@el &@'%uﬁ&l&@nﬂm @1 ;lig)gkl §m1m¢thc container or

throush |ce{luretdeslgr|fbed abO\I/e Tabl? 2: el
n
10113 awm CCOH INCE. FTeicy] 3 £71a; séo éﬁ(}? ﬁla ]E%U (+]

olfagen (pg. em
polystyrene and PETG.
[00151] The inner container 20 may be of any shape and volume which will
accommodate the size and shape of the desired tissue equivalent. The dimensions of the
container will again depend upon the size and shape of the desired tissue equivalent and the
desired assay volumes. For example, a container having an outer diameter of about 25 mm
and a volume of about 5 m] is useful in practicing the present invention. In the embodiment
shown in FIGS.13-15, multiple containers are provided in a base or holder.
[00152] The permeable member 24 must have sufficient strength to support 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 aceliular, 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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[00153] ]ﬁa’ci%hgmcegg}%n?gﬁgifdc of any material which is inert to the

conditions of the assay and the tissue equivalents being used, as well as provides a good seal
between the inner container 20 and the tissue equivalent. Preferred materials inchude
polyethylene, TEFLON.RTM. PTFE Polytetrafluoroethylene, a trademark of E.I. Du Pont de
Nemours and Company, polycarbonate and nylon. The sealing means is especially useful
where it is desired to keep the contents of the outer container separated from any solution or
substance applied to the epidermis 25, e.g., when measuring the diffusion or permeation of a
substance through a tissue equivalent.

[00154] Both the tissue equivalents and the acellular, hydrated collagen gel in
accordance with the present invention may be prepared using collagen derived from skin and
tendon, including rat tail tendon, calf skin collagen, and calf extensor tendon. Other sources
of collagen would be suitable. A particularly preferred collagen composition derived from
calf common digital extensor tendon and methods of deriving such collagen compositions are
disclosed in co-pending U.S. patent application Ser. No. 07/407,465 filed 02/09/1994, the
disclosure of which is incorporated herein by reference.

[00155] In one method of the present invention, an acellular, hydrated collagen gel 25
is prepared from a collagen composition comprising collagen at about 0.5 to 2.0 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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[00156] A dermal equivalent is next cast on an acellular, hydrated collagen gel using
procedures in accordance with the Patents and as described hereinafter. A casting mixture
containing collagen and fibroblasts is added to inner container 20 over an acellular, hydrated
collagen gel 25 and maintained under conditions which enable the tissue equivalent to form.
As the tissue equivalent forms on an aceltular, hydrated collagen gel 25, it contracts radially.
However, an acellular, hydrated collagen gel 25 prevents excessive radial contraction of the
tissue equivalent without the need of mechanical restraining means such as textured metals
and plastics or VELCRO.RTM. Hook and Loop Fasteners, a trademark of Velcro
Corporation.

[00157] Typically, the sides of the tissue equivalent 26 slope towards the outer
periphery of hydrated collagen gel 25 to form a mesa as shown in FIGS. 15 and 6 at 52. The
tissue equivalent 26 is now seeded with epithelial cells to form the epidermal layer 28. The
epidermal cells are sceded in culture medium at a concentration of at about 0.3 times. 1 0.sup.6
to 30.times. 10.5up.6 cells/ml. The volume of epidermal cells seeded will depend upon the
size of the mesa.

[00158] The concentration of collagen, the number of cells and the volume of the
casting mixture can be controlled to optimize the diameter 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/m] 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 coll agen 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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I001661Samples of the human cell
wo 207ngl@fived dermal matrix from days 7. 1dgruszee763301
and st were analyzed by delaved
001391 rdbpiietrser 51 Y5 KGR it tetériiivese o the ollowing
examples, whiD0 Uﬂ@ﬁfﬂ} Gﬁrﬂﬁm&lﬂﬁlﬁh I’eﬁ&/ﬁau)n@:ztry R&cltilized to limit the
scope of the .and type HI collagen alpha bands in the
samples. [00167]Biochemical
1001601 cHAFHE BSOS P thiecterin akrrrbitixd irer e sources
indicated in tdEtRHIA RSN HNMMNARISICEREMIGAs. sterile
rocedurcs were usc!c]cild()% hlsltt%lqoneetm %detntlflcatloln was
’ carried OUt on paratin fixed SEEfiGHg e mintined
under 10% C@I@Pﬁg 1@'&}@&% cdiimtostairyere used throughout.
strepavidimbiotin system (Zymed
(001611 | BepBrettorieg e SottH SurFrrtiscostce of te
present 1nven@1A)1d &mn@Fﬁ&@ﬂ%yW@% d@t@rmm@gthe present
ary antj-renascin antibod
invention. Thg%/as%‘] Il’l rr;%n (1%% 5 W]& €C0 Hfﬁhétrsl/gloé Ksé_}(fo (‘ﬂt(l)om can be made to
the methods deyerippAtiopriotibe t drsErattishpernsithameof the present
mvention. labeled antibody (Calbiochem) as a
secondary antibody. Samples were
visualized by apphyng giaminobenzyne
(Simna St. Louis, MO) and
Example 1: COthRH@I: (Stalbleﬂ:rwlﬁhamuﬁl oStk Ehreskin Fibroblasts
[00168]Glycosaminoglycan (GAG)
[00162]  quantificaticrwasperfoimed-on @didayesis, inc.
Canton, MA) §§m&§isatg§lr6gcgmﬁ69 Egytllg,y l\Xtureqre'g‘% l?l g(Costar Corp.,
‘ methodé erndale, 1986). The assay
Cambridge, My HOHRS PESHEEIOHE 24 |7 &RYE Bfdiom consiscd

of: Dulbecco SAGIPEERMMiMua Sampleigf-htimnamaalh, withour 1-

glutamine, Bl(%r!td %xd ng (Em%l B}E% gnlgr% %]ﬁ %@(y v\Bom calf serum

seeding. Example 2: Full Thlckness Skin
(NBCS) (HyCéTB ﬁgﬁrﬂt&? Cfdeﬁ_ GWJ gfﬁ)ga%é 4%,1 g||itamine (BioWhittaker,
Walkersville, QOK Wﬂ@&mm@&&@dn@ﬁm@mgm d 1°C with an
atmosphere ofq()tlc;’/r(;lbed Il Exgri;ln\xalser Il’an((i)qu]laf‘rl_hlhumag di

neonatal foreskin epidermal " ey prepared medium every
two to three ddr{e r,a&m%}éytosu(@ﬂgmtgddaqun to confluence, that is, the cells

Organogenesis, Inc. Canton, MA) were

plated onto the cell-matrix construct to

form the epidermal fg\yer of the skin

construct. [001701The medium was

aseptically removed from the culture

insert and its surrounds. Normal human



medium, counted and seeded on top of
wo 20071tR@ membrane at a densityofd.5 X 10é&tus200763301
cells/cm4. The constructs are then
had formed kR Pt DO ARG 87 iR, Mg e mediom
was aspirated G Zhdouatamikthe rK%ft&tiﬁ&fﬁWtESem ﬂﬁt&@fhosphate

buffered sahn'co\vttd?gdghGQO Ig‘n]é:bup atl bhtgﬁurc% 1? %%% ;,Is\}logatgd from the
submerged in epldemmllzatlon medium.

flasks. Cells THae %ﬁﬁ%l&ﬁﬁbﬁ%d’m Fﬁp@ versene glutamine
(BioWhittal (66@/@7]@@8@(1/10&0&5131 aamaa%cw)ﬁw@ Qbnsure complete
Dulbececis Modified Lag/es Medium
coverage of th rnono aK/B %ﬁ Itarﬁx \é/ he é%usmec % ; r% 1le| 1ébﬁt8rn As soon as the cells
were lelwedwﬁmwm@rmm@ (BIGW hittaero cach fask and mixed
with the suspwaJ l(@a{dﬂ”lllleaaM Q)haiﬂgﬂkj@m& legcu suspension was
dlum uallty Biologics Galthersburg

removed ﬁ‘om'\}iB‘SaGkSs &np ¥ e etwc Sﬁnlf comcal anmfuge tubes. Cells

were coll cctcmdmémlgmq@i]wﬁa?{@r 1 q_@ug §)r M@)ttcg_

[00163] &&Q@'Ms@%@qggﬁamwﬁa concentration of 3.0 x 10°
Ronkonkoma, Nitr), | x 1044M

cells/ml, and s 8de onto 0.4 dri})c/r 2 %eabhz(cjﬁaél rrﬁriqndgncgar nﬁh é Lgtre treated inserts

(TRAN SWEuLE)@;smm@)arﬁn)qglwaumwh PAESigeres »St; colls/insert (6.6

x 10° CCHS/th)OHIicSOClM\QIL I]QIIEGIQQ 'mtgg'i%fagtg Ian36§|gm@th an atmosphere
t. Louis, MO). 20 p M thiodothyronine

of 10 £ 1% C?gl é rﬁd freé Prﬂ_lbfﬁgmwiﬁx)ev%y-} g H%ﬁr 21 days. The
production mg@heniuie(Altrick yni2d.4r tyantademnine2 medium

(Quality Blolo%%Lgmﬁer&%I&B),Em &H@I%jg@l%ibco BRL, Grand Island,
Company, Milwaukee, WI), 4 mM

NY) and additaﬁj{%}ﬁmlgnt %Wﬁ]‘fféf( e’irr,lg émg}.%"@?am epidermal
growth factor M3} Bi3¥mehg late dniewybornsatfserumm Eyclone,
Logan, Utah), G_A’Mg/liq @}%fok}%gc%c CSEIEQB)LOQmGl%g) QQWM cthanolamine

progesterone (Amersham Arlington
(Fluka, Ronkopbérf@ H\tg 1Aﬁ:§ ’ggﬁ)g]yﬂ.ﬂ I%B?B@t‘ét%ﬂ?ﬁﬁﬁ (Sigma, St.
Louis,), 5 ug/lﬁaﬁtu(ﬁigma Sgtdﬁiﬁm@iﬂeg@hﬁm@ﬁﬁblgma St. Louis, MO),
20 pM triiodot yro rp ?Sn 8) ény\ll)g 1811 sgc/mum (Sigma Aldrich
epl erm growt actor
Fine Chemical}'@eﬁﬁ]@[z@lgfe‘gq ﬁ@ng/M D}scahd&%\@@@‘ﬂlhemwals USA,
me#013-120 LA AMy ein sulkate. (Ameisham, ATNGIOR (sigma, st.
Heights, IL). The constructs were
cultured in the epidermalization medium
for 2 days at 37 11F1, 10% CO2.
[00171]After 2 days the construct was
submerged in media composed omixture
or Dulhecco's modified Eagle's medium



Company), 4 mM(BioWhittaker,
wo worivd@alkersville, MD), 2% new born calf rcrwszeemmssso
serum (BioWhittaker, Walkersyille, MD),
Louis, MO) st (g SIS B TbHE8 T HMY Ottt et
(Sigma, St. Lgem@myein sulfate (Amersham, Arlington

[060164] l_g%g\@st %)f hi§ 1cal ana?ysg%yr% tgbeg a?g) n%tm and 21 and fixed in
was Rd for 15 molh days, with 3ﬁanges

formalin, therévécf‘yieg 1@)@% Wﬁﬁ”&alﬁfa‘ﬁﬁ%ﬁéﬁt‘f@e embedded in paraffin
and 5 micx'o%ﬁi%c%h&miﬂﬁ&ﬂameemema&ﬁﬁ\g to

procedures known mp ktl SedU%m I% gtameé shi eqo%c%ﬂ ulbecoo's

‘modified Eagle’s medium (DMENS Thigh ™ < ™
to ten randorgy] pjekersaicfesepric faﬁﬁﬁllmh@ﬁﬂznﬁmwﬂ@, a 10 mm/100
micrometer r(B(lfz;)Whittaker Walkersville, MD), Hams
dlum allgl Biologics

Result or. t\?/]o d1§f rent cell of Jurnan dernial fibroblasts are summarized in
Table 1, wh1ch sh het 1ckne d.of the iell X construgt
fmslfm rocoltisone ?’élmrﬁ%s St aLH‘i‘ﬁ%’*

A nr\\ 1 Lable 1 +IIhICkn s (0TICrongh 5 1,
Vi JD@ bcm e e Day 21
B119 AveragRQNKONKOMA| NOB}+2.80 04 M £440 | 84.00 +4.67

(n=3) o-phospharylethanolamipne (Sigma. |St
B156 Averag 50 S{6.25i8,84

ol oliis, MO), 5 pgimi insuliry (Sigia,
Louis, MO), 5 itgind transferrin (Sigma,

001651 SEmpIBUTES MOS0 G4 e Bty o dovs

14, and 21. C@B&l@m@,tcﬁtydLﬁmspd%@)pl@m@ a@o%&ﬁ@émjay for

hydroxypmhr%%(lgglltllim%lgm@(@igrkgrh !):6I]r)1 eAt(%lr(])s%rsern%%mepomtq cell

Company, Milwaukee, WI), 24.4 figtnal
e s 5oy ST ATGFIER P eI ond Teble 3
a summary ofﬁemmmwmwaﬂkﬁﬁmwwrpcﬂicm Mm two different cell

strains (B156 anzgilall’jl ummkggle(p%lc(e)é{}rl Izéi r WalkerSV"le,
% new hum calf serum

(R'n\A/hlrtaT@bllﬁ 2l )

ay 0 e Day 14 Day 21
ST APt gentamysi Stltat et a6 30 2 2058
(n=3) Arlington Heights, IL), [0p173]Final

21536) Averaggample$ were SUbmittet fF8HHeridtgxyTin = 2500
and-eosinmprocessingas described-in

Examole 1 to\deterniife gross
t mickdtdhnyl TH&Y 21

IR N VAN 1oy P (P A
B engt P CREIEe Yader gt micrercopy el

resutting constmet consisted of a fower
Idemial) layer conS|st|ng of fibroblasts
surrounded by matriX having features
described in Example I, and was

completely overlaid by a multilayered,
stratified and well-differentiated laver of




inserts in a six-well tray at a density of
wo 200710866 X 105 eells/TW (6.6 x 105 cellslcrrizys2e07/063301

These cells were then maintained.-as
n=3 LT 71 I Ty 1£
gi]Sl?Ave_rgg_eE amplegt- withnewbermealt serums 17510
(5=3) ornitted from the med|a1hrouqhout More
%am JIIQ%” rtnrlr? '!Ilél rglca)lrga In? m gays 7, 14, and 21
Loo1ee] base 3:1 mlxtucr(“e o] DlvclEM It—|arr?s Fyl '
were ana'ymdMédWﬂéﬁceeWaﬁB? Bi6toglesaitetshrgon ovesling
type I and tprDaHaﬂ'em%é'b@ﬂUtMMl(ﬁ|bC0 DEL,

Grand Island, NYS) ;and additives: 5 ngtml
[00167] Biochemical characteristics of the dermal matrix were detgn‘ﬁned using

human recombinant epidermal gro444
immunohistocfergtemftipstEite Biatéchitology; ek on parafiin fixed
sections usmg%@?ligd NYIMQ sé'eﬁiﬁglmmwwztﬁmmmtories Inc.,

(Sigma, Si. Louis, MO), 1 x 101 N|
South San Fra%c'%hc% EA)Igﬁ%?ﬁ:lél r(rﬁﬁﬁ(e waﬁete medl?é]ﬁg'mary v -tenascin
antibody stain@altD &4 ORAO:ACS gradtly dosrpEdhfyferadish peroxidase
labeled ant1bow59§&nggy‘! d%mﬁ&? lﬁm@ﬁ EL&% gluahzed by

Louis, MO), 5 tigiml insulin (Slgma St.
g

oo e BETRAGS HRE AHSTENT LS G AL
[oo168]  Slyheuiss MO);Z0pMittiodetyrfoniden 21 day samples
using the prcv(o%lg q@?mb%m&&h‘ §QXMQ)]’9@5‘] q"h@ azgf G}g\!&mlthe presence of

selenium (Sigma Aldrich Fine Chemicals
0.44 grams Oféﬁ?f?ﬁéﬁyn mméi)ﬂég%an Wéeﬁsﬁ dermal matrix taken 21 days
post seeding. NG/M11,-ascorbic acid (WAKO Chemicals

USA, Ing,),Q2 diglmibksrigliingfzigma,
St. Louis, MO) 0.1 tigilmi glycine (Sigma,

[00169] %rmnlg%el%aMQQué%and 0R%6,PRIYEHNVIERE Example 1,
glycol (PEG) (Sigma, St, Louis, MO).
normal humang S| és“\ﬁ?é“rpédeé’ﬁaéﬁw%"cé? dﬁiﬁ“‘fmiioréa“agm“ fre
Canton, MA) 2d-fRf-collagen conicentitatiomand @@mal layer of the
number using described procedures.
Results are summarized in tables 4 (cell
[00170) TSy A B RBITEYEH o SnipIes e g’
surrounds. N&lﬁﬂ)hfﬁﬁﬁﬂﬁlﬁﬁxﬂ%ﬁﬁhﬂ)ﬂ@@fmﬁﬁ@ﬂﬁ Oksage 4 from frozen
subculture cell'lw%ock ot 90)r(x !AIeQC(;a quse \79C§c| @16§trglegslggm1rp&él<gh1re dishes using
microscope analysis as described in
trypsin-verscrE)?gﬂlﬁbféltrlﬁl,gﬁ%ﬁ)fﬂﬁt@ixéa‘ %%mﬁffﬁm in epidermalization
demonstrated that the constructs grown
in defined medium was similar to those
grown in the presence of 2% newborn
calf scour. Samples also stained
positively for fibronectin, usina procedure

skin constmct



465.83149.46 Tab e: Cells teells4c Day
wo worn@dDay 7 Day 14 Day 21 Averageb of perusaoniosssor
cells in cac 6,6x 10

medium, counted and seeded on top of the membrane at a density of 4.5 x 10 cells/om®. The
constructs are then incubated for 90 minutes at 37+ 1'C, 10% CO; to allow the keratinocytes
to attach. After the incubation, the constructs were submerged in epidermalization medium.
The epidermalization medium is composed of: a 3:1 base mixture of Dulbecco’s Modified
Eagle’s Medium (DMEM) (high glucose formulation, without L-glutamine (BioWhittaker,
Walkersville, MD) and Hams F-12 medium (Quality Biologics Gaithersburg, MD),
supplemented with 0.4 pg/ml hydrocortisone (Sigma St. Louis, MO), 1 x 10 M
ethanolamine (Fluka, Ronkonkoma, NY), 1 x 10* M O-phosphoryl-ethanolamine (Sigma, St.
Louis, MO), 5 pg/ml insulin (Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St. Louis,
MO), 20 pM triiodothyronine (Sigma, St. Louis, MO), 6.78 ng/ml selenium (Aldrich), 24.4
pg/ml adenine (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 4 mM L-
glutamine (BioWhittaker, Walkersville, MD), 0.3% chelated new born calf serum (Hyclone,
Logan, Utah), 0.628 ng/mi progesterone (Amersham Arlington Heights, IL), 50 pg/ml L-
ascorbate sodium salt (Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 10 ng/ml
epidermal growth factor (Life Technologies Inc., MD), and 50 ug/ml gentamycin sulfate
(Amersham, Arlington Heights, IL). The constructs were cultured in the epidermalization
medium for 2 days at 37+ 1°C, 10% CO,.

