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A conposite, nethod of producing the conposite and
uses of the sanme. Technical Field The present

WO pwesd1en generally relates to a conposite, aPOEBGWHS/000323
of making that conposite and uses of the sanme. The
present invention also relates to a kit conprising the
2conppssite, mBabrgrofimroducdndi Hip comReFiERians uses of the
statistics, an astonishinggpnual anmount of US$5
billion is spent on burn wound care. In United Ki ngdom
(UK) , about 600 mllion are spent every year for the
treatnment of chronic pegnaiGar aiboq. |n the United
States (USA) , the estinmated exPenditure on wound care
pr odtiee sPres ot VeISGPhidePrEAl L THe laFePale @ gmpepite, a

m¥Prvl beakiangnganges Qh@gb@b@ytaH§$%EeQOfoQHKﬁ same. The

pressure ul cer to about US$36, 000 for a diabetic |
PROTRRE  HAVSPRGEPOrE S héeedttfmt & &nodht spIFRTIgHng the
cEhp &t wounds i s about US$180 million per year. Human
skinis arelatively soft tissue and yet nust be able

to withstand | arge shear stresses. Heat, chem cals,
electricity, ultraviol eBacRgromed ear energy can cause
injuries to the skin resulting in various degrees of

ski nAdepedjerg Tive Wosdsvidegpertigtticaj upy e8tehieshsion annual

aRGEW SoAlyddie iR EBE! LUMpY A iRirhNRoURPEEIRST ThaYBh ted
of the skin. In such cases, wounded epithelium
Kyegdemal (UK)irs aheatedcf antddprt REPi aPP2at B van@agodsr the

POt BAUI e alY-oskbn 1@kaf {iNGatkionever, AR euseté@UStates
damage to the skin nay lead to partial or conplete

(Hatagethe KBetATERe? deFRaPdiHiFes BHel elc t FRERIeBTOfAgts 1S
ab®tit SUSHo CesESLont. hanBOdYeirSgeinabie &0 We@dld iH&alihg ranges
Since skin forns a protective barrier around the h%@%n
fhoy 2Paidimage” 4 '0 We TQ&r @i PTEESBES sBYETal U nirthtat 36,000
fbhr gadisardich asuhapi th sievaperdehyth alstonassd amdun@USpent
forms of infeétion. Intogggﬂﬂ}%i &event such threats

oPr G HASDEPAGS théaPe" fom per” year.

Human skin 1s a relatively soft tissue and yet must be
able to withstand large shear stresses. Heat, chemicals,
electricity, ultraviolet, or nuclear energy can cause injuries
to the skin resulting in various degrees of skin damage. The
least degree of injury to the skin occurs at the epithelium,
which 1is the uppermost Jlayer of the skin. In such cases,
wounded epithelium generally is healed via re-
epithelialization and does not reguire any skin grafting.
However, more serious damage to the skin may lead to partial
or complete damage to both the dermal and subdermal
tissues.[4] For such cases, the body is unable to heal itself.
Since skin forms a protective barrier around the human bedy,
damage to the dermis 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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are a few suggested neasures that can be readily

applied. The first is that of an autograft, where a
w@ewbidn3of skin isrenpved from anot her part oPCT/B€2005/000323

body and is subsequently grafted onto the wound.

However, the drawback is that renoval of the derms
reameleepi feomi snpsher sprrbusfopsrat body arddi fist heulraouently
oBLE- d5RRY 88l LORRE HBNG NS | Rl LGLoN mesalem hehBval

grart onto t'he burnt areas.
oéc‘aheruqlfgrmmsl Ianble epndmmtlsata tﬁ@eflarléaomrc“é;@-@ns@@ﬁ if the
bJﬂ?s[ sgLong; antd 'adWOLEIh\%ﬁ ﬁgpebgsgngﬁfpﬁl@ﬁerﬂeﬁlﬁhp skin

acenent products are now wi dely avail abl e
avwltaﬁéewaﬁcq(egr%i? @R’E@rplaéll fhegralrpbntagges - Lideep scarring

w§fiqgg%§om5£@ﬁ@gﬁpﬁﬂe Newy, Jer S¥ci WS . . Integra is

made up of bi -1 am nat e nenbrane conS|st|ng of a

bovi @ﬁecggbaggn ased deumal Rnaliguesandra JeRRAEARE Y skin
epi dermal substitute | ayer of silicgone., The dernal

r?@bq%%ntpnoéyéits f "PhtRPES cOHAYI SHESGY AVpdtdfss 1n the

mABkdd X HKbhprs ohedpd nentypea Lo Im@acéaat pifinsboro,
crosslinked wth chondrotin-6-sulfate,

an
N@W yﬁ%’"sséfn ﬁ@@l)ycéﬁt?%)l%ﬁard&ﬂ@d oty &nbgﬁéﬁlﬁlnate membrane

cérsiddiage.of Nd egbAins Bb.ﬁEﬁﬁarﬁlﬂ)abbﬁ exensedaneudghe and a
untll the formation of neode

r . er, t.he neoderm
CHBR R TRVBHC t MESEH T gl iR erof <o HiAovag dhg germal
réﬁlibéﬁ@ﬂdeHm@brauﬂDgMﬂEbrafo@h@ﬂﬂﬂsOo@Oﬁ igdebubSmatrix of
r|n t.he pe et wee acenment and .
s BPirr 1 R B0 SPES the CPhEGITS BPAF; IRuol g Linked with
cnbmmfnﬁﬂmé6ﬁsﬂnfmmnhaﬁndalgrycdsmmgengnymﬁnd (cbser vettracted

a|I for and synptons of infection. The
LHPe o 5%i56595? qntegra application is the difficulty

In P?%Qé@i{“Jfﬁ %a%hhn 8Q|d?£e lﬁ?ﬂgggraagu dr]untll the

addi f1on Size of egra and hi gh cost
fprvat ioed qﬁlmﬁqﬁﬁﬁmusonﬂﬁakesthe naaf¢oridablas flgrent Heprmed,

g&ngifl 5Hgﬂia erAﬁg;h%éo%ang 8'?'E&aﬁvgbkég£ﬁ%fwﬁugﬁgraft

ressing nate rmagr af t Advanced Ti ssue
oSciagnued, 0.803olingh Gal i drrldicd. USKinghdgthej gogriod between

pEEYORIRS elyed ImRp -8l 'ag%eiéfﬁ' brabl Bstden yigf@e&ﬁ!@k be
substitute conprising of brobl asts,  ECM an
protected from mechanical dlslodgement and observed daily for

signs and symptoms of infection. The disadvantage of Integra
application 1is the difficulty in producing ultra-thin
epidermal autograft. In addition, the small size of the
Integra and high cost involved in production makes it

unaffordable for the general public.

Another commercially available wound dressing material is
Dermagraft® (Advanced Tissue Sciences, La Jolla, California,
USA) that 1is a cryopreserved human allograft fibroblast-
derived dermal substitute comprising of fibroblasts, ECM and a
biocabsorbable scaffold.

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

tracts. Also utility of Dermagraft® in wounds that extend to
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bi oabsor babl e scaffol d. The di sadvant age of Dermagraft
(r) is that it cannot be used in ulcers that have
W@ e@n®3@Bo cl i ni cal infection or sinus tracts. PCESG2005/000323
utility of Dermagraft (r) in wounds that extend tothe
tendon, nuscle, joint capsules or bone has not been
thestemdonnot s leonmietital F3Pavked albfFe MRtfhd h@Fesaqthgbeen
rogtefial is TransCyte (r) (Advanced Ti ssue SC|ences
La Jolla, California, USA) that consists of a poly
menbPRAERN FRESHEE &t Lh v LRP e otHkt def@rsﬁé,n%uv%ftﬁréal is

TUREETyRSe Pl 26084 @RS | BAMEhEOsON 1A PWIQIANE california,
collagen coated nylon mesh. It acts as a te orary

Uiidling %BvéPPﬁJgStfsorO% uF gPEAYISF SRETEESr (AN Oéﬁ'ﬁé‘%s human

fapsopalisdt akit bi kNaseNUAES, ad S iroleatii thénswimdritro on
fron1enV|ronnentaI insults, In additjion, the nenbrane

aj BOSehie p‘é?lr?é’z%Pe cophad BV R i @a?seaoUEemporary
wewmmarmﬁwefihg disadvanmege 1oy Teanisd e ful)-tsidhaissi t and

ied to patients who gre. se |t|ve to
o e i B R AR o rtonglR:  Trihs PEatrsS ey cgout  £rom
egoht@inensanl | itsdces ahuamuﬁmtl@mptemas wkibtame is semi-
t he nanufa%% rocess |n1IarIy
e ny

S
o AR <G, SBebati T or” Ehdlaythsh SREERt Shedett e
dernﬁheccﬂﬂsa@yanta@@ Kﬂhc@samﬁCyhePnab pthﬁuﬂ ns neynipg  be

aBpt Cvegcfl PLLONS s THELE AL %le%?li?:l(_) hi Bix f%f?’éc‘u%sermal

use of porcine Yerma
CTE byt eTJ(am)sCWe% otays A tsab| @rfter np rszmadﬂlg e‘daces of animal

p@BPLI fat ﬁ&%y Scae@%%shkem?% r U'ﬁla J‘fa!dE‘E!éE‘gé %Jlr%@Lzss, and

rej ectio at1 ent SO not
sémtbbtlvshisd ter Bpptdasatingn qfn ’Cﬁl?r mylof tishhesidhorporcine

dgﬁﬂgf’céild SuﬁﬂbCQE5¥e§X8ksgglﬁédl fgﬁéyﬂ@e§%yaQ% source

deep parti al t hi ckness wounds prior to aut ograf ti ng.
ofheinghon Thedle @sedailpo TPars Githe cgl) issugs sbnived in use

o?'BgﬁgﬁﬁQQﬂhﬁml[égllgﬁﬁ{eE%ﬁﬁerth@f&héé&ﬁ%®n§§dn$@ suitable
provi de a wound dressing material that is cost

farf edtiorenopfovicdes 1eE ¥ pPBERETS onihgaiffst result  in
b eStd QRS Ir%ljaati@bl sy foe i SMRUNT tapRls GAlsioOMogNGheen
i s bi oabsor bab There is also a need to overcaone or
eaFap%%ﬁhed for application in burns of the head or hands, or
in surgically excised full-thickness and . deep partial-
thickness wounds prior to autografting. The nylon mesh used in
TransCyte® is also not biodegradable. 2

Therefore, there is a need to provide a wound dressing
material that is cost effective, provides better protection
against infections, is suitable for deep wound application and
is biocabsorbable. There is also a need to overcome or at least

ameliorate one or more of the disadvantages described above.

Summary
According to a first aspect, there 1is provided a
composite comprising:
a semi-permeable barrier layer that 1is permeable to

oxygen and impermeable to microorganisms; and
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anel i orate one or nore of the disadvantages descri bed

above. Summary According to a first aspect, there is
W@e@eistaso a conposite conprising: a sem - per neRdi/8G2005/000323

barrier layer that is perneable to oxygen and

i npermeabl e to m croorgani snms; anda scaffold fiber

| ayer FepAERlbyfacthasyi foirAgdf Pherdeehr ol Igiigg dfibers

of @btk S8~ BET SBAP|RmbapE HRIad18Y Bhrridl QRgeeTbOdI Ment,
one or nore cells, preferably skin cells, are provided

i n saitd o8eafFdrdineher PA§ePr MPrEnedtodithederakhy gskin

ceced f ald Li-beradavier seoapsdses19ekabdn.1afegording to a
second aspect, there is provided a nmethod of naking a,
conpoBi PBSC SHBPASTRRE el 8219 oSFR Ny Fib5&r s ayifra comprises

g8 rpermeabl e barrier layer that is pernmeable to
oxygen and, i nperneable to m croorgani sns.

I n one
enboBFReFing He FetR6A7E oI Tes HRESsERPPD Vlé%&jian@eth"d
08NQaRIndIDE € colbdSi tPreinprablyg Skl dcteldpS nnifig SBiblers on a
scaffol d er. In one enbodi ment, the ho
S ab Tk aEBh o LB Hirg oI SIRPRCodPg oxygen and
impaficdd el ayenicARaordimgst o a third aspect, there is
provided a conposite conprising: sem - per neabl e
bar r i 8r ?r%?ye?%%%ﬁmelnéc’pe aﬁﬁgh?(g 5)?%5%5%Snd%ge step of
seapergreabé e otr0 nmmey oosYani spee feaatabllgastkinwocesiclas,f olm said
S{:i Pgrldq ers, said scaffold fiber |ayers formed by
&fec

trosprnning fibers on one side of said
sem Iperoveabbkmbddinrendgr, | dyer medhod atcolpastepnéeheel $tep of

SRV g8 SR ETgial B epsibun scal o 11 b
di f f dreptdigal | toypes. tAdcdr disgpdto athengt hisispawtvided a
ng%&ges cB_anl‘iQﬁ‘E’g:a met hod of naking a conposite
€0 glséégﬁ—permeable barrier layer that is permeable to
oxygen and impermeable to microorganisms;

at least two scaffold fiber layers, said 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.

According to a fourth aspect, there is provided a method
of making a composite comprising:

electrospinning fibers on a semi-permeable barrier layer

to form a scaffold fiber layer; and

seeding at least one cell in said scaffold fiber layer.

According to a fifth aspect, there is provided use of a
composite according to the first aspect or third aspect, for
treating a dermal condition of an animal.

