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DEVELOPMENT Not Applicabl e | NTRODUCTI ON Mal e pattern
bal dness is a common condition that is often treated
by hair transplant surgery. In this procedure hair
follicles fromareas of the scalp that are not within
t he bal dness pattern are excised and re-inpl anted
mﬁthin t he bal dness pattern to-create the illusion of
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follicles that can be harvested and re-inplanted into
t he bal dness pattern. Mreover, since not al
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fl licles. Such ceIIq&gEgRbﬁqﬂ@DggEi@hhbngar stem

cells or follicle progenitor cells. I'n view of the
llarge market for an effectiyg Abgiidbieestoration
treatment, many attenpts have been made to exploit the

follicle- |ndu0|ng capaci t yingkoblyeseowgel I's for the
purpose of hair nultiplication. Although apparently
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prior art have proven to fall short of of
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ot 1 i ST BiCa) gD rnce gy pf Shenbhdleipygre swcessuty
t eachianpsmod, tlvi}suedhucm evtila dnarbpsm nadade, hys si@ﬁta:raﬁtrsﬁ@tcomings
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vol unt eers senger
der madlligapyive Itla: eEkitstodndsetht domationrof soaplpte bioapalydencgbning hair

the b)) xH&t G&LR Nk &g%% ?th II? %te{ﬁo%phf Hy\%ll?’clle %ro%emtor cells. In

mul ti plied and covere he surface
f1 askiewwites legemaddt foy arseffeap\reﬂgxrtrtsmtmﬁ firegthnents mafyag®empts have
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sites were |opS|e
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rat whisker were implanted just under the skin on a rat’s ear, resulting in the growth of
whiskers from the site of implantation. Cf,, R.F. Oliver and C.A.B. Jahoda in U.S. Patent
30 4,919,664, “Stimulation of hair growth”, April 24, 1990, the teachings of which are
incorporated by reference herein. In an unpublished clinical study of 5 human volunteers
by Dr. Andrew Messenger, hair follicle dermal papilla cells dissected from scalp biopsies
of the volunteers were cultured. The cells were multiplied and covered the surface of the

culture flask, were removed by scraping them off the surface of the flask, and implanted



normal with no evidence of scalp hair follicle
formation. More recently, T.H Barrows described in
wo ndospovei onal Publicati on WO 02/ 15952, " Scaf f pCTIES100$/009785
Ti ssue Engi neered Hair", February 28, 2002, the
teachi ngs of which are incorporated herein, a nethod
of inplanting the sane type of cultured cells on a
porous "scaffold" nmade from a bi oabsorbabl e naterial .
A subsequent clinical study in this case produced the
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specific é:r%ﬁp,ofgﬁi(}nie Oagpséct?lﬂlga present invention is an improved scaffold which is
constructed to mimic the architecture of the native hair follicle and which is designed for

35  percutaneous implantation. Portions of the implant serve as supporting structures for the

seeding of specific types of cells and other portions in contact with or protruding through



nmet hods of manufacture to produce scaffol ds that

conbi ne bioconpatibility with the desired rates of
whe@absnept i on. The perfornmance characteri sti cBCDUS2005/009785

t hese types of scaffolds are critically inportant in

the construction of a successful follicle-inducing

inplant, which facilitates or enhances the follicle

neogenesi s process. In yet another aspect, the present
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which cells from harvested follicles, are multiplied in culture, and aliquoted into a
multitude of bioabsorbable scaffolds in combination with cultured keratinocytes or other
allogeneic cells. Implantation of the resultant cell-seeded biomimetic grafts provides a
higher degree of hair restoration than possible by methods of the prior art. Thus the
35 method of the present invention reduces, inhibits or cures loss of hair specifically
including, but not limited to, male or female pattern baldness and other hair loss

conditions.



inner filament (2) of the sanme or different

bi oabsor babl e pol yner, and a central lunen (3). Figure
W@200S/0872¢r 0SS- secti onal schematic represent at i pOT/0B2005€09785

hol I ow filament of Figure 1 showing cells (4) (e.g.

kerati nocytes) that have been seeded into the porous

inner filament by w cking a suspension of cells into

the lunen of the filanment and a clunp of cells (5)