[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 ng/ml hydrocortisone (Sigma, St. Louis, MO), 1 x
10™ ethanolamine (Fluka, Ronkonkoma, NY), 1 X 107 o-phosphoryl-ethanolamine (Sigma,
St. Louis, MO), 5 ug/ml insulin (Sigma, St. Louis, MO), 5 pg/ml transferrin (Sigma, St.
Louis, MO), 20 pM triiodothyromine (Sigma, St. Louis, MO), and 6.78 ng/m! selenium

(Sigma Aldrich Fine Chemicals Company, Milwaukee, WI), 24.4 pg/ml adenine (Sigma

51



.8 2.2x1029,62,5x1i0 0 construct (n
wo 071fesides endogenously produced fibriligiszoomos3s01
collagen, decorin and glyeosaminonlycan
Aldrich Fine (hapisals F B SBHL i e8I Hystks Wealkersville, MD),
0.3% chelate(ﬁ@ﬂ&tm E)ﬁamﬁtéﬁexlz kﬂhﬁEMkllﬁSS) 628 ng/ml
nstrue: Formed Usm Chemical

progesterone %m i%lérla 1] 1n%oaH[eog6 i-}% fb é{rn ggsgil asgorbatc 265 ng/ml

caleium chlorgefviizilceonstiruetifor Mo dHb yo hum ananycin sulfate
(Amersham, gﬁ etlng{ quja§§c§nlf{1re] go%&rgchvevmn%%E!Xd at37+1°C, 10%
fgned conditions similar to the method
0 f‘““dyélescrlbed in Example), normal human
[00172] n‘eﬁnﬁtﬁclaf@ﬁ@gﬁiﬁ @ﬂiﬂﬂéﬂﬂ@dons&ua was aseptically transferred
inocytes were seedfed on the to

to new cul tunng tr s wit icient a ount cornification media, %
sur ace of the cell-matrix construct fo’

level just to tfsprfgetlyEihe el et deryeraofathiats firrface w© allow

stratification GOOSHHGE 1 {QD FOLTHE MEAIMNES 7+ 1°C. 10% cO,,
ase tlcally removed from the culture

o i O R BROE O Hlaf s
composed of; epietrem'r@f kohatinoeyieswereSoaleaiuip (igh glucose

formulation, \E%ﬁﬁsgﬁﬂgﬁ]%{g@mtaﬁé? %ﬁm?%?c%%ﬁ %!IIZ medium
stock to confluence. Cells were then

(Qualiy o i Gy P PEETEIFe i TG eorisone (Siame
St. Louis, M@rypﬂiﬂmfﬁﬁﬂemxpmlﬁmoﬁﬁ)ﬂt&uﬂgeﬂltpl 0*Mo-
Y Tea—.
ug/ml transfergp@ged o hotopvof. theMmambrane ateae, St. Louis, MO),
6.78 ng/ml belglglgﬁnggit) %Zé /1 Q%er%gcw (%3 %ldnch%mc Chemwals

constructs were then incubated for 9
Company). 4 Y| gtesriat 87 Ve 10 c Ot %%I?W‘tfﬁéﬂ calf serum

(BioWhittakmk@EﬁHNﬁl@ﬁ@ﬁ m@ma&lﬂm%&mﬁd 50 pg/ml gentamycin
o (A |}pcu}£)lat|ton th}g clgnsumets weretm Lo 10
SUirare mershal rangon $124
Submerged in enidérmaly atoR MEdiR? for 10 more

days, with cha?ﬁqevgpﬁj@waﬁlzaﬂ@ppm@gh@n]m SFhis maintenance medium
was compose&)@, m%@do%u@cc’sol 1&)@@«% E@é?éts%%&ﬁ (DMEM) (high
Dulbecco's MOdIerd Eagle's Medium
elucose formu SRR (CBRIBRIIAG M5 B0 Cosa dicf o Homs F-12
medium (QualgaliGiugias BioYvhittakep 4W@llk@¢$wtli®pmam St. Louis,
and Hams F-12 medium (Quality
Biologics Clalthersbﬁrg MD),
supplemented with 0.4 tit hydrocortisone
(Sigma St. Louis, MO), 1 x 104 M
ethanolamine (Fluke, Ronkonkoma, NY),

to achieve a fluid



MO 3 1 uM tocopheml Acetate (Sigma,
wo 200m@85 Louis, MO) and 50 pg/m1 gentanmcinszoorisssor
_sulfate (Amersha Arlington Heights, IL),
VON L 10" el (e B TR T TGS phohors-
ethanolamine giglesMaliz ation mediun fam2 dayssato), s ug/ml

transferrin (Sig’n?a,:St:.L 20@1&%9)),:!Z%))l\g:tlgo%ét}[nglgfg%]éng %’; _gouis, MO), and 6.78
~days the medium was exchanged with

ne/ml seleniuf SSRHEGUTHC COTIpRISEThas dboves dRck* 4 nem!

adenine (Sigdﬂﬂﬁﬂﬂﬂ&@ltm@ai{wpﬁ;mim@t ‘31?, ¥ rgl\)@‘glutamine

(BioWhittaker:!' Q/alzkealsg l?c,g\:/lg),zl‘;)onng b(gma«};%éerpu\ftegiot\l;\]ﬂ%tt%vr, Walkersville,

clays, the carrier containing the’ construct

MD), and 50 yygseargepticaliyr transfeirettorienhs. 1L).

[00173] MLMEMs%y&MI&& %Uﬁi&j@ﬂthm@q;gnt@ocessing as
_._achieve a fluid level just to the surface of ,

oot i P S At ST TR TANE 6 THAME AT tfieeory- The resulting

construct congfeyelopirgieonstractratithel dirdigidrounded by matrix

having featuré{gsecﬁﬁzgﬁElﬁﬁﬁ!ra&%l@%ﬂg}n@rlgg@y a multilayered,

surface of the Farming epidermal layer

sretified and wi VS SHFSTTREAHISH Y s EepithRIMI i yas, @ svprabesed
layer, a granulfitr@eGohstrucisoweraimeubate thiat i3 tul The skin
construct has e!gall%@%@p@%sc%@n&\&amlﬂmégl Eythé @c@a?-g)ii@crmal junction

__with media changes every 2-3 days for 7
as exhibited batéaiygmser?ﬂ geﬁiwﬁ%ceﬁ%% eTac aaaft.]fnt membrane appears
thickest arounmmﬁtiﬁ:ﬁ(@fn@uhm@@fﬁcmmﬂiﬁﬁdﬁ&a@ I:@r'xﬁ)rised of type VII
collagen, as vg(?a%gma%éQ IX&%MQ:(K&QQ&%L@AQ 1{)}95 can easily be seen

3 glucose and no calcium, BioWhittaker,
exiting from (4R PRSP SR TR IS " B PR D D i B presence of
laminin, a bas(@uaﬂﬁyrakglggjfb&m(}/adtmw Os Mﬁl)my deseribed
avidin-biotin 1§nlrjn9rpol§zryr1]n%li’]ctt%c m\ll\()ig ( Qesﬂ'oril:,l g‘ﬂ%‘gl .
ydrocortisone ?Slgma, St. Louis, MO), 5
Example 3Xhlbr7o Mr@ﬂ;ﬁﬁ%{ gﬁﬁq@o(%%acﬁy Human Neonatal Foreskin
Ronkonkemas iNY i A8 dWhedium
mphosphoryTethanolamine(Sigma., St.
[00174]  |rOwispeM@)fobskmnisRbiNSHIN-(GigmanSt: procedure
described in E)lm%%llksl’ Mgkcggtﬁgncsﬁfgprcqggdcosi gnmgrttr§igh of 3 x 10°% cells/ml,
Louis, MO), 20 pM triiodothyronine
and seeded oncS(?é mg?nsfre E%%éfnmftgt?geﬁ@% Ieated membrane
selenium (Sigma AI(5:I3rich Fine Chemicals
Company), 24.4 itglmi adenine (Sigma
Aldrich Fine Chemicals Company), 4 tnM
L-glutamine (BioWhittaker, Walkersville,
MQO), 2.65 itganl calcium chloride



11)0179]Cellmatux constructs were
wo wo7ad@Emed using the same method descsibethonosssor
in Example | repla.cfng the human
inserts in & sy (et EHOSKH RBTOBIASTS it Teltyan: These cells
were then mdﬂﬁk&d L@Sxﬁﬁﬂdﬂﬂtﬁl}bﬁ@b‘l&ﬁt&m ALtEd)from the media

throughout. Morc specﬁ%lc’:]eg %1(: me r% cl(ga gd%%g??mrgtglglgg?\AEM Hams F-
samples were also submitted for &E

12 medium (Qyeiifitg e B thicke NS detd iAo BRL Grand

Island, NY) aushaigvxhen@m&adweeoa@aarap@ﬁlqngmm factor (Upstate

Biotechnolog .Lake P d(!l% lY)-E)Q% r/eshu!itrlorc] 1S:gen gtrUCttVXoausls MO), 1 x 107
Vi suallzed\as 2 'Cell matx tssuB ke

M ethanolamigfigitr Retipuitmathiekess SF 25100 B0 Mo-

phosphoryl—et%ZoéﬁrQ}ﬁﬂQ&nﬁ i@mz}\ﬂ(g QQQQQQQH%%M St. Louis, MO), 5

produced fibrillar collagen, decorin and
ne/ml trnsfeg Rigen SRy At WEFESIRE B eEap Shlovs MO
and 6.78 ng/nﬁh&mnstgmerEaxamka&Is InitEOMilwaukee, WI), 50
ng/ml L- ascor ic aC]d %‘B&) ‘fen%cg%légqen%gs Q%lge,y(&gmd St. Louis,

Transfected Human Neonata ‘Foreskin
MO), 0.1 nemt i IEists fOOCr8OTY raffsRectedctitlirrahico! (PEG)
(Sigma, St. L&J@ nmal dibpeblastsuete:produced 1singeen
f llo %ure OneRv | of
o R S L g e
4 (cell 11umbc()px9 @E§dgq?b|8m% u’ereikgo GM@F@ ﬁ}ﬁx’j gx,d @pccsscd for
hemotoxylin @Jl %W@@&W@Qs @HQCLF&I{&@J&A/M@E&M in Example 1.
Histological e(éu%tgggen%t s%ra%( ]flg‘géggolr!%/ld6g§ro%%nﬁ%§g %l?él( medium was
oming e
similar to thof] grgksinthe peﬂ-peg@ oé_Zg)mWHrp Fﬂé@mﬂrﬁa&ﬂ@ also stained
positively for BHMAINEM JR.a0dAEURAtOE.at 37 With an

atmosphere of 10 1 1. 1% CO?2 The
o \nlflﬁ mnl;-@hlr%-\ Q‘A F(nr)f r\nlhr\ r\nln
AR il ke A i ST - Y00
Average ampEH( dified Eagje®s mediuseDIVIENE (g £ 2946
of collagen "gILPcose formulation, without L-glutamine,
each construc) . .
bWhittaker, Wa/kersville, MD)

(n=3)
supplemented with 10% npwhnrn calf

..... W ,\Qells,-(ﬁ?vlﬁl m o
ocllullb&r\(y\llk % U"‘E‘gy 15,"-’ ' Day 21

Average mun0Qa. R UtaN) and ZEL46) |4 JL-GiUtanine - 2 1x 10
of cells in e Mla”(eralillle N‘D) On-the

same day, | V|al of human neonatal
foreskin fibroblast (ﬁDEBlS6) was also
thawed and plated at 1.5 x 10 cells/162
cm'’ flask (Corning Costar, Cambridge,
MA). After three days the {[CIUTP




WO 2007/103865PCT/U52097/0633111
wo 20071g#@Wth fa.ctor (PDGF) as described rcrws2007063301
: above. Samples were taken for lI&E
construct n=§téilq '“qg as dE‘ i
Besid@Q.ﬁsggl%%iB@uMﬂl&?&l\%@rﬂaem@@@@aglinoglycan
were also preddS NG LNE ARk AiRchiotin methods for the
presence of fihronectin listed in Example
Prample $GuISEstE ST te ke H ey T8 poRtined Media
seeding for Ha staining as described in
OIS EREPAPIE™, S ER P e e st el foroblasts under
chemically dekaEHIaﬂa:ar@f 085 ApPeMANCeila ih&tmple 3, normal human
neonatal foresKif & 1([ elq<er Anoe em leelcd\é\élth cell-matrix
o e"thlc:pkr?e]zmss of ri€’2y2"{:‘6 rﬁlqcron%n KT ?fﬁ)g (ae flmatr
construct to f%‘ﬁﬂtﬁl‘i@‘iﬁ?*ﬁﬁ@ff%fﬁ%@t‘éﬁft@élls in the
00176]  CeH Al CORSHIYCIANASHIERSHIRT 0 BE i
100.n Imtfp I; TSA throu tthe
surround ormal nuptyan TatinGc e 5Ca Sa TOM Irozen
>N ureltltll%ncg (?{/“e culture (18 cgfai/cs R e 4 from f
subculture cel bﬁéﬁtf@(}oﬁhfﬁﬁt (Eyflsﬁ@@@ Weesed from the culture dishes using
trypsin-versenkl rﬂdﬁt@&lﬁlﬁl&d tE%axm QzllepgletUe‘s@pQ(thin %ermalization
truct As A Gra.ft Material

medium, coun 81 6 §§f8eﬁ to (g ﬁl}lcxmé%bﬁdgtf‘ra& (é gns\;‘\t;/ of 4.5 x 10" cells/em®. The

constructs wepg Hepareedeacnding: m?the“memds #ow the
keratinocytes g?ﬁ@m mﬁeljmyﬁémgﬂmlu&g %Sgl% nv?@é submerged in
. ~ fibroblasts derived from neonate foreskin _

epdermelize St e GraltE GHITHIMRREIRGH! of: @ 3:1 base mixtue

of Dulbeceo’ sWOURAS: G e BiteichoPMIMTE R RYRIC G no calcium,

BioWhittak M!Lﬁ(@ﬁ%%rﬁfg r@(ﬁ? m%@'clg gmg&%% g ologics Gaithersburg
ermethods described by Parenteau et gaIq . s

MD).supplereygioes) thies BSOS SPWIEH 485 MO 1x 101

cthanolamine {ﬂﬂ@ r@ﬁf@t@ﬂa h‘@ﬁeﬂ&] I(Gmwﬁﬁ% ethanolamine (Sigma, St.

examined_at 14,28 and 56 days for signs
Louis, MO), 5 u / SléhIPe?]l néat%t touelevl\\/40£]nag/ml trz nqée\r/rixa%ﬁma St. Louis,
MO), 20 pM fmmmmmd@ conraction, \dreas aofrgreiblogs|dich), 24.4

ug/mi adcmncmpxﬁ§c% @&?c@im\@i@ @H}L@:ﬁ; %&%@%rl ‘'mM L-
The ?raft areas were photographed while

shtamine (G N Yhig A A bET B e = Sims
Aldrich Fine (iy@f@Saekficed-atieash. mm&p@dﬁiﬁ aﬂﬂdlgmd St. Louis,
the graft areas and thelr .surrounds were
excised along with a surroundlng rim of
marine skin to at least the patmiculus
camosus. Junctions between the graft
and the marine skin were preserved in




[00184]The grafts integrated with the
wo 20071Q@st tissue within 7 days by gross  ecrwsaoerssasor
observation as well as by histological
MO). 1 M terapierelritpiee S By ITRIP USRI g S egg @dgamicin sulfate
(Amersham, )M%E%n\ﬁggl'ﬁl |IZ§ d"tg I’CQWMQ m&ngdgragepidermahzaﬁon
adio for 2 d tgpielhols(,)tit{s/sue within? days of
2 Sratting. The graft€remained healthy and
[00177] m@t@@ﬁm@u@hfﬂ'@@mmmwﬂm composed as
above, and 16%&'@@! 19 p%rasgtt!l ﬁﬂ%qg H‘J} 85 pg2 days. After the 2
anti-human involucOn staininv the
days, the camigpRIEHBH P BR PRSPPIt @rrratcgsligy culturing trays
with sufficienVMBS S HOMIN t(ﬂ&&hﬁc@ﬂﬂsﬁlm@e&mwr membrane to
e 9: In Vitro Formation Of A Matrix
e the g(vem&grﬁ"éﬁ”“ orneal ?%Sr“’é{%%y ted (e e or
surface of ‘hemfﬁﬂé’@‘%@%w}@?@@%fﬁg%@d layer. The
constructs we{g%ﬁéa H UM &6 WB@ azlnk%@%%&(%ﬂ&@é&% with media
ori mated at Organogene5|s Inc.
chanses °V°fyé§f$ i MY Wers e i the' proitiction -
modified Eaglg aesmmmm@trmtn@tlm@rmo calcium, BioWhittaker,

Walkersville, gg)nltlleyr@ %?MJEH&Q%%M&EQ@ E%@m@%ﬁ@ﬁy

were released from their culture

supplementedgifh et B USHGtry p4TF- Ve reEn¥OWheh M

ethanolamine [Elﬁas&ﬁmﬁ@yb@aﬁ ﬂypﬁl ﬂﬂ@t}m@o&ﬁ&a&inc (Sigma, St.
Louis, MO), 5 FI mg tO n traa lSItZ Le,ogg &l Slnwedtisfgrqeg[% ma, St. Louis,
e cell sus ension was centifiged: the™

MO), 20 pM gigyewvaitariiadisgardedand thegelisiweasama Aldrich
Fine Chemlcan‘k%a £§§L§§Qenm & nme gggArgr?gﬁlc gh micals Company), 4

concpeﬁtratlo“r% of ?le 6geeIIS|rC1aI Cells ™ v
M L-glitamiprl i iesthe o 110’ 6. 4 Phicfory porkisizigride

(Mallinckrod: 2RI SEKHRaUE GUIMIE dreatedio ), 1 wv
transwells in a six-well tray at a density of

bl 3 (T AR AR (6 ) TO5 GBMSIErh): V004
mM choline cifdAeSG Bty E@SsWﬁ]}@nmaL@hﬁﬂ Etﬁtﬁlmcm sulfate (Amershar,

Arlington Helgglyqa“gpetmlj urc?xgcge mecgc%?l Erg ddys or 1??

medium was composed of: a. ase 3
001781 Afixtivd B DARBEC &GS Mt ifict! E‘éqﬁe@r the construct
was lifted to tﬂVLﬁdemn(QMM}nafagdH aﬂb&ﬁpgszessmg as described in
Medium (Quality Biologics Gaithersburg,
MD cat.), 4 mM GlutAaMAX (Gibco BRE"
Grand Island, NY) and additives: 5 nginn
human recombinant epidermal growth
factor (FIGS8) (Upstate Biotechnology



[001861The cells were maintained in an
wo nonis@ubator at 37 IC with an atmosphere-ofs:oos3301
10% = 1% CO2 and fed fresh production
Example 1 toﬁ?@aiiﬂ?ﬁrwp?ggumghf&c%%yge(f@#tiy construct
consisted of 40al (@frrga]; IQMnLBtiﬁéutlﬂgﬁblﬁtﬁ%ﬁcanga}y@atﬁX having
features as de!sgﬁgelé llil:‘ngxedI’n[‘):B ?, 251? (»vast gvc(::X}F éyg%deldo?grggsﬁlc}de acrjld differentiated
a matrix layer o aaboutzf microns'in
keratinocytesthickness, as measured by the method
Exampledeﬁ@ﬁia@%akﬁx@rﬂm%&us&lﬁg@g@ﬂgﬂg%iHes Tendon
produced fibrillar 1%%328”’ decorin and
glycosaminoglycan were also present ha
the cell-matrix construct Example 10:In
I it U T
Example 1 repipginaliyriigioNrets et R dheskin Fidrollastges tendon
fibroblasts (H&'ﬁ@dﬁﬂoiﬂngj QQ;LJ QtMumm@ium, samples were also submitted
i s QORBTIHIMIZLL neonafal foreskin
IAStS (CrgIRATRE Oy aREgaiTasEn Brample 1
The resulting Cmimte W?SM\;t\a}iWe shbededsat Qkocsh@ruct with a thickness
of 75.00 + ?7%9(n42m1ﬁ5%&9§§m%%§1’ ﬁ%r‘l‘llmgi]agcn, decorin and
_diameter tissue culture treated carriers in
svconminosi AR aIP FAY (TRANSWELL*1, Costar
CorpriCambtic genhA) andieomd Mifix By
growth:htedi wmnihegrowtkinnedibm
consisted of: Dulbecco's Modified Eagle's
[00180] rfediwrd E(@M ENlIi) ﬂh@htg@@@@@@ced using the following
procedure. OIQJQT‘M !]@H@QB M!iltmpolérwlei gL%ﬁle%)DGF) viral producers
BioWhittaker, Walkersville, MD)
(vorsan. 1 e s B With TOVSFRARBIOHS o2 e nask
(Corning Costge(rulﬂsﬁ(ﬂy@m NeleADOrato ResgrbRG.medium, and maintained
o Utah) and AmN|=GI ine ,
in an mcubato!(”é) %%\q/ hCI F{ﬁ( aé) Fl’@mos ahﬁr(eeorpsl\h/ﬁlgg/j l('!\/lg%n)ilhe_l%ogth medium
consisted of Rlfpectpeted FrrHfttaiimed i AP I CUt atorabrmuarion.
without L-glut&?il?e, I@Miﬂk&%ﬁ%ﬁ@h@ﬁ@uﬁkﬁa@md \li%l()% newborn
calf serum (Hy ,QlchaIrggorgglggclyLrgg WUafin raen LaﬁE:Meg r%\t/e I;r)lé BioWhittaker,
two to three days. After 9'days in cuitur
Walkersville, Y Rygititam dwas alspirate ehfresiiothyin fibroblast
culture dish, and replaced with
production medium. The cells were
maintained in an inclibator at 37 1 'Cl
with an atmosphere of 101 1% CO2 and
fed fresh production medium every 2-3
days for 21 davys. The production medium



