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WO 2006/036130 PCT/SG2005/000323 A composite, method of
producing the composite and uses of the same. Technical Field 5 The
present invention generally relates to a composite, a method of making
wo Mwlogerposite and uses of the same. The present inventiop@sedaletRsos23
to a kit comprising the composite. 10 Background According to
worldwide statistics, an astonishing annual amount of US$5 billion is
A compeehisurmpbhng i ePhrOHieas KitGdSAtenet W ordossmlieh dree
spent every year for the treatment@f<chronic leg ulceration. In the United
States 15 (USA), the estimated expenditure on wound care products is
about US$9 billion- The average cost of wound healing ranges from
about US$27,000 for a pre$s@erdieel tdabédt US$36,000 for a diabetic
Wk(;lmda | 5&5@@&25_&wam&;ﬁn@§gﬂﬁ@my9t %@Qﬁ'ﬂ;@@l GJU Ofli%\ﬂ?@p@:ﬁiﬁtié , a
out million per year. Juman skin is a relatively soft tissue
e B BB o SHAR e SRear SHetods HERE chEMRcaldl™
preglepricitynukmiiclet, crimicleacéndryy caircause Ritriesqonthéskilg  the
conf§SYHinG.in various degrees of skin damage. The least degree of injury to
the skin occurs at the epithelium, 25 which is the uppermost layer of the
skin. In such cases, wounded epithelium generally is healed via re-
epithelialization and does not fégekerampdkin grafting. However, more
seriQus damage to the skin may lead to.partial or complete da eto
POt SOTHAl a SoBASAP 30 FES 5 For Shoh AQhee It Bodyaa
aneifablefo REéaStdeifl 1$ireeiskirkamis aprétetive’banderarbaindineUnited

Kifean pody, damage isthe demisposes.seygealimmediate thigatsr the

e $YED8S, rapit severe dehydration and yarious fayms gf nfegtion, n ey

X oni ) 1 % Ok .

0 prevent such feats from ﬂappenlng, fiere 3 a rew suggested
(UpheasuidsthastambeadadiipapgiddirEhecfirstigundt ofarcaltegafcts is
abdhergassecionfskin ishd average cost of wound healing ranges

from about US$27,000 for a pressure ulcer to about US$36,000
for a diabetic wound. In'Siﬁgapore, the estimated amount spent

on chronic wounds is about USS$180 million per year.

Human skin is a relatively soft tissue and yet must be
able to withstand large shear stresses. Heat, chemical$;
electricity, ultraviolet, or nuclear energy can cause injuries
to the skin resulting in various degrees of_ékin damage. The
least degree of injury to the skin occurs at the epithelium,
which is the uppermost layer of the skin. In such cé$e$;
-wounded epithelium generally is healed via re—

epithelialization and does not require any skin grafting.

However, more serious damage to the - skin may lead -to partial

or complete damage to  both the rdérmal and subdermal
tiséues.[4] F0r Such cases, thé body is ungbie to heal itself.
Since_ékim forms a protective barrier around the hqman bady,
damage o tThe dé:mis poses several immediate threats such as’

rapid, severe dehydration and various forms of infection.

in order to prevent such threats from happening, there
are a few suggested measures that can be readily applied. The.

first is that of an autograft, where a section of skin is
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WO 2006/036130 PCT/SG2005/000323 removed from another part of the
body and is subsequently grafted onto the wound. However, the
rawback is that removal of the dermis and epidermis is a ser;j

d HOYS -~ 005/000323
wo 5%}3%3{%?10and if the burns are widespread, there may be ins% ciié}ig(r;i%%:’m{mm

healthy skin 5 available to graft onto all the burnt areas. Deep scarring

redil-0g PrABINeRtAthearen of excision,d ha,segongreptien waulsshedbarly
use of permanent skin replacement Efr[oducts,é{vhiclg are now W{'ldely
s that

9rafERghIETH T Ralket 1T e XIS frite STATITHEG Y

EGrELife Scfencds,
of Plainshizronpld Newd Jepsyldd8A3. litegrase madsuppt saiiilamipa@ if the

puliEMirane Gonsisting of a fovine callrogn-baged dermal analogueand axin
temporary epidermal substitute layer of silicone. The dermal replacement.

avps MFIntdGra SHAST B pérblis MtriPar iberd BibovinB§Be Fo2T 319

witollagem thatisenassliinkeldavidrdb olfordrotiniGsulfate, and '
glycosaminoglycan (GAG) extracted from shark cartilage. Integra is
plac&#®n GRCerdiscePliibnd uatlthe Porntdton o heddermrmmsithe skin

repgadermisthaghean-tormednithe sdisenalayerisdempvedaichaibinin  the

epidermal autograft 20 of around Q.005 inch is. applied. During t eriod _
o BACEN o S ACAB oL I 1G0T G mi B owo"
Neprofisgted frdi Mechenticaldisibdgeaint tind observet dami i t sighgmbrane

oo SYmpjorsg otinfestioneThe disagvantaga af lntegras applisatignds thes a

removal

- difficulty in producing ultra-thin 25 epidermal autograft. In addition, the . . .
CeTRRAI%6 GRS G ra T Mt Caot I ecth prORUEIEE mafhs deral

pro es it
rayriaffemable foritve garferdinpsisie Anotisdrdommdrciallpavaiableaioung of

£195838Ing Maiesial is. Degpagraft(B.tAdvanced fissua Sciereesiiaiela, with
California, 30 USA) that is a cryopreserved human allograft fibroblast

chanvsdamtardid e cofprisiy 67 FBPOBISSEYEEM and'g’ Sxeracted

fineabberbabte:staffelge The disadvantage of Dermagraft(r) is that it cannot
be used in ulcers that have signs of clinical infection or sinus 35 tracts..

Also &Hif§ BfDerfiagraftis fiftwothds that extéfidtss wound - until  the
formation of neodermis. After the neo_dem_i's- has been formed;
the silicone layer is removed and a thin epidermal autograft
of around 0.005 inch is applied. During the period between

placement and epidermal autograft, the .Ihtegré- graft must be:

protected from wechanical dislodgement and observed daily for

‘signs and syxﬁptOms- of infection. THe disadvantage of i‘nteg:‘ca‘

application is the difficulty in producing u_ltra__%thi_ri‘ﬁ-
epidermal autog:;i:af.i.:. Iin additién, the small size 'o'.f_. “the
Ihte‘gr’a and high cost dinvolved in production makes it
unaffordable for the general public.

Another commercially available wound drfessing material ‘is.

Dermagraft® (Advanced Tissue Sciences, La Jolla, California,

'gspa) that is a cryopreserved human allograft fibroblast-

derived dermal substitute compz:isiﬁg of fibroblasts, ECM aﬁd‘ a
bioabsorbable scaffold. |

The disadvantage of Dermagraft® is that it cannot be used
in ulcers that have signs of eclinical infection or sinus-

tracts. Also utility .of DPermagraft® in wounds that extend to’
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2 WO 2006/036130 PCT/S6200/000323 the tendon, muscle, joint
capsules or bone has not been tested. Another commercially available

ol g(,ql ssing material is TransCyte (Advanced Tissue qug@ ob 8000323
WOJéﬂlzﬁ Ca%ﬁornia, 5 USA) that consists of a polymer membrane a{sr(?gz \

neonatal human fibroblast cells cultured under aseptic conditions in vitro

then aepuleine collagéer codtedmylonapesiic# acts adanemperarynwourigen
+oCQVvering for surgically. excised full-thickness and partial-thickness

wounds, to protect the wound from 10 environmental insults. In ad“ditic_)ni .
the rA@MtERe FSYBRTChRImEaBIE thas Hotig AulF aRt gikditie riat s
Texciange. Theddisadvantadge oid ransieyted)is that itoainot beaapmkechia,

uérggpaﬁ nfs whg areSengifive tq,pougiRe dermal. selagsn; THNSGYIAM human

may also contain small traces of animal 15 proteins due to exposure in the
Lihanbiactining brocesd, Ba Sitides iA $58 bHe-colifg g o Hiésh oo

a Withrparcine:darmahrcoagesd The 1racesafanimal preteinasnay Bemporary
source of ig:o

ns. There are also some ethical.issyes invalved.in use of
o b, Ftaas Ty B MEEL RARES! ana
PRrSlonbhappication beexngds it mayPresuRiAtRAfundib§ical 1&jeRflon byrom
othe patieshvt hasialsome!.begn established for applicatianiadurmss of semi-
(e bead.or hands..an Jn surolieally exgised Ll thickness ands; deep
ppgﬁlaal- IEKIESS WOUNOS 'p?ﬁor 0 autograft?n “fhe nyfbn mesh used, in '
25 TraRsCytH(PRavaRbEans bivbedfaaasiey tE)) Treretdit théfe isanisdd be
apppi@dde gwopnei dressingrpatenal thabisssastwifeatye, ppiayides dermal
better protection inst infectians, is suitable for deep wound application _. -
AR BAT THER (%8 & AP e ovBsade o M faadt 30a e
rapiedibiate Gwe of MorE P tHe disatvaitageBalestrbbdrdbover Saimary and
SAREALING ta a fitgtaspeet, dbake isgpreyidetha eQMPRSHE: SBMPIisigH3dcine
1 semi-permeable bagier layer that 15 permealie 19 steins may be source

of pirons. There are also some ethical issues involved in use
of porcine dermal coilagen.rFuther, TransCyte@ is not suitable
for  prolonged applicaﬁion because it
immunological rejection by the patient. It hasualsoAnot been
established for application in burns.of the headgorfhands, or
in surgidally excised full-thickness and-’ deep’ partial-
thickness wounds prioxr to autografting.-?he nylon mesh USed in»
TransCyte® is also not biedegradable. B2y

Therefore, there is a need to pxovidé,a=wouﬁd dressing
material tjﬁﬂf is cosf effective,. provides better protection
-against infections, is suitable for deep wound appliéation and
is bicabsorbable. There is also a need to overcome: or at least

ameliorate one or more of the disadvantages described above.

Summaxy

According to a first aspect, there 1is provided a

~composite comprising:
a semi-permeable baxrier layer that 1s permeable *to
oxygen and impermeable to microorganisms; and

Comay resilit v -



oxygen and impermeable to microorganisms; and 3 a scaffold fiber layer
formed by electrospinning fibers on one side of said semi-permeable
barrier layer, wherein said semi- permeable barrier layer is removable

from said-seaffold fiber layer. In Qegﬁg&fnwwc%%%smme'mm on

preferably skin cells, are provided in said scaffold fiber layer. In"one .

one efhfigdiMe Rt aid SRATORIMEER Ly &r TohSises (idlatinAEROIUIRG D £~

persesohd aspeciethargjis:proyideshamethodcabimmaking a cofpasitediber layer.
comprising slecliosainning floers.on.a seml peymeable.paprier layarihal, s,
is permeable to oxygen and impermeable to microorganisms, wherein

are s@@géﬁfﬁdpé@n@éb{g Heddérieyef i9FembvHBIR from said fibers. In one

embodinent:the fiethad comprises dhe stepOff seedingone0Icnare-ises

cetlls preferably skin cells, in said scaffold layer. In one embodiment, the
gelatin. ; L o .

method comprises the step of providing gelatin in said scaffold

layREACESENIAgHe Ritfir- aspeetRR6e isPrevidetisap agiesie paterthod of
ma kEPRPHSIGIEE Pesmeable; barrier layer dhatlis permeablestosoxygen semi-

and ifnep%meable t(i microqcrgagisms; a scaffcgq fibe{'zlayer formed bé{
peﬂéti%gc’lzlf’rosplna‘rf‘i’rjfgl fibers 87 one Side of s%%%néerﬁl-pgrmegbféx%%?rtﬁeral%yer;
impanthskin lcells provided wvithin Saltsscaffolt diber fa/at, whticinsaiteable

harsemi-peryeablebarderipyetis remevableframysaid scaffold fiber
Iayer.Accordir%g%to a fourth aié)ect, thgre is provided a com%osite

compri§iG: 5 uanl Beftheabiehatisr@Fer: Al¥aast to deaffofd fbét
seddyers, csed sraffolddfiber 1ayersfomied by blectiospinredg fiberfs os zgre
sc=Side of sggg,%%mi-permeable barrier layer; and at least one cell provided
in each of said at least two scaffold fiber layers, wherein said scaffold

fiberayds COMOHEE aifferertt BeMf/pRe r trERAmECelFpes Mherdin
prcsaid semigpermeable tbazrdrlayenisfeinbvablesfrotrsaid @t teastdwe third

aspwaffold fiber layers, Also disclased herel (5.4 CQMPOSIELOMRAISNG: & semi-
permeable barrier layer that is permeable to oxygen and
impermeable to microorganisms; a scaffold fiber layer formed by
electrospinning fibers on one side of sald semi-permeable
barrier layer; and skin cells provided within sald scaffolad
fiber layer, wherein said semi-permeable barrier layer 1is
removable from said scaffold fiber layer.According to a fourth
aspect, there is provided a composite comprising: a semi-
permeable barrier layer; at least two scaffold fiber lavers, ‘
sald scaffold fiber layers formed by electrospinning fibers on
one side of said semi-permeable barrier layer; and at least one
cell provided in each of said at least two scaffold fiber
layers, wherein said scaffold fiber layers comprise different
cell types or the same cell types, wherein said semi-permeable
barrier layer is removable from said at least two scaffocld
fiber layers.

BAlso disclesed herein is a composite comprising:

a semi-permeable barrier layer that is permeable to

- oxygen and impermeable to microorganisms;



a semi-permeable barrier layer that is permeable to oxygen and
impermeable to microorganisms; 4 at least two scaffold fiber layers, said
seaffdld fiber Hayersdarmed dyeleetrospigring fibess on oneside of shider
1aye3EMEREHNGARIS %%!Qf?%@(%{éi%ﬂ%ﬁ leagt.ane cell propded ineach of ; 4
_said at least two _scaffold fiber layers, wherein said scaffold fiber layers
semicEnphes differeAt EeibtypbdY RECORiNY to a fifth aspect, there is provided
ammethedof making=a Toppesitawomprisiagielectrespioniag fibess ontavo
i-permeable barrier layer. to form a scaff iber layer; % at
303 ot SO0 e ot et THCE Iyt GOt G kS oS
compEgmprising T eleetlrbspimhing-B&S -on a semi-permeable barrier layer to

fosm-a seaffield:fibes layer: and speding atrleast ane gelbini said scaffoldhod  of
makifgi}berala)éer Wcl)'le{%in Sg}i% s](:ejr“nsi-lpermeable barrier layer is removable from
Sald sca%nf%l ffoerﬁayer. %ccordr?ﬁg' to a sixth aspect, there is provided use
ofeare desi/apatch dsidefiifedaboves doiregting: tHelskiRacshdifort e er
to fAtanimalcPisclased-hewein is:amethedJokteating;adermak conglition-ef; 1
, an animal prising applying the composite defined,in the first aspec
+h Sgr%%iracdas%cg(ﬁ(%o' h&'s inio fe gnfﬁﬁéﬁ)bifég A%corrrfﬂ}rfgl?g a‘seveh gSl%e
compaspectithere is provided a kit for treating a dermal condition of an animal
e1ecROMRHSINg ANadhesive Ratch asdefined,abovertagether with ingtyuctions
for applying the adhesive patch to the skin of an animal having said

Lormy i dditifion. DEfNItiGHS The fSloiiig WaFds and téris 08&d Hierein "
saicshalidfdelthef nieaning irdicatedeThe tema inancfiberbisuysedtbe barrier

1aye;§p£%5%£q9aﬂ@én%yo% aQundle of filamants;having ayerage
Iggggir§%33%o a sixth aspect, there is provided use of an

adhesive patch as defined above, for treating the skin
condition of an animal.

Discloged hereln 1s a methed for treating a dermal
condition of an animal comprising applying the composite
defined in the first aspect, or third aspect, to the skin of

the animal.