(e.g. cultured dermal papilla cells or a hair follicle

fragnent) that has been seeded igto the lumen of the

filament by nechanlcall forcin into an o en end

of the fil ament. E\?qR%PHO%rQ}:SEHEQ&A’l

schematic re resentatl on of the filanment of Fig
shortly aff'i@He{ HA Grtatdiont! saeris rsmﬁmgtwewfmaleo"f ﬂ@ment of the
pr oxi prbenmlentibn sHoSvirigh soli@ odter flfarsent (1) oﬂﬁﬁdaﬂs&ﬁatﬁié I¥her, a porous
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E;;Fﬂ?%eh:gge gdcm o f?%sm S@ flil glg e g%xarg’lr \Xgorcmg‘%mto an L open end of
( 121) theeidenenf. PLGA cont ai n| ng no HAX. Both filanents
were pl ace drop .of. :
food col Orl-q 23 %ﬁ%g%ﬁ%&°%@%§‘£?‘i‘(%§%pr%% t%o%%f t}?edﬁl?nénp of Figure 2
the t dwﬁd.m‘ aﬁehénnl\maeipn artbe ki sugly thatihe loreamyal wed @D 1si in iy dermis (7)
the | t @Qﬁ{ i ni ng
PLGA er Etal %Ig(gglistl ?/unvm cy%g%%gb%\;\]/a%éemp 0 the
| urren, g| Vviigige fHea piapeing glepteng reiglogtaph (S of a7iiglipw; fagent of the
phgt ogfe%hmoémlé‘n ARMSE a YbrBis c%ﬁaygmkg KeEddef aQ(II gvy@dhee (PL3n).

and a PLGA hol |l ow fil anent an in
di amet er ofigwef fsiap ﬁEMOféhefém%ma"débfﬁ%?ﬁﬂ%‘f’%h‘tlﬁé/ flarpgniefdigure 4,

folli %@h»ﬂ%&@a%&ﬁ)nmg%pa)m%@gr aph of the PLGA
hol{1 ow fil ament of Hg\gre?A with the folljcle

i nserted iigwe o ife HehrRinlomicaraphghqvdng,a BH’&‘F‘BQP%Q‘H‘}‘&T@ cgnstruction
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N A T R
Vi bri Siganehqi 1) m‘dde ocmmfabdmhlngmoa{mcﬂpmmm@amsf\bdraﬂmﬂ on a drop
'(:Il%J ' gf‘]\gatlﬁs 1 cg gefd? rg(\(i{gl;) E)g leorone.aneai’{GlI‘ %Llly er (1 Buijloated on the
top of the water and did not wick any water into the lumen of the fiber, whereas the
HAX-containing PLGA fiber (10) rapidly wicked the water into the lumen, giving the
30 fiber ared color.
Figure 7(A) is a photograph of a mouse vibrissa (whisker) follicle (13) and a
PLGA hollow filament (14) with an inside diameter of sufficient size to accommodate
the excised follicle.
Figure 7(B) is a photograph of the PLGA hollow filament of Figure 7(A) with the
35  follicle (13) inserted into the lumen.



grow ng under the skin of a nouse 30 days
post-i nplantation of a m xture of cells obtained from

woemsad2bt nouse skin contained in a PLGA hol | omCT/US2005/009785

filament (19). Figure 10 is a side-by-side conparison

of two photom crographs taken at the sane

magni fi cation of the underside of skin excised froma

nude nouse that had been injected 13 days previously

with cells obtained fromnewborn bl ack nouse epiderms

and derms. Panel A shows the cogtrol injection site

and panel B shows the injection site containing
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i nj ecthOphck b'h Qo@e%@mﬁ‘s@ﬂl@ @hdﬁgr@urﬁo/@f(r r%)n Q}faved pelage hair (16) 30 days
condroitin-6-sulfate, which resulte he neo ene3|s

of haiRostigplapiafignofe w&nssa.f%hql%qog@me%m Pﬂq%hq%'a
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site ahmEn@pigcalion ande padw;ide(afsm%cﬁeh @rolii ﬁ&ielrﬂﬁséthbtehad been

in the sa use cont ai act t he sane, n
of oonnRak LR Fr PR ot ot e ogE bRk TaSise epidermis
C ont ai dﬁe der2/0Pakdl W) sho's tht whmsluﬁ;édhﬂ) sife-and BaheBBIkHoaG ttigThjection site