I Ommll 00 micrometer reticle (Olympus
wo 2007ndgmerica Inc., Melville, NY). The PCT/US2007/063301
_constructs created using this method are
(HPFBLSO it I SERat e andf BROEHR i (Comine Costa
Cambridge, \GOMPO Sitionytad Nesernreated \Wikicers were fed with fresh
growth meci BRI L5 @D DaYE, 8 measured . plus 8 pg/ml
thickness of 82.00 7.64 microns.
polybrene (St HO I Vitfs SO HARABI G vere infected s
follows. The @@Hﬂ@ﬁﬁi aus tMﬁmllXPbyF RIQHD@IB&]&E was collected and
filtered throu%g 'RQQL%%E%}%QQ%QQQQ rel?lce vr;gpa lded to this filtered spent
ibroblasts (originated at Organogenesis,
medium. Thejpent EAHTOTH MR Wereh SEEU e teitn&ixvq §s the HDF
were fed frcs]f@”ﬁﬁ%ﬁm Mgs&d@c@@ﬂ%g M@@tﬁﬂl p5to pb and

flaskf%:o%l;ar q(ﬁ)er).2 C?mbrid e, MA. eat
seed d ata NSItY O X CHLS . 1iask O Qstar, Lambridge . Ce s
e de4 t§15 )éna ISrlown |?1§g %wﬁ% SHicY dé’MA) Cell

medium a

were passed seffaesribyestl hreleowyeTrenghofy frerfreidigsmiien rised with a

phosphate buf&Hd %h&t&dr&fovghu Q%@EQ@E&QQI&%%E@QLQ}% released

from the ﬂdskmeacgdllﬁlrgx&PMEM) (hlghqllf{(:(k)sed I ki 3
formuraton. WithoUt gltramings gty rocking o ensure

complete coviEie\Nt mkleqc’rwaﬂg@psvmegnbﬂ@yac incubator. As soon as the

cells were relé@@@lﬁm@gﬁ@@om 11-9)%? IEML&@’!I é@c@!{@dch flask and
(IlyClone Laboratories, Inc., Logan, Utah)

mixed with theasl}];sac?fl% i\o/ls‘rﬁp_ 6}f ljlfgorrh cla’lf:] t%e Wmﬁﬂtealzgeﬁcﬂ/ Trypsin/SBTI
suspension wiviD)v<f encdelisswere miaihiei e @file, conical

centrifuge tubjrg %Q@IQJ c@ttcgfc%lgr lg;tr%gltlog‘g a&%@&%ﬁp%—ﬂ 000 x g for 5
that is the cells had forrned a packed

i) TJEr 8 e BOREI 6P tie tédtiertiinirts dors ied
above. After flagks theeimeditniwas aspirate difrommwtheay the cells

were harvestecg':éd UMC@, agjl%laut;g % g '@ﬁ@y%@ﬁas;l& Qc:]'l;fm I ir?l %{oe\x[th medium
sterile-filtered {)hosphate buffered saline

consainin 103X ESrH tHe ATy et st (DS0) Sizms
St. Louis, MOaSpiratec-fromithe dishyGelsiaere °c.

[00181] rﬁlﬁ%ﬁgffﬁeo cr(‘)rlllage]neoufsl %gl& poy tﬁsd cge!rrr}}ge _%ti?'zg the same
trypsin-versene glutamine (BioWhittaker,

procedure & REIREr &Vilies? M) td Eichemrs ettty Torobiasts with
human neonatg) &F&tk}h mmﬂm@ﬂﬂ&lﬁ&m@ﬂtﬁelb of platelet derived
coverage of the monolayer. Cultures
were returned to the incubator. As soon
as the cells were reiéased 5 ml of SBTI
(Soybean Trypsin Inhibitor) was added to
each flask and mixed with the cell
suspension to stop the action of the



Gasoorbic acid (WAKO Pure Chemical
wo w0rnd@@mpany), 0.2 ug/rel L-prolinc (Sigmyrusze07m63301
Si, Louis, MO), 0.1 gg/miglycins (Sigma,
srovth fcir DS NG S OS8O Syt e =
described aboQHYICQY (PG {Bdgrnd]cSterd .0blisnM @) BR! bvidin-biotin

methods for t}%lﬂlgsl'égcec g %g%ctém%ﬁ?nquglet li.beg;[;ln% el%e\{\e, %Een on day 18
replaced with production medium without

post scding syt Af Pt ETHIS risdlia e figeler collmaris

gross appearahb€S hAQ:thB-CR M&@Veﬂw%'&xdﬁy& 04128 of 123.6 microns

(N=1). PDGFryuotl'pligoﬂg tglhst"eoc!e ci:l?it% ltllxgic:e ~§qagrl§¥(§1 ‘Itglct was measured to be
culture. [00190]Samples were taken at

100 ng/mL by&é&&?t&roaﬁ@‘ﬁwc‘tﬁnfefrtﬁﬁ a}l]ﬂi'f’e tHRdpys) while control output of

PDGF was wn@R@Eded in paraffin. The formalin fixed
samples yvere embended in parafiin and

micrometer section were stained with

[00182] t},ee l-maa;[rg(Xchlllsgagp vg’elrre] le_rlg‘e%e%)ic%cr: uggrg Itﬂgmtc%mds in Example 1
techniques customarily used in the art.

using human gysiplgiQIE stglrte doslittes's rredigupereraied onto full

excision woulM@F@JNAGRALIAN HAaNdaniy:PIGKRG:cording o the methods

described by IET]IeCtl;gus,ggipl 9;%% ltges dyglllls%rlenla Wa 1!:%)1(9 IE e rlet?eg%ercin. Grafts
(f)rympus meérica Iinc.. Melvilie, NY

were cxaminerbaaéjﬂeai Wﬁpp aa:fgmm :Eo’ghmmmﬁet@pnd bed, evidence of

wound contraE%CL@a(Q{mpM§ M%Ei&% (lﬂ@asmM@leanlor). The graft

The sample exhibited a stgucture

NY).
areas were photographed while in cpo the mice. A number of pyjice were sacrificed at each
composed of cells and matrix with a

timepoint, andnfie ggtresel 2t ibkresgndf Wit Q@Epet @iy Pith a surrounding rim

of murine skmgpﬂa%t t@%ﬁﬁ.@ﬁ;@&ﬂ@&eﬂ&}m l?ctwccn the graft and the
~ produced fibrillar collagen, deeorin and ‘
murine skin were preserved i each sapmple. The explanted tissue samples, were then fixed in
giycesaminog,Méan were aiso présént'in
phosphate buffiye! ¢&H-atiixnd GrstructeBxaimplei? filg samples were
processed for\ﬁgﬁg sE&EM%ﬂgqg @o&d@y %cﬁlﬁﬂn Example 1. Grafts were
Construct Containing Cells of Dermal

able to mtegr?-_tfavﬂmge[ﬁmegsiTAw&%Wl%ItF&tWa%l Fﬁtéldd eWithin 14 days of
grafting, the aggOrAiNgitothemethoddntxampled. Using the H&E

stained sampllcls,swlgcbumaogvl&xgqméﬁa&f 8!1‘?%"!@ days, and throughout the
Fibroblasts as a first rnatrix producing

experiment. %&o&&éemrﬁé a&%ln/_ H.fgtﬁ%n%aaglplﬁcléﬁgi determined that the
seeded with spots of ermal papilla cells
as a second cell porsﬁjlation which was in
turn seeded with keratinocytes as a third
cell population, to form a continuous
epidernal laver over the cell-matrix and



(HOE) derived from neonatal foreskin.
wo 200713HBF were scaled up by seeding themcdatsz07063301
5 x 10/ cells/162 cm2 tissue culture
graft persis i SRS HESK B S LA E SR aifitrititje o eross marix
abnormalitieMiAV)tiRugronkhemedisi.eonsisting of
Qxlélt!an ge[g)sls Mu(aq‘ 1c ne%sESQ 9 lgansstmte as A Skin Graft

EM) (high glucose formulatlon
[00183] {/\Qq Q%Euli‘doglllﬁlgg nuc pr ép qtc)slctrgglé i Example 2 using human

k/alkersville, MD) supplemente with
dermal ﬁbrobf@b}icrﬁzéi\ﬁ%ﬁn&téﬁ;rg gmrﬁle(fqtgélsz)tr and human keratinocytes
derived from éh{?@l@%dﬂbﬁkaﬁﬁﬂie@;dkﬂﬁl ,ldly@.gﬁﬂskin constructs were
wletobe manuaﬁy hlt%é%%%\eﬁllrﬁrgrsdelllcén “Illl\t/l% Camehsuppm and placed
onto the gmﬁé&nﬂ‘ﬁémfﬂsﬁlWWéFe% redseaffdim e wounds creared
on athymic m[ﬂlﬁrtﬁe &S&ﬂgﬁ@ﬂﬁbﬁ&ﬂﬂ&@@ﬂ@a&pﬁiarentedu et al. (1996), the
disclosure of \(J%%h 18 nceornpgrgtgd elSlﬂ%]Il%Sh nf]oretdlgng plcq ere days 7, 14,
concentration O ]c.)éé CeTfSi:halm 8
26, 36, and | Yefesct-GHt IO Mo hiErOrTOTeEipE VRt intacton the mice.
A number of ﬁﬁ%gj @J@@J@@t@&ﬁ@lﬁe%kﬂ@tﬂ%%s and their surrounds
inserts (TRANSWE LL58), Cornin
were excised glong with a‘surrounding rim urine’skin to af leas t ¢ parpiculus carnosus.
ostar) Ina sl Weﬁ ray at a enSI 0]
Junctions bet@<@ the €1 e HaffrSiErt @B O5n e cumpe. The
explanted tissgﬁwﬁmg'e MMe@M'ﬁk&%tW@f@em&&%ﬁ!ﬁﬁgm fixation in
in an_incubator at 37 -r 1C with an

methanol. Fo ?’ITl]n Oﬁé(cp saem eleso ex_:f@r?fcsr% f(él&f(i staing gfaca)rdmg to procedure
described in Hymgigly Jproduction medium every 2 to 3

{00184] di@tyéafg rn%g?’ g@y 2 Mgcrtgéngv th§7 m%t{t}%% observation as
s b b dFtalled in ExamPE)Ie 1. [00193]After the

ell s DR SRR Cori it WA Fset it Wi e me

the graft fromgpbdethwitihis pots Of-dewal papitlagncd healthy and

persisted thrmcg@ U§ &%&éﬁ@%&ﬂ%ﬁﬁ“a&?ﬂ%&@&@@ IPI%[I&I Qiltl -human

papilla cells are a discrete population of
Tovolucrin ste gig e Ry SH it B BrA St S N S By g e et
period. hair bulb of hair follicles to play a support

Exam[;glg ip\/tihoeFQ%H (Qlawman!; Eyr m;% rp(,a Qlea?lgeratocytes

can be isolated by mierodissecting hair

follicles and cultured in vitro using the

method previously described by

Messenger, A.G., The Culture of Dermal

Papilla Cells from Human flair Follicles.

Br..]. Dermatol. 110: 685.-9 (1984), the

method of which is incorporated herein.



Example 13: Hyalumnic Acid
wo 2071d@asurement by Sandwich PCT/US2007/063301
[001961Hyaturonie acid (HA) was
[60185] rﬁg&\é fﬁ,\éeal i(ﬁraé)éjﬁe_: Icﬁlgt(ﬂ%leﬁﬁ gttﬂ%fggenesis, Inc. Canton,
Ma) were usdOrEthbbedermalfibmia-dastsdna.. Confluent cultures of
human keratog’ elglilvr;:pe rce: ase? }ernnigclr cuq Cuirlcl“lsnt}maaggugrbr%'yrgslga\?!al cne. When
efined medium according to the”
released, sov RO S BF E XTSI & T AR rvpsin-versene, the cell
suspengion wf&ﬁﬁ@ﬁ.‘é&i&/ G:Ié/m][@lg‘rllg ZI];QQM?‘ ERBREI% 115 were then resuspended in
base media to%g(g?et rtll%ggﬁ o %rg g/rgleg ellcs:MreC slere%ydl éanr;o7()§1 micron pore size,
lameter Carrlers Incorporating a
24 diameﬁdwa e rnisiare (FRANSWEL E@Orsity of 3.0x 10°
cells/TW (6. 6@@@&&@@@3&@{3 m a@g%imab\%mlght in sccd medium.
cell-matrix COﬂStrUCtS were prepare
The seed mediun was compgsed of: a base 3:1 mixture o Du{bc dxﬁcd Eagle's
adding 18" mi. ammonium acetate bofler
Vidim OVEHLHO B HNikdPrteitiaBiideg gherbure, MD cat), 4
mM GlutaMA& &Iﬁ;(!d @&C@%UMI&QJ@) &8 Uaﬁ@@é&ié(ng/ml human recombinant
construct. The mixture was incubated at

il o g e AT BRI oY v
hydrocortison€lig)@stho Meuth INIXTUPE M@ B SPiiR EOMIRonkonkoma, NY),
1x10*Mo- p%glgl lect§alr{8% QQE%QIE %?( E;)%(;t%?§ pg/ml insulin (Sigma, St.

transferred to a separate tube for

Louis, MO, Sy Al BTG HERer sy A1 DGR ol statisronine (Sieme. St

Louis, MO ), Wﬁs7@@ﬁtQQemm@Q4ﬁmnaQﬁngMmaHAmpany

ilwaukee, V\Q nlgi [‘IQHPYO'[%IC cup ro 1 '\e/l Nfal-lcosf ?OOIUBEQ e
Mitveskee Vahd” storé Tovernight at LICT Fhe plats ™ ™
ucion s thereisHed thic e tmES EN 088567 neson
(Quality BioldN@GAacONIA NN T-0:05% 1esn 29, FQnd isiand, NY)
and additives: 5 n(9 h J\!I\{)%Iz!nwasm%bnSQEadcdmelg 250 fg tor Upstdte Biotechnology

BiGcking Sofution (Sodium phos

Lake Placid, Yy fBme 40-0%T £ (0 Hphdnc LZAncTGma] ARG hydrocortisone
(Sigma,St. Loﬁs/ %53& ﬁmg QT%((QHN@(@ME %%konkg}r/o NY ACS grade), 1 x

BSA) and the plate was incubated at RI

107 Mo Ph(%weﬁm?*ﬁ@nbi EB TS Rt A SFHSE GigPes Lovis
MO), 5 ug/mlﬁiﬁi@&ﬂi\llﬂ@n@ ga%iJ\m@LEﬁ)mtajﬂcimgoﬁn@&%m St. Louis,
MO), and 6. 78 r/m?']cglgm (-Eorrg] A dp lﬂme mwQeC[:') 3?&1&1 ee, WI), 50
tit of standard HA solutions ari

extracts ftorn both experlmental

conditions, |nclud|ng various dilutions of

these conditions. The plate was

incubated at room temperature (about

203C) for 2 hours. The plate was then



[00199]The mechanical properties of the
wo 200710B8S Ue constructs of Examp|e 1 PCT/US2007/063301
. cell- matrlx conhstrug:t) Exaoﬁ > 2 oline (Siama. St
ng/ml L-ascorie i N R S RSHUCE Wit 2 KEratHo ot ™
Louis, MO), qay@plmne(ﬁrg)x}amd@xa[mpﬁé@S% poly-ethylene glycol
PEG) (sigmal SEIMNAIHX HQDSIIcLiprmed in defined
medium) were quantified by membrane

00150) AR FEBE THACR TRBtE &Y Sirhitd fgmorhe of
10% + 1% CAS8aySised.chinicaliy (e.g 2 Deymallexagpr a total of 21
days in culture Xp Egg r}‘fl;rlln Mﬂ%re %fe Eera y{ggl %:H pom E?nr;l't\rlllx layer of

Courage Khagaka, Cologne, (. |ermany)
about 40 mwrﬁﬁt“l‘ﬁ%ﬁ%@‘fﬂ@%ﬁdﬁ?é‘ég‘ﬁ%@?ﬁﬂﬁi’d‘fﬁﬁm“ L
Endogenou%ly@l:@ﬁ&tﬂ Fieﬁlﬂ.blﬁgtﬁ brrstth @y@ﬁmmﬂﬁﬁwcre also present
he sample cell-mania construct was laid
in the ccll-ma X construc
at on a polyearbonate block centered
Egver 4 eylirdideatowdit $04serriNdiakiStern

fillSerwitherdnAowshie Setifie Padyetdiedi

plate with a circular hole corresponding
(001871 tHuerfenerzith Erestof trib tyfisdiet Remnowrags oo
Canton, MA) pl:&@@ﬁla&hve{ ltth&lﬁamptﬁl sﬁlsainlﬂedatﬁtm tissue

he.block. The s

s e S D S e Sal g
and grown in anlwltﬁh%‘ggw ﬁ)g@tp mﬁ]ﬁed'rsﬁ @ulbccco s Modified
Eagle’s medil@ mﬁﬂgm&g%mw Gadld mwm ioWnhittaker,
Walkersville, reSSUEreneH;?QVS] 1 %enrewﬁ)resﬁgeg‘gna 19 o%%%m ratories, Inc.,

camad aut until device Tailure, the burst
Logan, Utah) sn*ewgﬂaGWmeﬁ%wm@@dNeﬁmw@@m% fells were
maintained mlgx ier!{bm?at%?L WR&@M&J@JP %r’aj?q}lc medium was

by the method of Example I; 998.52 nun
replaced cver;E]ﬁ tfﬁ}?rcfﬁ(&yg d}ﬁ%félgyaf fH@r%g"m]Qﬂ él{]r&s aspirated from the
culture dish, @@ﬁﬁt{&@txwthualkef&ttmoﬁytr@ llsay@ﬁndmtdmcd in an

incubator at 399 p%r§{§g Ql}{oggﬁcmsgqg &; Ia:'reé%mglgp%ducnon medium
d, 1542.26 mm Jlg for the samples

every 23 ddy&@llziﬁﬁ’m X B EOICE T PGt TP erestya s 31 mixture of
DMEM, Hambi¥ed ibhiang enetated ae corttingd01themM GlutaMAX
(Gibco BRL, g}any.l' (Pandq\t\i 1t!‘%s35 rLQQ%\erer]f ;I;combmcmt epidermal
determine the (hernlal melting point of

the dermal matrix, sgmples matrix

construct), taken at 21 days were

prepared using procedure described in

Example 1. The samples denaturation

temperature was determined by analvysis



[002031The suture retention strength for
wo 7ag@mples prepared according to Exanmpit@szo07063301
| was 0.14 N or those prepared according

growth factor 1(8 p&ﬁﬁﬁ(igu&)gb% }Nicxi béémiewr??él calf serum (Hyclone,

Logan, Utah) 0@Nstiugts createt.assdesaribed o v cthanolamine

(Fluka, Rotﬂ(o%komm %%4 grade% qd I% 3051% q cthdn{_)l_ci‘r]mne (Sigma, St.

both 24 mm and 75 mm diameters
Fouls). S ueBGREPES nalie DY BH et e (Sigma. St Louis, MO),
20 pM triiodot@%ﬂé%@ﬁ @tf @U@Mﬁ)em@d%@/ﬁﬁ @gglhlgl%jﬁé@la Aldrich
tlssue like structures are easny eeled
Fine e i e e B ARG Wt PN forc:s Cemics
Company), 0. henge-tpeelsables:; aml able. teghegiycine (Sigma, St. Louis,
MO) and 0. 059)QM§ i&l@'b{e Q%qt%g) ?s@gzang?-ﬂdﬁyl% gllgurc grade).

use and testing without damage
[00188] O‘;é Bﬂ?}rvﬁa t‘ﬂﬁ%é.?ﬁﬁﬂedni gxeFﬁn\}afﬁxﬁm then embedded in
paraffin. The fr@pfindatio prafa-GollagenousdWiaiiine Bly“omctcr section

were stained VHM Ni? Qo@ig'géécé: Qgcgr%mé eglg%ﬁgsglatme y used in the art.