4a



than about 1,000 nanometers (ran), for example, below 500 ran,
preferably from about 1nm to 100nm. The term "co-axial nanofiber" refers
to a nanofiber composed of more than one material wherein the core and
shell of the nanofiber are made up of different materials. The term,
"ESITAGE %nnggflﬁ%"are?eerget%%flﬁfé) gmca ’is];cf%%ﬁ%lé “of é:acl)r\rrj}“ian-{agcl?rrg]ﬁfﬂ. ito"
treathay be dpueliqiddgelionseiition. #nimay becassirioroffibeARsrating
patcinaterial in asuitahlesalugat nbipless: spegified.otheswises dhe 48HM§ing
"comprising” and "comprise”, and %rammati,cal Yagants thereof, are L
the 30RSRIetRtd ebheddht Bpeti dt Tncliiva® tARguags sStichhat théy ™
condindleme recited elements but also permit inclusion of additional, unrecited
elements. As used herein, the term "about", in the context of
concentrations of components of the formulations, typically means +/- 5%
of the stated value, more typicBRF ¥2449%°5fthe stated value, more
typhealioti3%raf therstatedvatwe;mmore tybicalhy 1 #/-s290 of thwer stated

mean¥alUe. euen more typically. /-0 of theystated; yalue..and evenmorg: one

_.. typically +/- 0.5% of the stated value. Throughout this disclosure, certain
£11am8ht08inéntd My e Tdiftldatiina PaRge Yoakat APEnGuripEe T () Less
than understapdthat:thecdeseniptidm #m range fosmatislmerelyifor cohvenience

ore r@PABIEVItY angd shauld pot.he ¢gpsfrued as an inflexible limitation on the
scope” of the disclosed ranges. Accordingly, 5 WO 2006/036130

PETISEZ05/BB0323" the destribfion of e Friye Shbultf B8 TotisiasrdtP = ©F
more haven speeificatly disalosed:adl thecpessible: subdangeslas wetlhas nanofiber

are iRGi¥idual pumerical values within that range. For example, description of

a range such"as from 1 to 6 should be 5 considered to have specifically
diSERSERFEUD-TARGES Stith 43 H6m 1%6%: fromfl Fto 2 fidnt i 55r6rF2°1e
of ciabyirom tordénfrom:3 ta: 6 ete.,;apwed dsimdividuat humbersiwithiorthatt

may 53NGE. 101, eXammpler 1y 2, 3 4 2naNeh6, 1Pis a0Rlies, regardless:of e vent .
breadth of the range. 10 o
Unless specified otherwise, the terms "comprising"” and

"comprise", and grammatical variants thereof, are intended to
represent "open" or "inclusive" language such that they include
racited slements but alse permit inclusion of additional, unrecited
alements,

As used herein, the term "about", in the context of
concentrations of components of the formulations, typilcally means
+/- 5% of the stated value, more typically +/- 4% of the stated
value, more typically +/- 3% of the stated value, more typically,
+/- 2% of the stated value, even more typically +/-1% of the stated
value, and even more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may be
disclosed in a range format. It should be understocd that the
description in range format is merely for convenlience and brevity
and should not be construed as an inflexible limitation on the scope

of the discleosed ranges. Accordingly,
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Detailed Disclosure of Embodiments Exemplary, non-limiting
embodiments of a composite, method of preparing the composite and use
wo 280: 08 cgmposite will now be disclosed. The embodiments dis¢l0&86hs/000323
herein 15 represent an improvement over the prior art wound dressing
materials as well as the prior art tissue engineering scaffolds with regards
theto flmprovied: lermad fehabilitatiare, higlreriésidtanceapdafttieons, to  have

speBipancedcell growth andaast effeqliveness. Lo hperaiypovidedRa11 as
composite comprising a semi-permeable bagier Ia%/er that isgermeable to

indyggua-hnd pehTRAb I fiicrBbighisnts! Hnd 58850l d Hbe P te,
desforiped.by eteCtraspimangefibersdn one siderofthd bakder kayesh2®lid be
con§f&gngrr’%%am%@ear@ﬂelcgﬁ'bgwoﬁ%ﬁ%%@n@ﬂ§e§§1ges such as
semi-permeable barrier layer that is permeable to oxygen but
fro%ﬁerﬁ?eszle%‘?ﬁ’icﬂo td’rgénis?ﬁ?’ﬁng d'Efét.E’I"hef§8F?1i-%e?ﬁleﬁblefﬁﬁﬂie% to
6, layesinmytbe 6cemposedsofdmaibgical isyhitkdiimak antendes matdrials t3at
rangll€ S§HEPELMEable laygr may be composed of a hiplogicalmaterigly,  ; e

Selected from the 'group consisting of cellulosé acetate, phospholipids,

| regEdiidit andThidthife LHRAEEE Mlorfd EniiftiMent the semi-permeable

barrier layer comprises a polymer. The semi-permeable barrier layer may
be 35 composgdof 3 matgrialselested fremithe giqup,egnsisting of
polycellulose, polyurethane, polystyrene, polyimides, polyamides, resins,
ny|GH SHRIGHE Sholytar; ahSite 6 Sbrddmsle130L &  composite,

- metRed/S£3200560R0032% (sueh asspolyeidengnpolpeopylenehe composite

wiﬁ%'y%%%'%e& p&%%’g!)ds%&o'yﬁjﬂ%on% °<E’8£¥n@%f§sa”§m%i%@;f&heﬁ%%f?m
e seml-permgajb € barrier Iayer may be Composed (6) )bTen e materlas
repghasapd coMmpobites OremBitireS 65 BibRgitariard syithéfRinateflaRssing

matk}a semi-pesmeable barier layer may bera cammeredlyuavailaiiéneering
dres’si;g membrane sych as Te adecrlmT", from.3M I—he%tth%rec.

; . : : A LRy de 1 : .

SC%%%?ma‘élfa f%r%a&rﬁth ONeﬁﬁgvl% X1"‘?'anscyete retabi Litataon

higher resistance to infections, enhanced cell growth and cost

effectiveness. .

There is provided a composite comprising a semi-permeable
barrier layer that is. ‘permeable to  oxygen and impermeable to
micx:oorganisms.; and a s’céffolci- fiber layer formed by
“electrospinning fibers .on one side of the bérrli;er layer.
Semi-permeable Barrier Layer b

The composite comprises a semi-permeable barrier layer

that is permeable to oxygen but ‘imperme'able to micro-~ .

'orga.nisms and dust. The semi-permeable  barrier layer may be
cdmposed of biological, synthetic or .a blended materials. _
The semi-permeable layer may be compeéed of a biological
mate;rial selected from. the group consisting of cellulose
acetate, phospholipids, cotton and mixtures thereof.
- In.  one emﬁodimen‘c the semi-permeable barrier layer

comprises a polymer. The semi-permeable barrier layer may beé

composed of a material selected from the group consisting of -

polycellulose, polvurethane, polystyrene, polyimides,

polyamides, resins, nylon, silicon,  polyester, polyolefin

&
i
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from Smith & Nephew and Integral” patches from Integra 10 LifeSciences
Holdings Corporation and BiobraneTM adhesive patches from Bertek
Pharmaceuticals Inc. In one embodiment, the semi-permeable barrier
woay@issibegadermT” The semi-permeable material may be rewgeyatilyos/eo0323
attached to 15 the scaffold fiber layer using an adhesive. The
semi-permeable barrier layer maybe partially or completely coated with.
(sHFMdhedive ma@fé’ﬂéﬂ‘?m%iﬂ'ﬁeswe MRaterf eBulifgemay b8pMERtsTe) «
panasitieeQr pothysitlesafithe sappenmeablenbarietkayes. Themadhesive
mategial may.he any.material that 20 daes AALAoWGIQWIROF onposea of

micro-organisms and Is non-toxic to subject animals or human beings.
blsigdhedivd prabal m&lde cAfPosedrBmsiBideical, Sinthdiigigpres  of
pidended matenials viheradbesiveomaterial may be selected from the group

consisting of gelatin matefial, resin based adhesives, phengl 23 based.. .,
T%%hessﬁ/%%, Tgcel?%/a e gaseda_ adhesives ahd mixturés thereof. Ptr:gﬁ%[%fglyfa Y
avaid sbif-peanedbld bt fiéRthyBpRP Taadamen, havikgEtitEntafy el M
uaenic aghesiverdhepdegagesnil™may-haverhad the actieadhesivescyte™

therefrom. :%10 The tl&ick ess andc'i';\ve age poresize of tplesemk-germe ble
from. Smit & eg ﬁg ?F %n ra nFa%c.es from - Integra

barrier ayer may be suitably chosento allow pernieation of oxygen and™ ~
Lid eSstiienpepme & dnaficroCogemisrhs oThe atdragdipdresioe of firesive
paeRiermeadlebarder ayernmayle 43 asange selected from the group

consisting of 1 pm. 35 to 50 Ina, 2 pm to 40§m 3pm.to 30 pm .%p.nlzwto-. o
e} T = r1 >y i
20 LB oA KOS 7 WeS 200RI0IBT I B s os J00T
TegedmmBOdiment, average pore size of the semi- permeable barrier layer
is in the,Fange.of pRM B8 HMathe thickRess ofdhe seviapermealtigched to
tbarrler I%/erlga¥.t}ieze¥1 ige ran%% iselected fr etshl% groy cog%%ggeofeabié
REo it 3.008Hm 518 about Zmm:; about 0.005Mmm to about Inim, abt at™ '
be.005rIM e ehoure B, abultG:003mearto eyl Otedm, Abdipd with. an
2QQOSY Onaterial. The adhesive material coating 'may be
present on one  side or both sides of thef'semi4pérméable
‘bharrier layer. The adhesive material may be any materiél,that
does not allow growth of micro~organisms and is neon-toxic to
subject animals or human beings. The adhesive material ‘may be
composed of bioclogical, synthetic or blended materials.: ..
The adhesive wmaterial may be selected ‘from théa”ﬁfoﬁp
cousisting of gelatin materidl, resin based adhesiVes,fphénol

based adhesives, :aldehyde . based.  adhesives ‘and —ﬁixtpres

thereof. _
Preferably,  -said- semivpérmeable” ‘barrier ‘layer  is
Tegaderm™, having substantially mno acrylic ‘adhesive. - The

regaderm™ ‘may have had the acrylic adhesive therefrom.

The thickness and averége pore size of the-semi~permeablé
barrier laver mnay be;suiﬁably chosen to allow permeation of
oxygen and to restrict permeation of micto—organisms.

The average pore size-of the semi—permeablé barrier-layer
may be in a range selected from the-group‘consistiﬁg of 1 pm

to 50 pm, 2 pm to. 40 pm, 3pm to 30 pm, 4 pm to 20 pm and 5 wm
to 10 um. '
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about 0.05mm, about 0.005mm to about 0.02 mm, about 0.01mm to
about 0.02 mm, and about 0.015mm to about 0.02 mm. In one
wo DisRagiment, the thickness of the semi-permeable barrier laygfrA@ 4805000323
0.018 mm. Scaffold Fiber Layer The composite comprises a scaffold. fiber
layer formed by electrospinning fibers on one side of the semi-permeable
15 HarriepeyereMhedsaedfold fibal eRagimapbeprodiised g the semi-
pe@&%@%ﬁ&ﬂgéﬁﬁ lla_}@@ %@?iﬂguﬁﬂwlkﬁme@&%‘f@iﬁﬁﬁng
rocess _may be solution of fiber forming material in. a syitable solvent. .
R o be Sty oR HE G heiatig 2 aPacdRgio e 0
thiersmas afddyddsdnd afky| hhkdat: Exenysiasi solvento foiligart 0. 005nm

to MalBarolzaihanghasetoneoahlarofeun, aglygeroh dinethyHaimamifdsmm to
dichloromethane, tetrahydrofuran, methylene chloride,

abons 2 KrififiBroctisibtartt fixtiFest the?E6H " REspER VRPN tapf 005m™  to
absotvehts Sifh chahge 250 deEming onaype of Solite used. ARSIrhpR. Rriewto

ab&RP be_ebtained friam ZM Huang 81 8lnComposite SCIeACE AN, 1n one
Technology 63 (2003 2223 -.2253),. which is incorporated in its entlregiayer

- emoddment onEsmiddifEtifie O Ssofdtht FeRRRRIBGP RloPSERH AN

isnfethdMalin a ratio of 3 parts of chloroform to 30 1 part of methanol. The
scaffold fiber layer may be composed of any material that is not toxic to.
the subject animal. The scaffold fiber layer may be composed of any

ScpfisyRaF RHnEFY ST blended material that can be spun into fibers. The
scaffiid fibengbdayer mayhd sempasedaof schiadegiasablegnd formed by

a@&@?&%@ﬁﬁ%&“ﬁt?{@ér%W9n20%§(936§§8é°C}.'A:SG%QQF’/OSOQ%& Rable
scaffold f e

) iber layer may be composed of a material selected from t o
baﬁ?ﬁt?ﬁ coRi&fing %P@olﬁg%?ﬁ@@atﬁﬁbﬁéra%ﬁ}f@mtdﬁ%\ﬁ,'Bﬁlyﬁéﬁf’r&légg using
thpratgiis; goly-sscaprotactene . (PCL), polyethylene oxide, polyvinyl :

31! Z‘:gg!e PRYXIYL PRYTYidan: Polyamids. Relylactic.agid and JIXINeS, rocess
méy. be- solution of fiber forming 'material"in” a suitaplé
solvent. The solvent may be selacted”from.the group consisting:

of alcohols, ketones, aldeydes and alkyl halides. Exemplafy',

" sclvents include methanol, ethanol, acetone, . chloroform,

‘glycerol, dimethylformamide,.dich;oxgmethane, tetrahydrofgtaﬂr
methylene chloride, 2,2;2¢triflu0£oéthanoland mixtures
thereof. . Respectively .sﬁitable gplvents- will - change’
depénding,-on. tYpe of soluteraused-'iA‘_simple Ieview: can }be_j
obtained from Z.M. Huang et al.. Composite Science. ahd :
Technology 63 (2003 2223 - 2253], which is incorporated in its
entirety herein. In one embodiment the solvent is a mixture of.
chloroform and methanol in a ratio of 3 parts of chloroform to
1 part of methanol. | _

The scaffold fiber layer may be‘compésed of any material
that is not toxic to the subject  animal. The Scaffold_fiber
layer may be composed of any biological, sjnthetic or blended..

material that can be spun inte fibers. The scaffold fiberx

~layer may be composed of a biodegradable and bioabsorbable

material.
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In one embodiment the scaffold fiber layer is composed of
poly-c-caprolactone. Other suitable materials for the scaffold fiber layer
are disclosed in Z.M. Huang et al. Composite Science and Technology 63
WO (2002223 - 2253. 10 In one embodiment the scaffold fiber layesés005/000323
composed of gelatin. The gelatin may be selected from the group
" consisting of bovine collagen, porcine collagen, ovine collagen, equine |
* colldgEh, SSRETE boRaban, Agare by MABIE SeRRI 2Rt et iRt 21
selkeresd. 15 twancther embodimentpthiessdaftolddiber daysrigecompesed:-in,
of fibers formed_hy electro-spinning a mixture af materials. In one
e ot ot By RSHEld Hioy B fediEreactone
(Pahbnt. IPgevaRbiierEmbottifdst, theataifékivfiber ddyizdd , 20 polyvinyl
pygﬁmﬂﬁe“ dﬁh@fofi%&&i?anpﬂéir}gfx%@mattf@ﬁéﬁ,éhaff%ﬁi&gg@@gsia&ﬁfggma
shell_and the second material forming_ the  care of the fiber. Such fibers =~
oy D Ao BB TR e RSt S ia) Y S pergomed of
potg-axiabpanatibersimaybegqaroducediycusiag apparatusaf figuse dcaffold
e1ffgeielith Zpihe sytioae.needia,of foue 2 ghe BDOGMeRk flos e
least oné of the fibers forming materials used for pl%duclng co-axial °

SCAERGMERIMES P &l Asdiihal AYeht Fhe diantetérs of the core and the
shelhin aae-axialodOmanofiher may tependiipes:the gencestratiapaidhecs
fibers forming,material in the conducting fluid..The fibers_of the scaffold. . -

ge%\%%%rrlﬁay beqrﬁlgcro?%é}ojjnnaﬁng Br n%]n%ed ﬁﬁ%?s?%ﬁwge séﬁé’:f?g}d _I%?/‘gr m%o,up_

cogsmphisBImulfifle Sy-idyers ihdréfiPBach AR is Selektsgrom gieine

cogoier3p erfitisingof maere, migicaned nanedieigel), 0oag embegimenttic
the, scaffald iberglgéegkﬁ.%gan%giggg yer. 9 WO 2006/0 36 1 30

¢ ?:%gGZBOrb 1600325° The thickness of the scaffold fiber layer may be

suitaBly cliesdr a8 peRii'ipenthe dpptication."Tha thickhbss of thwer  is

composed of fibers formed by electro-spinning a mixture of

materials. In one embodiment, one of the fibers for‘mi_ng ,
materials may be a medicinal agent.

' In yet another embodiment, the scaffold fiber layers ‘is
composed of fibers comprising two _ma.terials,' the first
material Forming a shell and the secon-d.matérial for_miﬁg'-fhe
core of the fiber. Such fibers may be called as co-axial
‘fibers. A scaffold. fiber layer comprising "‘co-—';axiiaziz.ﬁénéfibe’i‘:’s_' :
may be produced by using apparatus of figure 1 together 'W'it-hr
the syringe needle of figure 2. BRI o

In one embodiment, at least one of the fibers forming -
materials used for producing co-axial nanofibers may be a
medicinal agent. ' ' _

The diameters of the core and the shell "ir_i & co-axial
nanofiber may depend upon the conce-ntr’atibn' of  the fibers_.
forming material in the conducting fluid.

The fibers of the scaffold layer may be macro, micro,
nano or mixed fibers. The scaffold layer may cémﬁifiSe multiple
sub-layers wherein each sub——iayer is selected from the group
consisting of macro, micro and nano fibers.