opol yner e ene nd n I .des whi ch .
o R e K s RSB CHB AP T 88 op A conaied
I ar gers% lam) bﬁmseroltm-étshﬁat@ mmtqhoésultﬁi iguiceneb@eniesis af hair follicles that
Cross-segtion sche resentation of a hollow
fil arren?ﬁéfz”{n morerrgjsg%)t ?‘ﬁr{/tgérjl |§§l in which the [unen
(20) is sl Fghtelly atsap@rse’d -bysida cohpsien: d e piRImietb gragiséaken at the
to a p Q%élghyagior( gfzt)ne uEdegs#H &f %lgp e)?ms%? (ﬁ{oglsz?‘ ﬁlﬁ]%g#ldutgﬂ@lﬂ had been

schemat |G répresentati on anent o
pr & eninjeftery é?ntmg rreyfeosly mathaclls oheainsidfesint eevtiom plack) mouse epidermis

cont ai :ﬂlg Qigmﬁgl bﬁhe( g%o@@&le Ezln'fg g)n(rglﬁ)l)e&n)ﬁtsng 533 F%@l%nlo and panel C

i nserte into t ta ered Junen gure
cr oss-shevt the fmgetiar ﬁ@rmthe GAREHPYSS emtmmgawaéﬁly the pasng wpber of cells

fil amtepothatttn@m}e&%qmd dlse\é&ns,héa@o%w\a) REPRrcABPENS Qfactant (a
of fluid (25) Ils (24) being expelled froma

pi pet t@pwlmer(vfg)hywﬂ%w@wonyﬁée edflgsy vwhiph| repiteq iy the, aeogenesis of hair

cl psedpaiods @ht auéﬂn@rgw%nhc{saﬂa)meaaaﬁu&he f I u. d (25) 1I5 S
gure

fully absorbed in the orousﬁﬁ[g%g .

phot ogr aph Figbret13ds hespsssehtiord ‘Cé‘i?éqsf%?‘lﬂ’“ gfa 'B&lawpﬂlfg“e"t of the
10 andyrasedtQnvEh&dnGh lvtu@lﬁ thB luafeh () IsisPgtiig Gberel @NH dids8d erldq21) attached
the one that was used as a mandrel in theprocess for

maki nd°PRPEUERB A ent of the present invention. The
sheat h (27 Figufe 1788Lcreds-sE%ibmhl seRendtio @epkdsEtNies oNBBAElo(vAfidment of the

coptlned L0 Babbocs, (B (i3l d SR, o0 i 9 v
Char c aak bga irtskreddesto (h3 Gperedlulmest2ey i n t he proxi mal
Figure 14 cross-sectional schematic representation of a hollow filament of the
present invention showing a suspension of fluid (25) and cells (24) being expelled from a
pipette tip (23) whereby the cells collect in the closed end of the lumen (21) and the fluid
35  (25)is fully absorbed in the porous plug (22).
Figure 15 is a photograph of the hollow filament scaffold of Example 10 and a

10-microliter pipette tip (26) identical to the one that was used as a mandrel in the



portion of the fibrous scaffold upon injection of a
slurry of charcoal particles and water into the
waeashwizeh t hrough a pipette tip inserted i nto PEEUS2005/009785
scaffold sheath. DEFIN TIONS As used herein, the terns
listed bel ow shall have the foll ow ng neani ngs:
"Tissue engineering"” is defined as the art of creating
combi nations of cells, bioconpatible scaffolds,
usual Iy bi oabsorbabl e scaffolds, that have utility in
repl acing, repairing, or augnenting tissues and organs
of the human body.- "Follicle neogenesis" is defined as
% hepptrenoneriong bis embwdilerit of the bicsent i@vdnGonTelhc Geath(23) is made of
a2 by BB ek AL RS APREBURAE Y (B oPbroduces
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bodyltocthe weﬁffaﬁ)élquuzbd plpht@rt@l insert¢dSntatifestaffold sheatlef i ned as
g non-cytotoxic structure that is capable of
containing living cells and holding themin a
speci fied configurati on. DEFPEAERS is defined as a
cylindrical structure that has a length that .is
gr eAs wsed heraip, the tgrmep listed bdpw shafiihpyerthe foBowjag npasdneas a

filament. Ttsnﬁtenefﬂééﬁ%s%sd%y@ he@le drNbESehtny- congh%lnskrcf cells,
defined as a copol ynmer of |actide and glycolid

" VERiEronpatitie pGa %‘65 a%uavaé)&absarba@ﬁa@ffﬁ@ﬁutmt hgveowlw in replacing, -
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A Clepliring, b XagbiRing R BAAY Sfgans of fhe human bod

hydr ochl 8?1; %{% neogqxpEs 1§ ge wet pﬁ@q:phégomenon of new hglr follicle formation

2, 2in2rfegibh b@E eah haB@Inone' ﬂ?@fous]y&xﬁ@ﬁ loP@0ad@8ion to and among pre-
crossl.i nkoild hyal uronic acid. "Mandrel" is defined as a
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nd ro
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“Fiber” is defined as a filament that possesses physical integrity.