Chemically Detined Medium
Using HE&E ey S8 AT R EGHELA PGt Q&R picked microscopic
fields utilizinf o p@IBlasis W@ﬂﬁuﬁ%ﬂﬂﬂdﬁdﬂl@ﬁla M0 loaded with a

10mm/100 rmcdrg§ (f-:ct;llte)tl g &y%]%%gkn 011%1 I(nccﬁl l%l},v% tllﬂc constructs created
resuspended to a concentration106

using s et e ) S S RS PR PP hose reted i
Example 1, dnﬂ)ﬁhﬁ@a&iﬂﬁy@%i%s diametertissyie culture

Example Hela(gtg) lgnent}(glro A%ol aS%glg?Yg%rlax' bSyI %’(1gvl})lennal Fibroblasts
tray at a density o ]

[00189] Qﬁllﬂzxa(f]‘ﬁ@i g %rlxcg{?at(e: aL lgmgze)lesm ?nc drrllton MA) were

this examg e were cultured in chemically
seeded ot 5 x (it Ftebitirt it Gt fooSomB] THigriose MA. ca
#3150) and giM@ iR CoRtainedicadase il PRI G consisted of:

Dulbecco’s mo@ M(Egyglgle s mer:gum I(:D&th q1 L{ucose 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

63



(Quality Biologics, Gaithersburg, MD), 4
wo 2007yl CilutaMAX (Giber) EE I., Grand ecrus2007/063301
Island, NY) and additives: 5 ng/ml
o, O P AP GRAAR 50 oo
flask, the mefQGIGE C(Pkﬁlpsiabel Bd@ﬂﬁ@hmlﬂgyl,semﬁkﬁnoldyer sterile-
filtered phospE> I@g Qc’red sal)ﬂe %a)@(a!i&:)d to tll\l/el meotnu er ar%rﬂen aspirated from the
(Fluka, Ronkonkoma, NY cat. #0240

dish. Cells Wﬂxc@dgfié?alé)l}elﬂkslit@ aﬂﬂmg 5 ml trypsin-versene glutamine
(BioWhittakef) maﬁpia mmﬁmnﬁi@ﬁmg%y(gi@men&k complete
coverage of tt% gla?éhyﬁ;l g%ltlgﬁ%gﬁ%é{ngg tgf{ er)}r;l{‘gﬂlz]a‘ltﬁre A§§oon as the cells
were relased QL FATIST LTSI CYYiBck SR Pl end mixed
with the cell ﬁ@lﬁJHMBHt&(Sﬁgmﬁlqleddg it@‘aelg H&%‘ch h[@m%@d&)n was
removed from erf:p!?( anyevle\{llll\/\{%(&ékeew W 0 O ntrifiy e

e o /ML Aseorbie acid (WA T‘fﬁl SRS el
were collecte JGAnean @ rryireib Sopiefline ESigymes. Cells were
resuspended a&tdllugm cMQx)m&n]of{}&gKm |cgiy1§1| R (eSciglrn@!OA micron

.. St. Louis, MO? To the basic medlum

P e ORI GRS ST W Keleleiarif donst of
3.0 x 10° cell il s CONditions Cils SetigldinigiSuinieht in a seed medium.
The seed med(@"j %ﬁ’fed& dlbgéri MQ&]XCQF%M&H}S F-12 medium (Quality

Biol o hy drocortlsone ES| ma, St, Louis, MO)
fologies, aﬁhﬁf%% Sly-BthyiEre g‘f‘;'/%llafﬁﬁé')dmand NY) and

additives: 5 né@igma rStmifirgy mld)grozfth&ugﬁmtmwkmlnology Lake

Placid, NY), ((§&9m§yd§&3r&§91g §1’gM9)Lo 1@41\/1%9/ m;l() * M ethanolamine

hydrocortisone (Sigma, St. Louis, MO). 3.
(Fluka, R"““‘Z?Y’S“g@‘fléﬂsl?fé‘lil1hx(§|@1‘ﬁéh°8‘f‘°’lz‘(fﬁf§°11‘9l@)&gma st
Louis,), 5 pg/@! Hgllm ishamel m@&rtlm (ﬁ;@{m& Siin l.S@b”iSSt Louis, MO),
20 pM triiodo }Wg)mg[%%rr?d@ li(% an 2% fr(l) I;rran] ?e!lcguglxgdmd Aldrich

processe emotoxyiin and eosin
Fine Chemica{p\f©) PA{lyiegipy: I@B%E@G?MSQ@@ 7POBG Pure Chemical
Company), 0. §L§/lﬁllﬂgof9£ (BQBI mwﬁsﬁ@pﬁd@nayﬁlgycme (Sigma, St.
Lonis. MO }/lSl{gI histological evaluation
ouis MO)- e B B AT TR S B BIRETG A i rgrosehere of 10

+1% CO, anPE Gstiemonstratet-acomparabhyysimi asduction
medium was Ml% c@sa &s@ggglglge %f B%E@E‘ g“ Il% mcémm (Quality

Biochemical analysis measuring the

collagen content of the construct showed

nearly the same amount of collagen in

both: 168.7 r 7.98 ttgicm7 for Condition 1

with PEG as compared to 170.88 + 9.07

tigieml for Condition 2 without PEG



[002081Figure 3 shows transmission
wo 20071@keCtron microscope (TEM) images ofcrrus2o07s3301
two magnifications of cultured dermal
piologics Gl RGPS BY AHE TRt Tend. ) and
additives: 5 n@@mdﬁto&ogdﬂlﬁmlﬁdEmp‘lﬁ.ﬁt)rzapmwoteohnology
Lake Placid, 1@9 %enegfém caﬁ' sngnQ 9 ycl nealg nlfl%th) 5‘4 ng/ml hydrocortisone
showing allgn anent of en ogenous
(Sigma St. L | Mgt Hibergiretmecf thek filrobladis ACS gude), 1 x
10" Mo pho%i@ﬂﬁ&hgxaajﬁn@(@g@w&mag Déf&@@ﬁlﬂﬂ(%ma St. Louis,
MO). S g fully f1‘ormed endogenous collagen fibers
TGS tig 5 AfraHOGRIGHEARE o 5 ovs
MO), and 6.7p@eKingi f0CR00A N -aliConditions, Bfithis:., Wi, 50
ng/ml L- ascoxﬁ?:(gm(mgl((srﬂ’gre%ﬂg}dgﬁ g g% %‘@Iz(&gﬁﬁgr]%%&me (Sigma, St.
|

formed comprise derma fibroblasts an

Lo MO L R R RIS g el

(PEG) (Sigmd] L$t|y<)ﬁ®rm@m@“agﬁﬂef iBFdS7 Iﬁypﬁ@kﬂd was replaced with

production méar Lgna'Qt %)qtrllg\xﬁlao%rggp 91? d Restn%§§v0a$ tf]eg fre%l !0 the cells every
Their fibrous qualities, thickness, and

2-3 days for 20 SRR LT Ry Aty gV tHE"C OMAttlet

[00190] mams&de&ablel strength te-al@andtdebemsedded in

moved frgr&geghe cultur

eela p :
paraffin. The Brmd 1xed sd cs Were em in paraffin and 5 micrometer section

membrane and handied as It IS
were stained {4 PrEfispREttonA AT IS ‘Destireated ottty used in the
art. Using u&h Qaﬁ@ﬁlwuﬁ&sﬁ&nMSa/@sr aftar t&mﬂlﬁﬁity picked microscopic
fields utilizin %m&plecef% FU" hlcl:clénn%sla 18111 NY) loaded with a
onstruct 'Using a"21 day
10mm/100 mlﬁf@}a'eﬁlgr:téb @mmﬁf@@ﬁﬁéﬁ Wlhmm The sample exhibited

a structure cox@@wcnakeﬂ‘;m%mﬁgallya%j"ﬂ@dl%@d&E QNS = 9 57 microns.
acc rd| % ne method of Condltlon 2

Besides endo nou ydju ecoSIIé%cB ée orin ;Exga}ﬁ)sal% ni%yc‘m were also
present in the%ﬁ% nwrmal human neonatal foreskin

epidermal keratinpeyics. ware seeded.on
the top surfage.of thersellzmatiix
construct to form the epidermal layer of

[00191] tk‘ &15&&@1}@@@15159&2011&993&;&{]11% 15‘1%9&!9‘“]1 using Human

Neonatal Fore>km§1br§) P t!i(b:day Xt rrnedm(ovglg frgrlp theT%umilretr
nsertand its surrounds RisrTar ninsan ™ v+

epldermal keratlnocg/tes were scaled up

to passage 4 front ffozen subculture cell

stock to confluence. Cells were then

released from the culture dishes using

trypsin-versene, pooled, centrifuged to



supplemented with 0.4 nglian
wo 2007¢¥ggirocortisone (Sigma St. Louis, MOJgixs2007/063301
10T M ethanolamine (Finks,
locally seededFE/xth ots (d)erlﬁngl pﬁlv)celie TOCTT}'\?FI population which was in turn
seeded with kgaphvasvh oty ethanblamirfe{ SigrivepyStidermal layer

over the cell- M'ﬁd M%;%QJI(QHL insulin (Slgma St.
Louis, MO), 5 ug/m1 transfenin (Si

[00192] §frstL uli énamnsﬁb;t aﬁﬂ f?FﬁgaidBThWﬁ%réial fibroblasts
(HDF) dcriveéﬁtpgmala@forb@m|§DM@9 s@led & memaling them at 5 x 10°
cells/162 cm? %gllg Qﬁ‘c&%@ggﬂﬁn}bgﬁﬁétgjﬁﬁm§dﬁﬂ rElerrowth medium

% a Aldrich Fine Chemicals

consisting of: @8 %%deﬁféﬁ k@éleﬁ]\%Mh glucose formulation,
without L-glula gt aiavine: (B demtﬂakem; Matkersvillel0% newborn
calf serum (NMB}HyQQonegL/()no aTor 1cs Clr o%tr? L%%Sj dnﬁ;l n%?’ Lt-glutamine

(Sigma Aldrich Fine Chemicals
(onWh]ttach%a[lheﬁsaﬁ? Mml |W&ﬂ Hé&cWFmrwlmsed from the plate using
trypsin-verserd QI RIG G (BIGRIBH Stml QLS serVA@n)or 1.0 x 10° cells/ml,
and seeded onpo M IEIOCTeO(I? ol;]ec‘,{zo l ﬁ Cet ee %I‘St!bgue cuftu\rc'éttredted inserts

Louis, MO) and 50 | ug ml nentamicin
<TRANSWE%G)I%W?WWW%MWWSHQfQ ﬁfsl 0 cells/insert (6.6
x 10° ccllb/cmg)1ADﬂZh%r&%x$tﬁMﬁ£§eW@E§1&wM 2 §17 mlm@ith an

idermalization medium for 2 days at

atmosphere 0§g+ 1016)’ in6 fci %s}@@délcnib@eﬁf? j. Eﬁ%tlg édays for 23 days
according the duays theamedium:was exchanged with

[00193] %§phm%%Hm CQIQ&QQ 9a§?qn§§1t WQS scedéd vélgspote of dermal

. returned to the incubator set at 373 | .
papillae cells TO sei% cé]cj;?ufﬁl'or? I&ﬁ%pdﬂ‘ffé?”fﬁré a?xija&?§?pulatlon of
specialized fitfli@.CAHEREORTRI RN @Mhﬁaﬂsmsl@tpwasmpon role in

the hair growt@%%gn a" ayc%n Seflgorlgtecgb;cr)mrc]rg e ng alrr} licles and
trays W|th sufficient media to achieve a

cultured in Vltfmlisdlgl %@Ft]ﬂ%?rfﬁofﬁédgqﬁfﬁ%ééW%re%ﬁ}léﬁhc Culture of
Dermal Papmmem&mmmmmra dexebdpPingss-o (1984), the
method of WthE)IJ;] 1%251 g}atgc} htelgc?n a\)Uh CllélLIL tur ntfe J;%c[ alee;| cells reach
air confactlng the top sur face of the
confluence ‘hﬁh@ﬁﬁﬁﬁ@@b%@ﬁﬁalel@yé Pnanwgasks to reform new
aggregates. DStratiflaation Q&zﬂé@ﬁﬁﬁ)iﬂﬂﬁﬁbﬁ“ﬁ%ﬁfm&r B a 4-week old
constructs were incubated at 37 I<C,
10% CO2, and low humidity, in media
with media changes every 2-3 days for 7
days. This medium contained a 1:1
mixture of Dulbecco's modified Eagle's
medium (DMFM) (containing no glucose



[00214]The purpose of this experiment is
wo 2e7a¢@sproduce a cell-matrix construct ftomruszomesssos
. buccal fibroblasts isolated from human
pie. Cells P SRTHSRHE: Blitean Welre ittt fry! conaining 20% of
NBCS until p:rsak% flasksrs DMEHVEcomtaiRigk08mal papilta-tike
structures, or a oTe g§e§ %anlclﬂ had ﬁgr%gteZan%X%aI (?y E eenr} to 210 microns.
the number of cells further, bucca cells
The aggr egatw&‘%&%%fﬂ“&hﬁ“ﬁ‘ﬁ%@é@@ clidpites pifpiene of medivm
against them, IrdkDO sfhaskSate4ih* icEd@e(”xS MTDME Mnsity of 200
aggregates per cm2 t%mngg 1toes%ver’>| Bul%r?d Qﬂ)mm ge or an a.ddltlonal 15 days in
cultured tntil confiuence at which time
DMEM 20% tieScel sveré haivested {00 218  Fory 2-3 days.
[00194] hﬂEV@ﬁﬁ&h&ﬁ&U&omﬁlmﬁiM B&)M&Q&Is thereon were seeded

rgt J m the culture flask. To rinse
with keratmoc e and culturg oI & COM lde al faver over the cell-matrix and
& monolayer. stenla biGEpRAte

the dermal Pab‘u*ﬁfe%di Satinerwas adﬁ@detmcme Bbttom keinoos
the second w1@§31§ @&hn@&&lw rl@orﬂ@l%l@ﬁﬁ@ Et}ﬁﬂo@r&p@f@éﬁgmd from

X | 9m theHﬂ}g.Ska Cells were r(-‘i-)lgased from
uman neona OTCRIKIT or

ﬁ;] Eﬁl i(% ddnﬁ)j ]grdl 0 rils & usm%ﬁ@) %toutgrowth o
establish primgrl pieirrvin €IS g W\hittadkeriniWatk ergvidd eyil passage 3 for

the pig strain, MQ&I@SQ&QI@OI Mﬁ%gﬂe@ﬂy d%glg l§ltg ngQS in culture, cells
ensure complete coverage of the

e e OOy P CUNTHS WP Yt rise T T e © o
a cell pellet, iipyguidetOrrids soonasithe oelts wer@cd on top of the
membrane at { @J@@S#Q%& mlcgt/ﬁf&ll—@gylb%qq Tr(ypeﬁy/’!m for PEP

inhibitor) was added to each flask and
o BT W' i ST SeHeTBH 8 SRy gt in Frample

2. action of the trypsinsversene. The cell

[00195] %%Q%%L%ré’\!ﬁﬁxf ?mphvggo (l?n dnyc]oesu'l: {g'oscessmg for light
and evenly divided bemoan sterile,

mictoscony. WEIWATCOREPTELE tHibed “E‘éﬂ‘é“Wé*}‘é’g“’a organization
similar to sklnC@H@ﬁiﬁddagbr&@mﬁrdfﬂgaih@mﬁbunded by endogenously

produced man%ppcr 03( en telyo ro d(?iéﬂgrfcglgagen, decorin and
minutes. 05216 ells were resuspended

glyc"sami‘l"gh?ﬂw@CfPé% A eiditm e corieerteration gfiified layer
of keratinocyt@ L LOGICOIS/ tihsandhseedead apiR:Outboth tissue
micron pore size, 24 min diameter tissue
culture treated mserts (IRANSWELC,
Corning Costar) in 3 six-well tray at a
density of 3.0 a 106 cells/insert (6.6 x 10]
cells/cm?2). The cells were maintained in
an incubator at 37 ss 1C. with an



nimt transferrin (Sigma, St. Louis, MO),
wo 20071@QspM trilodothyronine (Sigma, St Loetispszeo7osssor
MO), and 6.78 ngiml selenium (Sigma
construets oV Rt R EIR & TR E AR EE I SO pagig? pepills mainteined a
packed structivd Nwauk@&mW@lu@@smgﬂﬂ’ﬂvél‘ﬁ%ﬂwﬁ Differentiated

epithetial ctBHILVAKQ Ghemicals YRAInc.), 0.2
ggind L-proiine (Sigma, Sr. Louis, MO),

G Ay PENerTe {SiHa ™St ML BiE NI

and 0.05% poly-ethylene glycol (PEG)
001961 (BiHeyC st %‘?&m%f?ﬁﬁﬁ*[@gﬁ“?]ﬁww fprmed by
dermal fibrobp@St Seedingimediumymeas replaeethwith according to

the methods oﬁggHms E E%%,Ee@eg}égyon Medi a,
exchanged every 2-3 days for 21 days.