In one embodiment the scaffold fiber layer is a nano-

fiber layer.
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scaffold layer may be selected from the group consisting of about

0.05mm to about 5 mm, about 0.05mm to about 4 mm, about 5 0.05mm to
WO 2693R1E 2:6nm, about 0.05mm to about 2 mm, about 0.05mm je-pReY k860323

mm, about 0.08mm to about 1.5 mm, about O.Imm to about 1.5mm,

about 0.2mm to about 1.5 mm, about 0.5mm to about 1.5 mm, about

0.8Him totabdmess rmh. thontcahbolim &b eiie 1Tadh aaavo i esddfdy

chofibar laygkissabeutdgBm. dR-The-avarageipere sizenef tha scrffold fiber tne

Sca@/g{gnq gléajip%r&ea{slz&’}edlstrl utlgeénayrbe Sl%ably chosen depgnglnrg
. plication

upon the% or example when the scaffdid18is€d 161 sl
aboehglﬁe@ﬁmg dppliehtuis, themw epligarpofe Sizenis tehoderultadedwn thout
0. 08iZR afdhgicells tg heculinedionjodhenle scatield: Themcaffold dibes, 05mm

of suppoarting  cell attachment and prollferatlon

t#éer ma be capal%g

to hg JEBtrorPRBSr YayiMay e Rded with Tans 8BRLed HE™ to

abogtoup- (Scmrr5|slrarln@u(!nc émBmyortio stdrmwell$ . Emiznyoribgernistam celisabout

1. sfefal 20550k derived epjthaligheells, ngsenchymalcellse nmdﬁm@ﬂ@' the
stem/progenltor cells, home marrow derived mesenchymal

thl&é’ﬁ?/fb?oé’gn|f6’receﬁFWBﬂl‘éaF&&%rblﬁwed:er?\Féda!?‘ﬁé@eﬁcﬁﬁnal
stemfigrogreaitegees;adipbse tissuetderiveslt masenthyeallayer and the

pordemiroganiter cells, hair fpllicular enidermay 5éheaye%“aelgm§akng upon

epithelial stem cells, limbal epithelial stem cells, nail bed germ cells,
the, ERIASPELRS - cHIHr SHABE LEmodemuddls calra 1ERdE tds pised) For
tisanck orah@jmmmherataymﬁesaﬂdrqurobm cei}sehgamemdixtﬁoblﬁsﬂe is
cho%%ﬁ' gL parigdental ligament tibroblasts cells 30 EEEO%%E@LP:%% oMhe
cells are skin cells selected from the group consisting of keratinocytes, _
scafdipddl fibroblasts, melanocytes and combinations thereof In one

emimgdimeit thie beafitlddayer iy seedral,withe HumamDernd Fimatdasting

o538 300 29951036130 PCTSG20BI09323 FIECUSHDNE riper -

layer may be seeded with cells selected the group conSlstlng

of embryonlc stem cells, gmbryonlc germ stem cells,. fetal

tissue derived ,_eplthellal cells, mesenchymal cglls,'
endothelial stem/progeﬁitcr ' cells,  |bome marrow de:i?EQJ_

_mesenchymal stem/progenitor cell, umbilical cord blood_dexiﬁé&l;

mesenchymal stem/progenitor cells, adipose tissue . derivéd

mesenchymal stem/progenitOr cells,_ halr follicular epldermal:
stem cells, limbal epithelial stem cells, l;mbal,repxthellal;

stem cells, nail bed ‘germ cells, osteoblast, cells}:

chondrocytes, smooth muscle cells, tenocytes, buccal andfoﬁal;

mucosa keratinocytes and fibroblast cells, ligament fibroblast-

cells and periodental ligament fibroblasts cells.
In one embodlment, the cells are skin cells selected from

the group consisting of _keratlnocytes, dermal fibroblasts,

melanocytes and combinations thereof

In one embodlment the scaffold_layer is seceded with

-Human Dermal Flbroblast cells.

10
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The scaffold fiber layer of the composite is prepared by electrospinning
fibers on one side of the semi-permeable barrier layer. 5 The structure of
the scaffold fiber layer may depend upon the electrospining parameters
wO e @aselectric field strength, length of the electric field, lemgtivaeuos/00323
radius of the syringe needles and fiber forming solution flow rate. The
Eleggeggt@&flg[{actric field applied to the scaffold 10 forming solution may be
in-the ?ange Sdlected from the group consisting of 5kV to 25kV, 5kV to
20RVeS kL4 16kY, Biketo 1aRYT 6RY t6HBKVOBRYSIOLEAKNS andBlkared by
eledek¥shglength efigleciric figld applied iesthe seaffelddorming sQlviieanie
may be in the range selected from the group 15 consisting of about 5 cm
barts &holif8%cm, about 5 cm to about 20 cm, about 5 cm to about 15 cm,
"abdihtss emrtocabaet ©d chke about 5o td Bbeut 26vem, abgudePomd tepon
£he2RAWLS GBD ANLL 20QYE 100,10 ahoyt 15.cm 1 The radiugQf SyNiBgfengtn,

needleused for electrospinning the 20 scaffold fiber barrier may be in the

lenghfyeleibhfe PG HE g%‘ﬁgdcon‘s“r‘étﬁnbho%ﬁ%fﬂﬁmot% OSuSHhhRIe

needlet Quidmm he ralfoutsinm, stbbut Ooh nfihde alzout 0 5mm, about 0.1 .
mmgto.aauf. Q. 3mm.abouf 0-amm.to.ah0ut 20pm, ahaut 0,2 M 19a0eRE; ¢

1.2mm. In one embodiment, the radius of syringe needle used for 25 .
forgipfosHihhingthd'sdaftetd fiberBirierRIbotit beEHfth. FHEstflGuE6rP
corthﬂsﬁ_ﬁafgolabﬁbéndayabmaylal‘so dapfer_tob , IO pasametsrs _mfskhe filbadv to
10T selitipnsuchias conegpivatian af fhe sglufion, density of the

solution, viscosity of the solution, ionic strength of the solution, 30

- Theedighgit) oPtheLdiGidH and @HiuERRRL8FthESolthion 5 9He" Brisheffeding

solafithedibardgrming soiuliornmch:&m@@ncemamwsmty etd:w:ll b@x:ou,pl

corfSRANIEN' On B RAVENt lised, FIRREMiesol glectigspiniad sRIUaNSp o
“are disclosed in” S.H Tan .et. al. Polymer 46 (2005) 6128 - 6134, which'is,

20 35ncaRthatet] 1BeliPirfitS Bhtirety. oM WA 28b6/038136° about 10. cm.

| abRET/SGRAA05000828: 25 com, about 10 cm to about 25 cm and

about 10 cm to about 15 cm. 7 :
The radius of syringe needle.used forrelectrospinninq.the
scaffold fiber barrier may be in the range selected from the
‘group consisting of about 0.1 mm to about 2mm, -about 0;1~mm fo
about lmm, about 0.1 mmn to about 0.5mm, about 0.1 mm to ébOut
" 0.3mm, -about 0.2 mm to about 2mm, about 0.2 mn to about 1.2mm.
In one embodiﬁent, the éadius1 of . syr}nge needle wused :for
electrospinning the scaffold fiber barriex_is=about O.2%1mm. -

The structure of the scéffold fiber layer-may'also depend

- upon- parameters of the - fiber forming solution such as

30

35

~concentration .of the solution, density of the solution,

viscosity of ‘the  solution, lonic strength of the solutioﬁ,

resistivity of the-éolution'and condﬁctivity of the solution.
The properties of the fiber . forming solution, such as

concentration, viscesity etc will be dependent on the solvent

: used. Properties. of electrospinning solutions are disclosed in

S.H Tan et al. Polymer 46 (2005) 6128 - 6134, which 1is

incorporated herein in its entirety.

11
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Uses of the composite There is provided use of the composite for treating
a dermal condition of an animal. The composite used for treating a

,Wo_zg&r,mafd)ndition may be a cell seeded composite. In one 5 ?W@g{%p&%ﬁsn

composite seeded with HDF cells is used to treat the dermal conditions.
- The dermal condition may be a burn on an animal's skin. The composite
Usemayfuste: tetre@daiiern that extends to at least the epidermis of the

animalsskin, The compositg may 10 glgg b%&ﬁsgsﬁf}é&e%&b%@{eﬁ%ﬁg a

extends to the dermis or the subcutaneous fat region of an animal's skin.
dermpRdreRPAREY 8 nathaPFtreatifig GRS EBntiftkh dan BRfALF"I

a @@mmisin@oappjymmmlﬂpleﬁayeés 0£@@ell§eeded_ camsgﬂﬁi;te;@q toztbe one

emniQYnd "%h%reg‘o%‘i‘;?o@%@és_ gé%ciile%a%&'&d Apatatue W'thu%%%t‘)bL%t'@E €
interval befween “application of. two Successive layers. The number of cell

theseleda LoAptssieayeérs applied to the affected area may depend up on -
the epthieting weundi Thedingg intevakbalween appdsatigli aktwe sxin.

successive, 20 composite layers may be selected fr he grou
Thel SRRRAE 1 BAY g0 hare 7 08B0 01 KNGS, 70ys (ST RS, B4
-Leagdysthel 7edsiyde b e @inbdtimeantieeflss lapdisompbsitecssutisd with may

alddDbeCcelisls appliegdan (o thawoupdandaluwed tesemain de R halr the
cosmon for 1?3 dayg. Aftgr 15 da%\ﬁ the selgu-%)ermeable barrier layer of the
URBBSETs PRSI A G PEnSheH TS of HEF Beeded composite is
appleé e thé wouprdoareiedn the twptbbthe staffoldlesmet bighe firstdermal
corkORASIRAYah The: miecessisiepealediplil A 43%:detMhe. 1ayers of -
reconstitution is 30 achieved. Alétolq: ous:derinal graft is them applied to
2 GREWARTT S TRRThEh R is May e Ealtifad R6bYoLRT ayreds e
apiDérdal <Recoastitutioh jA¢ DR).tTherselidaldgrovided. anisgghthe between
apPPIRRRS R fordrug. delivary. applicgtions -4 medicingl compauRd May bee1y
embedded in 35 the scaffold fiber layers The medicinal compound may =
se%ﬁﬁd compOSIte- layers applied to the -affected area may
depend up on the depth of the wound. .

The timé'iﬁtérval.between application‘of'tWO successive
composite lavers may be selected from the group_¢onsi$ting'of
1 day to 30 daysk-7 days te 21 days, 7 days to 14‘days}-14
days to 17 days.. ' *

In one embodiment, a first layer composite ,seedéd:kﬁiﬁh _
HDF cells is applied on to the wound.anq‘allowed‘toﬂremain in
that position for 15 days. After 15 days the semi-permeable
barrier 1ayer’of the composite is peeled off and ‘another layer
of HDF seeded composite is applied to the wound .area, on the
top of the scaffold layer of the first composite layer. .The
process 1is - répeated until a 75% dermal reconstitution is

achieved. Autologous dermal graft is them applied to the wound

- area. The meéthod is may be called as Autologous Layered Dermal

Reconstitution (ALDR)..

" There is-also provided a use of the composite  for drug
delivery applications. A medicinal cémpound may be embedded in
the scaffold fiber layer. The 'medicinal compound may ‘be
soluble in the body fluids .or may be magnetically or
électrically detachable from the scaffold layer. The composite

12
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soluble in the body fluids or may be magnetically or electrically

detachable from the scaffold layer. The composite 12 WO 2006/036130

PCT/SG2005/000323 may be applied to the area suitable for drug
wo dedivasy3dlhe adhesive coating on the semi-permeable barrisr Taycuos8p0323

provide physical stability to the composite. The composite may be used

for cell delivery applications. 5 The cells of interest may be cultured on
maYihBscaBld fifer “faydr'Gf tRE TdmMPosEP TRe E8MpOERE colfainifg eld
adhmaivise applictht thenardaawhesenhe pelisemeteto bedolivered aBref  may
proPESErpHoR QfRrawings;1q Embodiments,yjll novk be described with

reference to the following drawings. Figure 1 is a schematic diagram of

eletRSsFMGS Abparat shfs i piotfucesa hafBhibEF S¥a s aGRF e s -
Theaceeldancewitinaaisclosechgmbedimeaninibdigure 2his assehieinatic £iber
1ayAIRORM pf sytinge needle usgd farpraduaing £0:PYaliaRoiRaSdNLay be

accordance with a disclosed embodiment. Figure 3 is a sChematic
apPRliAGrhrh o tBss EeRtiBhYia EBCasal- hanbfier ffalfolfahtEshftd a
disclosed embodiment. 20 Figure 4a is a SEM (Scanning Electron

Microscope) imag%gép%g@i%@d &y%gﬁgggposite prepared in

accordance with a disclosed embodiment. The image was taken at a '

resdiheR HreBbBxX “EikbreaB i$a SENMGHidR oM Hartbibef dEaRBR [EYelthe
fo Xif & Rycampesitgprepared in accordance with a disclosed embodiment.

The image was taken at a resolution of ]4400x. Figure 5 is a SEM image

of htan-epidermaf keatirvdyrmadalls cuiaedan aTegaierriTrospinding
appiessing material. The ppagacas takemaba 188lutionafbdblX.130er in

Fi%lére 6is a,% M igﬁageff hu(gn__an dermal figroblast cells cultured on a o
AR T Wouhd drsssing hateral ¢ image was taken at a .

resofitiorref P10Bx. Rigaré2us bilsardraphatiustrhtiny, thesdiffererdle used:
for producing ' co-axial nanofibers in accordance with a

disclosed embodiment.

Figure 3 is a schematic diagram of cross section of a co—.

~axial nanofiber in accordance with a disclosed embodiment..

‘Figure 4da is a—SEM'(Séanning Electron MicrOscﬁpe) image
of nanofiber scaffold layer of a composite prepared- in.
accordance with a disclosed embodiment. The image was taken at

a resolution of 360§x:

Figure 4b is a SEM imagelof'nanéfib%r scaffold layer of & :

The image was taken at a resolution of_14éOQx.“

Figure 5 is a SEM image of human epidermal keratinocyte
cells cultured on a Tégademﬁ“ wound'dréssing material. The
image was taken at a resolution-of 131lx. - | ,

Figure 6 is a SEM image of human dermal fibroblaét cells
cultured on a. Tegaderm ™ ‘wound dressing material. The imagé
was taken at a resolutiom of 1106x. . _ e §

Figure 7 is a bay graph illustrating. the difference
between growth of .human,.epidermal keratinocytes cultured on
Tegaderm™ wound dressing material and on tissue culture

plastics. The growth was assessed by means of an MTS ASSAY .

13 -
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between growth of human epidermal keratinocytes cultured on 35
TegadermT" wound dressing material and on tissue culture plastics. The

WO zg(;@,%&ygas assessed by means of an MTS assay. 13 WO %%Oﬁéﬁgﬁgooszs
e di

PCT/SG2005/000323 Figure 8 is a bar graph illustrating th erence
between growth of human dermal fibroblasts cultured on TegadermTfl
woEhgugressig hratetiallzanl oatisgue dlliretphisiing. Thegrowthfwasnce

betR88RSSefLbyMeansof Mk asgaywa Figurs 9:isia hak graphillugirating on
the difference betw rowth of Human_Dermal Fibroblast (HDF) cells

| en
Teodififed oh X HRga E?ﬁ%&gﬁan&?ote?’iarﬁl-NF")”&%m (kitetihitoraghds& v re
plagfithca. diEtibsedberibodiments ardarialpolwsasaprolactong $PEE Jay .

scaffold, Thegropth wasagsessed by means of.aMLS assay- 10 FiQyrs, ce.

10 is a bar graph illustrating the difference between %rovvth of HDF cells

bet¥a et SH A TOINE M Hp OSTEFH: aCbbritia it &

on embedientdha areCilizeaffoih-HH gentpovdsassesseddyraathce with
ounting. 'yl Figure lla is a FESEM (Field Emission Scannipg Electron 15

2 {HEEIESed) MCSS BT O orPliny  of LA S APCRe Seafrond PO

scaffgird l|5Tizea FESER eage of ek delly onadays: P6F xUltlife ansay -

TG Famposite;in agcopdgneg witha disglased embpdimant. 2OC7gHS o

b tIIc is a FESEQ/.::im ge of HDF cells on day 7 of culture on a PCL scaffold.
“UEite 1H%¢Y
accp@iNFceompbisite inlaecordantecwith & dissloseddembbdiment 26okigurehe
arolRis aRESEM inageif HRFcells.on day 21 of culture on a PCL |
~ scaffold. Figure IIf js a FESEM ima%sﬁ%rf% DF cells on day 21 of cultureon -
; :

a TE-RE GormpBsiteinacEbridhcé dreiSSSP erEdaH, ddectron

MicEigereriZa ismelight eficidBEope Ihagenf HBF cellsbnchaydref cultuse pCI.

sca®¥aBCL scaffold.

Figure 11b is a FESEM image of HDF cells on day. 3 of

culture on a TG-NF composite in accordance with a disclosed

embodiment. ' ' ‘ o
Figure 1lc is a FESEM image of HDF cells on day 7 of

culture on .a PCL scaf,fold; |

Figure 11d is a FESEM image of HDE_‘ cells on d:éy:"?;,rof"

culture on a TG-NF composite in accordance with a disclosed

- -embodiment .

Figure lle is a FESEM image of HDF. cells on day 21 of |

culture on a PCL scaffold.

Figure 11f is a FESEM image of HDF cells on day 21 of

culture on a TG-NF composite in accordance with a dis'closed'

embodiment.

Figure 12a is a light m-icrbscope; image of -HDF cells on
“Day 1 of culture on a PCL scaffold. '

Figure 12b is a light microscope image of HDF cells on
Pay 1 of culture on a TG-NF composite in accordance with a

disclosed embodiment.