According to a sixth aspect, there is provided a method
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.
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el ectrospinning fibers on a sem -perneable barrier
| ayer to forma scaffold fiber |ayer; and seeding at

wo e@s3ape cell in said scaffold fiber |ayer. PCUSGZIOS000323

to a fifth aspect, there is provided use of a
conposite according to the first aspect or third
aspedfcofdima rientd ngeeerdedr repectndithpbn &F RWoubdeml a . kit

690% @5991150 a &R aSRRGLichh&se &S Qﬁ%ﬁe@oﬁpmsmg a
nmet hod for treatlng a dernmal condition of an ani mal

ceBPpYite ngsappeyinrf t He cShposfiestdefisRedti ntedrREhRLr strith

188PAbicRs tH day fﬁﬂy%%b tie t BEmSdditOftd h@he skin of an
ani mal . Accordin 0 a_seventh aspect, there is

2provt deTiaokFiiq glepdabeRy 4 o8er mal condition of an
ani mal conprising a conposite as defined in the first
aspect together with instructions for applying the

conposite to the skin of*HPEAPREI having said der nal

condlrhéosaelmlln@ twoens e f«dsowisBg Werelsn adrhillemake the
used here| n shg have the neaning indicated: The term
mepR Rt i ihEicatedysed to represent one filanent or a

bundirge otedn | mbtsbénavumg udvear agersh mreher oﬁé)fﬂl@&&nt or

t han about_ 1, 000 na ters ( 0

ORI et b I 1 O abBuoAPE SRR fhe Lerin than

abeot axi a)loonana)mmﬂsr efet)s, t doa nexaiplegr behpwsedoof nm,
in the core and shell of

one e
pf:ﬁéerab of iTHeT arai?oeuecn'& ) %\g o(fdngﬁ'ffer ent materials. The
ter nrheonchunt | Ngotdxiiad” nefhefiodny aréfensd tthatai shanofiber

com g%% O %%%rXBF 8Hére£%er1al n?%rglnat uré%ﬂl %&H.shell
or- SO Ion. e A Sal Ut Ton of 11 ber form ng
orﬁatlee irEnofabar saneg a‘@Ide 8P| Q/@lef@nbessnamﬁegraﬂs ed

ot hep s f he LELTE: i RP RS 18N Gr e ARd 0 resgia ande is
- to

ar ammti ca var_l ants tner eo‘+ are I nten ) .
cepphksent capanhgorcutiert ustyatay dw@ngelx%chquhét gel or

s%%%%a%?SHHQ%m&e%btgdsghggﬁﬂ¥%ﬁb45bgksgopﬁ{ﬁ6tmaterlal in a
suitable solvent.

Unless specified otherwise, the terms "comprising” and
"comprise", and grammatical variants thereof, are intended to
represent "open" or "inclusive"™ language such that they
include recited elements but alsoc permit inclusion of
additional, unrecited elements.

As used herein, the term "about"™, 1in the context of
concentrations of components of the formulations, typically
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 understood that the
description in range format is merely for convenience and
brevity and should not be construed as an inflexible

limitation on the scope of the disclosed ranges. Accordingly,
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additional, unrecited el enents. As used herein, the
term"about", in the context of concentrations of
weowposasd s of the formul ations, typically nmearcI/s62005660323
of the stated value, nore typically +/- 4% of the
stated value, nore typically +/- 3%of the stated
tha| wescappbieypiodal fy,range 28hBld hke stepnsddeaede, to have

sBYel:mne vt ¥PsEabddn W11 1¥eohokhensd adfl eabes, agdnNfe1l as
even nore"typically +/- 0.5%of the stated val ue.

iRt olafdutnineTs cal s CR¥EP e M1EBER atR2BBBBP frenf'ST mEyrapRLe
adsecinsed i Bra 4 angegbors®dn ki shesh d iberynder deRdd  be
that the description in range format is nmerely for

CEBRYIENd® Y DrRALYF LAY S nIF U ATEE FEPCEARIF e Ay 28
£@Bm | I\ftl,cezj,mﬁg_lni m} tat iﬁ]pnfdwm tmo_seope?@ﬁ 1 he ohi,sElre’lﬁgd to
ranges._Accardingly,the descriptjon of a range shou
ShefEThsi dér &doE6- have Eldcfi &’gﬂvddﬁa%cfla@%%lg%r'flt?‘ﬁé that
rpp§s) blrersudxamanges Bs wel 13,as4i ndi,vi dnal ewunericalapplies
val ues withipn that range, For exanple, description of
T8I EhgE 5@ hglé%n?rregﬁ%g ?b @ K8lPE" be considered to

have specifically disclosed sub-ranges such as from1

to 3, from 0.4 romlto 5 . frgqm2 .to 4, from
oo 5 TromeySiteq diToiut S mnbbllhdnld 4
nunbexsmwidhi,n tatliahgeg f gmbedamphtes lof 2, Smpodite,

and 6 . This lie egar d] ess e. bre .
w5ied o BPargsr=titd; A KPlef S8 T el b naiee —mbosice
wiEX&nphar y benonikchvosedg dimbodemerdisneaftsa donpbsiade, herein

of _pr ' t he oSt e u of .
TERRREOTof) FRBELOARANS, SOOBIS ©cB 13EL0LCIR asessins
mgistlalsed dver eiedlr eppestine  apriarpr evdneftsover enmneering

385%951&Ht #ﬂ@ﬂndréﬁé¥ﬁ%inEoﬂfﬁﬂﬂﬁoéké aﬁaﬂﬁaﬂ §éh$gﬁiitation,

prior art tissue engineering scaffolds wth regards to

hii gpepviess iddenat Fehbbiddtiant onenhingieer ceéli stAide ang cost
oeRlectinss enhanced cell growth and cost

effectiveness . There is provided a conposite |
conpAPerfgl @ WEOViidper AeeROSBAPr FERPYISjEF Bhapmigpermeable
PR IBAb] £,4,0 egen andr-ABes Meabbeyddh and impermeable to

microorganisms; and a scaffold fiber layer formed by

electrospinning fibers on one side of the barrier layer.

Semi-permeable Barrier Layer

The composite comprises a semi-permeable barrier layer
that 1is permeable to oxygen but impermeable to micro-
organisms and dust. The semi-permeable barrier layer may be
composed of biological, synthetic or a blended materials.

The semi-permeable layer may be composed of a biological
material selected from the group consisting of cellulose
acetate, phospholipids, cotton and mixtures thereof.

In one embodiment the semi-permeable barrier layer
comprises a polymer. The semi-permeable barrier layer may be
composed of a material selected from the group consisting of
polycellulose, polyurethane, polystyrene, polyimides,

polyamides, resins, nylon, silicon, polyester, polyolefin
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m croorgani snms; and a scaffold fiber [ayer forned by
el ectrospinning fibers on one side of the barrier

wO 2006/03618em - per neabl e Barrier Layer The conpoBRGCT/8G2005/000323
conprises a seni-perneable barrier |ayer that is

per neabl e to oxygen but inperneable to mcro organi snms

(gl dus®s Theoseathypanteabl @ PaPreeyleRgrer nglpaitylene),
f%ﬁ%%ﬁ%d gh1 éfﬁfﬁﬁn@alcoﬁﬁﬂvﬂ@%g|Qn@rmf&ﬂ%rggdﬁﬁéreof

materi al s. e sem - perneabl e | ayer may be conposed of

a bi Brodgiseal-RAFRPIRIC sBREEIR flAgRTL HERYgr BAp composed  of

pEONE St I ROl aa8l | Whase aget at@mppBesphol bpi daixE@FdPN of
and m xtures thereof. In one enbodi nent the

bé‘élrﬁglp?é‘llné%l%yrﬁé}ertllérm?%%raléonprl ses a pol yner. The

TEEM s@el-FRabkepbar rhLirilayenagyay beagonposed oéonfmemlally
mat erial selected fromthe grou consi stin

et SR 156, Ty antt FARBEAT0 S5t T Ene PTG qBgon 3
HpLl yrames, Ltrcesmres:ma@ylaﬁﬂm Sidni csm,trpod yne@:th@rw,, Transcyte™

gol yolel n(suc!w aEF‘g ‘b‘%hyﬁeﬁﬁil i nggoﬁ%% oﬁeli?r"?er dntegra

Lf&ﬁsdmembuseSHbmeiﬁgﬁ dﬂn@o&ennepermamblEudhnanb@% laayesive
conpgsed of ended .materials that are
p%%ﬁﬁ%%ﬁf@? %?r¥ﬁ§d|5F§§a8$u?ﬁc Sgi ¢4l and synthetic
rmtelrnalose Empodémentper neabkembararimenblayearnbyr beayger is
qyer@ﬁally avai | abl e wound dressi ng nenbrane such as
ﬁ'%gad:ern(tn) from3MHealth Care Ltd, Dermagraft(tm
fronTEm1sémi&pﬂ&phehﬂeTmaWEmﬂpﬂe@Bw)bérmamé#nbﬂy4&tmephe¢/to
d p e n L L f | e
B o br S For T BoBr ahar Ty GdRbgl Yo araRganle
broimBelawk Piesr rﬂa@emxmlslyl . ¢ampgrEeénbodiheht yith an
2 SAIT 1ReLHPAp! € ﬁ@err'a%eggy e Iaascemﬁdeegggmg 188  ve
sem - per neab mat er1 al e renovab attached to
prﬁ%e@capﬁol end i lsdde| agrer b@§lf1ngSJaﬁfﬁfi*?adialés|1'>JﬂéE Fral smpmneable
baf@gégﬁﬂgyérbaﬁhbeEdhéyfgerHﬁ&é@%a@aﬁgyaﬁéyaﬁy material that
conpl etel'y coated with an adhesive naterial. The
daghesPveahbtver edvtdosth ﬁ@qmyoééa%%erﬂn%ﬂsoﬁ@%itaélc to

s@b ot hsihdes ofF LhgasertrRey.Meakl @dhesive material may be
composed of biological, synthetic or blended materials.

The adhesive material may be selected from the group
consisting of gelatin material, resin based adhesives, phenol

based adhesives, aldehyde based adhesives and mixtures

thereof.
Preferably, said  semi-permeable  barrier layer is
Tegaderm™, having substantially no acrylic adhesive. The

Tegaderm™ may have had the acrylic adhesive therefrom.

The thickness and average pore size of the semi-permeable
barrier layer may be suitably chosen to allow permeation of
oxygen and to restrict permeation of micro-organisms.

The average pore size of the semi-permeable barrier layer
may be in a range selected from the group consisting of 1 pm
to 50 pm, 2 pm to 40 pm, 3um to 30 pm, 4 pm to 20 pm and 5 um
to 10 pm.
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barrier layer. The adhesive nmaterial may be any

materi al that does not allow growh of m cro-organi sns
wW@nw6i036180N-t oXi ¢ to subject animals or human PET/SGE05/000323

The adhesive material may be conposed of bi ol ogical,

synthetic or blended materials. The adhesive materi aI

may BB s¥rectEROLiBAREhe AJCE8PS cOPRTSt iSHGSof OFel Htg n semi-

pEBh&dH 13 baﬁr§§éﬁ 1 igdhesinesangbespl 5 hased10 um.
adhesi ves, %]1‘ based adhesi ves and m xtures
Y.

TflﬁeFBkan%Sef%? a SERPIBRPPHRr RBEBTRE baR ¥ r™hyke 10

the Tegpdledduldotd Bavhnghs Upsdantdodlsliytfg ast yabhsut 0.005mm
adhesi ve. The Tegader t may have gad th acryl

EQdREEPY e 2fRer 8PPBM CTHB TR ERNESS EN B pc9r885mm to
abbze of shirhe St peroosail G:dJai’HdLﬂ;r 0 .ayey, rmuymlaeo 005mm to

suita chos a er i_0 oxygen n t

apaet r C({E’ ﬁ§8illt' R- J&#%ﬁ% r% &ni Sﬁré mf’hee%?}gcr ge . to
apote Sige mfn ttaadsmnoumemr@abha bza;rrammﬂ ayar2 nrmy bEn one
{ﬂ% %d’rrl%{%ﬁge t;lel %% from.ll. hgh U %%Q’Isﬁleglgjz‘n Jirlef ayer
iAm? aidB mmam t o 10 mn In one errbodl ment, average pore
size of the sem perneable barrier layer is in the

range of 5mMmto 10 mm . The thickness of the sem
ScpEfolhlflibepakaysr | ayer nay be in the range selected

oA BRSSO AU, ORI L8 8 by

eibottoiBming abbilter®. 008nmete sddat Of 1rihe abeui-permeable
b b
bfgnj’rngpeglggiuaiﬁcfao%ﬂg gcQ%E&ﬁd aﬁ%tr qa@@?ﬁ@h&%é By5dtpceQ12 using

mm to about 0.02 mm" and about 0.0
the apRrat@s02fnfagyne dne enbodi nent, the thi ckness of

the sgal -RRANEAR] erRAN I Bled a¥eItHss 18081 niGRf flfess

Fi ber Layer The ‘conposite conprises a scaffold fiber
mpgyete f GPRBELYY Sfecfieypi ARFRERT | BEtsr bl ond spdeSwitable

sbilgeSEN THRE BB 2B € ;p%y rdeerschayeta fhen sgrf hebdpf tbSisting
ce

| ayer may be produ usi ng the apparatus of figure 1
of "alcohols, ketones, aldeydes and alkyl halides.” Exemplary

solvents include methanol, ethanol, acetone, chloroform,
glycerol, dimethylformamide, dichloromethane, tetrahydrofuran,
methylene chloride, 2,2,2-trifluoroethanoland mixtures
thereof. . Respectively suitable solvents will change
depending on type of solute used. A simple review can be
obtained from Z.M. Huang et al. Composite Science and
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 composed of any material
that i1s not toxic to the subject animal. The scaffold fiber
layer may be composed of any biological, synthetic or blended
material that can be spun into fibers. The scaffold fiber
layer may be composed of a biodegradable and bioabsorbable

material.
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The conducing fluid used in the el ectrospinning

process may be solution of fiber formng material in a
W@ obakd1e0 sol vent. The sol vent nmay be sel ect edPd /662005000323

group consisting of al cohols, ketones, al deydes and

al kyl hal i des. Exenplarysolvents i ncl ude met hano

et hafe¢ , saetidite, fidisrorlasrmmagl ypeeraompodederhy B material

sE oLy d@roﬂ' ciyeor QuEL a%nstl%ﬁ:'iﬁ%?ydcg@f Wodlagd®t NYe80€1n,
chloride, 2,2 ,2-trifluoroethanol and m xtures

ke haerigof chltRespecpoL&ﬂqpbgdesabpeosQﬁmsnngphm—B+caﬂnmﬂgetone
endi of Si Vi e .
(BEPGDT e oRtrviBEs O eRObGL S HBEHo 1S TR Sl iny1
pfamlll'ﬁ@@hnpbb:ga}mm (@@@ﬁm aCZQ5®}d mhqt@heSSthereof
i ncorpog.at &g BihLse 8itd 1 %Sffﬁfcﬁ ef el 'ia og fyb%p%%@h of

the solvent 1s a mxture o oro orm a d met hano
pelyiﬂfnapnéléquaetsoohenhéuﬂtﬁhMenmhmeila&ﬂtfqﬁ the scaffold

fqgthaggg?llre sC {§é¥ d flber I 4§§ﬁ€be co OS%Q) OSlte

any na tha °%6t ki & ubJecF ani ma

s&henaxamtbnﬁCMmdﬁugﬁ aye(2@ﬁﬂ/aﬁ§3cen@©SEd of any

bi ol ogi ¢ teri h

spuan %gfl B&HS e'%s 5 g?%f% {F%é?'l%gﬁgngé ééy%oggd of
gebmipiosed ofTha blgeéie’gxradatﬂﬁe ded Isiedabsed babtan nether | giroup

f f f | a be ed .