00197 Kelyiris oA & e Tt Fhrfofivatraror
incorporatingbbrhjﬁf@l@gyi (Thnesvsam piﬁﬁnwaifﬁ).l.lﬁedts from the cell-
matrix constrlrgsr errec%)geepl‘!r]egan ngggl I%%?Qw%o%grlﬁl (a:cteltgtgbuffer and 0.5 mg/mL
analysis. [OOﬁlSlCoIIagen production for
Proteinase K 19 A cHRATETET RISt ERatS ety Bratge wes incubated at
60 °C overnight] QrlGorREGONSHUEGT &f tﬁftlzawﬁiaﬂﬁ dB¥n and the
ure. Total protein production for 24

ult
supernatant e)gract wag transierre a separate'tube for hyaluronic

c'éd agsay. A 96-well
mm diameter constructs averaged 210
plate was couffiy VB AGEE AREP Vel irf EMBUHSO: soluton and
stored overniéM (2] m Qﬁle&al;lay thtin G}ahlbtﬁﬁ&l tfllxb{ Qm aglo, Naci containing
0.05% Twcenggll’l-‘maac' \Ifwaell(");vgp 1 tr[ lélcgg’d 9'50C Y lil:oll'lor%g)tsloshiilc{ne(sodium phosphate
construct of oral cormective |S§Ue,
bufter, 10 mghebved dovieeed FHDISE SUF GRSy and te
plate was inctm@(tﬁ&mi&% Q*Hél;ﬁi@@ﬂ%h&h@a&&am%& QMSS% NaCl
. h¥sical bulk and EXAMPLE 18: ‘
i OGSt afon O TS AR By b
and extracts i@tractingr @olidgen hatiicesi Sedded of e
conditions. Tﬁ%ﬂ%ﬂ @QBQQJ@@& Q@r“t%rr[&gg;%]agt\'{gg@) for 2 hours. The plate

e cccl)tltgpr»(,aparg;:-hd0 as fialllows_. Frozen rat Eails
A e vaste I ABE G Pats W FE R A TATI R fgynd to cach well
was added 50 PQoPhimintes! TRHe2tendoianbuhaiescwerEor 2 hours at room

temperature. 8Xx 9f§g\gasl mezga%egtﬁrgliﬁges IQ['[Q’O l ?5@2:] m@]rcﬂl%%n g 0.05%
hood. Individual tendons were pulled out

en 20 SRS et it S ity ™
in dilute acetic acid (1:1"000) using 250
ml per tail. This solution was left standing
for 4S hours as 4 C. at which point the
minced tendons had swelled to occupy
the total volume. This viscous solution



[002201Refined collagen solution was
wo 20ngp@pared by mixing crude collagen  rerws2007063301
solution wills 0.1 M NaOH in a 6:1 ratio to
piste v e P 26 T Hie St BER, T ARy hon weshed
three times wgol[giggendprecipitated. TFRiSeolutian wasas added 100 uL
of ortho—phengglgmm ggs@atclc?&@nr Pﬁppré?erwés I{H}I&l}a ;? a§ 31 'I/Q]C for 10

_ a clinical centrifuge. The supernatant was
s, T S HPEE B BT VBILTIE 6 gy wins ple
reader, the ab@g@tic acidd(d 11, 000) was-introduced to
r%%sgrl%rpclé i%e‘?lsm%e%?uc@ga%@ag;mﬁ c%novlelfltgdotg] quantity measures
was stored at 4". C. a.s refined collagen ’
Circular cell-lgﬁrliﬁﬁaﬁm(p I(Z)St@iﬁd“ﬁ"‘ff) mgg 1 PPoREffping media were
determined toCEHACRRAL aﬂﬂmWﬂ@m mined Mcﬂal@lcd in chemically
efined me 1wmne;[!1991 gr]: al \0,1\{ %!:) ta urene1 Ia_cg)wry, 0.H.,
st e oA 1 SR ane
@éﬁ@é"? ﬁl_ysjc_a;l j]:eﬁri@tne‘ﬁ@lrﬁ_i?al Properties of the
193,265-2 751951 armd Waddel, W. 1.,1.
Lab and Clin. Med. 48. 311-314 (1 95p).
00199] [ GyZ DR Et s S weres prepHretpin (coll-matis
construct), ExaGh AR Falco Eblbﬁﬁtt@ﬁhalﬂglﬁ&ly{é i&l@ﬁ&&&ﬂ, and Example
- which fibroblasts adhere poorly, Each o
e s ﬁmgg‘},“?g?ﬁ“e%% "6 mIBX I bﬁ§/§§ e infation
tests. These et b Ot et Calf SR, SFerdem inc.
Media, PA, aﬁﬂ?t&xﬂet%]ﬁl&%«? ihal'ﬂé, mlogf@,l @gﬁ@) but involve higher
pressures inch?d?nl Utljgsﬁ]l’esa n].cei tcr)l' 01 {n Ie flbrr';bozp la"ls‘;fs" ie cell-matri
suspended in 1X MEEBYE naaitim: fhg: e consret
was laid flat opf g hlesr Rt P it wyithy HhiEcalp i mm in dimeter
filled with noM@JMMi&f M@Qg}é@ JM@QJM{HE @@E%p@i@gg to the
diameter ofthNal'Cn)tl ?nclil the? Sdet a?lxlde ulntlldtl?e
fiBrobiAst SUSPERSION WASPraEparaRe o the block. The
samples were gﬂe@de@\paslﬁﬁrﬁg eftiamt inlisimoltamd eilsa syringe pump.
The resulting égﬁiﬁ@ QR rQJaQQH@%QréglwHQ&L@Q.q)ressurization was carried
fibroblasts since the gel started setting

o e NS AT P Ve PIaCE L fpmalg for e cett-
matrix constrip gutyatOn at B83hd CEimE 5IC Vi Hg for the samples of
the ccll—matri;@mmgg§e§&nwg %chéém!ﬂhtyy tgé %L%od of Example 2;

incorporating the fibroblasts were

completely set after6g)LO minutes.

[002231The fibroblasts employed were

human foreskin fibroblasts. strain 1519,

obtained from an Genetic Cell Repository

at the Institute for Medical Research iii

[00198]



[00225]The contraction of a hydrated
wo 0ig@agen lattice prepared according tedi@ze07s3301

procedures of Example 18 and 4

o0 194220 gphitalhiPigB70 T G BT PTBtSiH “Eregsypdim

generated acofrdrd e S:I0dsLPBituMan foreskin

[00200] flpJS%:Q!%}%E%He%Er%lamm]éérg'ggpbu%%} Qxeacpmlﬁf n\{\a’tre}? samples (cell-

4 determined_ Medium was changed in the

et consHiS G tHEFirst, FEBTH ‘ainfc ettt chaltps in Exemple 1

The samples Eherdiatangbtained @E&qﬁ&@tﬁdﬂiﬁs%& Mettler Toledo

(Highston, NMV J&Ifgﬂpntllg gc'a%%%% g&l%‘i 1(%6% EIT)?Ed pr[)%gct"it%%&nm?f For our purposcs,
lattice area In a little over seven days.

the melting CNPRERTTE mé}tﬁgy?dt?yépélrﬁég shyereriram 45 and 80 °C at a rate of

1 Crminute. SEMERFOIH AFRE COPEACHNR. EXAMPLE 1 2oc (n=3).
20: Contraction of Hydrated Collagen

[00201] LTah&?létuercs rﬁgftﬁl f'Fé Fé”rfttrfﬂ% f)éikhc epidermalized matrix created

using the pro@grcetratio N(QORE6{Thecefie et @f matix construct

formed in defgg&)&@dﬁn{; QQQQQ@E@NB@JW qlgmgbﬂity of the construct in
collagen lattices on contraction WO

S O 3 ST T TS0 U3 Bt mecs
was determin¢@ fticenwasidetetminetasdolowsdatibreeation for
Vascular Gramgﬁ@&? %%ﬂ@&%@slﬁglgﬁ%ﬁ%&&@? csrt%gtem (MTS
according, to the procedures of Example
systems Congoa U etiat Bath contained a different
[00202] concentrationxofpk 1oteimatR ot ARt tensile strength was
determined tof&rﬁ%}n% I(!qb slzi%p leéa'grte%dre tggg)pdi%gﬁgiljgx’a%pgg g(cell-matrix
FDL were employed and medium was
consiruct wiOCHEHERSA* GAHES fotiRT ey {00227 The
[00203]  dataobtainscargnpotecindit «4Whare xample 1
was 0.14 N; f(!!': t oasen prpp%'e%edc%gdgxbgatg E)ba%pqca%%%fl\!attlce
contraction varied inversely with gel
(002041 JfeteirrcoreEntration PHemaitide’ anidgve boen made in
both 24 mm afhl mmnﬁdeﬁsfﬁmsWBMaMy EMMEgL&ﬁmiques ofall 3
methods are cc%g'eivcEtﬁs%g 1koe fbtrl}ll ltj I;nst?iecl;a(s)l{ Ce—l[cl Sfo?rg th bre ith
Contraction Of T—|€ydrate¥jp &l e mempine

minimal foree, hence “peelable”, and able to be physically handled and manipulated for use

and testing without damage occurring.
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[002281The effect of the number of cells
wo wo7n@mscontraction of hydrated collagen ecruszo0763301
- 1Iattic:;—:'s was determined as follows. A g
e 1 R B R A o Y it o rorsin
containingbER0n. mugdn] efufos oteim "H"
were prepared according to the
[00205]  procedure 6lExdinple 8 rddumatsing the procedure

described in ﬁ;%@b%'f"hf lp\lf:gpl@ﬁ;%s%%@ﬂoja%&]n%mm%g%f 3 % 10° cells/ml,
employed and the medium in each of the

and seeded on to (I)O txflécrorw%gs%ﬁ éé}fa%?jaxirﬁt?ﬁléqﬁ.ﬁ?lam treated membrane
inserts in a sx@@vemh apdiienth daysis[00R2Cemtrals. Cells in this
example Wereveﬁ%ggd%m gqe&em&mgu%ﬁu? were

|

added. In addition, four series of

0061 RBBHHS WerEeTiat THVWRIEH Nty 12 mesom
(Quality Biolagidfytiersvof callsswrrawadde chiskhe d ataud 1siand, Nv)

and additives: Qm%'ﬂl rgan reg)rgalgggplc!ggmgll &;owé flactor (B'pstdte Biotechnology,
each point represents the average of the

Lalke Placid, oGt AL PGP RS AT F BRIk TR pEE @, ot #02400 ACS
grade), 1 x lOD@VJﬂB@R@J&H@nﬂMu&ME} @Q&ﬁsﬂﬁ@)thﬁ&nl transferrin
(Sigma, St. Lol.m%OZ%) %Ashquxl F%}lgrl(lénéféélgtlae&ar?]ou I\é?)o d 6.78 ng/ml
selenium (Sigppdigrigidih &lkenicah effeet ofithecrate §fng/mi L-ascorbic
acid (wAKO laLHEE:CORtFAGHON LUt 1. JHEIeNGe.i0 vo), 0.1 pomi
contraction became less significant as a
ghyeine (Siemg TS SRBR O time. Lattice diameters
To the fgp rgdichee acteommonnsvial kddwin besr fonrate
concentrations above some MilliMUM
value. Below the minimum value, the
S rRa Bl HR b e N Pale b thtegortisone (Sigma, St
Logontractionantcel sycinbes was., st. Louls, MO).
- e
LogpiMfract for 24 hours. These sparsely
5. vRRuateddattices Jagdedswell hehind thesim, s
. mcﬁe densely populated ones throughout
“ti&"Beriod of the experiments.

[00207] ExAMRL BEr22r Gontrastite-Capacgitfyii and cosin
Hydrated Collagen Lattices Of Cells Of
Different PM _ 1002éllThe contractile
capacity rnhydraled collagen lattices of
ce o di population doubling level (PDL),
that is cells which had undergone

Conditions:



[00212]Control cultures contained no
wo2n7ieetla in addition, a series of experimentgszeoriosssor
with cells of different PDth was carried
staining for h%’lt Tlcfﬁﬁﬁ%agﬁtsﬁe\/ dsa Iahl%% Itcv uétllpen demonstrated that the
Condition 2 lqokapteff b k4:@E tprpvhibhie&chapointondition 1

containing pEHE @Eg‘cﬁm EQ%@M&!&Q&h@&‘i%&%ﬁ&f@#ﬂc construct
lattice contractions. Deviations were e |

showed nearty, e WVEITY Y CATDE Bt CailStep g Conditon
with PEG as Mcﬂ&hopefﬁoﬁwﬁzas weltias theseaf. conditon 3
containing hi level gyl‘ImPDL hurt Cgllslos Of the%aShOtlg PDL n of mat
eM3vere UnableTo Contact 1atHGes &g pression of matrix.
including colleggyRim MWmélfmte EXORNPloEEffe cBofies
cndogenou%lyg'y(mga %%Qoﬁaggnicgﬁpﬁ@ glycgs)atn%”l% Wre also present
Contract A thﬁglrated Collagen lattice

in the cell- mdﬁj(d%tzlﬁsﬁx étlle ed& Of %cullﬁv];l %16},;11 construct formed by the
method of Copyt@chratesSinBlorsthe icdpacityofceligto2isa
photomicrogr&)@&q @% %aﬁ#g (ﬁl{;@gegqggag)%ri %I&gn\é\(ﬂ%d section of a

determined as follows. Hydrated collagen
coll-matrix copSREBEHERR BYEBArEY SEEORG g chemically defined
medium at 21 Exarmplerd$nwiich epntained aditeind below the
construct and Illt altll gqggﬁl(ﬂ t%fcélzgomyﬂg wdcf 'Rl[; orpegbégne and do not
(human foreskin, strain 1519, 19th PDI.)
envelope in infeg S REEREPAIGI T the cultures was
[00208] 5i@utimes:s ’rftﬁlﬁpval O blotiak (TeM) i images of two
magmﬁcatlongéﬁgﬁ: bc%l(%%lg conq Tuc o@ggg% mghag k1”4‘/\(411[2{1:[1011 2 of this

and medium was changed on the fourth
Brample 2t 2 4t ERgith Ay oD DR Glstd Rt of sndogenous

collagen ﬁbcrﬂf@v@lﬂﬁeﬁ‘(jﬂdﬁl&i@naﬂd@ a@@a’n{rb@iﬁﬁtﬁ)ﬂ of fully formed

endogenous coh‘agen%ncc? rplgrr{sat'gt%g f%rll ax tt%gnbe%! 9% pacKing.
completely blocked lattice contraction

[00209] éwr?o&thtlhté qfé]]aﬁvéxwﬁ h}lgﬁlre@tﬂ dermal constructs formed
comprise dern@OTEGRE AIGRIRIYNOYBE ced 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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EXAMPLE 24: Effect of Colcemid On
wo 20071@@llagen Lattice Concentration PCT/US2007/063301
_E&002361The effect of the inhibitor
be treated wits VTG GH B EGTEIH Bltfce contraction
was determminedas.iolows: Cultukes:
containing hydrated collagen lattices
[0210]  prepared-acoertngdothe Pregediresiofvlasts under
chemically de@é@mﬁ’ lt%n‘lgcwmg Q IQJ@)I(D 0% g ?dltlon 2 (without PEG)

.mmglin | of Proteln "C"O 360rd eolcemid
described it 8 AL 1 BHCH B B S EXEp T kerminoeytes
were sceded dif 1R ©OALEOIS WHHEIMEBIKARREIIOM the epidermal layer of the
skin construcic0/C€mid. The same number of cells was
added to both test cultures and control
002111 AT, Hh ety SBeh e prote e d i
surrounds. NErH@ hufaASiGRRA Mtﬁﬁﬁﬂi “Mcéﬁihb R QL&@ 4 from frozen
outstri the performance of
subculture celp%clg‘ t(é gﬁg Vr%éﬁ I?glé]%etrﬁ Fc;n Drgl_ easelj? r%rr_netget ce (gl'ure dishes using
trypsin-versenééﬁgcpa@gé@gﬁ@(ﬁﬁﬁaﬂqlé)ellgtﬁs\lfﬁﬂi_ed in epidermalization
medium, courkb@tr@ ated &@Jﬁf His-eleay atbl@&]&l@&eﬁm i@ cetis/om’. The
constructs Were?nnl%? Htsec?d t% reqw%ge the {‘a/t%Oandll hy
Sxtent 6t Contraction of the 1attices o™ ™
keratinocytes f& XifxM| P@Eh@ﬁc@ﬁe{;th@tfo@y}@stﬂesubmcrged in
cpidennaiizatAxr @QIBQ Sﬂﬁl%p@cﬂnggugigr%mul'n‘?st&%%oscd of: a3:1 base mixture
Contraction By Cells Of Different PDL
oDt et SHOGH B D CFRHBAF P i o e
BioWhittaker mﬂQ amhinosicivl Dﬂ:@ﬁ@t&dﬂn[ﬁiﬂﬁﬁ& Gaithersburg,
MD), supp]cmcé\rggm@hcy gr&/li c(:i%lclc?rtl?ofne Ier ouls !NIJ)?V 10 M

was tested as follows. Xitures
thanolamine (ki Rietigef FTy dPAte o 'EoHagePhaptie@golamine (Sigma, St
Louis, MO), sq@mmmg;@memazcmm A.CANGRALEAEOR., St. Louis,

0 sna.ghnl w repared. Human
MO 20 th%Orétél fﬁ“fgk%é‘ﬁﬁagstléogsthrg n%%ff“@ﬂ G TG (Aldrien 244
pg/ml adenine]GgheRDIchgpdFEmROVwWwereVddded 1@). 4 mM L-
glutamine (B]MQI@QW%@QW!@&QQ/@ Q-Mttlg§ Iggum salt (Sigma
Aldrich Cara_blr]cgsnde and test cultures containing .
reh Fine CAgpSE&RIAbINo&Ie "Daf4 S htdiacs aree St Lovis

plotted in FIG. 8, where it can be seen

that the 47th PDL ceIIs outperformed the

lower POE cells evén though they were

fewer in number, In these experiments

cytosine arabinoside was used to block

DNA svnthesis and thereby keep the



K eratinoeyes [00238]A hydrated
WO 2007/1(g@s}|agen |atticeparmg to the'es of PCT/US2007/663361
Example") 18 which contained 500

MO 1104 SRS BRSNS T e
(Amersham, Ao Iﬁf@ﬁs obtain e&isiﬂc@vbfgﬁsyeweﬁe epidermalization

remoy, I%r (;Q]@/Ogglture plate with a

medium for 2 dayq at

utlon of EDTA and trypsi The
[60212] S‘Lfgp”eiﬂ‘s ibrrofugi Wg;|gc€eﬁ@ VW §esh medium composed as

above, and re@ERIHTHGRA LG REllt.the Gells, REter WHICRs ., e 2
the cells were resuspended in culture

days, the comiph M BHA tHER HAFUETEEBITTa B (Hrne ravs
with @ufﬁcxcnhyﬂlﬁ&t@dl@@"agﬂﬂemattbl)hcsefﬂteﬂ)fday&ler membrane to

maintain the d@f&g}rmg, c%nﬂgg pt‘%%; Ff‘ uﬁnp r%g bﬁa p ir contacting the top
introduced. Within three days, the

surface of the I%’é‘?ﬁﬁ W&&Vl"élﬁglfgoﬁsaﬁ”‘éfﬁ%}&‘l’fé &e@ tfﬁl@l layer. The

constructs WeJﬂEﬂl@)&&SHbﬁrﬂta (Eﬁﬂd);hﬁ PROGRISS), 1 @f media with media

changes ever keBtdatlbn Io%atlaon be%grl]urlnecgigiplg E(I) }Dngture of Dulbecco’s

B ’ ation 5? an impervious comium

modified Eangq WW]F%@@F\?&E o sarera m aﬁetrb?ioWhittaker,

Walkersville, m,arﬂ§s@f1@ﬁ@@@m@pﬁ%@p&aithmmmg, MD;),
EXAMPLEvo Studies With )

seplemented SR G UIvATRRE EIMBISY IRy GLiNgA Bid

ethanolamine Skika Feibroblasts)and OKEm{mmeﬁanolamine (Sigma, St.