“PLGA” is defined as a copolymer of lactide and glycolide.

“VEGF” is defined as vascular endothelial growth factor.

“EDC” is defined as N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide

30  hydrochloride.

“TFE” is defined as 2,2,2-trifluoroethanol.

“HAX?” is defined as crosslinked hyaluronic acid.

“Mandrel” is defined as a cylindrical, tapered, or conical object used to hold the
shape of materials applied to its outer surfaces and is removed in a process that yields a

35 hollow filament from said applied materials.
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35 poly(ethylene  glycols)s, poly(propylene glycols)s, poly(acrylate esters)s,

poly(methacrylate esters)s, poly(vinyl alcohol), and copolymers, blends, and mixtures of
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cells from being dislodged from the filament. Other biocompatible gel-forming materials
include collagen, gelatin, serum albumin, Matrigel™ basement membrane matrix (BD
35  Biosciences, San Jose, CA) and various polyethylene glycol molecules with end groups

that covalently react to form gel networks.
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35 diaminoacid esters such as alkyl esters of lysine, and amine-terminated poly(ethylene

glycol).
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35 formation of new hair follicles. It has been stated that, “ [p]referably the epidermal cells
are from the same patient being treated...” in the disclosure by Cooley and Vogel (WO
99/01034), the teachings of which are incorporated herein.
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e%rgﬁq%%ﬁ%?e lfEl'o v‘?‘a{ﬁ"is‘ﬁ’g& lhgelsotntggﬁ‘&? {eﬁt%l Eal{gé}lt ed cells to
i nteract \prﬂqrmaheeIISntea@rﬂle@mfdféﬁlmOQg@r aremuuéﬂmpnt@eqdl within the
t hat :g&.a%fimmohm fdh 8 RliREn8 iR bk ad,;réamsto tw Wnrymmor wall or
provides reliability and reproducibili tr% new hair
f ol | i atheavisoontairied in a pareus stigatyrs tiespin. dlairalliclyp
epi defdiRh biofdylof hsaaaeahﬁ% &ngbzlnﬂ exq,n@ps,e@mr@umre ffom werpls}ssm»eho is to
ogél onal addition of stem cel d seeded into the

f fretedrej thet bipmirpgtict aaﬂwreaﬁw@%% Rontaingd hpEmagy eing fhg proximal
cel | scophttifenf 8 f e fdrfenf Ritheh ERRiBIABSZSponlls &l thél bu of a hair follicle.
sui tabl e scaffold configuration for this nethod of

cel | Hwe ithreppltiis selfrerpfpined irithpyrbath depmeland gpprieqmal copponents are

thi s QEbAGh B Bérrect RALSERD kdabh btﬁern&ﬂ%f@@mél hesd f&SimPlanted cells to

hol l ow filanent with one end clo
interact with the intact epidermis or epldermeﬁ cells that grow down the implanted graft.

gpgenitor cells obtained

35  This, in tum, provides reliability and reproducibility of new hair follicle formation.
Alternatively, dermal and epidermal cells can be combined as a mixture, with the

optional addition of stem cells, and seeded into the scaffold just prior to implantation. In



forma porous, sponge-like structure that serves as a
reservoir to absorb fluid. Thus upon injection of a
waepepesreon of cells and fluid into the | unen pET/UR®05/009785

holl ow filanment, the fluid is wicked into the

reservoir end causing collection of the cells into a

concentrated area at the closed end of the fil anent.