c%%?%rla% Q%gcf% ron%%ﬁéggg%bp éﬁ%ﬁ%ﬁ.rﬁ?lﬁggen' ovane
cebldgryen eqgehat ¢pl ldoenat isanteditoswn,lapehy pepr i desynthetic

GBI LA, n%ndpewmln%t%ﬁ ojfﬁéife%'}e (PCL) , polyethylene

oxl de, polyvinyl alco , polyvinyl pyrolidon, .
pol yam denotheiry | aebedingeitd afbem x¢akieddt hétledt . layer is

Qxﬁ;l?oseé@%*f menpetde rseald ohg félké%rtrbayﬂndl%gcoﬁpﬁ§§gu&f of

e-caprol actone. O her suitable materials for the
méE%ﬂfJfaé'{Sd f EBeroleay 6FoafEnRiitac| 688d 9h Zhem fikgmhg ferming

mater PSS SCirRACe: AR JpRehnol ogy 63 (2003 2223 -
2253. I n one enbodi nent the scaffold fiber |ayer is

conpoBedebhf apetRfy rerePRergRl at Fie nﬁ‘;’za%fé’]éjelférl?ﬁéd lpvghe is
cbiiSo HOUR FCONSbekkNYcofipbaMinge ¢abl ageBer POILi N&he first

mgﬁéééﬁﬁﬂﬁoﬁiéégeag%h%ﬁgtFed hgngeggééaggggrlgfngy%%agg the
core of the fiber. Such fibers may be called as co-axial
fibers. A scaffold fiber layer comprising co-axial nanofibers
may be produced by using apparatus of figure 1 together with
the syringe needle of figure 2.

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 in a co-axial
nanofiber may depend upon the concentration 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 comprise multiple
sub-layers wherein each sub-layer 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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gel atin, and conbi nations thereof. |In another
enbodi nent, the scaffold fiber |ayer is conposed of

wo0 2iwen3s18or med by el ectro-spinning a m xture oPCT/SG2005/000323

materials. I n one enbodi nent, one of the fibers
form ng materials may be a nedicinal agent In yet

anot Abe Errddiesenet thr scedfrof df hvder awsye%w%e suitably

cROSPO S@b&Haihigh@benC @HBF bSbNOcdtadnat efalhi khiesi 68t the
materjal_formng a shell and the second nateri al

SPRF MRy e ofe t Rl FGI5Er TrSlic e iEhdPmiprgésting of
abaht egl. Gt @oaxbalit f 5 baf s  aduscal. behd £6 besodayeim, about

O BPHE Shpbritud B (THgiive L0 POBGT AL A e Singe0s

tpegpber of . F ingyr @pdut bnome mn‘@@@uﬁemw ah, | @88ft oneémm to

B0l dPHaRDPFbed < My CoBH ot SRl SHGERC - b Co =bout
1d5amm ealsowtf @ Ideurc aroe akndtt meSShelI n ane:Oezaodcalment, the

an fiher pon th concentratlo of the
e]?esS grfnm'%%% Tt f[ekgjllél Pihe ]iﬁgyconauc?hf ng ?LI ir'd. The

fi | befrge oévd&ﬂ’a&g% paféobikzd aaﬁerthmaycdaﬁcrﬂwc rfapem taygr madothe
pgr?t31 2 SLé?%f%utlggmﬁ&?fgglsulﬁggﬁ%n? oéégnﬁeﬁ% dlngeapon

ayers ein éac ayer is-se
theonpphecgtrmmp ml@tamgeof wiragr cbhemscatﬁfah@l nanosed for

: | S. Ssc r .
o TBRT T At SHhe T hess o1 Ehe St Ford 1T
chayer brsedensiibeabliye chbsEre d@déﬁdltngbapenltwd onto the
sARPEigation. The thickness of the scaffold |ayer may

be selected fromthe group consisting of about 0.05mm
to abBbat ssafhEplabsiben. OSKRF t BadbéGt RAMMLalsdutsupporting

chQSQH%$éhﬁ§%%U%n% %H%l@%%%gtfgnOQﬁgEEQnab@%@ 2cd®Bold fiber
about 0.05mmto about 1.5 mm about 0.08mm to about

laysr nigy ab%uf’e@deﬁnﬂjtt@ aqﬁil}ts Pelsahed abbtit TR0 isting

o2bQitnrlon®c MBteabosd11Q . SEB AR nako er%tssfgﬂl @QQQE fetal
0.8mmto about 1.5 mm |In one enbodi nent,

EiAPRRnesS D ethe SPAFRBIERT | bé%eqléyer F‘@S%%%Qﬁmall nmocells,

endothelial stem/progenitor cells, bome marrow derived
mesenchymal stem/progenitor cell, umbilical cord blood derived
mesenchymal stem/progenitor cells, adipose tissue derived
mesenchymal stem/progenitor cells, hair follicular epidermal
stem cells, limbal epithelial stem cells, limbal epithelial
stem cells, nail bed germ cells, osteoblast cells,
chondrocytes, smooth muscle cells, tenocytes, buccal and oral
mucosa keratinocytes and fibroblast cells, ligament fibroblast
cells and periodental ligament fibroblasts cells.

In one embodiment, the cells are skin cells selected from
the group consisting of keratinocytes, dermal fibroblasts,
melanocytes and combinations thereof

In one embodiment, the scaffold layer is seeded with

Human Dermal Fibroblast cells.
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The average pore size of the scaffold fiber |ayer and

the pore size distribution my be suitably chosen
waelewensliltag upon the application. For exanple, RESGL008000323

scaffold is used for tissue engineering applications,

the average pore size is chosen based on the size of
Elertraspignipgbe cultured onto the scaffold. The

scaf £QL ds £4 QN1 dl 2YBEr "By e FaRAR! omboSURPAI ifdapaeLd b
attachne%t and roll¥erat|on therelﬁﬁﬁ%he scg Fﬁgp Y

et ep@eiosPdPei ndmyt e rSectied ANt hsEdt | LiseltBEt edph@ermeable
pOF LY a@Rsiksting of enbryonic stemcells, enbryonic
germstemcells, fetal tissue derjived_ep i t hel i al

cel | &he neSRiEHYRaPE el Scaghabt hetieh l§¥%ﬁdTﬁ¥xﬂﬁ?eP8rup°n

tB&| & BocthORBi RGNS QM darkyed srgenchyiektsient prieyetirkagth,
cel | unmbi lical cord Rkl ood derived se cq%na! .
the syringe

LeRgrH ;o ddfi £oFCtelq gleéﬂr poSI e T84BTV E

n@@dspémiaylaakllséaerﬁommﬁzg@nwmueal Esow hadte .f ol i cul ar
pi de stem.ce

plthell l stemcells,
|Iﬁb5 eBFF?ﬁﬁW%N ét%ﬁﬁ?ﬁﬁ s, lﬁ&dlaﬁgg i Oc%ﬁﬁsfcaffOld
fesmfngﬂsﬁmutdehl&aych@ndnocyéesangﬁnmﬁIEdt@@cEeomehhs,group

. , I
B LA o I T b
1plevj adienteal 151i:‘g,arﬁawt thi btloblaasit 8keetd st2kivn one
TE 9 %ﬁptéf é%%é% f%r dsgég C%Jl%%sgﬁecéé%%gblgafggﬁlng

onsi'sting of Ckerati n roblasts
sntmanncymes abd conbltMﬁl(ﬂﬁmqeheﬁeééct$dcwﬁ¥om the group

I d | is seed t
q%q%nbro% §g F@sg%lgg Pbé%?ﬁ%fnggﬁﬁ% gc?ﬁ?&?dabout
Zﬂlber blagey %ﬁmtﬁ@ ebrpbsibecihs Praparedrhyo about 10 cm,
a%&@tg%fae%' rs%omb%s A Yeus! 49 ol the §k%ﬂt 25 cm and

neab barrier layer. The structure of the
ab@@ﬁf@ldmwtbe¢b@éyéﬁ fay depend upon the

el ectnoSplding or%agggﬂgeé $e8HED ase®lREt hectidtinning the
strength, len the electric field, Iength and

seaBfukl ofihste POFrLAGenAE R o5 ahle f TRRES A from the
g8 Okt E ML ifsh Wy T @t @bout 0.1 mm to about 2mm, about 0.1 mm to

about 1lmm, about 0.1 mm to about 0.5mm, about 0.1 mm to about
0.3mm, about 0.2 mm to about 2mm, about 0.2 mm to about 1.Zmm.
In one embodiment, the radius of syringe needle used for
electrospinning the scaffold fiber barrier is about 0.21mm.

The structure of the scaffold fiber layer may also depend
upon parameters of the fiber forming solution such as
concentration of the solution, density of the solution,
viscosity of the solution, ionic strength of the solution,
resistivity of the solution and conductivity of the solution.

The properties of the fiber forming solution, such as
concentration, viscosity 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 is

incorporated herein in its entirety.
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The strength of electric field applied to the scaffold
formng solution nmay be in the range selected fromthe
w@e@ap3asansi sting of 5kV to 25kV, 5kV to 2CkV, PGRY:2005/000323
15kV, 5kV to 1CkV, 6kV to 15kV, 6kV to 14kV and 8kv to

12kv. The length of electric field applied to the
Useafdhltdef gprpeRitsol uti on may be in the range sel ected

fromrBQPe QEQUBrSODéééthQQ 9f 2RQUILcRPEM O 8PPUL EDting a
cm about 5 cmmto about 20 cm about 5 cmto about 15

dempahiidisiem e6 Abcuringd- cHye abspesstenyser alsutregting

CfBerﬁQﬁ?Utco%QlGHbﬁOmQPO%te %> e81 BNdecahoit cdRp&Mdel 1In one
about 15 cm The radius of syri nge needl e used for

eppedineidpien foRg OB hiee stefdes) é?lFPb PF bee ¥iser! srgipede tpntreat

thbeadange -sgheeigqd from the group consisting of about
0.1 nmmto about 2nm _about 0.1 mmto about | mm about

0.1 ARt 8eEMLICOBHAPraBRNtLD. & AT ChbTut 3" skin.

T?leébmg?glﬁn h@ynghgéﬁ gmﬂtrﬁaeubd%&rf?ﬁﬁaﬂ: abotdnds dto at
411! n on e odi nment the radi u (0] Srlnenee | e

1geed Fbt Epé@f’f‘r’&sﬁpl%lw@et%r‘?&aﬁfoﬁ Df | FPPETET smayY
adboute Qustimio Theastd ugirur enat é*ﬁhﬁﬂs&ﬁﬁotﬂefddnm1s or the

| ayer nmay al_so depe pon ters, of the fiber

H BT e F o B oBeTt AR 8 PoH of |t he

sol uthene densignovafietiheasahetttican, feirscosedtyimgf tshedermal

sodutJ on, fuon C strtingth Ofs1t he sol uti i on, te.S|lst '1\é't¥s of

8P 1™ &1 Ut o P aRd T ¢ SRERT Wik P8 Y%’ﬁ% ution. *Yhe

aprepkrdéeedofcothes fidem fror MIﬁgwcﬂnidJMh@melBU’dtB allslyers are
ratian, cosit I e

a%l?vent Oﬂ%eﬁ‘t 5o%er?| é’étgf éjllec rosplllr?%l nqg“e‘géf’gg tb%gween

appéiditsicinosed itwoS skb-deasier alayeRwl.ynEhe 48ufPeO5)of cell

[ .Sl LRQpa ei N4 S
Sgéggr etC%;r%éSle\%f e 8§(S:on%g)sefgé %grlegﬁlés {Jkrfoe\r}ltggd alljrsee&1 may
d@peltlﬁelm@rmp@ﬁt@eﬁ‘m offr ¢ ivyingl-der mal condi tion of an

ani n‘i’!ﬁle yﬂﬁecggggﬁgle treﬁ‘.gg BOI‘ bﬁ?@é’&ﬂgx aofjet{vmal successive

condition ma a cel eeded conposite. In one
Céﬁb@ﬁiﬁﬁen]taﬁr@oﬁ@wspﬁes%é%@éﬁi WireR HDE gePRR fansjsédng of

1t@a&r%%t§bh%d@%tn@|d%?@dkb|9@5days, 7 days to 14 days, 14
days to 17 days.