Louis, MO), 5[ Q%%%]l%lglngIQWOIm Sl\){%?rSe t/?‘nkt?agqfferrlmlbma St. Louis,
gumea pigs and derails' was separated

MO). 20 pM tjftpitespities. Surgiealfy: DEmis e (Siems Aldrich

Fine Chemica{sj @ﬁﬁ?&x@tﬁq %X&Q@y FS%L[M }\%th %ﬁ%gﬂr{lompany), 4

cells which were plated onto tissue
M L-shuam g P TS e BN ty Bt i
(Mallinckrodt QI @AM, CelsHom-eath., st Lous, MO ), 1 uM
roconherol acEX (Serlmgtntal an})mal were rown in Louis. MOY. 0.64
Pherel e S parate dishes <o that thair iderntity was™”
mM choline cifipéis (fipedSt TIgSUES werawhageuiimNtr@mersham,
Arlington HC1Q\Y EQ{WAQ&IEQ%@%@QCqu @egrQQ !i(@gen

lattices according to the procedures of
[00213] é%?é?l‘ﬁﬁ?é“i‘g‘i&%’t?@ﬁtbélﬁ‘?ﬁ)fBVﬁwﬁ‘dfﬂﬁﬂ@bfﬁgt‘? construct
was lifted to tif§ @mmngtﬂdﬂ@ahm@&ysﬁm®‘@fptMSmg as described in
lattices, after contractlon were plated
according to Example 26 with epidermal
cells or keratinocytes taken from second
biopsies so that keratinoeytes as well as
fibroblasts in each graft were from the



dermis, collagen :fibrils of the graft were
wo 207ndmterwoven with those of the surroundiagszoormsssen
host Tissue. In histological sections, the
Example 1 t°§?téfﬁ§‘ecgﬁ’ﬁﬂd’lﬁﬁaﬂfﬁﬂﬁgﬁi‘éﬁéﬁ*‘ﬁi}”’tﬁéﬁ PRty construct
was a bilayer filr oblast eoltd ensity: anchinyth@st@eeREhal fivroblasts
surrounded b)d rgagirxeogcgai:dl%gfr %fllil ngce?d%rma?ls er 01[]1 tp g{ % anx\g Hjercnﬁa‘ced

. that of surroun mg s in when viewed
keratinoeytest e i psratis afishirierostopen B Feve 4isa
photomicrogrt OB Efi @Eﬁiﬁt&m«ﬂﬂd’@w d@ﬂtW}tﬂ @m@ﬂ IS section of a

cultured skin construct(;orm rX ch %ﬂg m\é\c,hg in thc a sence of cxogcnoui
epideimal ¢ ayer eratinocytes) m

matrix compepes S e JFHW}?@?W&S%@WWH @u@r@d hum«m dermal

fibroblasts in W&mclh&t:ﬂtcthl@i1@g}@t@@ml‘h@&g(ﬁh@fgc“lé“@%ldcmm
formed from cullggg. hal Sg Ebdatog € ”Il] ahl WOILIJ nddf Cod ntrélaCtl on
was inhibited By the presenca prine™
Examg |- éqmtv’alfé nEgrefejudtasitisrw ferediproblasts
autograft is made. EXAMPLE 28 In Vivo
(002141 Stuatieg Wittt SkimEGUivalert Efmpoyirmgret fom
buccal fibroblR@ kR lAST She R @K A AR ELRIASEMAT 150 flasks in
Cell rmation of Denrud-Equival
DMEM contararﬁ é% f CS rnﬁca(.%]l%l éfﬁ)eé ;/ dﬁyq t0 ex aﬁ% %hee rg]lﬁlél]er of cells further,
buecal cells wefeftvpedipiontara e tit 60 Tk awit suf) s in DMEM
containing 10‘/’:@@@@ %Eﬂlsm EMQL@% GFEW0 !af[tvx@itﬂ:l:lge the cells were
fragments and populated the Lux tissue
culture dish, and after 4-7 days, the
1002151 fiatpreritscdete removedmarnd tiscarded flask. To
rinse the mon@!y&r %ﬁi%r&%gpggsﬂgw&a;ﬁ§mJ\Q@&%M% onotmm of
- eul ﬂer or more plates were allowed to
each culture flask an égea ir ate%lfr% the fbwk& aC léwﬁré gﬁgied from the flask by
adding 5 mL tomffkuieqnt catwih r@hwmgeth@ameﬂslmmo each flask and
gently rockmgr 5 QHQ%@QnQé(e erg'igp(% We M!)] %Y%lﬂres were returned to the
washed, and thereafter Ctg)ropagated in

incubator, Abﬁ% §useth%ij‘hﬂ, ée ffgézieélg HA BW (Soybean Trypsin Inhibitor) was
added to cach Batime sikOvstipdscelisonerer neededforoypsin-versenc.

The cell 5uspc§s%g Qagtq}r!@légﬁgg rllte! Eﬂer'g%(dc@ 099 M19¢d between sterile, conical
equivalent, and an appropiate number of

centrifuge “’bi?eﬁ% WSS LRI PRSNGSR Ol Qoo x & for 5
substrate with trypsm after which they
were suspended and combined with a
collagen solution, rat SeVLIM, and
tissue-culture medium. Collagen was
obtained by extracting rat tail tendons in

harvested.



[00243]Skin-equivalents wne grafted to a
wo 20071{@rge number of rats with the followingrus2e7sssen
results. First, by 3-5 days after
implantation, vascularization of the grail
[00216]  hath hegumeand continuedirapialywithinos 3.0 x 10°
cells/ml, and J@%QJ&%% ZQE]J]%QPQ@JQ&@ Q%%)UJ Qx@gf‘ ‘r§§c Cglrt-l],lg 'treated inserts

with few exceptions, the graft inhibited

(TRANSWENg o it BStFACHTON: WHEH' tHE gr4ft figlg cetsinser (66
x 10° cells/enfn @Bl ithepesiphery ofinoemal SKinc with an amosphere

of 10 £ 1% C @ d-lr%‘?? dEthQ)% yr%ﬁa %E)gagee rg I;glmqgamsF 12
the limits of the grafts a procedure which

et Qus B (R DA WAHP S 6 e Crnd
Island, NY) afli Eﬂtﬁﬂ&iGﬂMﬁLﬁm r@fﬁﬁnﬂl—thﬁd%ﬁ@fat\iﬁ RStor (Upstate

10teCnnolo, AKE n f Wg 241"32:9 {%%38165rcu‘t0u1q X
Biotechnol g%%gg %E%%ébgi G b Sy ouis: MO 1 x 107
M ethanolamipn g hdves bieen HUe e HAdETuste inftial o

phosphoryl- et%M@x[@&%g%@Qéﬂ@%l ?S]é,‘fh‘{ﬁ Qﬁlt(@ﬂqﬂb? Louis, MO), 5
epidermis, to dislodgement of the graft b

ug/ml tran@fcrfﬁl ésﬁ?ﬁrﬁt Iror.bsr I‘%))f 6?_%{{]8??t8rfoarﬁc (Sigma, St. E/Ouls MO),
and 6.78 ng/mnadeqm lattieerwhichsasadunatianee, wo, 50

ng/ml L- dscorg c? (@M@d‘gﬂe%fcgh%sqoﬂ% Brep %apl:(lpnc (Sigma, St. Louis,
used [00244]In one study of thlrty one

MO, 0.1 el e SXBHINGY it THE- iRk e eiveol PEO
(Sigma, St. LdDANAAQge was removed (9-14 days),

[00217] Sﬁ\éeq ]’I)QQ slbccliil:ed V\é%ynrxlvgg %glgctecﬁ' Wll:h élerum Free Production
completely, fifteen blocked woul

Media, CXChaWFg&WW ?1%65 0‘}& W]esdaﬂﬁ were fixed in formalin for
histelogy. T htWﬁﬂﬂést’reﬁ b’rﬁ@l@&d Hrcbyl @Q@o@fcmﬂ&ayms
[00218] [quo‘c}ns Io u@rg)g r%rg%ig Irgft}/rut}/svg/e aafg% ug per
wound contractron was
construct aftcrl éla%}[smygrgﬂ/ @fl ﬂr@rg‘aaﬁgt}on f01 74 mm dlamcter constructs
averaged 210 [@9@&6&1&1@@% hd@a {HWMQEIQ@@) the buccal
showed a decrease in size Wlth time,
fibroblast cell-matrix construct, a culfured tissue construct of oral connective tissue, showed
most were’sta fz be S|xfy ays and
buccal fibroblpyty presoppéade yejeieteds Grafts. of ¢argef$rz @hysical bulk and
integrity. (approximately k_iimes.l 2 crn) with good
epidermal coverings, effectively blocked
wound contraction (75% or room) and
took well as replacements for burned
skin.

minutes,



[00247]Grafts persisted for long periods,

wo 200718a@ longest having been in place for evers:o07ms3z
0 years. [00248]In addition to becoming

EXAM PLE\)\?'eTr%gieﬁcré?ﬁlg&’qmtﬁ%mﬁ?émrﬁf%ﬁ@Ilagen Lattices Seeded

dermal equivalentuneeraent

considerable remodeling during the first

[00219]  fewimonths-after-graftingd Changes:iritSils from 450

g rats were %EGH%W&W%%%%%&k}){e%%mh@&m%e excised in 70%

~ birefringence of histologic section ktom
FOTHR @ LR o0l HO AT tEE tHa Fhefficendon sheath.
minced and p¢hibiteebirefiingenceshy onea weekraftehtion was left

standing for 49 ngy:sl Qg" Ca apvnl%g gomt%xrel %Qlcgﬁgngglsgg\{gc elcno occupy the
granulatlon tissue of com parabie age.

total volume. (R ey e & tHer Bif effifftfeted’ ineremdiserim L
ultracentriﬁlgjbmaﬂﬁ’iw Ml&)ﬂﬁnthm}ﬁx ﬂﬂ&tﬁaﬂeﬁf}yag@ﬂﬁfﬁuyd stored at 4°.
C. as crude co\ﬂ{igc% §Q8tt109@%181§ .tp? baSi.(eF-Weave
configuration characteristic of normal
(002201 isfidgoliovvevier by terrderksin thelizn soluion
with 0.1 M N:Iﬁ@ﬁ&iﬂ@ﬂltf(ﬁj@ﬂaﬂh@g &&h@c@f@ﬂh m@@@lagcn
Mmal tissue, the basketweave pattern |
begun 1o dévelop. [0D 24T V4 S the! ccntifuze
The supemateglyitd dirprifis e rire pHiiesofdrt eiemit@n 000) was
introduced to %@lﬁ&@ﬂ%&@%@ﬁlﬁ@m%&&&%&d@ @Wreﬁned collagen
thi'%lger than adjacent normal tissue.
efnongﬁ'ues or pegs or epidermis were seen
o221] Fenetratingtheddrmalceguivaténtof Lowry et al. See
Lowry, 0. 1., koSt@ENAINY s fer.aperiot.RfiSeVer @k chem. 193, 265275
(1951) and Wrydoln\'gvh?,Jth% e? iC(lj_ermciis apP eared
Jand W hewhat'S&siely  Shd*the Uniaf had a
[00222]  redisghvitinteBycaboutsthresimonthisogica dishes to
which ﬁbmblegt@ﬁ&e"}!é_%ﬁ‘? %9@&@4}}% pipkish MEC‘BQ! Ol medium, 1.0 mt
resembling normal skin of the albino rat

Pt s A BKIHG R A RHEE O Sealffédg! rovise

suspended in Yevgisted-evenitoiseven monthsiwdielve volume of
McCoy's medm!,gg&'pﬁd%@HMntgt Et!?e %Qﬁgert]ig%bgjt suspension was
seba.ccous glands. EXAMPLE 29:
prepared. Speqdy Péblapgﬁﬁﬁl 8%@@%?&%]%?%91%% solution and fibroblasts
Contraction of CoIIa%en Lattice With
Platelets [00250]Outdated platelet
concentrates were obtained from the Red
Cross Blood

precipitated. '![h‘lllg f;

solution (Prot



Center in Boston; Mass. Rat and pig tail
wo 207nok@ndon collagens were extracted as pCT/us2007/063301

, described in Example 18; pigskin oo
since the gel @i SR WL Shippiied By 5 PAUIERAICR <™
5% C0, amosgiethel BhimerstyBurnsotnstitate GfBostery,completely st
afer 10 mnue@d t€logen, a bovine collagen, was

obtained from Collagen Corporation, Palo
[06223] ,&I’fd‘"}b@ﬁﬁ%‘ls.c@%ﬁ’(&?@éﬁ%‘B?ﬁ‘é&rﬁg’&ﬁ’&}‘igﬁ?ﬁ‘i@é‘ 1
obtained from@le t@rmi nediusingrasmodification of\Ml@al Research in
Camden, N.J. %ceqyc]ecl)lgwg;fe \g!r\é%ggg rlﬁa1§t§1§ed\/i¥ %&?‘L’ Sy%'o‘a{a;d medium with

Lab and Clin. Med. 48, 311-14 (1956).
20% serom. pejgedlifotifrifta @B OY et Was TirgiTegip: e M1
Cell Culture Mp&@d%&Zﬁéﬁﬁ m[@.@fz Eﬂlﬂl-ﬁm@aﬁﬁjﬁﬁlg level (PDL).

ncentrate, conce d to 60x

[00224] Cl% measure 1a%ce’ dlamgers Eluy_gsgl%s were placed %%op of a transparent
obtained from the Red Cross, was further

metric ler oxsshitstitzted] eIt atien o mbiained by shning
white light hof?ﬁiﬂ“ﬁ&@aﬁ& 5@@g§pfﬁd Hls@.@olﬁﬁeﬁ)éas Zere well formed discs;
and minor axoprggs kiRt Eetitrifeiged an additional 50
minutes at 1500 rpm using the same
EXAMPLE I?O%ﬁﬁ%ﬁé@ﬁﬁ% Tﬂéfdmté«{a)étgen Lattice By Fibroblast
Cells Supernatant was drawn off and used to
resuspend the platelet pellets obtained.
[0022s]  [‘hecalosobute:plateletiooncentsation acording to the

procedures of\é%l;h% e Ig%mogtggngm%%@%potf P%tmecnﬁ)qs times. 10.sup.6
depending upon the platelet

human foreskis SheRRtr 4HONS i ThEPhIBB BT tefiterg:s changed in
the dish on thbﬁﬂt,&lhlﬁﬁﬂf@lﬂ&f aﬂom&aﬂm&wﬂm Ro@AGHFIG. 3 which
indicates a 1 lg)fg derer‘érpt%rr;] gf%'t'tlec:etgraée‘? 1% gl_i%g Jv@?sel\“fle%%ayosf \9191% one day, there
or pooled samples which are
had been a seysrfpletitratédtahd then diluted. A Ix
platelet concentration is equivalent to the
EXAMED &b RHFTSH ORISR 4 ToeHAf Bferen Proten
blood. [00252]Platelet la.tnees were cast
[00226] b'g}ac(fgf,ﬁ B}i ﬁrﬁﬁedi1 fﬁ“écm‘1w ﬁ&f&??gom%en lattices on contraction
DIVIEM /.76x medium, (Flow
Laboratories), 1.5 niJ78rat tail tendon
collagen, 0.25 nil 0.1 N NaOH (the
concentration of Na01-1 needed to
neutralize the collagen varied slightly
depending upon the acidity of the



WO 2007/1
wo 20071@F65PCT/1102007/11633111 [002565kAss2007/063301
b attice 2N tbe seen, 1I[he reaction is qune rapid.
of the latiee K & pTAtE & oM Bt AT 67 Ik Birgngprrerarcd
according fo f thedbotal haidiwhichrniil be ®)¢pﬁ8®$i€ﬁr
concentratlonr&aﬁot«valk%{n QJ%&OQ&JXQ@‘OM! g Jggry 15 @ftlggl PDL were
casting of the lattice. By six hours, the
employed ang BTG E BEEBHTM cBimplete and
[00227]  equikibrivmeis-attaiedidthanis,Re fudR@: te rate of
lattice contraItllw Qalr QJ%§§%§ VQQ% ryo elctil cl'olpcg d.tl()no 99 at 1ce drcas
of 100% humidity. At this point, 20-80
diminished aximpinifiitial fluid volume has been
EXAMPLEEX|FGSSE dufremrthe lattice oathr m@dtcd Collagen Lattices
precise amount depending upon platelet
[00228]  ane-golldgeneencentratiansiands@meth@reen lttices
was dctermm&iq§¥(lngzm%gll%£p o%/h@grgela ﬁag 1a§1£9rcoo(r:1t§mm 726 mu.g/ml
of platelet lattice contraction resulis in the
ofProtin RS ARG t5f & s S e rBieyalEreg 8 Human foreskin
fibroblasts, st ailveklyehf@hytﬂﬂﬁhle siren QMCEW[ﬁQ was changed
in the thira, VTR LT gf a collagen lattice cast without
platelets [00257]When thrombin is
[00229] |ﬁ&t}[ﬁéﬁriﬁﬁtﬁ%{e€:§§ﬁﬁbﬂ?ﬁm§tﬁF§ it [yaddition, four series
of expeﬁmcnﬁsuﬁ&@ieiﬂmm% Wﬁ&t@t&&bﬁ&i&&hﬁm obtained are

plotted in FIG L cac Ev%ﬁirtnrcgyrggegg ?\16 yellgglg(e Xf t% contraction of three or four
|nd|cated by F

lattices. Devx%gga@n@q@%@meé}@hwﬁﬂhngmﬂ o).

00230  propeidies somesbat different. M IR0SE of tatice
contraction buf %m di Itqglfltclg:rﬁratcet nnsblle Stlr en )tl} belngf
SomeWF] Tess aﬁ)d ﬁ:csd ueis signt ui:antats & function of time.
Lattice diamefesi ggapoatfistrsiterstrenty thmivals: rreasureditioye some
minimum vahIé( mg@ﬁamﬂ@ﬁgb§§ tLQ rg§§kéﬁp%gmm!ﬁ@;§ttlcc
contraction dnggﬂ casting anotll mec?surlTr]lﬂg breaklng o
e TO02BEITRE Fate 6t CONirSEHaR fofmes 10sup

cells did not b@at@@ﬁr}i&mc@gqgs rékaded 0 threlated lattices lagged well
behind the moQQElQ@}THJ@HQE‘oQt QJ@E@JQ'@G [J&QJ @@%‘QQ&Q@M

platelet concentration speeds up the rate

of lattice contraction and results in a

lattice with proportio7r91ately less fluid, as

can be seen in FIG. 10. EXAMPLE 30:

Effect of Pro in Goocenti‘ation And Type

on Contraction By Platelets [002591The

effect of protein concentration and source



[00260]As can be seen, tnerea.sing the
wo 200m1@@Hagen content of the ca.sting PCT/US2007/063301
tnediuraareduces the rate of contraction
EXAMPLE E Glratititrsioftit Ekp rakead ipg¥gels Of Different
results correspond ganerally to those
obtained when fibroblasts wore used as
(002317 the contractileagent{00R6dGaHagen o different
population dotﬁ;)g@ 1&@%}3@&%&}9& ?glg lec%c?x!ajor L(L:n%esrggnrpcgfl‘eory&%mbm of cell

o functioned similarly. except that elope]]

divisions. wey {earpaie 28 GHTY EPABI FEdE T sTdta e tlsen latices
prepared accogDRts@CHORthar collageairomitherath@k/mi Protcin

o Mt saurces. EXAMP . Effect of

- MCdmmP%ﬁ?&?%%gngl;%ﬁﬁgl}sgﬁﬁggnﬁ%ﬁ ‘Colcemid

002321 SepeisHtracastrorCelideEfitattiess Byperments with
cells of differf b1 [0QR262FT he effects of the inhibitors

tochalasin B and ¢ mid.on the,

s O e e e yene
average of threcisl Sy atiesdorrdisvdete rmiried! .0 mm. As can be seen,
cells of the 35mOHOWIHAIEHINE \BE NIA! PIRCROEE SO 1s of the 50t PDL
%@Ie 29 except as follow*

were unable t E%(a ttices at a commensurate ry
100263]CVtochalasin g (Sigma
EXAMPLE%E %chltc 0@@))0319193& g)nrparlglcgy (%%E:gl@"fo 8<anérﬁt A Hydrated

ammceuti cal Company) were a
directly to the coniesntréited DMEM
medium to give final concentrations in the
00341 SARAeICE VAT Or 1D Freuhg TRl to contract a
hydrated colla@::ﬁatmux.ag Hndnies Qmeiﬁdmtﬁll%t@m@ﬂwm prepared

according to E@!nelplp lgggg igntlazirllg% a l;li*grlrg"gocz 9{?{1}@ ?7(? ?‘ngg%n% Fibroblast
seen, lattices cast wit latelets intheé

(human foreskﬁrég'@ h%é b@fhé’%eﬁﬁ &lEf&ipption in the cultures was

5.0.times.10.sup.5. 10.0 .mu.g/m! 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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failed to contract. Colcomid, on the other
wo 07idy@nd, had no apparent effect on lattieerusze0763301
eosin-action; fins was expected since
FEOIEEmid s RhGWIT to havEE A b feapaTton
002361 th}g afpilit thof héJtmap pldatelets th contract
‘ fibrin clots. Cytochal ash) B - on Hie BHser
determined asidipieh; Stabilizesthérdisdoithshages ofpared according to
the procedurepclaéﬁlﬁJ-@ 1@@er!ﬁ)éﬁm§7@§§9gg@ﬁgem "C"0.36 .mu.g/ml
lomid formation. EXAMME 32 Rabbit Graft _
sl s 5 B8 SR VATB S FOMBE T i
The same nurfpyrcif et e ol aigentlatticesccontractedudy, and data
obtained are 1&@&%!%1@ @QELQMQ&%QJ,%I Q{tﬁﬁ@ﬁ&&%&&@d the

cars of rabbits were prepared as follows.

performance oo Yo GBI s e s 0 100 POt
untreated cellf @dRItabloo taken fom theypotentiakgrai or

contraction ofrtﬁeqjigiic%yt by heart _punCtUI_’e’ and . .
concentrated by differential centrifugation

exameLE A8ESCHIREd InExamnle.29..Rakhit WQ, By Cells Of
2007/013865PCTif 001/063301 platelet
gels were cast, 81€861Bwing the
procedures ofplc 29. After contraction,
P23 1S TRtHided Wets' SEEaEa Wt EpiaRpiL e
contraction byceligfdErivetPfrom astiopsyfdrorectitges containing
hydrated coﬂagé’?xm@cgsammiﬁg UQW&”@' mﬁcaggggwﬁ%ngg/ml were
Example 28. 002.66JThe anesthetized
prepered B AR WA BrEpAPEY tor Gratiig by 7 PR vere aded
to both controkippirig: the thair-eversithegraftisitesddieng cytosine
arabinoside. Iﬂ&%ﬁaQQiQré%%egH%%gvhgpgcgggg s%e%%tdﬁes 47th PDL cells

were placed just outside the periphery of
cutperformed e BT THE St Was WaSHEB it 1 o
experiments cyf@8%6 @thanolancadltissues devaastadigeby keep the
number of celltamﬁgll%tlgevcgr&l‘mlpg the Cartilege was

removed. The tissue-equivalent was

freed from the dish and placed on the

graft bed with the edges of the graft

slightly overlapping the edges of the graft

bed. The graft was overlaid with tulle was

prepared by impreggating Tella pads with

vaseline. Ten pads soaked in Earle's salt

solution were placed over the tulle gras.