The scaffold containing cells is then imediately

implanted into a stab wound in the skin in the sane

manner that follicular grafts aﬁ inmplanted in a

traditional hair restoration su gery procedure. A

proceds tse thanrsisaebudi ag)ctateeamtaéofgahde ah atuim S A suitable scaffold

Sﬂgo?gﬂnf V{ﬂathon flgl'ttéxlélzr’geﬁyfa Epr 1’31@1 very ts}gow%rlg d ugeggplil S 14 In this

t he sammddmeme gl soafﬁolcas mzmefactusﬂ ak a$xelgme fitamoht \a:tlporpedntl elosed to

tipo her suitab r

a nDl g}l’l’ggv 0u§ sponée lnl?e S(%%%rg th%’?% %Sha I_I'T&%ﬁ_ tO gbsalP leYd d[%us upon

t he naedvie ofca‘ Slsmeepomofé\@llannd figé into ﬂ@rlumheoténv |ht>l}ow filament, the

V\'hb ¢ hﬂﬁlﬁ 14 WHR&; nttonﬁéqregep\%ujm@ ggu@in {lllﬂe%tlcﬁ?(c;fr e Le?lg %&g]a concentrated

creating a vol id ume approxi mate equal _ ‘

vol unereadt thedosedendradthei ftlaednf. | T, scaFfdexWoa@lnangneiéi yrtkengmmediately

bi oab lﬂ%lxﬁtorﬁa&&r lvétln‘ﬁ ifi oifd! s‘ftﬁ)oil Vtﬁg sdnﬁa AL it Bllﬁ:ﬂgr afts are

porogen particles hat are sol uble 1 n solvent D, buf’

not i impdastede fit aB‘fadlltIOIPi Hairt Fpatoration tSprasfy Prespdwpe. tAh process  for

t he n}xﬁﬁdﬂcﬁmﬂ% tféts@a@foﬁi AMs diRBindent i ﬁlug@eﬁgf 19 lEx%pl@@%ﬁ’d comprises
. Renove Solvent B and extract the nol ded part

frlém trélieping steavi ty. 6. Place the nol ded part of step

S5 into 3 sebye taRrE@mErﬁl@V&@thttmsaﬁﬁrcﬁ}gﬁﬁxoﬁﬁﬁst th€ Rtal degment of a
Pl ace the nol ded part of step into a solution of

crossl i nkdpette Hp arayiep sititablp ﬂ%‘é Id?/‘éVﬁ’Ey ey Rinse with

fresh sol igedidea @61d @ierp&Uhttbam Adss HaVRBEmB6Ehte3 kileQMéndrel of step
the resultant scaffol‘ﬁat o.dr

re-hydrat € 1@ '8€8Piohe Bftys ‘%/*@ﬂ‘ 8 'ﬂ%ogFrh‘%%‘h‘héd’tf‘égﬁé the extra length
sabuti on Qfealn@fod ShlbdpProsiiacl pdyad tIhanclumb baw: tnhirel itself.
wat er t eva‘F rate to cﬁrgatesﬁgrotectlve CO

8H8Y

. 0.
Pr epar e ~a '<48Y{f f SH*YFe aphs Fatenale & |daslS solvent B and
sol vent | .polcken fdiddlestCi@atacabiublle th :mfvesttllzp)ulglcmllntsblvtrh@

solutio Oanda W SO
evapor a?leogi]éﬁx g efstte?]% wrsr Jhegm Ilu\x;ee(pfgs(t)gtl and msFrt the mandrel of step

material G.by soaking the scaffold in vvater rinsing

W tSh fr %Sg%vr\r%tvg rdlve%r'lgi ar?d exg i1g n%o Wﬂtﬁgm 'il% n?o‘{@&%;’?‘t e.

| 8%a suit Focess |nvo Vi ng ove steps,
a m xt uree Rifce dhomll(iedlptant pEsep S into a solvent D to remove the porogen particle.

7. Place the molded part of step 6 into a solution of crosslinker E dissolved in
solvent F.

8. Rinse with fresh solvent F or other suitable solvent and allow the resultant

30 scaffold to dry.

9. Optionally re-hydrate the scaffold of step 8 with an aqueous solution of a water-
soluble substance G and allow the water to evaporate to create a protective
coating.