In one embodiment, a first layer composite seeded with
HDF cells is applied on to the wound and allowed to remain in
that position for 15 days. After 15 days the semi-permeable
barrier layer 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 repeated until a 75% dermal reconstitution is
achieved. Autologous dermal graft is them applied to the wound
area. The method 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 compound may be embedded in
the scaffold fiber layer. The medicinal compound may be
soluble in the body fluids or may be magnetically or
electrically detachable from the scaffold layer. The composite

12
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The dermal condition nmay be a burn on an animal's

skin. The conposite nmay used to treat a burn that
w@zaioensid3d 0 at | east the epiderm s of the ani medT/SG2005/000323

skin. The conposite may al so be used to treat a burn

that extends to the derm s or the subcutaneous fat
nzegbonapplied ahp mihes agkipn suthabee | §0pr 6Videdediigthodrhe

aéﬂgsﬂﬂéeaEB£¥hﬁﬁ d%ﬁnakhgorggﬂﬂ ?@rﬁéaﬁﬁb apbPBier laver may
conprising applying nultiple layers of a cell seeded

PRUHSISs PhEs beat ¢ telké LibYintP Wher 6PHPe T -ayers are

appl tied Qpgoattad ﬁé§“béMdé@dS§b£a$éﬁitdeqﬁvéﬁ§eipﬁﬂlcatlons
bet ween application of two successive | aye

T%nﬁ%%l%fo el rtassde dadoifosFH e Uraflerd |.S€&f1f81?hélber

dredded Rl @anBYideperkk Wb stbe GQQEaerﬁfngt Rei1weungy be
e tinme i nterval bet ween appl.i cati on of

%Rﬂdteé’s§Pv EPR ISGS PET R VG Lofdy Beed el r?teeaeﬂ‘berﬁe(%e
group consisting of 1 day to 30 days, 7 days to 21

days, 7 days t d days_to 17 days. In one
enbodi ment | %ﬁ'l?(f sgfléélflpdﬁ §Ft%r%welé1§§d with HDF

cel Ism]&@dlapmltse@blmm howt be destadiwnd valdhowederontemad nthe
c ]grﬂ t hat ﬁgSItl on for 15 days. After 15 days the

e pEr neaht ¥ barr | er | ayer of the conposite is

peel ed off nd, anoth Ia r, of HDF seeded G osite
is aglp ed t%o tl e vvoun eéf}réga ?gﬁranio % ?%&rosmnnmg
aoafdtolsd hayer tof tphedfice sta coaposma I aycelffoﬂ'che layer in

a coorcogah%el %%l{ﬁ %%18”&&' enrﬁ)naﬁé)eggr mal reconstitution

ieve o ous graft is them applied
to tHRegwcund as ea. sthemweimo@llagramwfoesmmlgednasdle used

fﬁ%tOéf&&ﬁéipéay%ngxﬁﬁifnﬂaﬂg%ig é'tyﬁ|0£béJ¥ng£e ith a

There is also provi use o the conposite for drug
diedliasedy eappdinesatti-ons . A nedi ci nal conpound may be

e"beﬂﬁe%&é rs tl%e Sgéﬂéﬂaé Idéggrér@y@f fclrE:gg g@&i&famaslf a co-

conpound be solublein th ds may

#a@néﬁnéénb?r o elcserfpeet |V9At@eﬁa@h%1<b1<é%erdr SWJP@%Hent

scaf £0kg-d ayer; s TQesﬁr@m@@éér{rﬁ'ﬁ%y e capph | Bt dBe) image
area suitable for dr del i ver%/ The adhesive coatin
a

oHn MNP LERT- pé?‘?’r%fébllde Bavererot ayer GeEposite prepared in

accordance with a disclosed embodiment. The image was taken at

a resolution of 3600x.

Figure 4b is a SEM image of nanofiber scaffold layer of a
composite prepared in accordance with a disclosed embodiment.

The image was taken at a resolution of 14400x.

Figure 5 is a SEM image of human epidermal keratinocyte
cells cultured on a Tegaderm™ wound dressing material. The
image was taken at a resolution of 1311x.

Figure 6 is a SEM image of human dermal fibroblast cells

cultured on a Tegaderm ™

wound dressing material. The image
was taken at a resolution of 1106x.

Figure 7 1is a bar 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.
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provi de physical stability to the conposite. The

conposite may be used for cell delivery applications.
wab@eos1be of interest may be cultured on the BCHSGDIO000323

fi ber layer of the conposite. The conposite containing

cells may be applied to the area where the cells need

to bRlaEls vB8red Brikdr Deseph ptilddstrattingn fhe difference

p&TRAG MALALMI | br NOMLRE decfecr&ia@ed MbEBLT £ engathed on
thefolr owi ng draw ngs . ure 1 is a schematic

TeA3HEM f”oépécﬁ“b%‘iﬁlﬁ’ﬁl n@a ppitlat 3&9sel t bl pTasdusELifure

phaafdshetns Jv&'hdwhﬁy£§séé%e@059rﬂéﬁ}&ﬁ of bhyas assay
d| scl osed e odinment. Figure 2 IS schematic dig

of s¥IHGe Reedl e us%rfSFaB?od&&Pﬁar%Buﬁl e dr forence

béw&fnl BebFth No ACHEI0A Meemyl t hlwrcdn&@tos admemb@msnemmured
Figure 3 is x@ sche[ratlc di a Il\%ramo Cl 0SS, secti on of

R oF akF HISTINOFRBRE I PF abtBrdAnCEMRPEHER i sTYTwEEgRee “with

a €Qdi BBOY . JriBUiReAR iahdd SEMA SeadpifltaBreché@he (pCL)

Mcroscoge I mage of nanofiber scaffold |ayer of a
%r%’f%‘& WRR 2RICTEENEE BRI LTdRsHTosFaY -

enbogi qipit . 1dhe sl Mg avaS dapken Atust rh€$Rd Utthan dff ference
3600x. Figure 4b is a SEM i nage of nanofiber scaffold

betirsn GFroytBoRposiPfe cﬁ?‘éﬁa%ﬁt‘il”r?dacc&brada%éwwCHIFPSSlte in
a&id-08edweaRodi dBt1osthechpidignatds shakenpal €caffold. The
resolution of 14400x. Figure 5 is a SEM i mage of hunan
B derral aR%?%ﬁﬁ%@é’yF%l{:e‘W@t&BPt ured on a

Tegagdeguid M1aroinch dFEes9i NgrikadeEnak s idhescdmgegwas ectron

taken at a resol u%l on_of ﬁ;’llx. gigu%e g IS ? SEM PCT,
M:f‘fﬁaog"‘é’oé’fe hdfaRS d8F mitP Tt CBI bl &8t 9REI Ps CEulFPaFete o a®
sdepgmder.m (tm) wound dressing naterial. The inmage was
takep, at_a sol utio 1106x i.g a bar

gr ap lcinﬁeljs{ atthg? tl%g%glfflg‘?g%c £ Lﬂ]{vveecnelZLlrsovﬁnh Gy 3 of
cwlnwmre epi der matNReratpomictet eisn catdandedcen wiehaderdistalpsed
eI\%)éJ 1men essi ng material and on tissue culture

S

Figure 1llc is a FESEM image of HDF cells on day 7 of
culture on a PCL scaffold.

Figure 11d is a FESEM image of HDF cells on day 7 of
culture on a TG-NF composite in accordance with a disclosed
embodiment.

Figure 1lle 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 disclosed
embodiment.

Figure 12a is a light microscope image of HDF cells on
Day 1 of culture on a PCL scaffold.

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.

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

Day 7 of culture on a PCL scaffold.
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pl astics. The grow h was assessed by nmeans of an MIS
assay. Figure 8 is a bar graph illustrating the

walpdobes@asce bet ween growth of human dermal fi brObE&ENS000323

cul tured on Tegadernm(tm wound dressing nmaterial and
on tissue culture plastics. The growh was assessed by
mean§igirea MS bssaylighyurkcwsicerg pRAIGr @phHDF cells on
phi | ¥sd# atdin@rbhen di ff@NENCemPEL Weem oWt Rg Ofo HUMBRclosed
Dermal Fi broblast (HDF) cells cultured on a

e"lﬁé‘@%]d‘@“ﬁ(tn) nanof i ber (TG NF) conposite in accordance

W t hragghsclnseds eabodynenhi @b oBeaiRby¥- of HDF cells on
e-caprol actone (PCL) scaffold. The growth was assessed
DBY nbdifs CHELATMIEE B85, SEIPRE 10 is a bar graph

i1l ustgatd nget hes dif f esiences hetsewees gmays hoof HbIE)Fcells on
cells cultured on a TG NF cor{]p05| tein accordan(gJr

D3Y di sl §ded“BHBHE neRt and" & oL “STRITH1. 2FHE”
d\t\ﬂﬁlcﬁ:&&E%&dehyerﬁﬁll counting. Figure 1la |s a FESEM

(FledEms El ectron M crosc

BVER on>ady 15 o0F e ¢ Fe. GACRS par SCaRrpegie Teferea
dErxgan' eré¢dauststatEE$E%Llnm)g en@fhddDR @elrdédngn tday 3Higfclosed

Oéure on a TG NF conposite in accordance with a

WEES embodi ment . Fi gure lie is a FESEM i mage of
HDF Eephse At dary TEBEM ouddpinoéoghcal H@Iagssabfoa dgelatin/PCL
E ay-

SR afectife ﬁﬁ%%%%%??oef" RS I foth 0
8dP8etosed &Abodremd (dFi @ OM.e is a FESEM | rrage of

HDF %?5%??0959£W %ﬁ% gu%%§ﬁ$ EE%Q%E%%Céf@HJO|9 ewsfof

Fi gure Is a i mage o S on
PELTGefrad ion nanPGLINFE coppidisilde thiroagle of vearse f\matq’“;ualng at

ndiSEE0s8d gMhpdiant . Figure 12a is a light
m croscope |rmge of HDF cells on Day 1 of culture on a

PCL &éanfol 85 (M gahewsiop [FESEM| cghss niseebseivpe Yiwe oFf
pBf -G8l 8neRiber scaffold through freeze fracturing at a

\}]

v

o}

magnification of 1500x.

Figure 16 shows a stress-—strain curve of a gelatin/PCL
nanofibrous scaffold under tensile loading before and after
detachment from Tegaderm™ wound dressing

Figure 17 shows a stress-—strain graph of gelatin/PCL
nanofibrous scaffold intact with Tegaderm™ wound dressing.

Figure 18 shows a graph of the viability of HDFs on TCPS,
PCI. NFM and PCL-Gelatin NFM. Cells were seeded at density of

4
1.5 x 10 cells / well and cultured for a period of 7 days.
Figure 19 is a 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

and PCL-Gelatin NEM. Cells were seeded at density of 1.5 x 104
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,
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Day 1 of culture on a TG NF conposite in accordance

with a disclosed enbodinent. Figure 12c is a |ight
wonR@esn3aspe i mage of HDF cells on Day 7 of cul pC¥/eGmN5/600323

PCL scaffold.Figure 12d is a light mcroscope i mage of

HDF cells on Day 7 of culture on a TG NF conposite

(akbcdadi nd- t old dPsx| dsed (8hbodiifdat . HIF gieeetpatiop ginto

skh 8 dNsehQseeRe i mage of HDF cells on Day 21 of
culture on a PCL scaffold. Figure 12f is a |ight

m croscope i mage of HDF cells on Day 21 of culture on

a TG NF conposite asaaideAdnéecAigHisal osed enbodi ment .
Figure 13 illustrates the steps of autol ogous |ayered

der nBI 9% ohs st (| BATTRIR) 88 &dicoilli Rpetioospinning

aﬁpéﬁaﬂﬁ%eduﬁﬂbogbrﬁﬁﬂbducgl&Urﬁaﬂéffﬁéi FESEMo1d layer. The
phol qgi cal i nmages of a gel atin/PCL conposite

eh%\?l%‘?‘%%’éf‘*“é’&%\f?Ht&“bf?’oﬁaﬁﬁ?‘?lfjc%ﬁﬁ Gn SYE % 008, 1Cp) @ high

VSlEEEQ(deé& k&m@@?KZGHda(d%v%ﬁlQoﬁﬁltfﬁxﬂﬂéyiﬂﬂbékt system
a FESEM.cross ﬁectlon]ll views of, a PCL- Eg feeds o

SFanBR DePoRCHITG GAFOHON 17 bt TPaCrdr RGP
cﬁﬁ@uﬁﬁﬂmwﬂﬁhﬁﬂdOESEEOXorFﬁgumEnd5ﬁ£ﬁofﬂhmmS aoFESEMmultiple
Cl 0SS %@Ct onal

WS PCL- tin na be
Sty SR ShGH PERuER 15 AP Eng L r e Oar T 1 dRS)
of 150Qaslu:Fanuxrye bE shepwsnarsts esomptri aimy cutrhztezeof syringe
t| n of i us scaffol und ten Ioad n
ore éﬁé’l a;%t%3 5’et gcﬁmsﬁ't uPreg ‘?lég or n“(”ts e sr%nngret
sgls‘eamm] Fiagir e £l Thehdbsea $1y|resgesnemlmsgr(amla,of31b 3lc)
el at | n/ nof i f i.at act _w .
ChaM UL o N oRaRHEe e Al B 3G aihhY oF grogmective
pbﬁg$ h@-Z\im,aBBlbitiyequ HDFs on TCPS PCL NFM and

"o L0, | SR G SRR b JensLeY 8 o
through the series of tubes (12a, 12b 12¢), into each of the
three syringe needles (3la, 31b, 3lc) wvia the plugs (32a, 32b,
32¢). The multiple spinneret system 30 is operable to move in
a reciprocating manner, for example, from left to right, as
indicated by arrows (35a and 35b).

A grounded collector 25 is positioned below the syringe
needles (3la, 31b, 3lc) to create an electric field between
the charged syringe needless (3la, 31b, 3lc) and the collector
25. The electric field causes tiny jets 34 of the conducting
fluid to be ejected from the tip of each syringe needle (3la,
31lb, 3lc¢). The Jjets 34 are deposited onto the collector 25,
and form a scaffold of nanofibers on the collector 25. A semi-
permeable barrier layer 50 may be located on the collector 25
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 detail in Singapore Patent Application
No. SG 200403355-1.