Figure 12c¢c is a light microscope ‘image of HDF cells on

Day 7 of culture on a PCL scaffold.

14
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. PCL—Gelatin nanofiber scaffold through freeze fracturing at

-magnification of 1500x. .

Figure 12b is a light microscope image of HDF cells on Day 1 of culture
on a TG-NF composite in accordance with a disclosed embodiment. 35
Figure 12c is a light microscope image of HDF cells on Day 7 of culture

WO BP0 scaffold. 14 WO 2006/036130 PCT/SG2005/00030GTA{Gases /481323

is a light microscope image of HDF cells on Day 7 of culture on a TG-NF

co site a %_dim to a disglosed embaodiment. Figure 12¢ is.a li

microls%%}é% icrjgagelo HbF ¢ ?rs% oﬁlgrﬁ’asf R ot Jérﬁﬁagreie (()jn%a%%L gcgf{itft&fosld.0 "
Dayridurel1 2Hista HghtmicroSEoPE ivRIRosH D PESIT A NDay @ rofdgiahesed

emiaddatNF composite according to a disclosed embodiment. Figure 13

illustrates the_steps of autologqus layered 10 dermal reconstitution

(AL DR et At orcine Lo oo CSBodtcht, Fpuila grate on
DayE2IENE nforbhvisyieal im&§és sfalfdelbdn/PCL composite nanofiber
 scaffalgufanagnificalion (2} 300 &) £:002x. {£h42.000% ap¢ (dh11s on

_ 20,% 0x. 15 Fi yre 15(A) shows a E_ESEM cross sectional VieV\éS‘ of a

PaycEGeltin FANOBET sHHold thfough free2BRPEcifing 3 e rding  to a
diprdgritidatoh ol 289t Figure 15(B) shows a FESEM cross sectional views

of a lREGErGelayn nanefirenseaffold thraugh reeze. fragtyiingafsa ¥Qered

magnification of 1500x. Figure 16 shows a stress-strain curve of a_ :
QB nf L RANGHGASUS SEAN) URAEPRehsiE TERTNG befdte And Hgtosed
emdetdatanent from Tegadermm wound dressing Figure 17 shows a :

stressrgirain grplyef gelatin/RGho 243 panefibiqus;scaffoldintact with, / per,

Tegaderm!" wound dressing. Figure 18 shows a graph of the viability of
CORRSES b TEPSPREINERT ARG SCLGARA NPECLIE Wt steditruy ()
8, tledsity 6f)1.5x A00e et Jarth cQfdred for a period of 7 days. Figure -

19 is:q giaeh $8QWINg AR MENERERIPRS IO S cional views ‘of a

8

magnification of 750%.
Figure 15(B} shows a FESEM cross sectional views of a
PCL-Gelatin nanofiber scaffold - through freeze. fracturing at:

i

- Figure 16 shows a stress-strain curve of a i'c_jeiét-in/PCL

nanofibrous scaffold under tensile loading before: a'nd_..af-t'ér'

detachment- from Tegaderm™ wound dressing.

Figure i’?. shows a. stress-strain -graph of gelét;i;_r};"ECL
nanofibrous scaffold intact with Tegadern‘@“ wéund dres.s.i'ng-.. '

. Figure 18 shows a graph of the viability of HDFs on. TCPS,
PCL NFM and PCL~G_élati'n4NFM-.:VCells were seeded at density of
1.5 % 1_‘04 cells / well and cultured for a period of 7 déYs . _

Figure 19 is d graph showing attachment of HDFs on TCPS,
PCL NFM and PCL-Gelatin NFM. Cells were seeded at density of 3

4 . :
x 10 cells / well.

Figure 20 shows the cell count of HDFs on TCPS, PCL NFM
- . . . ) ) .. . 1
and PCL-Gelatin NEM. Cells were seeded at density of 1.5 x 10
cells / well and cultured for a period of 7 days. '

Figure . 20 show = FESEM morphological views of HDF

proliferation on gelatin/PCL  composite scaffold: (a) Day 1,



10

15

30 PCL.NFM and PCL-Gelatin NFM. Cells were seeded at density of 3 4
x 10 cells / well. Figure 20 shows the cell count of HDFs on TOPS, PCL
woO MdsMizanad PCL-Gelatin NFM. Cells were seeded at density eiclse2d65000323

cells / well and cultured for a period of 7 days. 35 Figure 20 show FESEM

morphological views of HDF proliferation on ielatin/PCL composite
(Pl didid: F2) DES'1, B3WS 200610361861 EFSBRD0PEE523 i Daj Rt
scaF fle} Dapt5pfddniial HDF penetration into scaffold structure. Detailed

Description 5 Figure 1 is a schematic diagram of an electrospinning

apparatus used to produce a nanofiber scaffold layer. The electrospinning

system 300 comprises ¥EAMIEPUTTIOHRHIGR voltage power supply

20, rirnpayable midtiple spinreret systeia:@P-andar nanpfibes coleeier @ping

- appmedéxgngss%ﬁﬂ%? TS‘?Q&&&O %Ongg%%qqguid uged far formi

nanofibers to the multiple spinneret system (?It:hrfucﬁ'h a series %ﬁbes‘?he
elqgbroapbnadey AVSLERty Of spRifRFeECEoMp AR Yre®'$YENgL needidgh
voX84ge 3 powlc) dspraynted ondhaensirdtiple 'spinReieleSystem3Q cEachy oten

theﬁﬂrees ringe needles (31a, 31h, 31c), 15 is mounted on to a spinneret "
30 h%? er%SnBXnoglber cos.dec ox Fﬁ§ ){Z?fa, ?ﬁlepeer a

inge 8lit]

] y means of respective plugs %‘éﬁ, %%C).Ein L?se,
-congrefuttitig Fli fows ednftie flrplw thebghitherseries otihgbesliiZiple
sp ik AAC) sk @achoofiies Hyiee-swinge peedles(3da, gy 31p)wia ihe,

plugs (32a, 32b, 20 32c). The multiple spinneret system 30 is operable to
mO\g_/% inpgif}é%%?ggatinog%masn%lerrl,nf%%r%%(%pmp 8, 5%/1slle?€to r%‘rﬁ?p s Syringe

negqdieated3By arréWs (383 AndiZsboAgrednded ddifecrovi28 i positionedret

sybelaw the syringe Jdeedies (31310, 3140 aeaiean aleelic field 316y
betwe n 25 the charged.sryrin' e needless (31a, 31b, 31c) and the

2 BEGF So T eGctie TR E RS Hy Tets 548 HEBbheuRGRETY

- plugsejédted frofb thé#iplof each syringe needle (31a,

20

.25

_30'

35

In use, the conducting fluid flows from the : pumg. 1:(}:

'zthrough—the series . of tubés (12a;, 12b, 12¢), into each .of the .
‘three syringe needles (31a, 31b, 31lc) via Ehé-plugs"(:irza', 32b,

32¢). The multiple spinneret system 30 is operable to move in.

a reciprocating manner, for examplé, from left to right, as

indicated by arrows {35a and 35b).

A grounded collector 25 is positioned below the syringe .
rieedles (3la, 3-113.,_- 3lc) to create an electric field ‘between . )
the charged syringe needless. -{3.1"a-, -31b, 3ic)y and the (':olllé:c:ftdr;
25. ‘The electric field causes .tiny jets 34 of the coriducti'rig:-:f B
£luid to be -ejected: from the tip of each syringe needleé (313,,.

31b, 31c). The jets 34 are deposited onte the c_ollec.tor- 25,

. and form a scaffold of nanofibers on the collecter 25. & 'sem'iﬁ-

permeable barrier layer 50 may be located on the colléct‘o.r,'ZS
to form the scaffold fiber layer onto the semi-permeable

barrier layer 50.

"The structure and working of apparatus of figure 1 is

described in further de*tail‘ in Singapore Patent Applicatibn
No. SG 200403355-1.

Figure 2 represeﬁts another embodiment of +the syring.é. B

needle 31. Figure 2 shows schematic diagram of a syringe

16
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- used for treating a dermal condition.

31b, 31c). The. jets 34 are deposited onto the collector 25, and form a
scaffold of nanofibers on the collector 25.-A semi 30 permeable barrier
layer 50 may be located on the collector 25 to form the scaffold fiber layer
WO HWiitgidsesgemi-permeable barrier layer 50. The structure andP@wor@guemH08323
apparatus of figure 1 is described in further detail in Singapore Patent
Application 35 No. SG 200403355-1. Figure 2 represents another

neetiBoditlenttat thE2PriRGe &cuIE B 1P FGre®s shbifs Seremgi@afdian
in of lresyrirge 116 W OA0R6/H364 BOtRE TS GRUNHe00323 needle 431 that

can bgusedinplacg ol dhe SXE‘W%%Q%@% ﬂﬁéh%gﬁ%‘ﬁ%@”%@es 406

apparatus of figure 1. The syringe needle 431 comprisés two capillary
angy JtB 466 *aRG AHsIPERGET LombbhtricAly. FRRICG NNy tEBes (46864(?@)8)
ard amedadepupaf stairiess sieel.sthe syringezneegdid 434 ismprovidedawith is

ré"x\ﬁg@&tsw 12,an4,414 JOL3UPPI4A0 3 'dStzﬁ:_) d%&ﬂ”%ﬂ#@l@“ 2 SeCnde

conducting fluid to the syringe needle 4 e concentric arra gement

copflitid-Eagillah ibe3nM0s, 268 PRIMSIRN SEpaMtE EREANER 40 afid owe
nefefitbe 401 pagsageefibenfirsi GOﬁdﬁGﬂf@ﬂétﬁtaﬁﬁt%&eeﬁiMmﬂUCﬁﬁges

-(48 id f(g 412% sspegtlve |nIet 2414 to thf tl%BEthe s(yrrr)lg)el43tlorTh1e:he

ts are connectec to two. ditferent syringe pumps (not
: Pa§ﬁé‘\ﬂ/ﬁ) b fnedeof téﬂéﬁ‘fubé%oﬁthCES%owfﬁu‘vFﬁe s§ffge plifnpssecond
codgad i dhisrambadiment araddenticad ta the: syringa: purp1£Q of figuresl the
tl and. thtehtubes used |n3trltrs embodiment are identical to tube 12 of figure
¥ QIj?te syrrné’e PACINE connected to the power supply 20 by means of a

coppBrevird 2bet 90 1htdde 4 Wb diffSFentCEsTRRERE fitiRls aMopurhigprent |
sylPiodbe gyiipge negste 43l the sgspaetive; pupins tAhemelegiie sfielghot:

h:gaﬂplreditg the s %rln e needle 431, lets?% condu%%% fIwgl%ade %hc;ﬁted
fom the riesdle ahd are. de osfed on'to the grounde coffector '
Warfmm@,kse sy:::r_nge pump 10 of flgure 1 and the tubes
_used in t:hls embod;tment are 1dentlcal to tube 12 of figure 1.
The syrlnge 431 is connected to the power supply 20 by means!
of a copper wire 420 _

In use,. Lwo dlfierent conductlng flulds are pumped :Lnto
the syringe needle 431 by the respectlve pumps When electrlcr
f:teld is applled to the syz::r,nge needle 431, jets of conduct:mg-
fll.lldS are ejected from the needle and are depos:r ted on to the
grounded collector in the form of nanoflbers 7

Figure 3 shows a schematlc dlagram of a nanoflber 430

produced by using the syrlnge needle 431 of flgure 2. The

nanofibers produced by using syrlnge needle 431 are Composed

of two fiber-forming materials. The first material corresponds

to thez fi'rst:' conduicting fluid and the second material

corresponds to the second conductlng fluld ‘},‘he first material

forms core 420 of t_he nanoflben: 430 and the second matemal'
form the shell 422 of the nanoflber 430

Use of Composite
A composite manufactured ds. described above is able to be -

Referring to Figure 13

17 .
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25 Figure 3 shows a schematic diagram of a nanofiber 430 produced by
using the syringe needle 431 of figure 2_ The nanofibers produced by
' ripge needle 431 are composed of two fiber-forming materials..
wo #‘I?léeg%gsséé#:aterial corresponds to the first conducting fluid ang%ésgég%%@%n
material 30 corresponds to the second conducting fluid. The first material -
thierms cbse 420@iihe aaapiiberasd30 and thewesbogontaterial vioraathedermal
eIl 422 o Ine, neielopr 430 e Of Composite 35 A composite
manufactured asdescribed above is able to be used for treating a dermal
condﬁfbnsﬁ%ﬁer}in@ t6 'R tirel E3NF7 SRR oBHEMH 3B 3pomprising scaffold
14PGF/§52905/000323 dbesads Shawh stansofian autolagets layeiedun onto
dermal reconstitution (AI?DR) method. In Step 1 a first TG-NF composite
2 18 8R/prisihg JeHRSiarIA of pRiN-4-caserictste (BEL) habPhasptepnto a
paﬂi@.@ﬂﬁswﬂgﬁﬁ@t Eﬁcayex«aaﬁiﬂagh@ermﬁm?@w@@&m?@ 12siseplaged @rtorhe
L patient's burnt skin.wound B, The scaffald layer 14 of the TG-NE.
T oA D PP BRI (T Lo o Last
(D ZfHel F6-NF composite 10 seeded with HDF cells, 10 is left on the
skinh&:for @t@@rl iad %@ﬂ@d@nﬁd*ow&mlé slleﬁéinm@sﬂ;sg@ecbm%@nT@Esceiléus,
. as they proliferate within the scaffold 14 in situ, r In Step 3 the layer of
;l“sl'e(\‘t;LéL:"&yé:rmci""'1 1’2_;:\?5e pese 8d o fth%eotr SCaffdi§ Télfeﬁl 1951 f#

riwelysa:crapaiagong, (BGLY that has been electrospun onto a layer of
Tegaderm”11 would dressing 12A is placed onto the first scaffold layer 14
so thatthe®56Bont dditfolPY8A iCih dheerEsAtatt ith fiie PBSheshycfL the
s sedffelildl 4.AAdditional layers may be placed on the skin by repeating .

steps Iq’nan%éel'lpm”_z ,0_8901/01:8‘]::%@)%0“%Igglegcerrg%letg IC@,eSS.’aI S sééo‘ﬁd. TG~NE

composite 10A comprising scaffold 14A of poly-t-caprolactone.

(PCL) that has been electrospun onto a layer of Tegaderm™:

wouid-erSSing 123 is plaééd onto the first scaffold léyerxl4
so that the second scaffold 14A'is in direct-contact"ﬁith the
in-situ scaffold 14. -

Additional l‘éye_x_:s. may be placecﬁ on the skin by 'rép'e_'atlihgi‘
steps"B and .4 until 70-80% of the 6riginlél' déﬁ\:ﬁa}‘; thickness is -

. re_cdnétittited on the paﬁie}_hﬁ;"s skin 8. . R o
Finally, in Qgﬁt‘.ion;;i step 8, a skirf'éra'ft 16 is placéd on |

top of the .;Last remaining ‘s'céf'fo"]_;?:‘l. 14A. '_ o |

,lExampl_L'es
Non-limiting examples of the invention, and a comparative

exé{mple will be now 'b.e deseribed in greatér det:ai-l 'by.

reference to speci_ficﬁ 'E_xamiliés, which should not be construed

as in any way limiting the scope of the invention.

18
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reconstituted on the patient's skin 8. Finally, in optional step 8, a skin graft
16 is placed on 25 top of the last remaining scaffold 14A. Examples
Non-limiting examples of the invention, and a comparative example will
wo F6saRYd e described in greater-detail by 30 reference to spagifigsGgroes/000323
Examples, which should not be construed as in any way limiting the
scope of the invention. 18 WO 2006/036130 PCT/SG2005/000323
Example 1 - Ke&tnBeyf-Fegabienhiircr FasTsagdssan assumed that the
adhesivea spolyusgthanedpaterialss sieh as figgadernEM’, woiddiead toin
cell death. However, the inventors have surprisingly found that 5
POLYBAfIBARS AL TIPS oy urfide h&e §§O R Tact GRBRA atsadly bR cel?
deategademnibl dtumanepitermat keatinooyte callspwére sgégeddiredtlythat
ke YIRAIAET SETegadamm IMang GYIRA 3 ABSRY arICRrroedin gron
. Phan [331. 10 Figure 5 shows a SEM image of the human epidermal
dlﬂ@?‘awo@y{eﬂ?@i’ﬁ@mﬁ’r’ed direclt on TegadermTM wound dressing
matgtiah i hedmage.wes jakemabayesolutiomal 13%EX. Figufes’ isa-baky
graph illustrating the difference 15 between growth of human epidermal
On%raﬁno&ﬁfé%rculﬁﬁedwa%‘&%mﬂ‘ﬂ wEHE BFESsingmatetial2i#tf8n 2°
dedissiBRUlterplasticsas disglosed in T.T. Than et al. The growth was .

ass seqrgy npeaps of an %/lh}-?'vlgﬁﬁg%e g%”e o shgyyg tht%lﬁ

prolife aration on Tegaderm ‘ sing material is 20 compgra% mal '
ke xg ebnaetifing 5 tis8ue EukiHeEKecofbifgyLthe ﬂﬂ/eni’“cﬁ’%&}%}éﬂ'fvound’ound

dréRatihggadecaTM memirana majerialgan hieuseddo suppestealition of
P{ollferatlon and is therefore a suitable material for use in a' composite for

treating dermal conditions 25 Example 2 - Human Dermal Fibroblast -. .
Ce”g_qt_@.geﬁjer?nTw a bar graph illustrating the dlfference .

between growth of human epldermal ‘keratinocytes cultured on
Tegadern™ wound dressing material and on  tissue culfufe
plastics as disclosed in T.7T. Phan et al. The growth, was;.s
assessed by means of an MTS -assay. Figure 7 shows that. Ge1l

proliferation on Tegaderm™ wound dressing material  is

comparable to cell culturing in tissue culture. _Accordingly,

the inventors have found that Tegaderm™ membrane material cari
be used to support cell 'Vp'rClife‘ration and is thefef_‘oté_ a
suitable material for use in é"coxﬁpdsiﬁe for treating dermal.

conditions. ‘ i _*‘f |

Example. 2 ~ Human De:t:mal Flbroblast Cells-'l‘egaderm“‘ _

Example 1 was- repeai_ed only in this example, Human Dermal .
Fibroblast (HDF) Cells were seeded dlrectly onto a layer of
Tegaderm™ . rather than keratinocyte cells.: TFigure 6 shows a

SEM image of human dermal fibroblast cells cultured on th_e-'

Tegaderm ™ wound dressing material. The image was taken at a

resolution of 1106x. Figure _.8 is a bar‘graph illustrating the
difference between growth of the HDF c'ells cultured - on
Tegaderm™ wound dress;l_ng material and on tlssue culture .

plastics. The growth was assessed by means of a MTS assay.