10. Preﬁare a solution of bioabsorbable material H in solvent L

35 11. Coat the scaffold of step 9 with the solution of step 10 and allow solvent I to

evaporate.



sul fate and gelatin, Bis water, Cis sebacic acid

particles less than 63 mcrons, Dis acetone, Eis
webss/0emel F is a 9:1 mxture by vol une of PCT/US2005/009785

acetone:water. A nodification of the above process to

create the enbodinent illustrated in Exanple 10

conprises the following steps: 1. Provide a tapered

mandrel with the same di nensions as the distal segment

of a pipette tip or other suitable fluid delivery

means except that the tip of said mandrel is extended

slightly to provide a sharp poifi®: 2. Coat the nandrel

of sstep 12 Wehbv@th%k@é&h&@oﬂ@g&f Qﬁ)JtéH:IEG By sogklnf\t}k%@ﬂ?fomn water,
the tip of .the ndrel of step per meabl e

bi oabsor baBI@eMithdtesh Y5 ’g‘dlﬁﬂ?"ﬁﬂ%@e B’aieh@te"?%’mé%l tabl e

; lor (sjepar algla?;ﬂxt@:ﬁe i6debsSint 1A the 3bk§f|@%fé§é on:gqu&aﬂrd <|$f|ch16hdr01t1n 6-
ui ai [ i.on subst ance. bej.n stantia

e s SR Sl 1 HOBE & s A 2CHBT S oo GraPehieions, D is

sol vendetdne, Blis EOQafindtFhiea Bﬂtrﬂuktereﬂiaﬁdlixﬁxle ofdtondiveker.

filtration, substance W th | mform

bi 8abeor b EPAHSAYP! 2° GPROIUASE 1o TEUF ik ppodiment illstated in

ReanExaﬁ;iwmoniEn@a‘s t}ﬁ:tfelltbwflngsmepﬁtr eat e a continuous

| ayer of overin he,.

mandr el blgd'og Ei%l 8«5 maxgcg tg%saéne %rper&ogg?rb%hgﬁhstal segment of a

openi ng i rpipdte tipi dbmothdr wmitape ﬂuxbydehem)\nhdags excgprathht the tip of said

pi ece of sa llmc ri ration materi al

distal to |%ngre o] exrem%%{glaﬁhp gtoﬁ)m “{ea&a?ﬁ%’nﬂandr el. 7.

Subst antZ a([ldaythp axndre op by heith Awhtyr-sdibkd pedyniend. pr oduct

of step46 t r t .

or ot ect i VGA%S%V?Q ﬁ]lé ‘ti %f tlﬁurg?ntd%m{)f & 5;; p%m??aﬁlesgi?abes%r%)abbe. filtration

9. Renove Slub@anmaﬁdh@hs fuptahrte fon een@raedlu et’ ceélﬂ Gromonsuspengion of cells in

steps 7 anfﬂ] &3 an 'ﬁﬁ&%&?‘ aly: tanQe E)Qil\% ysu{)s@zmayl?y %RJa?Jd' in 8 lAmovable

and C. Inaswta CFIITEH of the above process,

A is a surifretettianecatitgl selptipisiselveitix oni c(tnm) F-127, B

| 992 MaSS @fa fmebgm% ﬁﬁﬁﬂ?él' SR GRIAIIEBEAR- B8t § FirB-forming
and crosslinked gelatin caranel i zed cane sugar,

Dis wat erb‘oﬁsqf@%hw@&meéﬁélswl‘ieg ingobsNdr omet hane . A

sui t abl g nedhRe sdi@nt Pefkdpanh biehtt g c&rﬁﬂ%dﬂ@dykﬂﬂ’bﬁdaﬁs@fﬂﬁﬂ% polymer
scaffolds of the present jnvention that are open at

bot h ends ?IH\fGY‘V’@g theppandrgband AURHEdHP H515BPi | ament as a

mandr el ,6. solesean pdning if @ROUADIRKp i @slelnumh@a,smum@réce of said film
which the vari ou%tjt 'égr edi ent s.. aredeposi t

R o Rloaendrel
metde from GYHEE! oq matepiplistal i tspemt ehfo e\?\ﬁ P Hig randre
damagi ng. t MStmtﬂHﬁteﬁfow@bolW @Siyrﬁezﬂdirfg thd ErodicS6X step 6 in water,

envi Ssi one S Del,n use

ALt er na VARG Bt 1 B e BERER AT Brscplingnsolvent D
proven t9echsndve gi¢ nidndrel @dns the paidudd@nd continue steps 7 and 8 as necessary to

fully remove materials A and C.