A foam pad was used in the ear to hold it

in shape and the ear was bandaged with



single piece from the rabbit ear and
wo worndaEnersed in 10% formalin in 0.03 M rcrruszesros3zen
hosphate buffer. The skin was fixed
EXAMPLE V@ﬁﬁaﬁf)f PM}S@&V\?\ﬁfhEralrgﬁﬁéauWéféﬁpskm Fibroblasts and
dehydrated in ethanakyeleaned in amyl
acetate followed by toluene and
[00238] embeddethdn Raraplast:t:iSevén: mieronsdures of

Example 18 u}%@ﬁéﬁ?ﬂ%&’!ﬂ glu 1U§1Q919(mlﬁ£¥n foreskin fibroblasts
mierolome and these were stained with

chined Y8 Y6 RN e ST [O0DBBLGPAHED™A v
The suspensiodi@ E'@g&@@@]&tﬁﬁlﬁﬁlﬁ:d Ifbhl:btteld IO hich the cells were
resuspended 119 8put1r%ylggan@ t en (p %Elgy § the(% rcp %sd yo’llagen matrix

the grafts appeared whiter than
seven days dftglj]ﬁ.Sﬁﬁaiﬁg{lg’éwe?ﬁgr%%&éhﬁé&iﬁ@ws the keratinocyte
cells had attacB@MMEWAL ﬁ&ﬁlty: alﬂ]delﬁﬁksiﬂgkbaifuﬁr\lﬂegan leading to
the formation o 211:1? gng’er)slr\)lx\llsecgrlr%% o cap%srllt'\[% l le !A(/)ercearhte%dby means of
scab remained. [002 JA grafi which had
electron micrgaRyn in place for six Weeks was
examined histologically in part to
EXAMIgB & it tHe dabTEs O WHICHRPE g afpe Pie Skin
was infiltratedohyfibnebiastsfrom
surrounding tissue. The density of
002391 filsroblasts-ndhergrafiwasgseonsiderablyarated from
epidermis surg:g:r %9@%@@%@ dtggc‘iagti L%aﬁgl@%%rlgrktﬁ%% tells which were

The graft was distinguished from
plated onto ’usgxﬁ FPBWWIH §%(ﬂvéd Wﬂﬁ@oﬁéﬂlﬁgéﬂ I(‘é; Léfrom cach

experimental a@fnlau refringe m@eanetedewewemumﬂer @s preserved.

Tissues were rn Dlgp% I\g{ bscforgnng contrac éélgyr pag'Ql {“hlces according to
graft appeared to be greater than In

the proccdurc%)a}?éﬁréyﬁtl%Igcéﬁécnqlwéliﬁléﬁlwafg)wﬁﬁ@rea pigs. Some of
the lattices, aﬂari Stﬂlﬂ@hﬂls Iae%fx@r&@uﬁfg)uﬂd&@g ﬁs&u@;imymal cells or

keratinocytes takcn f’iol?nssggnd%lojtlc%esg 99@5 ﬁcrslys%wtel %”bmblasts in each
that is, hair foillcles and sebaceous

graft were fro fhrfpigal THE isielerrATalesvanihg Wiite
[00240] gﬁa‘ft IERSe maﬁlﬁedl@ﬁrhy@ﬁ“@@ hl.teldrsum of the experimental
animals (gumea prégl\{tlnlzi)!f V\E/a %:Iﬁrjcp t}I\d{Is\lllgl grathls were thorou shly.integrated at all
ejectlon ent In Rats Formation o

Skin- Equwalent [002701Small pieces of

skin were removed %%om the backs of

female Fisch . 44 rats (Charles River

Breeding Labs.). These biopsies were

trimmed of extraneous tissue, cut into 2-



[002711Collagen lattices were prepared
wo 20071d@ifowing the procedures of Example p@8iszo763301
o Briefle/ 2-8.times.10.sup.5 fibroblast cells
fevels within QR s O RBHTE A" 4! 1O it At BiH of e
dermis, collagii triGONBENRTT ate thi@MEN P lig: LOnpereeabe host tissue.
In hwtologlcafgetcﬁlng%lg %iz%léma ?ér(lt Rl qqg% b%rl)glrélgh igvrgt!:last cell density
rat tail collagen in a 1: 1000 dilution of
and by the reda@éﬁeérea“ ef aurﬁflnwfé?.s WmﬁﬁﬁWﬁhW@ éfwuﬂ;?énding skin when
viewed thmug‘rikaﬁﬂmaasts rhadc«s;@ niractedtheng leclagﬂ Rith epidermis
were complete ytgégc?e tq an e 1 ngaq IQy@r eratB 3? rnany cells deep. The
cells dissociated from a fresh blopsy was
layer was COH}&W’T@@ 6ﬁt)(’§tlthaé @Wfaﬁéﬂéﬁtﬁa@ clgfﬁh@t_hdt dermal wound
contraction wgmt&{(ﬂ)i%lﬂ:@ﬂcm &UPs= c&;@zc\Mﬁ @@ldﬁ EmaJ when an
autograft s m%[owth factor at 20 .mu.ginil and
ydrocortlsone at 0.4 krnignin were

EXAMPLQQquglJO% tl'ws WEQ!(m qulva[’e): Oénﬁqung}\a Skin Fibroblasts,

growth of epidermal cells and the dishes

were moved’ {545 peteeit €0.sub.2

atmosphere. Within a week the epidermal
Formation of REpd-FSHEY a confluent sheet on the

surface of the collagen lattice and the
002411 SkIREUIRATEHE WY Y EAYY P graftiy® 10 mmsur2
fragments. FIyW@ RO 03B EERECTMBIR00A 106833 L:1d culture dish,
and after 4-7 &Q%@&Q&Q&k@é&g&%ﬁ&x!ﬂ%@%&ﬁ’ %{:@d to new plates.

prepared with cells from the female
The cells on oggigr et Py Y PSS R it ARt &G BHES™
confluent, at WHigl er-igShek W&tﬁer@sfeﬁfﬁ[ﬂ@atﬁ?d’rﬁ)@ﬁdﬂﬁ&x washed, and
thereafter pm][Q 9%713 !yl 9 uituré%g (Se E&l!‘oau' tlmes Qlllggcclis were needed for
approxmately 350-400 g. were
cach square co PR EAPB P WS St PRGN OBRFTItalls vas cast by
removing thcrAﬁg‘ﬁafi m‘dltafz)p) r@}(ﬂm‘al%m;&&lm Qsﬁeiﬂﬁd
combined Wlthaas C(!:h eenasigug 0% \rle\l/tagesruglrgg ?ss%ed 015) Xre me 119n¥ I agen was
full thickness of the skin {tom the
obtained by e}Bracekgﬁxf tégeﬁoamﬁ%wmé 1{3({%%@ by centrifugation.
When kept at maﬁﬂiﬁ Il Hi}ﬂtWQMlEEdtralaﬁjoCW@dtl\Nwﬂd@n was a
ated Telf da
s s B 8 PR e B
These bandages were covered by
wrapping the body with several layers of
Ela.stoplast At time intervals ranging
from nine days to thirteen months after
the graft was origina.11yv applied. the



obtain three to six T-150 flasks of rapidly
wo nengpeding cells. The fibroblasts were  rcrus2007063301
treated with colehicine at 2 .muglinl for

o i RO e & S e momene
the collagenwf daypotoniesmedivirilipat-DMEMWO Busted w© 7.2

with NaQH, \Q@bﬁtémqg§ &Ll go‘f‘iaglgleh (l)'l (Q)mzc (Ql)bf%!g-so 5![%9 inotpctponn of fibrils. As

glass slides, and stained with
this occurred4 8el GG ST PWEHTE tPtHiftP totrpiéite the latiice were
more or less @mﬁmﬂ)s@ﬁﬂﬁhﬁﬁgeﬁdﬁaﬁ%cﬁﬁﬁ b]:ttiﬂ}@n@ﬁjﬂtof collagen
fibrils by the ygl%,rﬂeqepagigg Qvgrtraag)sg%gzdamrt]od ‘!fg er()? %Eceoﬁsisten y. The result

prepared to determine the proportion of
was loss of trfpop) 1 B@ Mg IR éeteralpepdaftiesirighal latice. A tissue
resulted whickiDEQIIBSL SRR 2L aES with

Sprague-Dawley female cells were

received and retained by male Fisher
Addition of Epjsspés a5 determined by the presence of

[00242] f@m@lﬁ] G@U&s@cm@ FQJ&QJE &6%}/@@1@&“@@ means of trypsin
afterward, Example 34: Preparation of

e R e B ale T T S 8575t i ™y epidermal cels
formed 2 conDOOTAOBBEERTAFiS 2LIOTOBBBOs time, the confluen

sheet of cells £ng2tZ @}f&enﬁﬂ: @QQ@B@EH&§!S@,|@{OHA$%E and keratohyalin

| showp inthFIG. 16.ﬂwats‘uts.ed in ted leadine to formmation of
nules were appe aj C atipize S 2 i3]
S N R dUCtnG TRE Work tiE8EHIBRE e towding to formation o

an impervioutyegtairrefter. Thetcosersisefnovedifiopn the DE if

permitted. Ho@@v@@k‘@ﬂ%@ QQT@%QQJ?J}&Q thtng %Ey\éiﬁgdered ready for
kept in place to maintain sterility. Perot

v st A SRR ATt S pFat0s s+

equivalent (SHisted Outer container diameter 38 mm

[00243] %@Q%'iule‘?fé Vmé 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 miark 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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timer container 20: diameter 24 mm
wo worngapacity 4 ml Permeable member 24¢crus2o07063301

Polyearbonate membrane frorn
wound contrdmﬂ}aiéydxé%beﬁ SYfetogﬁ@qgatmlal RIEEE éfé@ dermal equivalent

by the eplder@&mulhlqﬁaﬂiﬁZ]&eféﬂf@ﬁ@é|waﬁl hy(dﬁ&t&dﬁ of an inadequate
lattice which ggllﬁgglon gslxe qua %moqun prcpard? ion us(eld)

permeable member 24 as follows:
[00244] PPé?ﬁﬁdyfﬁ%W1®f?Waﬁ‘ﬁ?ﬁtéFﬁWféhe bandage was

removed (9-1{200, mM)nﬂ;bﬁem)o@emamacyﬁmt(@(}mgémﬂc)i would
contraction by07g/o r(p!n('icegn(! twen nlreesb?ocklcmt ilv'y g Or more.

Sodium bicarbonate (71.2 inn
[60245] In another study of fifty-two graﬁs wound contraction was blocked in at least

75-80% of the grafts.

[00246] Although a number of grafts showed a decrease in size with time, most were
stabilized by sixty days and none were rejected. Grafts of large size (approximately
8.times.12 cm) with good epidermal coverings, effectively blocked wound contraction (75%

or more) and took well as replacements for burned skin.

[00247] Grafts persisted for long periods, the longest having been in place for over two
vears.
[00248] In addition to becoming well vascularized, the matrix of the dermal equivalent

underwent considerable remodeling during the first few months after grafting. Changes in its
structure were studied by examing the birefringence of histologic section from which it was
apparent that the matrix exhibited birefringence by one week after 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
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5.0 nil [00278jThe stock solutions were
wo 2071gaéxed at 378 C.. combining in the abex@iszo07063301
sequence, and stored at 4 C. for
appeated somanfi eGP Al <36 AR SO Y. B &g ths. erafis
were smooth @aﬁﬁ@ﬁ)n (@) QSZH&i@ @cfnadlls]ﬂﬂg HRM Ialﬁﬂcuagﬁtrfbcking hair. A
degree of scaﬁlgsls%tclrgQe((%?_éyt%‘get\%g mlthsa\x%ghﬁl;%mc%t%!guted to the absence
common digital extensor tendon) In
of sebaceous (Y504 viv acetic acid, was weighed out
into a 50 ml tube and stored 4' C. for 30
EXAMPLE Fﬁ] ﬁrep(ag?ug% %1116?%\@](6}3@/_ ﬁﬁ&aﬁt@g%@gxn Lattice With
above and 4 ml ofrMEM complete
(containing 10% PBS, 4M84 L-glutamine,
[00250] %tdrdmgﬂnloﬂeﬂﬁamye tmﬁuwa;&»added Cross Blood
Center in Bos@%s} Ialflaﬂ &%ténﬁ)dp c%mdggs I\I;/]ctrg cgi!graect!eg gg% gscribed in
container 20 and allowed to gel in a
Example 18; %lgbc?llw@’as supplied by Dr. Paul Ehrlich of the Shriners' Burns
Institute of BaRiR)ahd £ 0386 56 TAR20QZ BB3:3@dm Collagen Corporation,
Palo Alto, Ca{QQF%?Q]C. Tissue equivalents were cast

Collaged Cohcentrations were determinied using a modlf%aﬁon of the
wit

human dermal fibroblasts and
method of Wadgeh 8ra Y Afh Y hlirh &t Bpitertrhitepitrielial) Te formula
employed waC Rl g§ra9 descibecsbalow. A general

[60251] es [gartlc&ycc())gcegjr e!‘(c)occeﬁgtgéﬁt% %9‘, g%g%g potgl the Red Cross,
may also be found in the Patents an

was further co&ﬁﬁ@%ﬁf@nﬁﬁﬁﬂ@era{ﬁbiﬁ rgéfes N|¢P0 rpm in an IEC PR-2
centrifuge usl@l/&?ﬁr]\t{@é‘:l", ﬁ.la@lﬁiﬂﬂﬁﬁﬂo&ﬁg@: The supernatant was then
centrifuged dn](}?clgl%rgp%(}n]fkmce:sa ts 1tgn mllértlg{is :sa%'ezr rnrlt O‘E)rgper?trate the

pre-mix described above was added 10
platelots. Supepmtagt passfegt: pigIhieleE o laieespd o hititsnpifiets obtained. The
absolute plate@-@&%rﬁﬁlﬁh@ﬁ@ma&i%@%Qﬁ%ngQS;)&ding upon the
Dlatelet o Step A(ﬁ%beflbove, and 4 m| of human .
et e ental fibroblasts (BB TiMe S Tatp B vihin coch
experiment argipitS ALy Weefercombiiedr'8 vhiadiguaotstrated and then
diluted. A 1x PMEESRIPBUSHIDLR B CONAINERL RO AV cts in 1.0 m1 of
the acellular, hydrated collagen gel
formed in step B(2) above and allowed to
002521 gekldBimRIEM completewasddded: 2.3 ml

to the outside container 20 and then

incubated at :16 C710% CO.sub.2

typically for 4-8 daygsé. [00281]Dm

following medium was sed:

ComponentsrnSBM

blood.



Hydrocortisonel.1 .mu.tvl insnim5
wo 007nigs.a/m1 Transferrrin 5 .mug/m1 PCT/US2007/063301
Triiodothyronine 20 pM Ethanolamine 1
DMEM 1.76xd1ixﬁiliér§ (Ei(UJ éﬁﬁa}c&im 1.5 ml rat tail tendon collagen, 0.25 ml 6.1 N

NaOH (the cdephiBsphOIyethaneamined: Tdmes.aried slightly

depending up(:)IhQﬁes zg'cl:}aitgﬁof Mc égaegllﬁ%grhgfgs%%, and 0.45 ml FBS (Flow
Progesterone2 dimes. 10.sup.-9 M

Leboratories) SHERUTB: 26 ¢ iR s 10 Stifyr-BORF Bioineth 05 ml of o
5x platelet coﬁﬁmm@lg% Exﬂldﬁﬁm&h«@ﬂ@\lﬂm&: @Qﬁﬁb{e@@n ingredients

were combineg glgl sceiparatc vessel and poured into the empty Petri dish. The resulting
lattices were incubated at 37° C. in a 90% air/10% CO.sub.2 atmosphere of 160% humidity.
Lattice thickness was controlled by increasing or decreasing the total lattice volume cast. No
differences were observed in rates of lattice contraction as a function of casting procedure.
[00253] The rates of contraction were determined by drawing the fluid released by the
lattice into a 1 ml pipette at first, and larger ones later, and then recording the volume of
withdrawn fluid after which the withdrawn fluid was returned to the dish. These
measurements were repeated hourly until the lattice had contracted maximally. In those
lattices having a platelet concentration of 1x or lower, the lattice edges were first detached
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) F1G. 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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Calcium Free DMEM 75% Ham's
wo 20071P86t 225% [00282]Two other media useduszo7sszor
were identical with mSBM except as
[00256] rﬁﬁ(‘éﬂbbﬁ%)we 1&agBrM rB:baianngﬁﬁ platelet concentration of 1x,
80-90% of thRs@gesteranelxBaving Sefurad08otda hour afrer

casting of the EQ(I:Q %gmx lo%f%ﬂ%botﬁrﬁ%%n&aﬂ%m)legé agd-equilibrium is

. Calcium Free DATEM 50%50% Ham's®
wained: tht . 1p S5(RABO0EFO02BIEH SO TSI vmidis. A
this point, 20-8@lGiuNchloridenmas added-iathe-mediae, with the

precise amoug Ee%ér%ir?g‘] Mo‘n Ilebti?et igld collagen concentrations and on other casting
medium variables. The process of platelet lattice contraction results in the formation of a
tissue-equivalent of relatively high tensile strength compared with that of a collagen lattice
cast without platelets .