Again, the inventors have found t_hat Tegaderm™ membrane -
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Example 1 was repeated only in this example, Human Dermal Fibroblast
(HDF) Cells were seeded directly onto a layer of TegadermTM' rather
wo 260k estatinocyte cells. Figure 6 shows a 30 SEM image ofgg4RaB0a5/000323
. dermal fibroblast cells cultured on the Tegaderm TM wound dressing
material. The image was taken-at a resolution of 1106x. Figure 8 is a bar
materda ilIGRfatity HRetifferehieetnativeBRIrSRin o PR b st lioruRmédis
theoafrdegadernsiVivabusd deassiigmatedial andeon 1isSug CWbieo3ite for
_ icS ro essed by means of a MTS assay. Again, the
tm%@:ﬁo%%?aﬁ\% fcﬁlj%rgéy\t{ggt%'s‘eggadermTM membrane 19 WO 2006/036130
PCT/SG2005/000323 material can be used to support HDF cell
protiferafion and-issthereietasuiable majekrlfarusein eksgpposie for
treq;Eing germal cct)nditio‘gaSES Ex%m le 3 -.Manufactgr.e of a dis Josed
Tegaderrr?%?ﬁﬁ &omposne A6 %ﬁgﬁe Wfscf):?erpaa'r%% accf_iording1 gerose
embgidiRsee- enfibdirieht Inchpesrhbesite, Tegrdiermv< wound dressinging
mat@lefanakias emnleyed assa seqwerpeahle.hanigrlayet Usingethe ysing
theapégl)ara‘atggtcgc Sflg%rte 1 a'nan_ofl er scaffold layer was 10 electrospun onto
the TRgaderm Y materal-An etectfic AX1E &gt 169 Was & awas
eleggadienaniusof®. 2hem, e gpiaminG' schaticrriedd rafeof l8mi/hiandaald
strlegtic figld distance,ab12¢0e40lyss-Capsolactong RGL) was useshas . 4
.the, fiber forming material. The conducting_solution was prepared 15 b

DB by OGP ) n HGEH SOermbf blgtbfmEete

di savach seethahol (Emolume of-ehlarpfasms develeme mfr.methanoldedorasa the
£iphQ W%ﬁr%g% solution, .The coﬂ‘ldeucfgr(l)gE LSolution was used to form '

nanofibers o%toﬁ%ee'fégardermtx matenal, The c%cr)nﬁlg’sli?enthﬁg?oré)ﬁaer%%md

by idtaled abiGGINEY 20-compobitetbsing (PSEM (Scanningdectevent of
chiMiteseapelninagas,ahine ssaffld diber layer.gh e camposie Weitne o

taken at various_resolutions. Figure 4a is a SEM (Scanning Electron

T8 topss imagetof the SRafBid fibBF faye? ot e fdrm Sonﬁﬁgﬂl‘é?.tin%
solTihe 25 image wes:takdwat foresolution 61 BERSX. iguse 4iiis anetharderm™

material. The composite thus prepared is called as TGfﬁ?"

composite.

Using a SEM_(Scanning Electron‘ﬁicroscope)l images;of £he.
scaﬁfold fiber laver of the composite ﬁere taken at ?é%iouSV:
resdlutions, Figure 4a is a SEM (Scénning.EleCtroaniéréséppéy-
image of the scaffold fiber 1a§ex of thekidrméd cbmposiﬁé, Therr
image was taken at a resolution of 3600x. Figu:e 4b'is-én5theﬁ 
SEM image of the scaffold fiber layer of.the,cOmpqsite..Th@:‘

' image was taken at @ resolution of 14400x.

- Example 4 - Seeding of Human Deﬁmal‘Fibroblast”Cells'ontQ'
Composite | |
Human Dermal. Fibroblast (HDF) cells were seeded omto the
scaffold fiber layer of the TG-NF composite bf Example 3-:The
cells were allowed to proliferate for a period of 21 dlays'.
-The HDF cells were obtained frdmfan'8~month—old Chinesé'infént
(Cell Research Corporation). The HDFs were plated as ‘a

monolayer and cultured to confluence inm DMEM containing'ld%
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SEM image of the scaffold fiber layer of the composite. The image was
taken at a resolution of 14400x. Example 4 - Seeding of Human Dermal
Fibroblast Cells onto 30 Composite Human Dermal Fibroblast (HDF)

WO 20eli8et89e seeded onto the scaffold fiber layer of the TG-NRCarRfasite06§323
Example 3. The cells were allowed to proliferate for a period of 21 days.

ras 1§ FdREcells;Were obtained from an,8-mopth-old Chipese jnfant 35 (Cell,

Research Corporation) The HDFs were plated as a monolayer and

(pert ke d o HoRPNEARESHD M ThitdiAihgaeoba 98 WeY 28863618 2nd
the RQTIS(G2005/0003231 FBS fEatal Boxineusdarnt)iaad 1fcandibioficat 37°C

._sgcti (penjcillin-streptomycin). Media was replac very 3 days an
mt}ﬂ% c%ﬁég\gvﬂgrecr{%%rﬁ%?ne m% h?ﬁn%dﬁ?e%gi%%% a%%%r%t 7¥5 C\%/?tﬁ%?%&om

Res@@ghARicliee mMédriand Feagenisswelpultifalsed from 5 Research

Biolabs (Sigma, St Louis, MO, USA). The growth of cells on the scaffold
.tqayegmgtéggégsggldgqn@nsﬂa?ﬁﬁ&q\ﬁsld layer was assessed using
stakdd4b-dimpsthylthiazol 2-yh%( 8 warhomet pagh aiso-BY (3-carbomet and

hoxyphenyl)-2-(4-sul nyl-tetrazolium innersalt) _as standard cell
als%ou%‘lsﬁp r}%%}aﬁ%hoen t%;—%%”ﬂ—slﬁi%% "hefér% £ \l:)ra%osf‘”yum lnners

nth S
me S proliferation n the substrates, viable cells

- assyasdeeanittdsy Lsiprime BoldirdetriE M TS adsareddl Frsriddemiisn

on AssaysMadisareWl, WSALThesneshanism bebinduthisassay iadhal the
metabolically active cells will react with t frazoli msa,It inthe MTS _ -
o R R b o Bl s e it B Ambo e T "7
USAR92rithe Thee shbstates vdrenrnseeiwithPBSY folswéddly metibhrdawiily
actzlego MdS reagent ir}:;@@\{nxt@&cmme mediuno fard hedns: Thereafterwrs
___aliquots were pipetted into a 96-well plate. The 96-well plate was then. = . -
S AL s v Rl M e O
at L4726 tecBhelogies: Gerbaanyyard thd absorbandd atbpnnfef fheed by
inco@Rtens of eaeh welyasrneasurachdn erdestacpuatthe BUMBEFOfmadium,

cor 0SSl aliached 19 e P, seaffods and TONE SoNAliLCts e eny

Fates WeTr'e. arvested, v@a%ﬁélé) with PBS 8 femove non-adherent ,

" plagalls, arfththen ifeubaidd in DISHhe of. tkes  then  placed inte a .
" spectrophotometric plate reader (FLUOstar OPTIMA, BMG Lab

technologi'es; Germany) and: the absorbance at 492mm of the.

content of cach well was measured. In order to count _fﬁe
number of viablé cells attached to the PCIL scaffolds and TGNF

constructs, the substrates were harvested, washed with PBS to -

© remove non-adherent 'ce-lls,' and then incubated in 0.5 ml of. 1x

:t.}:ypsj;ﬁ at 37°C for 5 'Imin.."’l‘he'.tryp'sfiniz;ation p_rbcess was

stopped by: addih’g 0.5 ml of DMEM to each s-a'mp:le.' T'Hea"c":éll';

numbers were then counted wusing ‘a hematocytometer = and
microscope.

Figure 9 shows a comparison between growth of HDF cé_a.lls -
cultured on a Tegaderm™-nanofiber (“TG-NF”).‘ composite of
Example 1 and growth of HDF cells cultured on PCL séaffold
without Tegaderm™ (“PCL Nahofilﬁei”) . The growth was assessed by
means of a MTS assay as outlined in Example 2 a'boﬁ_e- HDF
pﬁoliferation on PCL Nanofiber scaf-foids and TG-NF construc{:s
was studied at Days 1, 3, 5, 7, 9, 11, 14, 16, 18 and 21, with
‘g:he_ rvesults shewn in E‘igui:e 9 and 10. Both the 'optircal_ -'densi{:y

and number of cells were noted to have increased ‘si_gnifican'tly .
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25 trypsin at 37C for 5 min. The trypsinization process was stopped by.
adding 0.5 ml of DMEM to each sample. The cell numbers were then

woO £datRE3dsing a hematocytometer and microscope. Figure 9[*‘3’19%&}51090323-

comparison between growth of HDF cells 30 cultured on a
Tegadermt"-nanofiber ("TG-NF") composite of Example 1 and growth of
thippledigec fiiréd pnPan scaffoth stitlrdut e deleimeetPQiroliferation
ocaneliber)-Ehe grawik, was assessed-bymeans ofaMi S a8saya% that
ftline infEx%{m;{)Ie 2 above. HDF ‘prolife ation on PCL Ngnof_iger
Ce L CaltbRE ASE TO-RIE S5ttt 35 PAS Sttt AFO5GE 158, 59, §repence
of 17hd FTaddad®l, withl thalrssuitsnshowhén Figure 9 and 10. Both the
optigal denaitye a8d numbarofealls-wese PRIRd 19.have InCieRsedy of mprs
. significantly 21 WO 2006/036130 PCT/SG2005/000323 through the
WIS Gy S BeRioRG Fatirfdhat Eel préRFatdRseamHRg stotddstiiRy 16
when both typesofsdbstiaessawitint cethjmliferation asawotadviedely had
pr@ﬁ?f@%@éﬁ&h%ﬂ@S%?leIéngTe&?%d@tMé’vwgr{jr@ﬁéw DAL, o e

In Figure 9, it was observed that optical density of HDFs - within PCL -

Vi itifer R P8 -RiE K&t inchsdsing il DRy & Wsen Risthibgration.
decrgasinge Fhiswasbecausd HiEs hatlegrobiferatad tihiconfluentenat made

inPRYHEWhep thefgwgrepgmore aygilable spaces.on e constugts for ynp

further proliferation. 10 The results were substantiated by the observations

celisie”Hh BIgEFRL 28, whith SHovrSERSHB&riSHn BERMEd® glowlfoPmpEh of

cetelis enllitretcen ad GeNE aarnpasiteoat Exampleak antqrowt obeelah was
'asggl%lérée&j 89 the flCE“ﬁ{BHP r scaffold. The growth wasa assessed by
cell counting. 15 Figure 10 shows that the cell counts were noted to have
, reacﬁéa‘gﬂa%é’a@ﬁ%erﬁo&ya’a the cefilcburtig Fesuferdrendited to have
reagiaementpiith timassessmeni by TSrassap 1Al evanytimeg paisuthe are
spnumbers of cells: present on the nanofib affold and TG-NF - .
in ng g@egsg&ng %y Eﬁtﬁ%‘:at geﬁfa%'wt £ ev_e_rg time

.construct were comparable, demonstrating™20 was

" Podgiparibfe cHBBRTRe SbsFaidsS TREFSIORS: it €Bn B&orkfidednatiber

VscﬁilEfEQiNEﬁanmle&S &construct were comparable, demonstrating

that cell growth was comparable on both the substrates.

There-f_o-re, it can be concluded that the TG-NF construct is a

_suit'able non-texic = substrate = for | cell grow‘t:h-‘ and
proliferation.

Protocol of scanning electron microscopy imaging:

For characterization, the PCL - naofiber and 'TG_—NF

‘c_:ons'tructs were  sputter c;oated_ with gold _(B:AL'#»TEC'; SCD 005

Sputter Coater;_ GemanY)._ Morp‘hoiogical imaging of the

constructs was performed wusing Field Emission Scanning

Electron Microscopy (FEI Co.; XL30 FEG SEM; USA) at an

accelerating voltage of 15 kv. ‘
Analysuis: '

Cell morpholégy on the PCL sc'affoids and ’i‘Gw'conStrﬁéts'_
was. studied by FESEM at rDays '3., 7, and 21. ‘Iﬁ was noted that
-at: D‘a'y 3 refér to TFigure 1la and 11b) HDFs only reached
--appr_oximétely_ 10% confluence. This was due to the low HDF
se_uediﬁg dens:ity used in this study in order to observe

proli'feration' over the 21 day span. The cells were seen to be

22
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suitable non-toxic substrate for cell growth and proliferation. Protocol of
scanning electron microscopy imaging: 25 For characterization, the PCL
naofiber and TG-NF constructs were sputter coated with gold (BAL-TEC,;
WO 288006 Sputter Coater; Germany). Morphological imagingof/gtoe0s/000323
constructs was performed using Field Emission Scanning Electron
Microscopy (FE| Co.; XL30 FEG SEM; USA) at an 30 accelerating
Rt e b TS ARl FOTESlogy b (1S PECCedoiaRg the
nanPGibgpstsusteh sasskeslieth byrisE Sk atDays 3,7 pand 24e Hawasmoted
tha 3 (refer tg. Fi llg a F ly teached 35. i
aprﬁgi%?t%%( ﬁ‘oﬁ?f/i c%wfll%’lgge.qm?s&‘v%% %%)e %Qt%e low HDFggéed%ntg s
obsgER&iHy Uddtfin thE stRfin bfder 18 TERRFRE prdlifeh 461 Bvérthe 292¢R5 A
abogpariUkhe:celfs waresean toohe 22W¥Or20061036180breliferation and

grontl /SGR00RI000323 charagteristicallyshindlg,shapsd %%Q?iesrécfﬁde and

across the nanofibrous substrates during the course of proliferation.

1113 upSEilie iy it BRAE iR ulAic SHAPEY: it WerRChedertBAthaantiupree -

Bothad ineseagett.in rnuwabes bnd reashedcsabout-30¥%teariuenaa-en bothost
strates. HRE prgliferation and grawth contin progressively and. at. ., _

i ay 2€?%igure?ie and Hﬁf% H§F ;():rorlll eration had almost reache: '10(%’05%0](8

wergnfbeREEeBoth MWe FREL BiaHoM aREST GANFbristiel Were BlHpstcould

“hawonpetelydovered wikea continieuns HOFrveaelaysfe Sraakpl0 Wake HDF
noBPERNED dam e (ieraaaplie At ISpAt LAREOUO Aavedeen UG o

€ pPre na b here
the contractile force exerted by the HD monolfyersdaurlng the samblc—:-wr

thegyrephbatib-phbte BPPESERA witsis tha Hdfobldsiepoptiared atpdtradsh
inoveresdehydrajedawith ingreasighgrades ofethannbselutiensiandaaif-diietka
Ove13|:5n(;1vF‘r_night. From the FESEM..micrographs of Figure 11,, it was '
Vestab s,thed that there was successful, HDF proliferation and adherence -

on botAthanbfBroussibstratésrepraping the FESENre 11, it - was
established that: there was successful HDF proliferation and
adherence -on both nanofibrous substrates. Comparing the TFESEM .
micrographs- taken  for both +the PCL scaffolds "and. TG-NF
constructs abt each time point, - it was observed t_hat_ the
density of HDFs on both substrates ‘was always .co_mparable'.'ai_ﬁd '
that the cells reached. almost 100% -confluence on -.eacﬁhz--a;t' arn
near equivalent rate. _ R
From this experimental data, it. can b.ég seen that the TGE-NF
construct can be: considered. a suitable host substrate for
fibroblast population; with results of cell -proliferation was
much comparable to that of the PCL nanofibrous scaffold.