30
In a suitable embodiment of the above process, A is a surfactant, for example
Pluronic™ F-127, B is a mass of fibers comprised of chondroitin-6-sulfate and cross-
linked gelatin, C is caramelized cane sugar, D is water, E is PLGA, and F is
dichloromethane.
35 A suitable method for manufacturing long hollow filament scaffolds of the

présent invention that are open at both ends involves the use of nylon monofilament as a

mandrel, subsequently removed by dissolution, upon which the various ingredients are



used to create the hollow filanents of the present
invention. In a process of the present invention, a
wo povs/ovmebon fiber is first coated with particl BST/US2005/009785
ensure that application of a bioabsorbable material in
the formof a viscous solution will adhere to the
fiber. These particles are applied to, adhered to, or
associated with, the nylon fiber using a solution of
nyl on or other polynmers such as pol ystyrene. The nyl on
(or other polyner) particles f| rmy adhere to the fine
nyl on fiber and assist the sulbsequent coating of the
¥ i blepositgd Hikersnatsdiem othauetuis!s slol canibenegmded withaurpheaging the
sol f; 0 [ 0 Wi woul.d_not
cl |bnw§&a?%agﬁg nﬁ‘i gtr% gljﬁr g%egw %,g%df%bf’ggéuﬁéﬁanlgetws process.
use"xl@slapmbtslhell@s fifamentedelt pxsrusion ds, a wheverhteclology that also can be
su | vent for
nyar R b hftRehRLE B R 0 oy but s
freely Bot pricessial the presane lr(ventm,na ok vidon fitr is first coated with
10y E}JaHichmo en@frk %a?%h&%bﬁ) B a blul%orﬂﬁflé SRR xﬁ‘ltlﬁ:qm?x? Bf’:?v:scous

to |rrpart a porous | umenal surface on the resul
holspigtiers Willadase todfroliber. e Risgitartisies 4t agplisdrte.iaghesad tOATTta&SPCla‘ed

C Uryhifhd the Gy RA bk MEidpGa soMtioR loh GY1¥A %ﬁotﬁ&%%e@sgs&n @s polystyrene.
coat ed bi dabsorbabl'e materi al i nsol ubl in water, ?'1

ny | &6 nalAR (oF ﬁ@emlwea Raglicles figply adherego fl}?e‘lq%w'@ﬁ ﬁh?rémd assist the

r enayseghev dohtirlght? tt@mmﬁm abﬁcoﬁpla&@ahsssoldtfon aBsiafle 2801ution
addi ti onal coati ngtb t a _di fferent bioabsorbabl e
g

Brateé Pvﬁvmwayclfih% B veeyld gt cling to the gyen é‘rffaﬁﬁeA suitable
Pr QGRsEmce fof (dd at Bthldflb/s' 19 Ebbadmadm( Mthdstmafrany Eb&Sble in water (a

ppbyet eSSt e S e Braicebanh Redgrrae in

I S ageter@g®hytn@iven fol l@@lutcﬁiﬁ: aaid Gn@ hyi6:0) rrdepa(mﬂ&semsaaért/ero impart

referred,to as PLGA), there ravi din

0 oty Ruler Pt kst B, Rt S ot i patictes
2(PL_GA‘tee>ct1mg @fosslinkiam dsrh@habm/emdbm tietcantbd Bicabsepmblefmaterial

T R e

solappmpriate s@venBr olfi dbeirda] @mbsmnduablcwtmgtoéra differént hmtbsprbable

sol t r

SO b S6h YERRs & o 08 IS, S0 Tl o

matbenndgparticles irernovied, swldgbtheice of sebentsndan be vged Prapplydhis gecond
500|n¥ang‘{al M%\lﬂéﬁle sgtoﬁ’cpJnytgxluﬁ id o E«S’lk%@lmf 1dide/ andﬁﬁ&?de?h@emaﬁer

sol ution of polyner Mi1n solve
of refemgl 1 anPLFAD, Hberehy| pueviding wfthis tpeggesy anollm damenewith a HAX

Btle&c}r%nc?a?llfGﬁteﬁE’no‘} onto the coated fiber of step 8
ow solvent N to evaporate, thereby bonding said

par ti cl Beomghe thoxaiths dpfathesksteps of, thlPP'@Eﬁi? &ea sol ution of
mat er | aproV¥idk § wakl-Ydhibie faterial W.

30 2. Provide a fiber of material X that is soluble in solvent A.