[00257] When thrombin is included in the casting mixture with a sufficient number of
platelets, the tissue equivalent forms more quickly as indicated by FIG. 2. The tissue-
equivalent containing thrombin has properties somewhat different from those cast without it,
its tensile strength being somewhat less and its fluid content lower. Tensile strength was
measured by tying gram weights to tissue equivalents after casting and measuring breaking
time.

[00258] The rate of contraction of platelet lattices is related to the concentration of
platelets. Increasing the platelet concentration 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

88



indicated as medium plus calcium, c.o.,
wo 200718 BNA plus calcium. PCT/US2007/063301

[00284]FIpidermalization was initiated at

the rate of corgaﬂayg%?t&ggﬂxﬁ gx;fﬁcéech ggqﬁeéeéﬁ%wond generally to

those obtainedsA2ABBY L) pidencakbxingi a‘igatm edium

[60261] cgo ageQ ﬁom%lbg)ur dl}%%r% sro%mape\{ne oyed ngtloneg similarly,
the inside 20 and outside 10 containers.

except that telﬁges@ffcfﬁﬁc’ngi&gtﬁéﬁsﬁ@ﬁaﬁfe F?lj?ﬁlaﬁxon than collagen from the

other three so@idermal cells (3.33.times.10.sup.6
cells/m1) was placed on the tissue

EXAMPLEQU ivale ﬂﬁmmedﬁahwﬁ Bﬂxﬁteﬂ):&;]d On Contraction of

above. The contal meg\gaﬁa;han incubated
at 36. C. and 10% Casub.2 for 4 hours.

[00262] ]T%égme thhmég M Wy@‘ﬁlaﬁm%% Q‘q go cgmil: ont 1e capacity of

outside chamber and 4 ml to the well.
platelets to coqﬁﬁ(éhé(baﬁéfgmgl W‘éfgs tﬁtéﬁtmﬂfﬁf@dwt@ tﬁéeneral
procedures ofsam& h%u@aiow&@OZSOl(Z)
[00263] e}!‘%ﬁy @E@&JQ&Q%%Z and cog%y <§ ((88§ E’IB aceutical

ermallzatlon the medium was remove
Company) wesgifefedfsteibeeschovittierS BMEM esieale it
conccntratlons[Qngaj QB‘E)CAmIleBgI Atd: GMS (ﬁQﬁI g/ml, respectively. Data

obtained drep@gegeggalgntlon the following procedure
was performed: Medium was removed

002641 fepi i sitteeaiprcBUTSidE tHaTHbBISI T Hgyochalasin B
failed to contriaﬂr@[cgﬁﬁtai%fhg@m\ﬂa& Le Eﬁ@l\ég Glcfa:n(q twe contraction;

this was expecteg smcc %%CngB I\é I’rll'lt%’ c(:igel gollij:frﬁ? Tigtgﬁl:(gglty of human platelets
tton pa S were pOSItlone int

o conmct o O e UG- aI05g9 e o

platelets and m&iﬁ&dgbmflr&w CaICium added The

inner contamer 20 ) was th then replaced and
a

the apparatus incubated at5.511¢C. and

0,
[00265] 11’93{% quuQ %ent@ Ol §?olm(ﬂgdrate Icrgl ggcglp‘gceg \{)Et'x}/ctcd by
ays e medium was remove (§

platelets and s s\aéqblﬁerﬁgdfwgﬁ tﬁeéghomd.iﬁ%mfclmggas follows. Platelets

were collecte(ﬁam HJ ) 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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Example 35: Preparation of Test
NAY 2007/1(®§6$tenas incorporating Atearose W@rt/uszoo7/a63301
2907/1113565PCT/US2097/0633111
platelet gels w[eoctfzséd foﬁgy né élé? 6% gu1§30 (] uiizic(a)nlgf)licr%Q\NAaf é i;ontractlon the
lattices were d¥@S Sterilized d@!}s @Uﬁ@@l@’wmgpsg@@l@d sh@e rabbit

following the é’rgcgagrbs%?]}g(aw?c(%g Wlth a_‘n equal volume of
2 concentrated main SliM, The absorbent

002661 GRS T TG BE AR 13 PR o ovr e
graft site. Thetfa@ wﬂx&ubalwa&xp@w edkiRio: theQuiterside the periphery

of the outline. g{; satek%i!% vgalslho \({V\%g 7"@/ %% noq tar%@l'l' t1550¢) gbwn % the fascia

02) and the apparatus returned to the
overlying the fEi5 4O PO FSIBF At PHTSTtO S hipiiethe dish and
placed on the E&@% \)&h thd Sdgdnd af%m@m&bﬂlﬁ)mg the edges of the graft
an embodmjents desc Jjbl% s with

bed. The g graft was ovcHaz% Tag prepared by impregnating
herein are for fifustrative purposes only,

vaseline. Telfﬁﬁﬂ mgfi Wéﬁ&aglwl t‘,‘ﬁﬂ@‘ﬁ%d B the tulle gras. A foam

pad was used Cﬁmﬁ%@$oilm 1YI [g mtlpu]@fﬁwalt h@th&quemh thrce—inch

i LT

with three-incpy fipgfeipyt- Ohtbrisapplicationiand %Weaﬁﬁ‘@p@ng» The rabbit

was fitted witPfn g RRRIQVEd Glaims. EEXam PIeE two days.

[00267] E’I’geica Of a tglé!}tlgrelg atIErStta al skin was excised as a
consiTuctEtied ora alngldfbgﬁ(& 1the

single piece ﬁB’HM|ﬁv3]€fbf|@@tWW@S ¥5odhetelpnmi fes M phosphate buffer.

The skin was WM&MS%H rc%glllmue, d@l@mmhanol, cleaned in

cetat fc}ouldbprqvidenda flérggtdior]lal zoneS of .
amyl acetate a{?g%dhé‘a Ié)'ilﬁalveé.n éorenﬁlara_.ngii ¢ cn mlcron sections were
cut using a ro@Y tOYEIMBUS! grait?rﬁ@@ﬂ@ﬁ]@wmﬂgﬁhl @d cosin.
00268)  SHEYwHRLQ 2R HRISCS WELS SOEONEH cxperiments.
Subjects were aged at least 18-70. The

Grossly, the gﬁlfg fx}ﬁ%?g%wghebjkgﬁfgrrou% Ix,tg h% t&c fbrface being somewhat scaly
and lacking hgletenvine:surgieahdndimateniabdandimg

oooe]  IRGRRIGULS. ARG Were natineluded in e oiogicay i
statistical analysis. Subsequent patients

part o deternyprdbadeertP S U fhes B IRYE R P ATE g Tom surounding
tissue. The deh%ﬁﬂﬂ?b@@t&def@dﬂl’ww @ﬁk&r@:ﬁ}f @H@:\Nhuphdt of the
The subjects enrolled had at least two
non-adjacent teeth wijth an insufficient
zone of attached gingival which required
tissue grafting. The two selected tooth
must have been located in contralateral
guadrants. Root coverage was not

Elastoplast. To II?'



[00294]The study utilized a randomized,
wo 207mgentrolled treatment comparison beti&ER 7"
adjacent tissuef#leté-) J eeiljf:t;\xsiaf Al\s%ng%Saec e é@é;%%é%l% g%%l%y etEe T 1<I:;E‘ludced level of
rate
birefringence UG thier elitureuthsstisoeirsiruetatf preered ©
be greater tharI E{-’—a% d@él’!'t@g@ ﬁ@é’g’%@&»@i t&tlﬁ&@tﬁ@%&[ @Qﬂ&trrounding tissue
by the absencc%psgcc\)évﬁeagfléep igt?!}g Ft)heeltr ashtllx\a{refl hcla pad das'(%arpcgrgtgands The
BiisiaRy ehd point had "
epidermal cov@@guithed:atmoritd GyAlpostoperative
evaluations were performed by the
EXpe8eRitin coofditratdhirht Wae Hinded 't
the suruncal procedures porfomied.
Formation of @ipfarivteXture, inflammation and

o270]  resistanceda miel selesp Hdlnwa&&mﬁemc Fischer-344 rats

indep
{Charles River Brece elrlg se)n"it a Ca“?[t%ge re?&?’ Tancous tissue, cut into 2-
coordmator. 66 BfAlhoUgh t

3 mm.sup.3 pf@wvegﬁrwgdmwemm%%%@éﬂ*ﬁ@%‘&ﬁb‘éﬁ“ The

fibroblasts w]jl@a %m@ g %@ll)}bly W@e}ém&uﬂ S)tﬂaﬁ@n nﬁ\ﬁ]idcation of Eagle's
Minimal Eq@cEXIaT lesl)f%r;§i Setesd \nghcll rlt cnt egl calf serum,
USSR ARG, el be ‘Obvidus To one o
penicillin, str@hrivlymnthefaetzbhfa‘fleelﬂtmﬁellcﬁangé@(ﬁ%ﬂ CO.5ub2
atmasphere Lpedifications may be practiced within the
scope of the appended claims. WE
[00271] Cs'ﬁlﬂgﬁ‘\l}l aiU(UsS er(iﬁrcgared i%&orwem 'i;hc srocedures of Example 28.
Briefly, 2-8 iGN S Ctiinu@srdnufactireof «alGO mm plastic dish with
concentrated ng@k!& %c@h%ﬁit!a@gnaaﬁl%mgogtld@ TELQE& tail collagen
of an oral tissue graft, wherein said

i 1000 s S OO GBI prISB 5
collagen latidy@E Dh@xtrar peciulastiadieh Gadfrom a fresh biopsy was

layered onto t%e SU %Q&!MQ%@%%?&QW p[rl§g1§ Mugﬁ%al growth factor
ftbrobia.si celia in the absence or

at 20 .mu. g/né% @%ﬁ%gomﬁ&‘lxnﬁé/ﬁ,} aBﬁ%dﬁi_ éo 61? medium to promote the

growth of epﬁ&aﬂ bid st PGS were moved to a 5 percent CO.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.
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The use of claim | wherein the oral
wo 207n0ggndition is selected from the group PEPvs2007/063301
[00272] COQS% !asltt)l na?tsolg- t1£ees(\3vecssreegpr%llt%cgg gnth?? male Sprague-
ot fRierdernal aplff§ alveolar ndj
Dawley rats and @fpGesd ettt faiifettorakimplant, denial
Grafiing ProcaiC@DON defect and maxiliofacial tumor
resection. The use of clalm

001 IReei e S8 RBFobIast el are™
sodium phenogl@ttived-from dfisstrerselected fronfithigice vwas prepared by

removing the &E%%Qﬂeg %&E%L'ig gogﬁh@ %Q(@E%HB%@ The lattice was placed
foreskin, dernis, tendon, lun ng, urethra

in the wound ﬂ?ﬁﬁﬂ‘i@ﬁl% 6\{.86118%1;?{)@ é atse r"{)e}.n ad 61[1_% 1 Telba pad soaked in
Earle's salt SoME08& pamekintestined W.Cfrh@nage@#y with several layers

of Elastoplast. CAQ!IEI@ ull’te\r/\ytl%! %l Hgﬁ &élw%thﬁbg@mgtafmr the graft was

cells are dennal fibroblasts he use of elal,
originall sl SF e et aIra S BIALE B e et et
of the graft wid edeﬁ(ﬂhsﬁﬂlmﬂﬁﬁaﬂi fissue db6yFhe vseaof. and embedded

in paraffin. A centrd] It) :xl"tio l;]t%e ot lslquft%ygw ‘gdg tgﬁﬁ&%f underlying fat

construct comprises a first layer
tissue, cut mtﬁéﬁé‘"ﬁﬂ é?lmaﬁii)@%néb% %Hatq é]i})é/rjthéfcudcnt
fibroblasts to G@USuOISposed on said first layer, and

Preparation Otsg:\e %second laver of cells comprising

&lid cells.
[00274] Thc 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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7. The use of claim 6, wherein the
wo mo7nggeithelial cells arc F;elected from, thecruszo7esser
gna:p ConaiSting of keratinocytcs,
[00276] &%W%bﬁfﬁgﬁéﬁ t&% ﬂlg)vvn er{ﬁ 3% é/\id%lgﬁién conducting the
work descrlbeﬁ‘@ﬁin@%j&ﬂth}fﬁﬁ@@@@gv@g@wmﬂﬂngdperatlon but is otherwise
kept in place t@BgQQAIQ&S§|l%ﬁlyqun%mggrlt)hgldmg %@L{%aratus is listed
8. Thu atin Of elabra 6, wherein the epi
below: thhth id eggiS fbel.Yr an epiderrual ‘cell
1.,...hyer that is multilayered. stratified, di
Outer Comaf'ﬁﬁfg?@ftg@gm ,(1 and exhibits a basin liner,
al bear, a gram' atia:,t.t and a

ﬁfﬁéﬁggmrg.}pmy uny and wherein. the
bpefayaned ening ad skin construct has a

@O%%gh% LJnembrane present at the
joratigne©rothe firs: and second layers.
65 e BT E tURred tissue constmat in
the manufacture or a meditaniont for
002771 oAty ah BTAFCOIERIEFETf gl oslipjepgeble member
24 as follows:., Wherein said cultured tissue cocstr'act
comprises a gel mixture n a, collag
(h premis€latirm and a contract ii anent. tissue

Wheﬂ%lelanseleeted from the group

-glutamm@@ﬂ)sm NG blmi

gentamycin (50 mg/ml) 0.2 ml

Fetal bovine serum 18.0 ml

Sodium bicarbonate (71.2 mg/ml)
5.0 ml

Inner conta

Permeable

[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/mi 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 m! aliquots pipetted into the inner

container 20 and allowed to gel in a hood.
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umbi lien | cord, corneal simma, oral
wo 200710ppsICOSa and haeatine. 14.The use elpcrus2o0763301
00279] claim 9 wherein §aid gultured tissue 7
C% ng&lt“@g?ﬁ Vf'eli%cﬁt iﬁlﬁléltnrgglgwal fibroblasts and seeded
with human e}ﬁ@ﬂﬂp [d':@"tﬁtgaac@e Hg el g@iv\imﬂqeral description of
procedures dngltg«%gnl&% QL%IJ&mﬂn§ﬁ%&q Agtycglfcnding application Ser. No.
dlspose(} on said first layer, said second
075561041 i ey £bfiprising a second collagen gel
[oo280]  gomtainiRggod agOn and a contractile

8.2 ml of the p@eq]’?l)lg Iie_s%%é;rz!go_eveuwsaseagefd %@y 80gr(])?a Qggo/m:!'géﬂagen solution in
wherein the fibroblast cells are

0.05% viv dceaeé%ffélﬁlﬂ})%mﬂé@) f@)"ﬁrﬁ’d ﬁexéof human dermal fibroblasts
(2.5.times. 10.@XFaggiular matx. campoiants; Gramithihe container

20 over the ac.cfaﬂlélr, %tdra!% réo] aoggneg’eIR()ean(&qnes{egg(Bre!agel Drid allowed to gel. 4.5
m] DMEM complete was added to the outside container 20 and then incubated at 36° C./10%

CO.sub.2 typically for 4-8 days.

[00281] The following medium was used:
Components mSBM
Hydrocortisone 1.1 muM
Insulin 5 mu.g/ml
Transfertrin 5 .mu.g/ml
Triiodothyronine 20 pM
Ethanolamine 1 .times. 10.sup.-4 M

O-phosphorylethanolamine

I 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:

cSBM  mainSBM

Progesterone 0 0
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Bovine Serum 2.0% 1%
Epidermal Growth Factor

Ing/ml 1 ng/ml
Calcturn Free DMEM 50% 50%
Ham's F-12 50% 50%

[00283] In some instances calcium chioride was added to the media at 1.8 mM. This is
indicated as medium plus calcium, e.g., mSBM plus calcium,

[00284] D. Epidermalization was initiated at 6 days after casting the tissue equivalent.
[00285] (1) Epidermalizing

The medium of step C above was removed from both the inside 20 and outside 10 containers.
A 50 mu.l suspension of human epidermal cells (3.33.times. 10.sup.6 cells/ml) was placed on
the tissue equivalent formed above in step C above. The container was then incubated at 36°.
C. and 10% CO.sub.2 for 4 hours. 12.0 ml of mSBM was then added to the outside chamber
and 4 mi to the well. The apparatus was then returned to the same incubator.

[00286] (2) Differentiating

{00287] At 2 days post epidermalization the medium was removed and replaced with
mSBM plus calcium.

[00288] (3) Alirlifting

At 5 days post epidermalization, the following procedure was performed: Medium was
removed from inside and outside chambers. The inner container 20 was removed and two
volumes ¢SBM 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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[00290] A 2% agarose solution in water was sterilized by autoclaving, cooled to 40° C.
and mixed with an equal volume of 2 concentrated main SBM. The absorbent cotton pads
were removed and 13 ml of the mixture was poured into the outer area 14, allowed to set at
36° C. (10% CO,) and the apparatus returned to the incubator for storage prior to shipment,
[00291] It is understood that the examples and embodiments described herein are for
illustrative purposes only, and that various modifications or changes in light thereof that will
be suggested to persons skilled in the art are to be included in the spirit and purview of this

application and the scope of the approved claims.

Example 36: Efficacy of a cultured tissue construct for treatment of recessed oral gingiva

[00292] The primary objective was to determine whether the cultured tissue construct
could provide a functional zone of attached gingiva comparable to free autogenous graft.
[00293] During this study, up to 25 subjects were enrolled. Subjects were aged at least
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 unti] 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 bascline 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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clinical attachment level, probing depth and subject discomfort.

[00294] The study utilized a randomized, controlled treatment comparison between
subjects. Assessment of the amount and the quality of attached gingival generated through
the cultured tissue construct and free autogenous grafts had occurred at one week
postoperatively, and at months 1, 3 and 6. Primary end point had occurred at month 6. All
postoperative evaluations were performed by the research coordinator who was blinded to the
surgical procedures performed. Color, texture, inflammation and resistance to muscle pull
was scored independently by a calibrate research coordinator.

[00295] Although the foregoing invention has been described in some detail by way of
illustration and Examples for purposes of clarity and understanding, it will be obvious to one
of skill in the art that certain changes and modifications may be practiced within the scope of

the appended claims.
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WE CLAIM:
1. Use of a cultured tissue construct in a manufacture of a medicament for
treating a subject in need of an oral tissue graft, wherein
said cultured tissue construct comprises a layer of extracellular matrix
and said extracellular matrix comprises cultured fibroblast cells in the
absence
of exogenous mairix components or scaffold supports.

2. The use of claim 1 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.

3. The use of claim 1, wherein the cultured 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.

4, The use of claim 1, wherein the cultured fibroblast cells are dermal
fibroblasts.
5. The use of claim 1, wherein the cultured fibroblast cells are derived from

human tissue.
6. The use of claim 1, wherein said cultured tissue construct comprises a first
layer of extracellular matrix and a second layer of cells disposed on said first layer,
and

said second layer of cells comprising epithelial cells,
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7. The use of claim 6, wherein the epithelial cells are selected from the group
consisting of keratinoeytes, comeal epithelial cells, epithelial cells from oral mucosa,
esophageal epithelial cells, and uroepithelial cells.

8. The use of claim 6. wherein the epithelial cells from an epidermal cell layer
that is multilayered, stratified, differentiated and exhibits a basal layer, suprabasal laver, a
granular layer and a stratum corneum; and wherein the bilayvered cultured skin construct has a
basement membrane present at the junction of the first and second layers.

9. Use of a cultured tissue construct in the manufacture of a medicament for

treating an oral condition in a subject , wherein
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said cultured tissue construct comprises a gel mixture of a collagen

solution and a contractile agent.
10. The use of claim 9 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.

I1. The use of claim 9, wherein said contractile agent comprises fibroblast cells.

12. The use of claim 11, wherein the fibroblast cells are derived from human
tissue.

13, The use of claim 11, 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.
14. The use of claim 9 wherein said cultured tssue 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.
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15. The use of any one of claims 1, to 14 wherein the fibroblast cells are

o

genetically modified to produce extracellular matrix components,

a growth factor. hormone. peptide, or protein.
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