-Protocol for histology sectioning and imaging:

The PCL nanofiber scaffolds and TG-NF: constructs were

" fixed in 4% formalin and stained with hematoxyline and eosin

(#&E) . Thereafter, the individually stained substrates were
embedded between two - 1aye.rs of OCT -embedd;i;;:ig medium  (Leica;
Germany) by immersing the whole structure in liquid"nit-rogeﬁ-
Serial sections_. {5 ) were sliced using a cryostat (Leica
CM30508; - Germany)  and ' examined wunder an inverted optical
microscope {(Leica DM IRB; Germany}. '

}_l_nalys_isi
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micrographs taken for both the PCL scaffolds and TG-NF 20 constructs at
each time point, it was observed that the density of HDFs on both.

WO %%%%g&tf%s was always comparable and t.hat the cells reachepqc%!,g&s&]s 000323
1 confluence on each at an near equivalent rate. From this

. experimental data, it can be seen that the TG-NF 25, construct can be

_ siwonsideted ekduitalle hasesubsiraiefay dibieblastipopulationlwith resultsias

sp@é&fél',u%réi'if%%tko%‘ﬁ’%ﬁ myeh ??‘J}:ép%r@%@ethﬁk%m &k ang

. e
nanofibrousscaffold. Protoco flq istology sectioning an |mag|r]g._"TI)'%réDSl Y
of pEhsarfoffiet <t afidtls BRCEGINP NSRRI WeFES30%R%d Mgy, in  the

atfanakimand stataed withhemataxylinesand easie (H&E)11Ehereafier, theits
individually stained.'su es were embedded betwgen two layers of
o e T R R e e wnote
11 spekagednliqurraioyehl Serial s¥eRdesl(5 gitYiwelasRead sy a (1ight
or&fiypstaidd pica 33 KNS5O Geimany) andiaxaminedrdnger aninmenad: s,
optical_micrgscope (Leica DM IRB:-Germany). Analysis: 23 WO .
TS o b LSS 0005% Sica i arlte e o Figure
12 hpchorage-dependent cells, it was speculated that high specific surface
FoPropeydies and: porsity ofhe eleGtraspun; Ranfiyousicanshiuiets Mmay aid he

in the attachment and migration of the cells and its, 5 extracellularmatrix ., .
aeREdR e ST at I GHTE SRS A AR eGP time
poimégratidh {fight ldrangeadtadhskimsidenhs PCLlscafiolds ahd TEPRF attach
theRBSIYELS, whichwergHgksstained aldaysdsrapdl1l (BReLodtigUigive

12). 10 For the individual substrates, it .was obseyved that the density of
2L HBPE 16/ MethadREReRE - OVer e T timEP PRints ThidihGsr Aty 2°
wethiat nBbonly did ife HDRhattativttherselvesTo thensiifaee ofsthet fold and
tneUbEYakes, el EGMihave.C glso managed 1osuecessily, -migrale #alo: s ve

its substance as 15 well. This verifies that both the PCL nanofiber .~ |
th&aﬁﬁﬂaﬁﬁﬂflonal scaffoldsu for HDE growth and population..

. However, +the scaffolds. and constructs produced by ‘the

electrospinning ‘techniques - were rnon-woven. Therefore, the
porosity and pore sizes were generally irfégular and randomly
distributed throughout the entire substrate. Thié'prdvided‘éﬂ
better undexstanding,as,to why ECM migration and'intégrétiéa

was predominantly observed only 1in certain ‘areas of the

' substrate and not . throughout. Neverthe%ess, this shortcoming

can be.. rectified with recent - - developments using. aligred

~nanofibers - to fahricate Scaffolds,-rwherer“porésity_-ahd. pore

sizes can be readily controlled.

Another interesting point to,note'waa"thatgat;any'time

- point, the densities of HDF in both substrates were relatively

comparable. This demonstrates. that HDF ECM growth and
migration within,the-TG—NF'construct is comparable to the PCL
Nanofiber scaffold;, which can been regarded as a- suitable

biodegradable scaffold for -a skin substitute.

Example 5 - Fabriéation_of'gelétin/PCﬂ,cbmposite N

nanofibrous scaffold

24




10

15

20

L 25

30

35

Whieh arded s 8 Wiitabl

the TG-NF construct can be' further looked into. as effective
three-dimensional scaffolds. for HDF- growth and population. However,
the scaffolds. and constructs produced by the electrospinning techniques

WO 2(06/36336n-woven. Therefore, the 20 porosity and pore sizd$Wefer005/000323

generally irregular and randomly distributed throughout the entire
frbstrale This proyided o baicr undersignding as.g uhy EGM micration
and- integration” was prédominanty observed only in certain -areas of the
Streupdtrate bhd ndBHfOuglieet. Mevedhelsss hisBhottcdMming 25 taplsde
witEﬁQtfi]fiﬁlg g\énmh@wﬁdie@agmé Usingraligned:c aggll@%elrsotﬁ fdabaiﬁat.e
scaffolds, -where- porgsity and pore sizes can pe readily controlle
e S b bt SOV IR e 8 8t a0 e SRR The BERSTSY
polyfEDF ireBoth substraidsiete reftivefipI30 comparabid. Thifor  cell
prodemonstrates tha HREREEM gewth and migratian wWithinuhesokG-Nri ¢
.construgtis comparaléle to the PCL Nanofiber scaffald, which can been
Bictkgradable SEAfOIG for a SKIRETHRIAGR 135y
biocExappld Bi-lE&bricatidnofgeleriniRCL evapbsitelidiyo fisroussdedffold Ly
Low? 48 200010361, 3¢ PETRGE0Q A% A0 3 sk WiLtsferepse .Y 4sea:
. Zhang_ et al [261, where Bone Marrow Stromal Cells (BMSC) are noted to
Widgdaplatto pPSlitePAETRIRH A Getattie CLLBRfsOSR scafotd tS dBpHTOf
drebMmyshheimerord avebtigated g ese cimlgetsirand ARE-32@0lymer
as a suitable scaffold material for cell proliferation and penetration. =~
ERtatiPHRS Hhiffe it iemttits “RAichaREfRYSIBIdyiéaDMfhatin Type A

(3tiodegratiahiliynhiosempadibility awnd) commerpistaimilabilinat relativelyr

sodfft COPfelalifnasySpptablishad sl to he diped 0,idaly indhe, 5.

* pharmaceutical and biomedical field as wound élressings, carrier for' drug -
trideliverp ahirgediant T6B127). (PHE Eb¥posite Athtbrial was tBricat@dchs,
swiusieg pelatin. Type A (300 bloom, Sigma, St. Louis, MO) from porcine skin:.

in powder form, PCL (Mn 80,000, Aldrich) with solvent 2,2,2 R
Solutions  of gelatin/TFE and PCL/TFE  mixXtures. were.

prepared in 10% 'wt concerntration and subsequently mixed
together in 50:50 ratio under gentle stirring to ohtain the'
gelatin/TFE/PCL solution  to be used for fabricating the
composite fibrous _s-caffol;l ru‘s:ing the apparatus of ,figuré; 1
undei: t;_he' same operati'n.g paraméters a‘é E'xample 3 ab_dxfé.i"'t'éi"‘
produce the gelatin/TFE and PCL/TFE Tegaderm™ composite
(“gelatin/TFE/PCL Tegaderm™ composite®). . |

Dimensional ‘property characterization

The diameter of the gelatin/TE‘E/PCL Tegaderm™ composite

- nanofibers was noted in the range of 300 — 700 nm (80% of

nanofibers) with a mean diameter of 500 % 120 mm using. an

- image analysis software (Imaged, National Institute of Health,

USA)..: Through 3 hours of electrospinning, a nanofibrous. mat
with approximately 30 pm thickness was oblained. With ‘a “known
bulk ‘density of ~ (1.34 g/cm ), the 'porosity of the

gelétin/TFE}/PCL Tegademm composite nanofiber scaffold can be

obtained from the eguation:

porosity = {1 — 4 / D} x 100%
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20

15 trifluoroethanol (TFE) (purity ? 99.0%, Fluka, Buchs, Switzerland).
Solutions of gelatin/TFE and PCL/TFE mixtures were  prepared in. 109- wt
concerntration and subsequently mixed together in 50:50 ratio under

wo 2‘5’3ﬁ%81§ﬂrring to obtain the 20 gelatin/TFE/PCL solution to BETSEHby090323

fabricating the composite fibrous scaffold using the, apparatus of figure 1.
under the same operating-parameters as Example 3 above to produce
the gelatin/TFE apnd PCL/TFE Tegaderm™ composite ('gelatin/TFE/PCL _
e e St i A
dengidimeterafehbigedan/IFE/PCL Tegadermt composite nanofibers was
noted in the range of 300 700 nm' (80% of nanofibers) with a mean
diameter of 500 120nm using an image analysis software (Image3, _
NafidgFarifistitdte B EatS0 HER TROIUGN S Adtrebr deddEpifting e
gelatmantfitidasthatevatieapproximatedy 88 pot thickmessiwasabitamedt (a)
3, OM\(I]'H]' F(‘kkﬁo‘yr,]Ogd%ylk(@?nsgy,%(%)g_A'QAW) me %9&%2@ the Figure 15

gelatin/TFE/PCL Tegadere" composite nanofiber scaffold can be obtained
ShoRg ety G B pbIoaR = {1 e'tP/ Bf x 10bRk 24 K% BEbe At ™
conP&SH 56 200560003 23 anherefd amcubinegresents thegaifdrent denshy and)
750ngnger(1§5ty {gg@%%ti_vely [28). 5 Figure 14 shoWsl the FESEM
morphological images of the gelatin/TFE/PCL Tegaderm"t composite at a
magnification of (a) 3,000x (b) 8,000x (c) 12,000x and (b) 20,000x. Figure
15 showds EESEMIargssrsectionah viewsab gelatinstE&R CL Tegaderxr
composite through freeze fracturing at a magnification of (a) 10 750x and

&

(b).1.500x. Details results are shown.in Table.1 below. Mass per unit.
: | Mass per
unit.
Area -
. Apparent '
) Thickness mg / cm? o Porosity
Diameter (nm) density
' ( {(am) 5 {%)
: - Aglem’y \
area
7 (mg/cm’) . | T
500 +120 T30 %6 1.21 #0.13] 0.43 £ 0.06 | 64-72

Mechanical property characterization _ o .
Mechanical -propexties of the . electrospun 'gelatin/TFE/PCL
Tegaderm™ composite were measured using:the tabletopwuniaxial
tesﬁing machine {INSTRON. 3345). This was done using a- 10-N
load cell with a cross-head speed of 10 mm/min under- ambient -
conditions. All samples were prepared.,in 1ﬁhe form of.
rectangular shape with dimensions of 20 X 10 mm from the
scaffold c@nstruet, with an average thickness of  12Qum
measﬁréd from the digital micrometer. Foﬁr éamples ﬁeré-tested

for this characterization procedure. Specific sample

26 .
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Area Thickness mg/cm2 Apparent Porosity Diameter (nm) density ((am)
{%) (g/cm3) area (mg/cm?) 500 120 30 6 1.21 0.13 0.43 0.06 64-72 15
Mechanical property characterization Mechanical properties of the

WO 2@ieesaspun gelatinfTFE/PCL TegadermT”' composite wereegessuesionns2s
using the tabletop uniaxial testing machine (INSTRON 3345). This was

done gsin,é; a.l -Nd I(iad cell with a crosg;hea%speed of 10 mm/min. ;
Pr e R RAE APBient 20°Condifidnd SAIPSaMiBRE B prihafedtin & RImTr 21

[27§ectangular shape with dimensions of 20 X 10 mm from the scaffold

congigusle Withan avgrage thigkness of 120pm Jngasyiad.foprthedigital,o
micrzfe@-_Four samples were tested for this characterization

5°1 R GRLAETe] SRl FEHG 2008109650 PETISEERITS 050423

Teqpﬁepafatiwnunéthédekxgylts-asImgsmtienEi:IrigZyM.. Beoandictfar42¥] pipuses
weré6§@%@e§&§3ﬁ{@@&%‘§¥@r 9&5}3&1939'%}HEEE/ Pl‘(l?IE S@%ﬁg@ phase

before and after detachment from the 5 Tegaderm™' wound dressing.

°f friteresthgly: wdiffersht s Werd oticdadrot the Hifsigabatiy Por
scagfaghl Theifinst phasetofithettensile |dadiaggraph iwachieved svtmthe The

secORIAUHRCL scaffold stifintactyithihe degaderie. wound dressing, Ihe; ; o

second phase occurs after the scaffold has broken and tensile 10 loading
LoagsHfin S st Witk Feg X d&thE waGHa Feesing b, SFRIThRHI Ahene -
Thibeeamxdtapsiatdshand shovep a1 Eiguteshd tsisdenovin thakthescambined .

polymey of gglatin/ReLhas, JowgtIansils 16;991?)19@92&9” Qég%%ﬁ‘fi?fpcx. has
Similarly, with an understanding that the Tegaderm™ wound dressing, has

Lowgh alhdstits el Mt raBaAfke tonsis PREJErER Tt iSéRpdewEttharthth an
undnasefibrbitsysoaitold wik break defare thewmurukdmﬁﬁu@g has an almost :

.elastic _rubber—iike tensile property, it is e}.ﬁpected that the. ‘
-nanofibrous scaffold‘ will lb_l_feak Abefor'e the wound dressing
does. However, .th_e ‘combined const‘rlu_c't of the nanofibrous
scaffé’ld and Tegaderm™. wound dressing has given rise to_'_‘:‘an
.improvement in the te_ﬁsile properties of ar"-con.struct based
solely on gelatin/PCL alone.

This Tegaderm~gelatin/PCL composite construct has shown

_to offer much better tensile str'e'ng"th',' c_iéfo»rrriabil‘,iﬁy-__; and

flexibility which is particularly  important  in ""s’kin_"
rehabilitation procédurés. - - ' h - | .
Cell viability tests - o N

' ' As ShoWn fror'ti‘:t‘hle -dﬁﬁicéi d..énsii':y of éélluléf aétivi{:i‘:érs
from the cell Viab.i':li-ty'-t.est 'frqin Fi:gf;u'fe‘ 18, Jt .caﬁ bhe ﬁbtiééd
that HDF cell wviability increased gfééﬁly dfé_r : the 'F- dé_tys
périod on gelatin/PCL nanofiber scaffold as compared with the

PCL' scaffold. This result can be verified with cell counting =

‘test from Figure "18. It is observed that cell. ‘counts on

gelatin/PCL coinposite scaffold are approximately an 80% fold

increase as compared with that of the normal PCL scaffold. It

- is interesting to note from -Figure 18 that by Day 7 of cell -

culture, optical density has begun to6 stagnate  for the

gelatin/PCL composite scaffold; This does not mean that cell .
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does. However, the combined construct of the nanofibrous scaffold and
Tegadermtm wound dressing has given rise to an improvement in the
nsile properties of a construct based 20 solely on gelatin/PCL alone,
iIS"Tégaderm-gelatin composite construct has show c
w0 - gelatin/PCL compos nas showr SR RILES
better tensile strength, deformability and flexibility which is particularly
grolfportany in-skin rebakilitatien pracedures: B6:Cellrviabilin tasls Asate. A
hown from the optical density of cellular actiyities from the cell viapility
xR o G0 16 A B8 nolee S FID Golr it o AR S oF
pengiezahioder tha¥alay$-86 perodoasgdiatin/PCE fémoliberSeedfoithas cell
prodQmpared yuth, e, Retiscalfald Fhissesuit canke yerified with cell
counting. test from Fi%ure 18. It is observed that cell counts on .
gelgﬁﬁf%(ﬁf chpBsife Eetold. ar& Aprosiabitely sn 8Os fofd-ificreBgend
anciocegwpared With thatrol theonorhahPICL sedffeld. L85 iShutergstingio/PCL
corfpRiSiftam FigurerL§ dhat by Rau7;efcell  eultiyesopticaldensitydas 3 most
begun to stagnate' for the gelatin/PCL composite scaffold. This does not

compaitthat EdiF 78R 2 Re (756 1 -30 B C FRE 2856032595 hwihtas the

incr}qm?edm asfop et rath'epa_lgmimwegefabe:ﬂl pr:;nb'able tﬁasonmnll heoaymer -
so1hiS; Bhasg fae cells aregvorking on. penglratinggpto ﬁlﬁfﬁ?{I'PfS'tSnto ‘the

scaffold through cell proliferation or growth in extracellularmatrix. 5
scafdolits Hohi Eiyde- 19 shows that the HDF cells, being anchorage cells,

tendrignatiach hettrota thehgeladiDiP Chueaempdsitenseaftald, subdevimgs, NFM.

results that are almost - comparable with that of TCPS. It can be concluded

andh RCH@ahetibriEthelsbhslyiraicgertfmtothe e ol mér 105 * 10

ce EDMItOREES greatlyenhaneedithe HDFe affinitycanto theyscaffold structure.
Figure 29 shoyg the,gell countab DS Qn TGRS, RGL NEM.. 4 '

&gicd views = of HDF

prolifeération. on gelatin/'PCL composite scaffold: (a)‘. Da{y' 10

S (b} Dbay -3, (¢} Day 5, (d) TInitial HDF penetration_'im_ib' :

scaffold structure.