Figure 2 represents another embodiment of the syringe

needle 31. Figure 2 shows schematic diagram of a syringe
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Figure 19 is a graph show ng attachnent of HDFs on

TCPS, PCL NFM and PCL-Celatin NFM Cells were seeded
w@roodesdddy of 3 4 x 10 cells / well. Figure 22CHHGON®5/000323

the cell count of HDFs on TCPS, PCL NFM 4 and

PCL-CGelatin NFM Cells were seeded at density of 1.5 Xx
nd@dbel 43 /chael kannde cedediried fleceacferhodswilngedapsdle 31

lﬁlgrg €122 809 frﬁﬁgwgpgg%%{ogwi Yiews of HDF

Iferatio o te scaffol d: (a)
Day The ( pyriDee 3*?16601(1@)4E)’ayccsnprl(S@)3 tWpt fapilHpRyY tubes 406

%g”%é a&fx%%g,gﬁt Qoﬁ‘ééﬂ}fér‘l'cglﬂy Ufﬁé”c%pl@%ﬁiﬂﬁgoes (406, 408)

SCri ure i's a schematic di agramo an

aé?e@tariesmpnr@flgsbmfal@tsussﬁﬁéd tBhepr fticwea wRafee betl is
13_8@{(5&1 d, 1@y efuo Tbﬁl@dsecﬁfﬂs%@nhﬂg syst eppPPing a first

corrprl ses a syringe punp 10, g vol tage power

csppptingo, flaifoeasl @ ﬁﬁqxtr}dpl@n@ﬁp h@&l%tt@nt@@ Syginge

n@e8PHN0L3 PerTHeOldBetRE r 45 ar%g%hﬁéhf‘ggf pey dif1eeds @ubes
conducting fluid used for form ng nanofibers to the

(ABPt4i)e SpiteFde S7RREMBOCERIBUGh 40%erPds “OF t%sthe

pbdddge 12bs 120 . £ihAsRl Urdhbhyroig Spflﬂﬁ@ir etasidCORpPEi Sisegond
three syringe needles (31la, 31b, 31 i S mount

CPREMNG pdispiTHARr &bos FerBRr s Sy ?ﬂ%e’co the
tSPr bNohenedl ege (4ha, 31b, 31c) is nounted on to a

spi nner et , holder 38 by means of respective plugs (.
32b, T89c)inlets yddl2nHe) coftfictiong® F?fﬁdtﬂ o%\ggf r%%h%ae*ent
siyBen@aMpuiPst himatghshéen)s eblyesnednst ubes KéEZ@n 1Eﬁbes (not

%201)1 , irHo each of the three syringe eedl e
SBPBN) 31cY°%i £YERBIPI UBERS245¢ 2bm32§gl | 5l e3r®

isphbherlet tsyshenmsdhinge anﬂrlpablte oD Abyerd n1 aand the tubes
reci procatin nner, for ex Lo | eft, taQ rd.

U885 l’pﬁ)%h B e Y AP FBhe (355 ent&%*g’b& s griount edél%l&q:e i
Teel lsgctzmge 2831 sigpasirnieched bel ometﬂlwe;tyrsup@éyné@dbes means

O(f31a¢o§>p1ebf w§1g)4§(p_ create an electric field between

In use, two different conducting fluids are pumped into
the syringe needle 431 by the respective pumps. When electric
field is applied to the syringe needle 431, jets of conducting
fluids are ejected from the needle and are deposited on to the
grounded collector in the form of nanofibers.

Figure 3 shows a schematic diagram of a nanofiber 430
produced by using the syringe needle 431 of figure 2. The
nanofibers produced by using syringe needle 431 are composed
of two fiber-forming materials. The first material corresponds
to the first conducting fluid and the second material
corresponds to the second conducting fluid. The first material
forms core 420 of the nanofiber 430 and the second material

form the shell 422 of the nanofiber 430.
Use of Composite

A composite manufactured as described above is able to be

used for treating a dermal condition. Referring to Figure 13
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the charged syringe needl ess (31a, 31b, 31c) and the
collector 25. The electric field causes tiny jets 34
w@booslssisonducting fluid to be ejected from t heCT/B(G200$/000323
each syringe needle (31la, 31b, 31c) . The jets 34 are
deposited onto the collector 25, and forma scaffold
therPandfi behedn THPScoldfect®Br ZHLOACERYT peldueasde dermal
rBabhertdavar (Rfpmwekeckocated on the collector 25 to
formthe scaffold fiber |ayer onto the sem - perneabl e
bar r L8 SE&et B0fiTtHe EHNCCOFROIHE Wdr IGPRPTH31ng scaffold

1§pg§r§5i§LéﬂEa Lgigé%d%eiQPQE?PEﬁ$%H¥§§WHEQBtE@écﬁkgépdn onto
i n Singapore Patent Application No. SG 200403355-1.

aFi Tayex 2of eflegsdats™ancitier érdrxsdingent2 ofist i asedi ngego a
needl e, 31. Figure 2 sho sch tic diagramof a

g PR eh BT A4 HR i b Lebd T Bl dcavar” (ks of the
TSyNFngempeeilte 30 iis t heedt@ctiobpithmang ppadat impblast
(Ebgrr§%£53. The syringe needle 431 conprises two

capl ITary tubes 406 and 408 arranged concentrically.

The dapistear § thbeEG{M06cAaAB)si4re lAndecdqd ofitdt diDN esdls,

i§taeler The SyLipge, ngedlg 45\3]10&&&?{ Oy ded p 59 LW9ow skin
Inlets 412 and 414 for supplying a first conducting .
hiep i Qo angls bsteelc divd endibdt iasg 16| a@isd thevt heokifqnage within

rpeedler A3 1Ihe,congentric arrangenent of the
capl Il lary tubes (406,408) forns two separate channels

402 damd #4@#% florthehelayassade Tvatihen™i A8t isopdedeidngff the
fLui d.the.second conducting fluid fromthe
ngg%g%?ﬁf'efnﬂgts (412,414) to the tip of the syringe
431. IThesStep ets (4i2edily afdeconabep ed,t oat weecond TG-NF

di fferent ringe punmps (no 0 by. means of teflon
PiiBegl ot X ns =T The Sga S R A e 1 adtone
@ohpdigrant e Egﬁﬂtéﬂé&tﬂd%phhecﬁﬁbinﬂelﬁyﬁﬁ 48 afegaderm™
figure 1 and the tubes used in this enbodi nent are

Woyéft FERFSIY tifhe 182PoRCET gl 1the THESEyPrate 43 LavsT 14

seORRAGE! eHe t SeddiRl RRWEEOSAPPIY 20 by JTR@RS BbnBaORAth the
wre 420. In_use, two different conducting fluids are

lﬁﬁﬁbEﬂ sqpfdold TA.

Additional layers may be placed on the skin by repeating
steps 3 and 4 until 70-80% of the original dermal thickness is
reconstituted on the patient’s skin 8.

Finally, in optional step 8, a skin graft 16 is placed on
top of the last remaining scaffold 14A.

Examples
Non-limiting examples of the invention, and a comparative
example will be now be described in greater detail by
reference to specific Examples, which should not be construed

as in any way limiting the scope of the invention.
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the syringe needle 431 by the respective punps. \Wen
electric field is applied to the syringe needle 431,

W@ edos/oafi3conducting fluids are ejected from t heCTieezio®000323
and are deposited on to the grounded collector in the

formof nanofibers. Figure 3 shows a schenmatic di agram
of a nanof i béxampdept ot ked-ipgcuteTREINEE) i nge

needke 431;of 1fohgur%e%n Theuhagof 'tF]QES rerl@dugegepyve in
usi ng syringe needl e 431 are conposed of

pélperethensi ngtestals,alssichThe ﬂ?egscdemd't‘.erwcaild lead to cell
é%geSp%n gvéP tpﬁefkﬁééng d%&%hngsiéqhglﬁgg%tggund that
conducti ng

cond raterral corresp onas e se
Kédzt.mrwcyfhe CfGIlllst cant euortalonﬂar sergdve 4RO oént he fact grow

dnanogl ber Ci\ndn]; he second material formthe shell
¥F B¢ PRe ?1%?1 tiber 430. Use of Conposite A conposite

manufacdnir efi @&srrtas Ckedigchoabore dedlablwerto feedasedifreetly
treati ng a dermal condition. Referring to Figure
P

OBER hér e LPECEhRin TEERLCHY” arfieut GROGBERE | dPer ¥l SRyl 2S

d& £SOl iyt v on, (pNaQR)[3B?t hod. In Step 1 a first TG NF
conposite 10 conprising scaffold 14 of

e- captBHEct OneSEPiL) 2 haFMhadhageen©él etctier oéﬁﬂﬁnorﬁpdd&mal
kéwno@&tgeg@d@w(t &)Jw@lté& dcnﬁﬁesm&g ba | refpkhased™ontOund
£at| ent's hurnt skin, woun . .The scaffold Iaer, 14
dpot Y TR N 1ednposi e 1S swgaea—é&ew A HInafSPeY e ©F

1510t obl ast (HDF) cells. In Step 2 t he TG NF conposite

10 seeded th, HDF cells, is on_t 8

o § BGTBHC t o3 o 2al P SEPRD hed 1 RG AESTE  Gleby it tence

beHDFeeﬁeI ¢ Bovah theyhproh i Eetasemai the:natt:thstaéf chiltdded on
|th|M In Step3the|a of ad t S

p HEH of RS SERFTDIY Iél errlﬁll " dgte n)C:,LSS T edtryure

paddteicsst ep Sischosetond TEGINF Elumpostt eallodﬁfmaorrprommgwas

geaa{gec% (%A‘iﬁaéa%f oq‘.l Yan eMUICsapggggzc %qg gPCl7) %@7% I%ﬁgt cell

rospun onto a l'ayer ern(t
pueEsEmagioRA ion plmdie@mf 0 tvveinf r stressahfol cakayerl is

c&ﬁparable to cell culturing in tissue culture. Accordingly,
the inventors have found that Tegaderm™ membrane material can
be used to support cell proliferation and is therefore a
suitable material for use in a composite for treating dermal

conditions.

Example 2 -~ Human Dermal Fibroblast Cells-Tegaderm™
Example 1 was repeated only in this example, Human Dermal

Fibroblast (HDF) Cells were seeded directly onto a layer of

Tegaderm™ rather than keratinocyte cells. Figure 6 shows a
SEM image of human dermal fibroblast cells cultured on the

Tegaderm ™

wound dressing material. The image was taken at a
resolution of 1106x. Figure 8 is a bar graph illustrating the
difference Dbetween growth of the HDF cells cultured on
Tegaderm™ wound dressing material and on tissue culture
plastics. The growth was assessed by means of a MTS assay.

Again, the inventors have found that Tegaderm™ membrane
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so that the second scaffold 14A is in direct contact
wWth the in-situ scaffold 14. Additional |ayers may be

w@b@eeshian the skin by repeating steps 3 and 4Par862005/000323

70-80% of the original dermal thickness is
reconstituted on the patient's skin_ 8 . Finpally,

[ . in :
maheT Hhalcadt &5 gsedatekprPRREs tH0Fs GedlpPageHtonittiop apd is

thbge s kenRiiRhble SGafckeld1 14y Bxaaplias dNorohpstitdd for
exanPI es. of the invention, and a conparative exanpl e
RPN d55HAbecUEE T PBEd in greater detail by

reference to specific Exanples, which should not be

construed as in._an [imti the sgo of the,.

o R B s MaEaC oz, P ot AR P o T i

| ongabeetbrassumed twwad t heepathesi vactor@ialgyur et hadiesclosed
terials, such_as Tegadern(tm, would l.gad to cel .

BTG we st | thRg | RORLDE hadBoRUP YT o NOPYY 1 cthes=ing

mbbat iKeatasneopl eyetldss «carmiope ondablsubairyéebutawan iUsing
act_ grow.directly on Tegader . Human i der nal

thBeerrpll et L8R il it TPt e SPLAF PBler  was

eTegadsovit gniandticell Tagedeim” amaissayl asAdesdreciedci rfield

T .. Phan [ igure 5 sh SEM.i. mrge. of 4t
eI P Rer T K7t Aty oo carPafs oo BROG L oot P @
sPegater r{almtinoufidedr essd mf rattadi/ak. aflean nafecwbs field
Fi gu 7 1S a bar

ta}éen at sol ution of 131?x.
GTRRRCT | PPt noEhe rPFBFeHEE Dol ydin ToukRbr 22 the
fhoaan fephiey mdtdeemat | Imheytcesdaut ing eslo ot ibegader rfdapared
wound dressing material _and on tissue culture plastics
by s ddpeet bed Hot T8 GePTOPRSACRE é?(?L)ThJe“ ot ottt lvent of
cﬁi??&ml bs])zhdm@‘t&aﬁf)l ans ngafsesa?%f Ehg@ﬂécasaazcnﬁhqm&ouhate of
ce roliferation on Tegaderpft wound dressin ,
mﬁﬁ?%?(?]a?l it8 cotar abl £ t §Ftcel %ICUISP&PH@W n T?ﬁessg%nducung
seUbtide. wAscargangty, fdier | NyEiRes shaserd ound thafarderm™
ml%g?{g?]T(EHl rﬁ%ﬁgb%? enfgﬁﬂ! agrgggked is called as TG-NF
composite.