Applicatioﬁs :

It will be appi:éc:iat’éd that the "disélos_e'd? compqé_ite' is

" highly useful in the treatment of dérmal dogdi-tions sueh a-s':““ “
skin burns. It will be appreciated that the skin cells sééded o

into the scaffold layer assists in_the'_“”he'ai'ihg of‘thle s_kiﬁ':.'

Furthermore, the composite forms a_-protectiVe barrier on the

skin and prevents infection of the der"mal-, sﬁb—&éma-l and

'.epi'de'rmal_ tissue, particﬁlarly i_n' situations Wheie the body is

"

unable to répair‘ itself.

It will also be appre-ciéted that the skin cells seeded.

into the sc:.af-.f.olci layer provide a. useful  alternative, or
compliment, to skin grafting. Additionally, as the inventors

have surprisingly found that: adhesivés‘ Sin. commercially

available polymer plasters, such as Tegaderm™, do not kill or

inhibit skin cell growth, ‘the composite is able to be used in |

dermis and epidermis repair.

£ .




SR

and PCL-Gelatin NFM. Cells were seeded at density of 1.5 x 10 cells /
well and cultured for a period of 7 days. 15 Figure 20 shows FESEM
morphological views of HDF proliferation. on gelatin/PCL composite
WO zgeficidsta) Day 1, (b) Day 3, (c) Day 5, (d) Initial HDF pen@§avisEeatfdnoe323
scaffold structure. 20 Applications It will be appreciated that the disclosed
composite is hi%hg useful. in the treatment Qfddermal congit!lons sych 33 ve
skin DS RGN bePafitetidiRBthaY tHer SKin Tels Sedasiind e Thats
toscaffoid layereassists in therrraading of tid skin. P&Racheanbre, thikoducts.
rofCHRRIEforms . prQiEtive barger amthe gkinand preyests ipfeetiongli -
the dermal, sub-dermal and epidermal tissue, particularly in situations
PotRHE ke BOGH S nBBR ebair itoE . R ca%o B Appi8hreBiREr ©°
mathes skinugellsdeedsin3isinte the scaffdldingerprovide ospfylite can be
usBieTIRtYe -0r Lomalimant 4o skin,grafing. Additignaliy, Asthe IVeRi U Snus
have surprisingly found that: adhesives. in commercially available
trgGlyiner plasters, such as Tegadermt,.do not kill or inhibit skin cell
growth, the composite is able to be used in 35 dermis-and epidermis
repair. 28 WO 2006/036130 PCT/SG2005/000323° The composite -
additionally provides a useful alternative to the use of permanent . .skin
replacement products. Furthermore, electrospinning the fibers onto the
~ semi: permeable barrier provides a relatively low cost means to 5
manufacture the composite. Furthermore, the composite can be. used in
~ ulcers that have signs of clinical infection or sinus tracts. 29,"WO .
2006/036130 PCT/SG2005/000323 References: 1. S. T. Boyce, G. D.
Warden. Principles and practices for treatment of cutaneous wounds: with
cultured skin _ S
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substitutes. The American Journal of Surgery. 2002; 5 183: 445 - 456. 2.
K. G. Harding, H. L. Morris, G. K. Patel. Science, medicine and the future.

WO 208tggdirigochronic wounds. Clinical Review. British Medical Jpuryst 206800323

Re
i.

324: 160 - 163. 10 3. J. L. Sorensen, B. Jorgensen, F. Gottrup. Surgical

£ treatment of pressure ulcers. The American Journal of Surgery. July

88: 41S - 515. 4. B.L. Seals, T.C. Otero, A. Panitch. Polymeric
omateridfssfprdissue.ant orqmnégener@@imd@ﬂﬂ@ierla&ﬁqﬁmetanﬁb
e por 34 (2001) 147 230. 5 Jennifer er J se
pct%[r]l,%g%er{ri_an%ger LEJosepﬁ?’ acant’ Lfransplan%e]}lon ks &FSI Sﬁcm
nsathedsifor tissue régenekationi Advanded Brnad. 20 Delivery Keyiews @32 ;
(1328) 1@? 182 g tern R., McPherson M.., Longaker M. Histologic study
of artificial skin used in the treatment of full thickness thermal injury.

Jﬁurnﬁl of Bantldaes arld- R&habifitatiohs(1990) 1K.7 FE3.<6.7. ntdgrace, |

I ti lat
LHS(%&!SH&? g}?gra B@émakg% grat Ct Sgﬁnrp aecgnml%lé‘c’\lewounds

http://www.integra-1s.com/bus- skin_produ hew
U iDERMAGRRETY Didbeidsi/shisSdedEngihealimgrnal . 2002 324:

hitg#/wwwy germagraft.com 30 9. Gentzkow G.D, Iwasaki S.D, Hershon
K.S. Use of Dermagraft, a cultured human dermis, to treat diabetic foot

uiterslDiafESTEPE (19D6) 1 B5EnEe80 WH-2006/086880 Surgical
P@§%@Q§/®§3%§é&mth§&ﬁp§ewﬂé XB@J[:\!L‘%%%T%ou'rnal of_

Biotechnology - http://wound.smith-nephew.com 11. Noordenbos J, Dore

CCHERBIbughLE. §291%9yaﬂd3%ﬁ| § of Tfahtyte for the treatment of
partial- seals, T.C. Otero, A. Panitch. Polymeric

biomaterials for tissue and organ regeneration.
Materials Science .and Engineering: R: Reports 34
(2001) 147 = 230. |

Jennifer J. Marler, Joseph Upton, Robert Langer,

Joseph P. Vacanti.. .Transplantation of cells .'_in'
matrices for tissue regeneration. Advanced iD‘r‘_ugrl |
 Delivery Reviews -33 (1998) 165 - 182.

- ‘Stern R., McPherson M., Longaker M. Histologic s’_.cu'dy-'

of artificial skin used in the treatment of full

thickness thermal injury. Journal of Burn Care and s

. Rehabilitation. (1980) 11: 7 - 13.

Integra Life Science : Integra® Dermal Regeneration

Templaté -
skinﬁpr.oduct ~Shtml

Smith & Nephew US - DERMAGRAFT* Diabetes / Tissue

Engineering — http://www.dermagraft.com

Gentzkow G.D, ZIwasaki S'.D; Hershon K.S. Use of

Dermagraft, a cultured human dermis, to treat

diabetic foot ulcers. Diabetes Care. {1996} 19: 350~

4.

30

“http://www.integra—-ls.com/bus—

e
Wi



10 -

15

20

25

30

5 thickness burns. Journal of Burn Care and Rehabilitation. (1999.) 20:

245 - 281. 12. Using Skin Replacement Products to Treat Burns and

Wounds - http://www.nursingcenter.com 13. A. Tay, TT Phan, P. See, C.
WO 2836 ST Lee. Cultured 10 sub-confluent keratinocytes on WoU/RE2005/000323

dressing polymers for the treatment of burns and wounds. Wounds: A"

Compendium of Clinical Research a %Eﬁpoo 1200k 1270- 133
10. §m1f')ltﬁ1an IJE] Ta(:tngA Chunldﬁgfﬁgy Lee. ?Lé%:va?uatlo of
céllcaudture @mp@dywemahemdwmmbrane (TEGADERMTM)
Ilcaton or tissue engineeri gof n Y. im ?g@i&ép
1 é{g TBE) ﬁadi?:argyBr%g M. Deve o?olrﬁ?éﬂ?%ok? arlﬁ)s%fuctlljgrgé DNA and
de_wén;céz@y sedffol@naa elgetroshirming ot PG AHEERIEA- PEGHsIst 2.~
5. Jaurnay g Gantrolie Relgase 89 {O0S)GR 35%:48, Jaming
att ews Gary E. Wnek, David G. Simpson, Gary L. Bowlin.
Eléeﬁmépulmhg*@i@auag@rﬁ 28 natdfibérds Biordddromolecules 2002, 3,
12 232 - 238.4.2; (hi Hyliep, A0Y) 3100k Yugpindiles Bigpedicdlat Burns

applications of collagen. Internatlonal Journal of Pharmaceutlcs 221
(2@011)1"10221@% G R Wi 3 : @0 Simpson, Gary

133G n. ElectiagRNIng, of Q@%Of'béf flbseggen StuCtees. NG ured
Letters 2003, Vol:. 3 No. 2, 213 - 216. 19. H.L Khor, K.W Ng, J.T Schantz,
To’%hﬁbﬂ%?ﬁbfliﬁﬁﬁtT C E%@?—P%Eﬁeﬁ W I-fEFtlmacPﬂé%urP% dressmg

(sycapiaasigne)r s W&EOOQQ&@J@:%%B@T/SQZOWQQ%Z%I{MS@&@ds .
potential substrate for tissue englneerl% an_epidermal e%Nalent

MEBHRE Sciente afP T (2Bo2yifay @I’?Wﬁi}l DAY
- Hutmaeher:d. P SebantzzC & Ny, He? Too1 33.

14. TT Phan, IJ Lim, EK Tan, 2&. -Chua, BH Bay, 8% Leg;

Evaluation. of «cell culture on polyurethan@fbaséd”
membrane V(TEGADERﬂﬂU:  - Implication .fpr' tissue
~engineering of skin. = : _ o
15 Tuu Y.K., Kim K., Hsiao B.S., Chu B., Hadijiargyrou
M. Development of a nanostructured DNA.-delivery j'
. scaffold via electrospinning of FLGA andr‘PLA%EEG:‘-
block copolymer. Journal of Controlled‘_Releasé_lagi
(2003) 341 - 353. |

16. Jamil A. Matthews,. Gary E. Wnek, David G. Simpson,

 Gary L. Bowlin. Electrospinning of 1collagéni-'

nanofibers. Biomacromolecﬁles 2002, 3, 232 ~ 238.
17. Chi H. Lee, Anuj S8ingla, Yugyung Lee. Biomedical
| applications of collagen. International Journal of
Pharmaceutics 221 (2001) 1 ~ 22. o o
18. Gary E. Wnek, Marcus E.. Carr,. David G.. Simpson, Gary'
.. Bowlin. BElectrospinning. of nanofiber fibrinogeﬁ'
structures. HNano Letters 2003, Vol. 3 No. 2, 213 -
216. |
19. H.L Khor, K.W Ng, J.T Schantz, Toan-Thang Phan, T.C

Tim, S.H Teoh, D.W Hutmacher. Poly (e-caprolactone)

31



10

15

20

,25

30

S T.C Lim, T.T Phan, S.H Teoh. Evaluation of ultra-thin poly
(e-caprolactone) films for tissue engineered skin. Tissue Engineering

, Number 4, 2001. Mary Ann Liebert, Inc. 21. Wan_, L Cato
wo 2&#5?){%{;‘[%&7 '1}8@%%&»35800323

20.

21.

22 S§e@M RAmMgklizhna. puifacesngineering of PIECiasU. . celluluar

ncin, Edward J. Caterson, 10 Rocky S. Than, Frank
Electrospun nanofibrous structure: A novel scaffold for tissue
efpginaering JousaalaiBiamedicpldMaterials Reseaids Mol &y ilsske dng
613 - 621 %Cl)oz . 22. T.M. Freyman, I.V. Yannas, |..J. Gibson, Celluluar
18 mateTRiEE Barous SCRHOIES-fof tissue BRGRESANG: ProgrefaR  and
Materiale: Seiange@62(2002pBZ3 - 28223 F=dwards C, Marks R: '
Evaluation of bigmechanical prop%rties of human skin. Clin Dermatgl .
1808, 159578 360 HBACKETC v 1iai FEPRBIak! MC-Radiihn STo0-
Altgeds biodegradlableananafibro usesitucture l patepdal sdaftale for-thin
blood vessel engineering. Biomaterials 25(2004) 877 886. 25. Yoshitomo
HR SR v T CREEP A SFRRY . B 1A bid@egralidieYanofibgdneered
seaffold byreleciiespipAiRon a8 its poteatiakfey bane tigsHeLAgineeringoy .
Biomaterials 24 (2003) 2007 - 2082. 26. Yanzhong Zhang, Hongwei :
O%?&Hg,%é@?@@%ﬁmf@&eram Ramakrishna, Zheng-Ming Huang.
Elegtrospinning, of Getadin B0 Fibgrs-and GelatinfRGh bompositehibmessn ,
Scaffqlds. J. Biomedical Materials Research Part B: Applied Biomaterials
7505186- 185, 208 27 F7R8Hy-Ming BBangBYegt¥RgRYTs, nanotibrous
RamaktshnesandzC. dovdm. Elesf@zpianingand piechanicahgineering.

ractegiatior%of 32 W?HZOO§/O§§6130 PCT/SG2005/00 023 23V gfl‘.atinﬁ 0, '

narotibers: PSlymér - O/ €45, | BE9E 2 Juy 2002 Piges
53Gis5368 28 &Abwvei MaiMagaye Kotaki, Thomas Yong, Wei He’and

materials as porous scaffolds for tissue engineering.

Progress in _Matejl_:'ials' Science 46 {2001) 273 - ‘28‘2.-

23. Bdwards C, ‘Marks R. Evaluation of - 'bicjmeéhan-i'ca-l

24,

257

26.

.27,

prope;lrtiles‘ of human skin. Clin Dermatol 1995; ‘13: 375
~ 380. o |

Xu-C.Y., TInai R., Kotaki M., Ramakrishna S. Aligned

\biodegra'da-bi_e‘- nanofibrous structure: a 'ipo'ten_t:iall_

scaffold for blood vessel engingering. Biomaterials

25 {2004) 877 - 886. | _

Y-dshitdino -H;'.,-* Shin Y.M., Terai 'H., Vacanti J.P. A
'biodegrad'able nanofiber 'é‘(‘:affo.ld b‘y elec:trospin‘niing
and its potential- for bone tissue’ eng.ineeriﬁg‘_.

Biomaterials 24 (2003) 2007 - 2082.

Yanzhong Zhang, Hongwel 'Ouy.ang', Chwee Teck :Lim, Seeram

Ramakrishna, Zheng-Ming Huang. Electrospinning of Gelatin

Fibers and Gelatin/PCL Composite Fibrous Séaffolds. d.

Biomedical Materials Research Part B: Applied Biomaterials

72B: 156-165, 2005.

Zheng-Ming .Huang, Y. %. Zhang, S. Ramakrishna and C. T.

Lim. Electrospinning and mechanical characterization :of,'

32



R

10

15

20

25

30

35

5 polyethylene terephthalate (PET) nanofibers towards development of a
new material for blood vessel engineering. Biomaterials, Volume 26,
Issue 15, May 2005, Pages 2527-2536. 29. Wei He, ZuWei Ma, Thomas

WO 2angsoYdeeEong Teo and Seeram 10 Ramakrishna. Fabricaiiensefeos/000323

collagen-coated biodegradable polymer nanofiber mesh and its potential
for endothelial cells growth. Biomaterials, Volume 26, Issue 36,

DEEERbLR 26509 1PEGES 760697875 30. % Han! R. et 9. kdtakiant 1y
S.2Ramakrishes. SB% Syst@matic parameter study for ultra-fine fiber

fabricatjonyia eleg inni oc Yol Issu 25

28 fablicationyja electospingiag process, Bolymer, yolume ‘Eﬁe jﬁ%

July 2005, Pages &158-0154 1 Anand S.. Badaér[ni, Michelle R. Kreke,
MESRakETHBRpson, SHhRSe Rifflec@td PSR Golddfein. Eff&giprospun
fibes 12@ thaineiey on sprepdinigs prekferatioe/nd diffateptiptien of towards
os&eobl stic celEIs on §Iectrospun‘£)oly lactic acid) substrates o
Bior%‘é?eﬁgfg??n Pre%_s, Coarrec_:tré 'Proo ,%K\fa;\]ifaé le online fglﬁﬁf 200‘{5‘:?\356l ,
322 MSINRESERMdIdH Az AR S Jdfrbrrantdl : AR IeUriB, 28xan80 5.,
Timagas Hr €3rafeskls Young Chung and Sally. Meiners. A synthetic
nanofibrijllar matrix promotes.in vivo-like organization and_morphogenesis

29 N3} ! ! . |

for gé‘llsillr?:. cu ﬁ%f Sﬁfgma?etf%rfgf\/o ame 22‘,9 seéugcﬁ%? O%%gber obZeram

PEs 56230563 1. B33 ST T.oPhatf | FlikR E R T Bl HP Bajeq:Sidable

- Lego1pvaivatiometesl culiig,omthe palwurgibessthasededredhidi@el ial’
(Tegaderm'T): implicgtion for tissue engineering of skin, Cellé?<Tissue .
O EIO0E) (L PrBERA ey, 96 SHBCr st ib082 Decenber

Retefod P3m@etobe? @006 Claims L A composite comprising:

30. 5-~H. Tan, R. JInai, M. Kotaki and S. Ranmakrishna.
Systematic parameter study - for - ultra-fine fibei:j
fabrication via electrospinning process. Polymer, Volume.
46, Issue 16, 25 July 2005, Pages 6128-6134. - I

31. Anand S. Badami, Michelle R. Kreke, M. Shane Thbn;pslc}h‘,
Judy S. Riffle. and Raron S. Goldstein. Effect of fiber

. diameter on- spreading, proliferation, and. 'diffrere‘ntiati_'oﬁ.‘ .
of osteoblastic cells on electrospun poly‘.(lat‘:ticf ac:.d)
substrates. Biomaterials, In Press, Corrected Proof, -

_-Available online 15 July 2005.