Using a SEM (Scanning Electron Microscope), images of the
scaffold fiber layer of the composite were taken at various
resolutions. Figure 4a is a SEM (Scanning Electron Microscope)
image of the scaffold fiber layer of the formed composite. The
image was taken at a resolution of 3600x. Figure 4b is another

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

Composite

Human Dermal Fibroblast (HDF) cells were seeded onto the
scaffold fiber layer of the TG-NF composite of Example 3. The
cells were allowed to proliferate for a period of 21 days.
The HDF cells were obtained from an 8-month-old Chinese infant
(Cell Research Corporation). The HDFs were plated as a

monolayer and cultured to confluence in DMEM containing 10%
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be used to support cell proliferation and is therefore
a suitable material for use in a conposite for
W e@ansa1go der mal conditions . Exanple 2 - HunaPCDeGI085/000323
Fi brobl ast Cel | s-Tegaderm{tm Exanple 1 was repeated
only in this_exanple, Human Dernal Flbroblast éH
F%%IIéF%kﬁ% SBEWIRE di PRETy oREG alPay@iigpiotic —solution

Jeﬁg@denmfétégl\?rdﬁtoﬁge%ﬁEamdm?ameoeypﬁa@@} |eSre rlgi guaey§ and
SNOWsS a | mage 0O uman er 0 ast cel
tR&I FH g 8n e FR fﬁaelg%eéflﬁ?(m \C%ﬂ‘?fcfilérlg sﬁﬂ‘@u}??attoéfr 2k 37°C

wilihe ssmage. was taketratmadiibesal utéyenalk 1d06xpurkingyea Brom
|s a h jllustrating.the |f ence between
cﬁ g{$§%|45ﬁ98%fl %ﬁﬁre%g f%egadern'(tn) wound
dreSS|ng material and on tissue culture pl astics. The

grioft AroEEh afsesded By Wheansabfokd MPYeEs¥ay . a9kpasRd using
sEJHHdr@VeM§9rSEﬁqwe5£§&HE¥H§3@51;%QEQ?ﬁHﬁLﬁj 3-carbomet and

nenbranenaterlal can be used to support HDF cel
abivl iFer dtxamwhgpy) §1<ﬁeeei89@%y§u |t1‘355?%°]rfﬂ¥rer i@pergplt)
adk&h 1dtaRaeeaPesit ecéd @it tabidng Teeeeradiy ceémh | th1@1S feration
Exampl e 3 - Manufacture of _a Tega er% g@y nposj te
o EBEpOUbT RS pra B BLisr HRRg CRCATRLIGLeqy USiig the
cﬁmqeﬁer&emt: MTH ats{yagy qoapp:slttee:a sbegmmler by Wbl son, WI,
ressing nateri.a ed as a sem rmeabl e,
UHari “éfﬁég| nShanigy; rﬁ;e%tlﬁ‘gp atg‘ﬁﬁr &57§Yof 5 |tdf?rece rieac,abgllcally
aé%ﬂﬁﬁIdﬁﬂlss@ﬁﬁﬁokdabayﬁitN%ﬁhéﬂEﬁﬁﬂaszuﬂmOBththﬁ the MTS
Tegadern( t mat eri al.. ectric fie trengt
rI e Hendies Flib P B T G 6va T b LD Hieh R orbed
asokeapnion freed smaterafe. &td hrimnsh anied eeB$j cLbivdwkd by
1nc&hﬁWQ%5 ggt%zggk ﬁ%gyreg?gg Olagggmgdé §33cd¥FEFH %gdlum

er form ng mate the“con ctlng sol ut
fmas3rhqqxsredhbyeaﬁtasolwﬂmgu@bsywene-@apebt@ttxnﬂy @P@E)well

& m SO, 4 of of a 3
pi%hune gﬁgchﬁggo o}n1 %ﬂ%&%unggg} g%% ?? %6£folnto .
sgectmophPChmsot it | pAatd herétmi@etuct(Fh@O%ﬁﬂmt PBRINas Bded Lab

téﬁmfo‘ir @‘1@@”0@&%5?1 pNLQ L hg.‘ TGQBEQPMH&W aHﬁt@@hﬁ' -of the
e conposite thus prepared is called as TGN
cCenvsi 0. each well was measured. In order to count the

number of wviable cells attached to the PCL scaffolds and TG-NF
constructs, the substrates were harvested, washed with PBS to
remove non-adherent cells, and then incubated in 0.5 ml of 1x
trypsin at 37°C for 5 min. The trypsinizetion process was
stopped by adding 0.5 ml of DMEM to each sample. The cell
numbers were then counted wusing a hematocytometer and

microscope.

Figure 9 shows a comparison between growth of HDF cells
cultured on a Tegaderm™-nanofiber (“I'G-NF”) composite of
Example 1 and growth of HDF cells cultured on PCL scaffold
without Tegaderm™ (“PCL Nanofiber”). The growth was assessed by
means of a MTS assay as outlined in Example 2 above. HDF
proliferation on PCL Nanofiber scaffolds and TG-NF constructs
was studied at Days 1, 3, 5, 7, 9, 11, 14, 16, 18 and 21, with
the results shown in Figure 9 and 10. Both the optical density

and number of cells were noted to have increased significantly
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Usi ng a SEM (Scanni ng El ectron M croscope) , inmages of

the scaffold fiber |ayer of the conposite were taken
w@roogmsdldus resol utions. Figure 4a is a SEM ( Se@nsG:rgs/000323

El ectron M croscope) inmage of the scaffold fiber |ayer

of the forned conposite. The inmage was taken at a
thegwituttibgn 28 f d3% e Fidgipas Bkt i1daibehe pe BENP Hdde rafion
oE&?rxse(n‘daf fold ddispery | ayers i t e(‘SO'WPSLshﬁstJahfeé NBUE that

was taken at a resolution of 1I4400x. Exanpl e -
cebbdp ¥Ry idferrahen Wy mat AdesBra¥t 2E8PFe Hﬂyo the presence

@fﬂ@sﬂebgdgmmnwmmlregépﬁ%Qﬁﬁ%trlﬁlﬁDF) cells were

seeded onto the scaffold fi | ayer of the TG NF

conpd8i Fowre Bxaipl €3 Obsﬁﬁgeéeﬁll%t Ve caf | demil ttp of HDFs

wPtRld f eet Rad O iR rPed0h PiiF2 k@Y SincTBEsHIY Getis pay 16
were obtained froman 8-nonth-old Chi nese i nfant (Cell

wpeR eatleh BF6Fat FBRYS2SHHYe HBBLSwel@s pl i esgs &PFs  had
p@ﬂﬂ@é@%daﬁgﬁgﬁgﬂﬂé@dnf:@B@’@nlﬁaly'l%fﬂ:&hleﬁ Md were no more
copntai.nin eta ovi ne _Ser and 1%, ,
SRTT A0 PEaE0R (7 e pehT oAt FoE s BN G QPRSI E R
was regl asetdliﬁaveﬁea:e's s(ims&aaﬁdatehf el ths esby@rvations made
maintai ned_in .a i ncubat or at, 37 %
iPOBTIug | %'ul"f}tfrcé‘ rﬁ%lé? 5 &n&ofn@%’ééﬁi’% %trweeﬁ‘urggﬁa‘ég of HDF
ctl Dén ReseaedhoBi o BHBNH Segpasiist d.ﬁ)l]l]xs:npl}y@ 1 USA) groWhk of

t ffal
AP e Pee T e Nt TR g gy e, vas
aége:ﬁ:ﬁcb(myetehhdccairﬁnnby hoxyphenyl) - 2-
( 4- syl f.opheny! -t et L
ol 1 Teotht reuhsn Ttk b BEET S Gute T IPAK SREE R nave
reabistd ot eslatdaablfecnelPDky Was @IQEepﬁihedO@ytm mgsuhes are

.col i i ¢..M[S S T t equs

oaPLb Ty SR AR RO ) B8 AR Ao cone
pehat ., nébabdlqn@&lrby Gct coeleelrssant | anegelre WPER tI‘rPéloflber
sEQF u@[zoo %\Hﬁn galkpi %OBQ‘é‘thS Ca@@&e%tombgr&éf@UCGezéonstratlng

ormazan dye that can be absorbed at
tirhe scmishratce@tlwer@slm AsERR At PBS, B o\*raée b@ubstrates

thBgsbatd on Widdy QU MES1hgagenhat Nuser e e@nGeklibEis a
nmedi um for 3 hours. Thereafter, ali quots were pi petted

SPRERPEE 96-WIEOBREL e. STRELUH el I£9H at 8t t ERWER  and
pRbaced-dntka . a

Protocol of scanning electron microscopy imaging:

For characterization, the PCL naofiber and TG-NF
constructs were sputter coated with gold (BAL-TEC; SCD 005
Sputter Coater; Germany). Morphological imaging of the
constructs was performed using Field Emission Scanning
Electron Microscopy (FEI Co.; XL30 FEG SEM; USA) at an
accelerating voltage of 15 kV.

Analysis:

Cell morphology on the PCL scaffolds and TG-constructs
was studied by FESEM at Days 3, 7, and 21. It was noted that
at Day 3 ( refer to Figure 1lla and 1llb) HDFs only reached
approximately 10% confluence. This was due to the low HDF
seeding density used in this study in order to observe

proliferation over the 21 day span. The cells were seen to be
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spectrophotonetric plate reader (FLUGCstar OPTIMA, BMG

Lab technol ogi es, Gernmany) and the absorbance at 492nm
w@booslss1sont ent of each well was neasured. | n PCTH8G2008000323

count the nunber of viable cells attached to the PCL

scaf fol ds and TG NF constructs, the substrates were
charyestddtigashed spinflPBSheBeferife ABFRIENNRSY epgross the

nG8bESor AR shBshrd icubat ey i thdd coubbe A £ lprolih ¥OSA 1 .

37C for 5 mn. The trypsinization process was stopped

by addPfgIer-in | abf DBMEI\/TtdFégBﬁesaH»ﬁl e2nche @dgr| it was

oBHEbesS VRLE tH@nHQ@ymhaa UsicRgaded et oeyberekal akdched
m croscope . gure 9 shows a conpari son between

agPBim 7% fcqqé#usaF? O Ny SHPBRE A SFegdEr REPHtFEaTdPn and
gieb@tn (cdkEMded ¢RrBResss erfy Em@WQEEEkyaﬂﬁ.gﬁﬁﬂﬁheoﬁle and

HDF cells cultured on PCL sc | d without
2 nddPhc L PR KlinaiTbet 905 THEGHEGW H Qfasoontluence.
Rassessed bE/CIIT’eaa’lﬁf(fbla MIi&l asBaWFas coubtined iwere almost
Exanpl e 2 above roliferation o CL Nanof i ber
RRIFoTe GREFTRE NE-Ebnét rTETL RR® ol PRt agege. Fracks
wdre bbserved 9f1;onﬂ_1t,he14111016gré,rﬁlsanajt 20hiaMgdirntthe This could
results shvvnln ure d.10. Boththeotlcal
ha‘é%mbte)?nandlenu%goer of Cgrégfacncv\l/elree Hot ed ?xerha\%e Py the HDF
mongl ewse dwiigoi theammguehmaghrah@mbhday §panfESEM, where
no t L .pr I Qeeur
tggccgjgg]{ %Ha)gg%nt@oﬁ (i%itﬁgesﬂo%sftgﬁgs rales angﬁ?%r?teéjel IWlth
ippotaim@atlgnam nof acdtéesely afflatteds by ande air-dried
?—_g of the Tegadernm(tm would dressing material.
In %l&e , It was observed that optical density of
HDFs Fwrhi thCLFW’bf iTHerognaPG- NIE kepitgungcr ddsi ngt  was
eléggbilg?éﬁ %éﬁpeE‘héfe S‘II%t ggcg@gf%@s'}ﬂﬂ" Jxmlsﬁ_f@@étlon and
because HDFs had proliferated till confl uence at Day
agBeqpree tderkoilemannd 1 hpees a’i}ﬁ?slta”l@lt@sspﬁ@lé%ardﬁlgt fée FESEM

m@@?é%fé&{ss ft%ﬁceﬁuh%cﬂ?r d¥al | Egratp@n. sHaerbesyl tehdver@-nr
substanti ated by the observations nade in Figure 10,

SRRPERUSHOWE ta %‘f’éﬁ?paiti“é%n Rodfeent igr FRFh SrSPEdcefhar the

dedkt £y edr 0npAs T&x Nbo @0 Npasitt-et0f FXamph®ays adsh@H@wt B and
of cells cultured on the PCL Nanofi ber scaffold. The

thrbwERe WSS [h8 s E888FDyA BT S0t iqrgiluence on each “at an

near equivalent rate.

From this experimental data, it can be seen that the TG-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
(H&E) . Thereafter, the individually stained substrates were
embedded between two laye;s of OCT embedding medium (Leica;
Germany) by immersing the whole structure in liguid nitrogen.
Serial sections (5 pm) were sliced using a cryostat (Leica
CM3050S; Germany) and examined wunder an inverted optical

microscope (Leica DM IRB; Germany).

Analysis:
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Figure 10 shows that the cell counts were noted to
have reached a plateau from Day 16. The cell counting
w0 e®elsd3@re in agreenent with the assessnment PYT/AMFSH05/000323
assay. At every tine point, the nunbers of cells
present on the PCL nanofi ber scaffold and TG NF
Sgppst r fidhrakdes teonpat abReShUA¥SNSEPRRISY t &l l6el | it was

?_é@x\l\iité&ﬁstrﬁ(%:”@ﬁ@ﬁms%eeﬂff@tJhxtﬂ&%es%Q%béﬁt‘éfés and porosity
herefore, it can be concluded that the TG NF

of onidts UELEFEr SR t ABPRL RFRUEoXFNSLFHEEF ate Y opideldyn the

agtoutderand P | f ef@fra@Ron Prekocoknef sealnsng and  its
el ectraon _m croscopy I maging; For characterization, the

ePEraFRIgMLFERaRRtE TERE FbHtT (oes SHRF & Sut t er coat ed

Hmfst&lcgﬁldil( B/élxaEEﬁatﬁﬁD 05reaputit eEcioat 8t ¢ g EaTiBRANY )( llght
Ehol 0gi caI g ma of _t he consépucts vvas erfor
oneRy FrENF Edinse Sn &2 aRn niFEI T oA™Y EF’ o‘b‘ﬁfls(tlflgf:ts’
whdch %:8@ G sSSEVheUSAE Bhyanl ACTel &idat2ng(rRedarage afigure
1%}? kV. Analysis : Cell norphology on the PCL scaffolds
td TG constructs was studied by FESEM at Days 3 , 7 ,
Fand 2 lihddasdmot edubbataads,Dayt3 as efadisetoedi gt the

and H onl ch d I‘OXI mat el Ly .19%
d@%nﬁﬁﬁen% g%ﬁ'hﬁgﬁﬁag %Iﬂede?}?) he ‘F WoRDF °Y8Edi %g four time
pdénss ¢ yThsed il hus s est umatl mar denlyt ododbsehwe HDFs attach

[ ration_over e sp el r
tgggéé]{‘? % atf'fg%t alrl%j%l Sal f/lé/ réepl n Setmﬁggédltge#e Bew have
agsop emhedeac rros ssudrespanbiy bm@@sa’fsmb’smt@t éssdgubngandre as

b I 7. (E
B Sl JEPLAIS AL o BDSRQUER | Yol B L0 e
thacTea¥Ed cpns htpdier candoe e fehd: rabostkeg0%ndeonfisueafdective

tHPeé’Délﬁne%%%hE@t %%af@@fd@%%o‘rf ef'ilﬁ; ' %90@{‘1@ %&1@1\’“ }‘!;bpulaé:lon

conti nued progressively a 1 (Frgure l'ie an
Hpweyer HDF It ol $¢aifstliden Rad alcrmgtrlrcetéchédwﬁ@ew by  the

e@@BH&'s%l%%mEOt Be&}lf'r%qpu@s S%@f:éoh%r?—%v@@' NFTQQMJI%’%t the

wer e al nost conpletely covered with a contjinuous H
Pﬁﬁﬁ%lrfa}ye?nd @%@KSSWPeW%% e SRRF FrlamirReI &% Gftchptagdomly

dabe s 01 tHroubRb8t C@HLdentire substrate. This provided a
better understanding as to why ECM migration and integration
was predominantly observed only in certain areas of the
substrate and not throughout. Nevertheless, this shortcoming
can be rectified with recent developments using aligned
nanofibers to fabricate scaffolds, where porosity and pore
sizes can be readily controlled.