32. Melvin .Schindler,  Ija# B&Ahmed, -Jabeen Kamal ,_f‘ Alam “:Nﬁi;H'E:-,_
.. Kamal, ‘Timothy H. Grafe, H. Young. Chung. and Sally.Meiners.. =

A synthetic. nandfibrillla-r matrix promotes .in viv_bﬁ-l‘i.ké‘_
Qrganiz.ation ~and’ morphogenesis for cells in. c’ultﬁté.
Biomaterials, Volume 26, Issue 28, October 2005, Pages

. 5624-5631. ' |

33. T.T. Phan, I.J. Lim,.' E.K. Tan, B.H. Bay‘.;& S.T.  Tee,

' Evaluation. of .. cell <culture .on - the polyurethanewbéi’sed-.'
membrane (Tegaderm™): implication for k‘tiss'uegeng:i.neering.
of skin, Cell & Tissue Engineering (2005) (T.T. Phan et
al) .

33



" a semi-permeable barrier layer that is permeable to oxygen and e
- impermgablé to microorgani);ms; an_dg a scaffold fiber}/agayer formed’% T/SGNO_S‘[GO%ZS
electrospinning fibers on one. side of said semi-permeable barigFgiysg23 October 2006
wherein said semi-permeable barrier layer-is removable from said
scaffold fiber layer. 10 2. A composite as claimed in claim 1, wherein at
least one_cell is provided within said scaffold fiber layer. 3. A composite
as claime%lﬁl%%im,z, wherein said at. least one cell is a skin cell 15 4. A

corhposité eetifride inetaimd pwherein said skin cell is a human dermal
fibroblastcelb mf-goppasite asclaimaed inglaim 1, whetgin at least one
20 g}@ygigzpw&d%@%@r@gﬁ%@iaoemr{ggggieétlagrier'Iayer. 6. A'composite as
s claimed in claim 1, wherein the semi- per S ba?fdr layer is composed
of a polyrfie’ 25 728 coifi5Ssite erclaraBedn kyaisi 6; wheréimihe  fibers
polymernis - séticted frorixithecgioppoensisingof IelyCeli#eSeherein said
poIyw@ﬂwmmasb@w@fﬁ&o|¥H9@93190WQKQ@%%'J€§P%% 0 Il.'o 'scaffgl, |
poly§gtgprha%lygster, polyolefin, polyamide, polysilicone, copolymers an
mixtures thereof. 30 8. A composite as claimed in claim 1, wherein the
- semi- permeable barrier layer is composed of at least one material
10 seléeted fromriime grbepaconsistingiofifiegadermim, RemagrafitUecast ogie

Trarsaytek Meg&at%&md@m@&@ans'§§f§b41$¥m¢ieqa§*é§?t IPEA/AU
- WO 2006/036130 PCT/SG2005/000323 10. A composite as claimed in
clajm 1, wherein an adhesive is provided on the semi-permeable barrier -
layer for ANGRIRY “Aft&cAmeHetPie SRirFdraR nintaPor umaid 5:811dast
cofipositeldsicdaimeldiin ckdiln 10, wherein the adhesive '
15 ' ' :
4. A composite as 'c‘laimed in claim 3, wherein said skin cell

is & human dermal _fibroblaét cell:

‘5. A composite as claimed in claim 1, wherein at least one.

200 cell is provided on the 'setﬁi‘—perxﬁeable_ barrier layer.

6. A lcomposit_e. as claimed -in claim 1, wherein the semi~

~ parmeable bar;:ier layer is compo‘sed-of a polymer.

25 7. A c.ompo"site, as CL'airice:d in claim 6, wheréin the polymer is
' selected- from the ‘grpup Cdn'sisting of poly.celluloé'e,
p.olyur'e;thar}e, - polystyrene, _pol;yimides',' : po-lyarﬁ-ides,. re_s-iné,
' pylon, - polysilicon, polyéster, . polyoiefin, _ pol’famide,
B polysilicone, copolymers and mixtures thereof. '
30 '

g. ‘A COHLstii;e_ as claimed in claim' 1, wherein the semi-
permeable barrier layer is compased of at least one material’
'sel’ecte_d from the group consisting of Tegadernm™, VDemagraftm, :
. Transcyte™, Integra™ and Biobrane™. ' |
.35
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is selected from the group consisting of gelatin adhesives, resin based
adhesives, phenol based adhesives, aldehyde based adhesives and
mixtures thereof. 10 12. A composite as claimed in claim. 1, wherein the

WO )43 3Pore size of the semi-permeable barrier layer is in aR6Rh§&2005/000323

selected from the group consisting of 1 pm to 50 pm, 2 pm.to 40 pm, 3n

1ét9 30Ap %Iﬁlpg@itpezgig n&fggnég nlIlo : c’IiQiE{IQ ) ﬂ‘,s %%e@&?ﬁ” %%Site?dsgs ive is

. claimed in claim 1, wherein the scaffold fiber layer is comprised o

PIRERS s ctdd frori tHE Gr6EPCEBASistiRg T oF ebllal@¥e GeldfT, kerdpiving

atghitgsesm tpakypepiidesipreieing patiseaqapsolaciane (PCL),polyethylene

oxide, polyvinyl alcohol, polyvinyl pyrolidon, polyamide, 20 polylactic acid

and mixtures thereof. 14. A composite as claimed in claim 1, wherein the
Hfiherd of tHB2EhIBIF ibériaipdrd Bogtialberd 2585 X dbrithesirstagsive
iClatepeHiteciaimrdnwhereinghediber sizei of thiey seaffolgklibesilayeoas abves,

I astone mi%ﬁcl)-sized fiberﬁ: anqkn no-sized fibers. 16. A osite as
m(:%aﬁlnezilj in claim f?/v verefn the'thic n%e%ge 06 i‘f%séggﬁdd%g& g?/ileer §ased
adhéaiErifraRriHRLE ot ToHaMtiREef about 0.05mm to about 5 min, Lo

about 0.05mm to about 4 mm, about 0.05mm to about 3 mm, about

).05mm 19 %%%‘{ttén;@’ %?g%o. 5mnm;[: aQ%Ut11'5w m, a:tggutt_.OSmm .

to about 75 ‘mm, about 0. MM to about Bimim, dbolt 0:2imim t6 Gbout® 9%
PAES nithzB5%botik®. STRmiPaEsark Srmire abbet 0 Brveito Bboinl s range
seMBL 3P EXARGRROSNNZ2 3-Raceivas 23 £ctabg?006 44 Am, 2 pm to
composjte as claimed in ¢laim 2, wherein sai a%least one cell is selected
4 p : : 10 pm. e
q:rélrlﬁ th%ugn}oﬁg go@s}?g}fnggo?%m orygﬁldJ I{étear%%ce Isl,nélmtboryjo“((é|81 bﬁérm stem

cells, fetal tissue derived epithelial cells, mesenchymal cells, endothelial = '
15 steR/pragesior cells;, bone; makroyn denved.MesEneiwBal the scaffold

tem/progenitor cell, umbilical card blood derived mesenchymal S
£ ! e esenchymal
SEhathenior cSTETAdBoge thste Terel HedGnaiig) —om the grou
cpshAdInitordells, hakfollieular epiddmidistem dedisatin, chitosan,
polypeptides, proteins ; poly-g-caprolactone (PCL), polyeth'yieﬁ_é B
oxide, polyvinyl ‘alcohol, polyvinyl pyrolidon, polyamiae',
polylactic acid and mixtures thereof. -

- 14. & composite as claimed in claim 1, wherein the fibers: of -

the scaffeld fiber laye'r' are coaxial fibers.

15. - A composite as claimed in claim 1, wherein the fiber- 312.8
of the scaffold fiber layer are at least one of micro-sized -

fibers-and nand-sized fibers. -

16. A composite as claimed in clain 1, wherein the thickness .
off the scaffold fiber layer is selected from the  group

c'onsi.sting of about 0.05mm to about 5 min, . about 0.05mm: to-

about 4 mm, about 0.05mm to about 3 mm, about 0.05mm to about

2 mm, about 0.0%5umwm to about 1.5 mm, about 0.08mm to about 1.5

aim, about G.lmm-'to about: 1.5mm, about 0.Zmm to:abont 1.5 mm,

abeut 0.5mm to about 1.5% mm, about 0.8mm ko about 1.5 mm.
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© 15

limbal epithelial stem cells, limbal epithelial stem cells, 10 nail bed g9pgM/sG2005/000323
cells, osteoblast cells, chondrocytes, smooth muscle cells, tenpe¥iEsed 23 October 2066

buccal and oral mucosa keratinocytes and fibroblast cells, ligament
fibroblast cells and periodental ligament fibroblasts cells. 15 18. A
composite as claimed in claim 1, wherein the scaffold fiber layer
cgmprises gelatin, 19. A method of making a composite comprising.
elettrosPiniieCAibsFs h & SeHitHermeahld Datrielisyei o #at RE Least
peRnieable toloxytreis alrrtlinfpyermeadisle docmicroorgdnisimg, whergibrsaitic
semipesyiaahle aasrieslayerdshemaablediom, said fibers; 20,A method,
agclaimed jn claim 19, wherein the 25 elggtrospincgirl% comprise usirig )
polymer meit or a polymeér in solution, Wherein thé condentratior OFthe2
pééﬁﬁ‘éi’iﬁ’g&&‘ﬁi‘i:ﬁ’énny%bh% foltfi%E fib &P Hg SERFEHECrosphisigyDal
AThetodes eidipred i tlamm2D, ivhéreiprtichpolyier mekBOesenchymal |
Pelysrep b godilion is selected kamdhe group-cansisting, &f calladelnymat
gelatineralin ehitosan, polyasalides, proteins. pale-caprolagions
(PCL), polyethylene oxide, polyviny acqhgl, poly\}fnylepyrolld?)n, DA
poarAtie "RbIIatEiR adttinChiktured thBrdor 95 0be i dlethamascel s,
clafhéd he¢lalirr20, amhbrein thessolvent ofdhéssolutiondsary veganismooth
SQ{VEBI&B@eﬂmd%mEEEWaWQ&QOQQ@G&éQOSé keratinocytes

PCTISG2005/090323 .%%me,thqqgaa%gkaéme%i%g%ma?ﬁ’ wherein the

organic solvent is selected from the group consisting 0 ohgﬁs, ,

kTR AGRY eI ARG I HERBERS & 29° W fnethod as claimed in claim
19, wherein said electrospinning comprises: applying an electric field
hawing asttength indhe sangei selectad framudthe, graun-0RSisting;ef kM a

) tof%@%y; 5@{31:0 éomprise‘s lgerlartin_;-

20

25

.30

35

18. A method of making a corﬁpdsite comprising:

' eiec_trospinnin’g fibers on a semi-permeable barrier léyer
. that is pei:me‘able- to Qi:ygeﬁ aﬁd impermeable to m,icrocﬁ:gfanisr_ns,'
wherein said S-emimpemeable: barrier “layer is removable from

‘said fibers.

2_0. . A method . as c.‘Laim_ed' in claim 19, . wherein the
eléct’rospinning- comprises using a polymer rﬁel_t Qr a polymer in
solutien, wherein the concentration of_' the polymer = is-

sufficiently high to form a fiber during said electrospinning.’

'21. A method as claimed in claim 20,'ﬁhérein the polymer.melt
or a polymer in solution is selected from thexgrpup consisting

“of  collagen, gelaﬁin( keratin, chitosan, polypeptides,
proteiqs, polyfamcaprolaétbne {(PCL), T_pmlyethylene oxide,
polyvinyl alcohol, polyvinyl . pyrolidon, polyamide, polylactic
acid and mixtures thereof | : |

22. . A method as ' claimed in claim 20, wherein the solvent of

‘the solution is an organic solvent,

36
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20kV, 5kV to 15kV, 5kV to lokV, 6kV to 15kV, 6kV to 14kV and 10 8kv to
12kv. 25. A method as claimed in claim 19, wherein said electrospinning
comprises: applying an electric field having a length in the range 15
WO 28fdetetP¥rom the group consisting of about 5 cm to about 23" (S GOHUE®323
cm to about 20 cm, about 5 cm to about 15 cm, about 5 cm to about. 10
23.CMADQULRAEN 0,AP0PL B APOUL £ AP, BbgHL 284 M A Aboul,
10 cm to about 15 cm. 20 26. A method as claimed in claim 19, where
50 1y5h teldctrogpitfifig CorhprBestBiRing BCSiRinge Mebefd Rt forhiry fidols,
ketithers, 2v1.d%pethoshas alatyedhniclaiss 26, comprising: 25 selecting said
syringe having a radius in the range selected from the group consisting of
about 0.1 mm to about 2mm, about 0.1 mm to about 1mm, about 0.1 mm
24 10 aboutebhfifA, aBsut G1IMALH abdtit 0.9 Maboti-0.2 Weneiabousaid
eledDib SichahoptébAgnmssabout 1.2mm. 30 28. A method as claimed in
claim 27, comprising; selecting_sai mi-permeable barrier layer that is is
perr%%g% e o o?f/lgegr% BRd s %’éﬁt?a I;e/nl?nvg'gr%eaabﬁég‘xt_gn?r%[?crg%ré"glr%s?nas?ge |
selzg=Bedo IARMAkESIvE patth copRFisiidng sei-pefhedisle Bakfer I)dr to
201that ispermeabido oxygen: andomperpeabledoBIQOrgRRiSIS; Bkv and
Bkécgg)foﬁﬂpfer layer formed by electrospinning fibers on one side of said
semi-permeable barrier layer; and skin cells provided within said scaffold
- fiber layer, wherein said semi-permeable barrier layer is removable from
25 saidn scaffold dler layer. 30afeeMmposite cemprising; 8 semjpReragablesasq
barrier layer;.at least two.scaffold fiber layers, said scaffold fiber layers

oL gShed by electoSpiming >

applying an electric ‘field having a length in the range
selected from the group consisting of about 5 cm to about 25_
cm, about 5 cm to about 20 cm, about 5 cm to ‘about 15 bm,_
about 5 cm to about 10 cm, about 5 cm to: about 25 cm, about 10
‘cm to about 25 ¢m and about 18 cm to about 15 cm.-
26. A method as claimed in  claim. 19, . wherein said
electrospinning comprises: .

using a syringe needle for forming the fibers. L

27. A method as claimed in claim 26, CO@priéing: ,
.- “selecting said  syringe having a. radius 'in the ranéé

éelected ffom the group consisting. of about 0.1 mm to abouf'

2mm, about 0.1 mm to about lmm, about 0.1 mam to about 0.5mm,

‘about 0.1 mm to about. 0.3mmn, about 0.2 mm to about 2mm, and
about- 0.2 mm to about .1.Zmm.

28. A method as claimed in claim 27, comprising:
selecting said semi-permeable barrier layer that is is

‘permeable. to oxygen and -substantially impermeable Lo

. microorganisms. .
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fibers on one side of said semi-permeable barrier layer; and at least one

cell provided in each of said at least two scaffold fiber layers, wherein

said scaffold fiber layers comprise different cell types or the same cell
types, wherein said semipermeable barrier layer is removable from said

at least two scaffold fiber layers. 31. A method of making a composite
comprising 2elECHESpiknim fibBr< 8RR s&nftPermeable barrier layer to
formza seaffolt:fiherlayerrandiseedingat least-one celnsaid scaffoldyvgen

angb%;@’ﬂe T\%Ii%reég gﬂ%]_sgg}l&gi%r{g%%tgle barrier layer is removable from

said ‘scaffold fiber layer. 32. Use of an adhesive patch according to claim
29 for HeatiftythetdkinTcdidifién B Artanitial® 33¢ Use Bt Bh adhédsive s on
onpatchiaecerding 1a claini 32¢ rwvberain Said skin-conadiion isna burn. 34. A

kit for treating a dermal.condition,of an animal  comprisi n adhesive
otch S LA 55 e it Tt b P b et
whpgfch toP e SRIfrGf &1 "aitRaleh ding ‘saifd teYial contifioasge from said

scaffold fiber laver.

30. A composite comprising:

a semi-permeable barrier layer; at least two scaffeld fiber
layers, said scaffold fiber lavyers formed by electrospinning
fibers on one side of said semi-permeable barrier layer; and

at least one cell provided in each of said at least two
scaffold fiber layers, wherein said scaffold fiber lavyers
cemprise different cell types or the same cell types, wherein
said semipermeable barrier laver is removable from said at least

two scaffold fiber lavers.

3. A method of making a composite comprising:
electreospinning fibers on a semi-permeable barrier layer to
form a scaffold fiber layer; and

seeding at least one cell in said scaffold fiber layer,
wherein said semi-permeable barrier laver is removable from said
scaffold fiber lavyer.

32. Use of an adhesive patch according to claim 29 for

treating the skin condition of an animal.

33. Use of an adhesive patch according to claim 32,
wherein said skin condition is a burn.

34, A kit for treating a dermal condition of an animal
comprising an adhesive patch cf claim 29 together with
instructions for applying the adhesive patch to the skin of an

animal having said dermal condition.
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