Another interesting point to note was that at any time
point, the densities of HDF in both substrates were relatively
comparable. This demonstrates that HDF ECM growth and
migration within fhe 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 ~ Fabrication of gelatin/PCL composite

nanofibrous scaffold
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have been due to the contractile force exerted by the

HDF nonol ayer during the sanple preparati on phase for
wO-EBERB619her e t he fi brobl asts popul at ed subst reCESGWe5/@00323

dehydrated with increasing grades of ethanol sol utions

and air-dried overnight. Fromthe FESEM m crographs of

Fi'gihe referencands &stabbhatedet et [Rér evhRize Bone Marrow

sSHGRaS St 1 HDmps@) | feL atienqand adhepgncegn Hohlrerate
nanof i brous substrates . Conparing the FESEM

wht b g S tEBKBAL f erusstiiet ReaPiRld duf foolpthngfTE -

TRONSHLHAESr At 18360 1ddRPOLIYE | ukk WAS Qbsrivednt hala pcr
the density of HDFs on both substrates was al ways

PebfR abP& arftl t FEEtERES celsceffedehedadrmddt 1 cell

p &N #d48RE 8n ORinGAGIb R rali B8Ar ceUNE MRl BAE hmaherols Offbrits
this experinental data, it can be seen that the TG NF

WREHSt r udPCLE be RARLPHETHd a SEHIHbI e hBIPIRANGSEPALELY/

bi&dorigarioblasy popul @riercivlt hiviaesubisiwf &€l lrelatively
roliferatign was _nuch conpar.a Igﬁgo th tsgf t he PCL

L4 nGPPbr o8 18ERR £ 8RS, PGt TP AfsttoPEgy te bPe used
wh&€ly ofvh Nnghanghb Aggtdi@dicibe aRAL Hianeliber scafd ohslswound
and TG NF constructs were. fixed in 4% farmalin
SBP ST GE W R R RO g Th Y S gs P (gt 12870 .
Thereafter..the individually stained substrat.es.were
SRRk Bhs (o it b s Rl ed SEb RISE MORGoe 2
(JLeidaomesiamy,) 3. ilonessi Ny tiemnvpolreisd reicitnurie ppwder
rquid_pjtr n. Serihal sect.ions, (5 nmm) liced, ,_
f(lgjlg?’ng ggtcrygglﬁat L’é’P@a C%Eﬁlgg%g) Geygkﬁy)\gggge%(am%h?éﬂz
tohtleroraethavel t edTHP! i cbumiitor ostop® -(Bei c& DRI RBBuchs,

S h;gqmé)nd. _Analysis :Since fibroblasts are _
anc orage-)dependent cells, it was specul ated that high

SRRGILEE EnSUT LRCE GBI OPEL 14585 alfh PHASTEY OhikBEres were

el ectrospun nanofi brous constructs may aid in the
PreRacthent did nvgr aopearetratierceptd Fwgspggently mixed

t& trl'%eli!rplﬁf:@@t rx‘:a)&ié_EQMiew 5@1’1@_4 h@ci%i@.%t;r %Ee_obtain the
| stol ogi cal exam nation revealed ECMintégration
gf}?fﬂﬂ/T E/PCL solution to be used for 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 and PCL/TFE Tegaderm™ composite

(“gelatin/TFE/PCL Tegaderm™ composite”).

Dimensional property characterization

The diameter of the gelatin/TFE/PCL Tegaderm™ composite
nanofibers was noted in the range of 300 - 700 nm (80% of
nanofibers) with a mean diameter of 500 * 120 nm using an
image analysis software (ImageJ, National Institute of Health,
USA). Through 3 hours of electrospinning, a nanofibrous mat

with approximately 30 pm thickness was obtained. With a known
3

bulk density of (1.34 g/cm ), the porosity of the

gelatin/TFE/PCL Tegaderm™ composite nanofiber scaffold can be

obtained from the equation:

porosity = (1 — d / D) x 100%
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orange stains) inside the PCL scaffolds and TG NF

constructs, which were H&E-stained at Days 1 , 7 , and
wQ2o06@af1er to Figure 12) . For the individual PCT/SG2005/000323

substrates, it was observed that the density of the

HDFs formed had increased over the four tinme points.

This illustrated that not only did the HDFs attach

then@ﬁéyeesdtgn&hg suptascenf tihe syhstehat eenstBei bnEWhik

have al so managed to successfully migrate into its
dewpiivaesrastitedly. [(#8ls verifies that both the PCL

nanofi ber scaffold and the TG NF construct can be

further | ooked into as effective three-di nensi onal

scaf FoyHe f bf BBRYgr Gheh FAREM MIPEP%WC%\A%GS tfl the

gScat frofrds /a00 eonsddriet %oﬁb@gi}ﬁ@dathatlh@gnlflcatlon of (a)
el ectros |nn| n t echni ques were non-woven. Therefore,

3t P0% 0Bk 061 e € 288x wapd g@ﬁerzaq'lcﬁpolxrregm%?re 15
sﬁéﬁ%rEEBEM'EﬁﬁQbséééﬂmﬁ?ad bhg@@g&&nge%fﬂinemFEYECL Tegaderm™
substrate. This provi a better under st angdi as t
CHASC EER HOGPREP ohT &Tie |%‘iaec§P5iLP%na5va§ B o ﬁPPyo (a)
76bs emeedbonysdox.certai n areas of the substrate and

not throughout. Nevertheless, this shortcom ng can be
rectified wwth recent devel opnents using aligned
nanobebeirls tresthiabsi ©at esheeaf L0l Thlewhebelor osity and
pore sizes can be readily controlled. Another

interesting point to note was that at any tine point,

the densitips of HDF in botfassubstrates were
relatively conparable. This dengnstrat es that HDF ECM
grow h and frigration within TG NF construct ip
conpar abl e o the PCL Namofi BEEascaffoI d, which can

been regarded uitabl e bj odggrddabﬁﬁé’aéfé’éﬁ ol d :
1A afKidl SHRST i E'glgmﬁxanpl e é“g/ “Fabr i| cat ldens ofy E&[OSltY
gel ati n/ PCL| conpo&imd e nanofi brous sc¢affol dW h (%)

reference to Y .Z . Zhang et al [26], wh&/&Bone
Marrow Strofal Cells (BMBC) are noted to be able o

proliferate/within a gel ati nePE conposite scaffofd to
a depth of [L14nm . The i Vet 2In estigated thel use
of a gelatin and PCL

500 x120 30 x6 1.21 +£0.13| 0.43 + 0.06 64-72

Mechanical property characterization

Mechanical properties of the electrospun gelatin/TFE/PCL
Tegaderm™ composite were measured using the tabletop uniaxial
testing 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 the form of
rectangular shape with dimensions of 20 X 10 mm from the
scaffold construct, with an average thickness of 120mm
measured from the digital micrometer. Four samples were tested

for this characterization procedure. Specific sample
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pol ymer as a suitable scaffold material for cel

proliferation and penetration. Gelatin has nunerous
wOoresos03619i ch i ncl ude bi ol ogi cal origin, PCT/SG2005/000323

bi odegradabi lity, bioconpatibility and comerci a

availability at relatively low cost. Gelatin has al so
pEspabi i spedueiasiology be aéeﬁevW¥Rﬂ%ﬁ|%@ t?h- Huang et al.
rzpharnmaceutical and bionedical field as wound

dressings, carrier for drug delivery and seal ants

[ 26-BFJure THE cERPBSI t Bhorat Brieis-Ra%2 FabridRvéqrusPhg the

géﬁﬂﬁﬂﬂ/@FEYﬁ@LA%&éﬁk%l@'%@Ebr@'gﬂ@ aﬁierldﬁﬂd%hmgg& e the
porci ne skin in powder form PCL 80, 000, Aldrich

T%ﬁ%q?§¥?lW@HPdZd?e?SlQQIf¥QEﬁHSéFﬁ%@&N (ﬁﬁ%gdkﬂﬁ%rﬁﬁ§ phases
wéﬁbcﬂétﬂae@k&moﬁuﬁhé,tgﬂbll@rléﬁﬂmng PRlout i A8 @first phase

elat|n/TFE and PCL/ TFE m xtures wer ar.ed 0%
LA PO S S AP i XU, Qg LAt n. B

séé)ffiﬂdr afdiglunaeacgentite sherme@gdetmwobctoaunﬁ tdr@ssing. The
in/ TFE/ PCL sol ution.to be _us for f ricatin .
it uhass: PECRT By B St Gt Le R hEh ey Ao tgpsile
1éaqmﬂgacbnmmdeéstbﬁmémynwxnmena@bﬁgr@ﬂrﬁwmn¢wdraxslng alone.
gp QQ%gato g%ogu %% %g |n/TFE and P TFE
deH tﬁ% SIS0 SFERA M "ot PTEG AN

conpbsli@"Bnqwd]ﬂMaMSmbeabombxmmwmydgmaracfegebaﬂmndﬁCL has

lc-arvpeer dltgnmfer Of t Ilﬁog Qt J)r{]/ ég%g%hgeggl%llrg( with an

nposite nano |bers s not € range o 300 -
uﬂ@ikshmn@&ﬁ@bbmamaMmﬁ|ﬂ@eag¢rmwtWDumdndaanlmgwﬂhas et B0@ost

LG AT iyl A Al ) e, (LRRELy e e

n@moﬁﬂha@usosinaﬁﬁOﬁg- wnlﬂanbta@kcuh§fnae vifteh wound dressing

@foéb%@bgty H%E%Qfs%oﬂ@§rﬁggakﬂﬁdthQVtﬁhﬁ$flbrous
nomn density (1.34 g/cm) , the porosity of

seqef gel a@ﬁ%/WWT“Té@a@é‘r rﬁ(nwlé@rr@@@ tH veanotisgerto an

lﬁﬁ%ﬁJéﬂeﬁtC%ﬂlb@h&bE@hEPﬁabeS%éJE%e%Q%ﬁ?'9”coBQEQ§bEybased
(1 D) 0%\here d and D represents t

sae @m gaéﬁ%m/y‘?%alama k

This Tegaderm-gelatin/PCL composite construct has shown
to offer much better tensile strength, deformability and
flexibility  which is particularly important in skin

rehabilitation procedures.

Cell viability tests

As shown from the optical density of cellular activities
from the cell viability test from Figure 18, it can be noticed
that HDF cell viability increased greatly over the 7 days
period on gelatin/PCL nanofiber scaffold as compared with the
PCL scaffold. This result can be verified with cell counting
test from Figure 18. It 1s observed that cell counts on
gelatin/PCL composite scaffold are approximately an 80% fold
increase as compared with that of the normal PCL scaffold. Tt
is interesting to note from Figure 18 that by Day 7 of cell
culture, optical density has begun to stagnate for the

gelatin/PCL composite scaffold. This does not mean that cell
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density respectively [28] . Figure 14 shows the FESEM
nor phol ogi cal i mages of the gel atin/ TFE/ PCL
waegadars(t ) conposite at a nmagnification of PE}/SG2005/000323
3,000« (b) 8,000x (c) 12,000x and (b) 20,000x. Figure
15 shows FESEM cross-sectional views of
ggevbit i hﬁSTFEPIP?@Lt?FngaO@QP(t rutc orpddsint @t he o8 gpwey eb2es. A

pEBEQkB}H |1ré%s@£ @11@9&4 tC@EEQn%IQaflsé ac)he75v%l§ngré k1¢)ork3_ng on

OOx. Detalls results are shown in Tabl e. bel ow.
pwe@waaﬁn@m pier t fheharcaeresiyat i 6a2 MR NI @arough cell

pEBPPr?éxtaJt%%nOEr theRheehr Meﬁ@h@&krﬁ%tﬂﬁ@ PCL
Tegadern(tm conposite were neasured usi

t abl 8eoplimi B5qmal Fiese nd n‘%&ﬂ*t’sné‘h@ItI\S?RO%D?&F?)llsr being
ahBhSrWRs doNes UsikBHd a t10-N{pad s&tde M £h aner o?s&ah;q@dpm

speed of 10 ni mi n under anbi ent condi ti ons.
CERRPTEE wef @ ifiodfar e Rl eVIRI f oFRFBEES ecERRGUl AFSshapBoSt

cWhpardinensionsciaft 20r Xrdfs M regnt be seakhoheéd that the
construct, with an average thickness of 120nmm neasur

ipFLRT 1R Afgitha RigP & . Ipbtiri s atpPFes eFtista ymer
sb@ﬁtidmSh@Ear@ﬁéaecr:Uyzatehﬁ@mﬁgcocedur eupiSpedtintty onto the

EE g{laratl on net hodology is as nentioned in Z .M
Sca %]rig UgFUT$27] Figure 16 shows the stress- strain

beha\Fh_@ﬁr@fZG hengel athien/cEEE/ BEhnts caf fubes bef arepsan@cL NFM
after detachnent fromthe Tegaderm(tn) wound dressing.
ahgdt ECESIdmg:Iiyl, NEMO @ flfsermeme pha@ee@ aterdensoticetl from 10

c%'ﬂfst/e 81183851%1%6‘983: e & Els&tfﬁht%% sof the

graphis achieved gel ati n/ PCL
scaf E@Udr%t i 20 st WEIEM haoTeheberirEtlm) wiwswad of HDF

%B§§ 10Eth§e&QﬂgnED@§§ Q%ﬁﬂg§1@gt§5afﬁﬁxﬁca&50|9ay 1,

en and tensile [oading continues purely with
%ga@%’r mBt m (Moukdydressi(dy alwie.alThiRE r @egefragkon into

Slggggoﬁtgtq,gglcgggd and shown in Figure 17. It is known
that the conbi ned pol yner of gelatin/PCL has | ower

tensile and elongation properties Simlarly, with an
under st andi ng that the alggadeesdtid) wound dressing,

has an al nost elastic rubber-like tensile property, it

i s edpeotiéd eatapgplreciated that the disclosed composite is

highly useful in the treatment of dermal conditions such as
skin burns. It will be appreciated that the skin cells seeded
into the scaffold layer assists in the healing of the skin.
Furthermore, the composite forms a protective barrier on the
skin and prevents infection of the dermal, sub-dermal and
epidermal tissue, particularly in situations where the body is

unable to repair itself.

It will also be appreciated that the skin cells seeded
into the scaffold layer provide a useful alternative, or
compliment, to skin grafting. Additionally, as the inventors
have surprisingly found that adhesives in 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.
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nanofi brous scaffold will break before the wound

dressi ng does. However, the conbined construct of the
wmaweNsdisous scaffol d and Tegadern(tm wound dPEFSGHIY5/000323

has given rise to an inprovenent in the tensile

properties of a construct based solely on gel ati n/ PCL

al onBhe Thompordgadeddi edralily PCovEdeposi t¥e tdngtlitgenative

as 0 of,fer ﬂgy%g t ergit:@nsi h, .

et ﬁ%am%fy bES A Bigﬁty Sm]ﬁt%?‘ch ]ilegpl%tac%tﬁ?% Ay uets
FRpgoranene i n S3RFPRroBHaBILRPt atthen pibestiur esto Cefhe  semi-
p¥iAbidliet i S5l Asrshor fLomethe; apty caby dedskt Ynddins  to

cellular activities fromthe cell viability test from
nERgtREurg, the earPoeltfot i CAFHHREFCOMDF 48 ISoPPSBiFRt §an Pe
ubBET gased-eahky a¥es thes/ SAysiReEA DI bction or sinus

gel atin/ PCL nanofi ber scaffold as conpared with the
theftscaffold. This result can be verified with cel

counting test fromFigure 18. It is observed that cel

counts on gelatin/PCL conposite scaffold are

approximately an 80% fold increase as conpared with

that of the normal PCL scaffold. It is interesting to

note fromFigure 18 that by Day 7 of cell culture,

optical density has begun to stagnate for the

gel atin/PCL conposite scaffold. This does not nean

that cellgrowh has cone to a stop, but rather at a

slower rate. A probable reason will be at this phase

the cells are working on penetrating into the

conposite scaffold through cell proliferation or

growh in extracellularmatrix. Results fromFigure 19

shows that the HDF cells, being anchorage cells, tend

to attach better to the gelatin/PCL conposite

scaffold, achieving results that are al nost conparabl e

with that of TCPS . It can be concluded that the

i nclusion of the biopolyner gelatin into the PCL

pol ynmer solution has greatly enhanced the HDF affinity

onto the scaffold structure. Figure 20 shows the cel

count of HDFs on TCPS, PCL NFM
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6. A composite as claimed in claim 1, wherein the semi-

permeable barrier layer is composed of a polymer.

7. A composite as claimed in claim 6, wherein the polymer is
selected from  the group consisting of polycellulose,
polyurethane, polystyrene, polyimides, polyamides, resins,
nylon, polysilicon, polyester, polyolefin, polyamide,

polysilicone, copolymers and mixtures thereof.

8. A composite as claimed in claim 1, wherein the semi-
permeable barrier layer is composed of at least one material
selected from the group consisting of Tegaderm™, Dermagraft™,

Transcyte™, Integra™ and Biobrane™
o. A composite as claimed in claim 1, wherein the semi-

permeable material is removable from said scaffold fiber

layer.
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a sem -perneabl e barrier layer that is perneable to
oxygen and i nperneable to m croorgani sns; and a
wae@bfadigo fi ber | ayer formed by el ectrospi nni neCT/86BE105000323
on one side of said semi-pernmeable barrier layer. 2 .
A conposite as clained in claim1l , wherein at |east
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agrachrabt foctle mign ofher earrh'”f@él @Irsfpﬁf??ncel | is a human
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claiml , wherein at |east one cell is provided on the
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conposite as claimed in clalml, vvherelnthe

?em Rercgr%abl ‘roe tercl;laalmeﬁ rl%”%\_'[g Ilne fr%ﬂé}?e%:nd.tsh%afsfc%lfgold
|berlayr31 corrposHeascarréd aim1
fuher elavean i@dleembvesdd qir evindedrion tded eséadl - pPeymnedlsl group
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14. A composite as claimed in claim 1, wherein the fibers of

the scaffold fiber layer are coaxial fibers.

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

fibers and nano-sized fibers.

16. A composite as claimed in claim 1, wherein the thickness
of the scaffold fiber layer is selected from the group
consisting of about 0.05mm to about 5 mm, about 0.05mm to
about 4 mm, about 0.05mm to about 3 mm, about 0.05mm to about
2 mm, about 0.05mm to about 1.5 mm, about 0.08mm to about 1.5
mm, about 0.lmm to about 1.5mm, about 0.2mm to about 1.5 mm,

about 0.5mm to about 1.5 mm, about 0.8mm to about 1.5 mm.
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12. A conposite as clained in claim1 , wherein the
average pore size of the sem -perneable barrier |ayer
WO 3006/03@30 ange sel ected fromthe group consi stPemsS6£003/000323
mmto 50 nm, 2 mmto 40 nm, 3nmto 30 nm, 4 nmto
20 mmand 5 nmto 10 nm. 13. A conposite as cl ai ned
1Tn chatomositgheserhaimrd sigafdlolia Ry behelglyersaig at least
oML Sedls og?ﬂeé@écﬁrffgm Sﬁ11§c§§c§hﬁ r@Jﬂsﬁ@%lQEo%@ embryonic
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about 1.5 nmm 17. Acon‘posnte as clalrred inclaim2 ,

é(\'hergl gl d taet a %.ta ong cl:rell Icl l eﬁlllee elf TOCIHet IE%affold
group COMsIStin n%lryon femm ceI
fgermistyem cerhplsxsa‘segaﬂatussue der| ved epit heI | aI
cells, mesenchymal cells, endothelial stem progenitor
cells, bone marrow derived nmesenchymal stem progenitor
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U@@i‘r dier r@&lrmgiﬂéhﬁ? del gy Ieh nbal %@ﬁ?ﬁ@iﬂ@%ﬁ tot BATERPTERNISMS .
linbal epithelial stemcells, nail bed germcells,
ost eobl ast cells, chondrocytes, snpoth nuscle ceIIs
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electrospinning comprises using a polymer melt or a polymer in
solution, wherein the concentration of the polymer 1is

sufficiently high to form a fiber during said electrospinning.

21. A method as claimed in claim 20, wherein the polymer melt
or a polymer in solution is selected from the group consisting
of collagen, gelatin, keratin, chitosan, polypeptides,
proteins, poly-e-caprolactone (PCL), polyethylene 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.
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and fibroblast cells, Iiganment fibroblast cells and
peri odental |iganent fibroblasts cells. 18. A
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284 echr oBpERPR ng25 21 C1ALHRE hod as C&F‘%ﬁ“neg-gv n ¢Pgraino, said

M@sglhﬁgn@qimﬁsgglt or a polymer in solution is
sel ected fromthe group consisting of co

Il a
gel atFRLYHREr 8P RlechitoLAR1d pt Videh &§§en%€%t3e“r fdie range
s dtede- Cafl OtiaEt ghBuk PGbﬁS:LStQLCﬂgyeéflylliﬁﬂe toXi By, 5kV to
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sxvy aidredkivn cl ai m 20, wherein the solvent of the
solution is an organic solvent.23. A nethod as cl ai ned
in claim?22, wherein the organic solvent is selected
2% ronat heeghodip eensicdtimgd of ial cehalis, KOt onederein said
@&e%%esnggd al k I hgl ides. 24. A nethod as clained in
m-to " wher el Fd’ el ectrospi nni ng conpri ses:
app! spwigy iany ealnecleeicctrifcelfﬂehavlhamglr@ st rlengtth iim tthe range

SRS Dok bk Sl RSBk s By ey ot 29
cilBk¥hoBK V5 t om14kV sedt8iR ta, 1 2kput25 0 od hotoas 15 on,
alg%ﬂ r?%m' @00!39%15% 11% c\ﬂpe Bbﬁ‘t S@'c?tllg LG 59%%@”& g aé)orl]lt 10

conprises: applying an'e ectrlc aving a
ciintq ldorninge selasct edoft ok tdve tgr elpute dsicat-i ng of
about 5 cmto about 25 cm about 5 cmto about 20 cm

about 5 cmto about 15 cm '
26. A method as claimed in claim 19, wherein said

electrospinning comprises:

using a syringe needle for forming the fibers.

27. A method as claimed in claim 26, comprising:

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 lmm, about 0.1 mm to about O.5mm,
about 0.1 mm to about 0.3mm, about 0.2 mm to about 2mm, and

about 0.2 mm to about 1.2mm.

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

microorganisms.
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about 5 cmto about 10 cm about 5 cmto about 25 cm
about 10 cmto about 25 cm and about 10 cmto about 15
W@ n006A86130A net hod as clainmed in claim19, wherrCTIS6Z06/000323
el ectrospi nni ng conprises: using a syringe needle for
formng the fibers. 27. A nethod as clained in claim
296, é8npiheiiwg PeEFRCEIMRF1SAPE: syringe having a radi us

in the E@fngepe%ﬁlleggigd dd@rethel YrQuUPLEQNSiisd | Een@éable to
about 0.1 mmto about 2nmm about O .1 mmto about

CEBBET E\‘Pd IURAFRSARISO O BLCBRAIRBETE/ 0 . 1 nm to about

0 3msc§QQHld0f1@em5{}%@bﬂH&ne&”’lﬁy m@c@b@gpl&ﬁgﬁmmers
t o about 2mm 28. A nethod as clainmed in claim?27,

°CofiPF i %qu’?g"fs SRECTHY 5P RIR PapEl AR AR HalPier

| ayersktihatells ipropeas®ablidihosaxy g rasddsahsdantivakl y
i nperneabl e to m croorgani sns .29. An adhesive patch

conprising: a sem -perneable barrier layer that is

3per naabbﬁp&ﬂwwﬁpramg nper meabl e to nicroorgani sns;

a scaffol d fiber yer m; J\_{ el ectrospi nni ng

fi befs >oH* &eer“?% ]?a%%ﬁe 84F=permeabl e barrier

| ayemt aedsskicnocebastqirdoviitdbed Wayhin, sapdd ssedfmild fiber

flber l.aver os ite co i Si \
1248t BB 87 P FOMRRbhinS ORPLEL M0 Bne side) gf satd

skbepeimpdrle, bgartbsdafbol dadd ber |ayers forned by
elepggogggggigg%fégfy 3%1%@8 §hdga g?'%gld at %ﬁast two

sem - pernea arrier ayer and af | east one
sprbvebed fiikeeackrysfrssai eheateiheastid wocs 666 Il (ilbsberlayers

cé?t%é?{&a d’ﬂ%re?leﬁt sald EE%%P Jﬂeb%éfaie AYES o %gg“ se

erent cell types o e sane cell types
met hod of making a conposite conprising:

3@' echy ﬂé@h&ﬁ”cﬂgma'k?ﬁ? Sa Qb oSEHL - RGIJTRAbLE . bar ri er

l'ayer to forma scaffold firber [ayer; and seedi ng at
| eastelepbrewrinnings ilese apt of dswwrlma?é%e barrier layer

to form a scaffold fiber layer; and

seeding at least one cell in said scaffold fiber layer.

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 of claim 29 together with
instructions for applying the adhesive patch to the skin of an

animal having sald dermal condition.
35. A method for treating a skin condition of an animal

comprising applying an adhesive patch of claim 29 to the skin

of the animal.
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32. Use of an adhesive patch according to claim?29 for
treating the skin condition of an animal. 33. Use of
w@rooadbdsd ve patch according to claim32, wherrCTIS6Z06/000323
skin condition is a burn. 34. A kit for treating a
dermal condition of an aninmal conprising an adhesive
3pat ch gretdlodi i 29 clageedhert i EkaithsBPucttei§iporsaid skin
coR® Yidg ikhe @dhesi yerpatch to the skin of an aninal
havi ng said dermal condition. 35. A nethod for
treating a skin condition of an animal conprising
3appl Xi Nb130radhesd VaechBl&de Otofp2i SN bRet e Skbfe Otells
t he animal.36. A nethod as clained in claim 35,
5  oWAEIRG FPSEFBPskin condition is a dermal burn. 37. A
pol yur et hane nenbrane conpr|3|ng one or nor e ceIIs
gr oW ng t her eqn. gol yur et qﬁi h .
3Et ai fre OFHH%?%%%JF‘GH‘% Tei f° s& %ll y]d}e‘i wherein

sEedsARRreshdegatdeirths) is Tegaderm™.
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