. Provide bioabsorbable material Y that is soluble in solvent B.

. Provide particles P that are soluble in solvent C.

. Provide a polymer M that is soluble in solvent N.

35

3
4
5. Provide bioabsorbable material Z that is soluble in solvent D.
6
7. Prepare a solution of polymer M in solvent N.

8

. Coat the fiber of step 2 with the solution of step 7.



11. Coat the solution of step 10 onto the particle

encrusted fiber of step9 and allow solvent B to
weyaposree. 12. If material Y is water sol ubl epcT/esmes00978s

material Y water insoluble by crosslinking. 13. Renpve

pol ymer Mfromthe coated fiber of step 12 by

di ssolution and rinsing with solvent N 14. Renove the

particles P fromthe coated fiber of step 13 by

di ssolution and rinsing with solvent C. 15. Renove the

fiber X fromthe coated fiber ofisstep 14 by

di ssol ut o(? ﬁgd ri.gsks\g with solvent A 16. Pregare a
soPut i o Sfo2htie Baicde P glsisp 4teuthe copted fiber qf stsp B adjaliow solvent N to
apply a prevhpedid, WRreb@bdnding salfl piriiesstdkaidamenf step 16

to the fl'élrarrent oél .st%o 15. \agd ahl ow the water to

evapor at &, "3 3PP UHA ¥ metig| {if BHeYS bi oabsor babl e

mat er i ali1 ZLdanths ollvpAbf dkp 1DDntoheartidieent fukted filek oSt idd allow
with the soé%tiB%g of step 18 and allow solvent Dto

evapor at e.*° 70P&he protective coating of
mader i all2\W yteis0 &kis ngtet solble] teade AariallY wattrdhsolubleltyicit@slinking.

with fr wat er., an lowing the filament,to dry. .
21 cut TIPAE BB o RS et FATLY L il g rivin
sterilizewi2olvGe®d the filanments with the appropriate

cells b | ow . Lan he | 1.g.in.the. L
e sop At 084S 8L ARy Dpn s i
into the |vatmenlveditG.he filament. 23. Optionally | oad

t fil i it I r : -
ot ) A 8 RGO 5L AR ORI 6Bk s
i nci si on iwithtsabentld.n where the growh of a hair shaft

i s desi rlgfj}’raﬂ%_aismlligrpifrr%aﬁ%iafWi@m;. of step 22 or 23

into the incision wt end containing a cellular
const r ud?- If ieperderppivie rrdiectisg pastingef therwelugipr plitepelfdo the filament of

ext endi ng P8NHEYLANRAUR Var@ROMBpsAe Skin. In a suitable
process involving th bove steps, Wis caranelized

t‘ e al . )
cafe sudrPreprreiagohyipref bioabjorbatipmateyal ZinisglyenyPoni ¢ aci d
(sodi umisatda) iheBives oMAdEI7 with itife HRIBE o€ s@F 118 ahPaNdv &di€ent D to
size 10 to 500 mcrons, preferable 50 to 200 nicrons),

Z is PLGASYH®RYd N aredi chl oronethane, Mis
pol yst ynenemodé the prot&tidE &a@iCof thiterfhde SV 6L cbaki@g tH¥Xdiirhents in water,

porosity to the PLGA D can be specifjed as_ a solution
o o1 ycor dIPBAgUhEEh g dlsaRaT Olisr R f
25 21. Cut the filaments into the appropriate lengths and sterilize.

22. Seed the filaments with the appropriate cells by allowing a suspension of the cells
in the appropriate volume of the appropriate fluid to wick into the lumen of the
filament.

23. Optionally load the filament with additional cellular constructs by inserting into

340 one end of the filament. _ |

24. Make an incision in the skin where the growth of a hair shaﬁ is desired and
implant the filament of step 22 or 23 into the incision with the end containing a
cellular construct imbedded in the skin and the distal end extending
percutaneously above the skin.

35 In a suitable process involving the above steps, W is caramelized cane sugar, X is
nylon, A is TFE, Y is hyaluronic acid (sodium salt), B is water, P is sebacic acid (particle
size 10 to 500 microns, preferable 50 to 200 microns), Z is PLGA, D and N are



TFE, the PLGA and gl ycerol phase separate into a

bi conti nuous enul sion. Renoval of the glycerol by
waolb@sobd1zei on in water inparts a m croporous stPUL/USZ085/009785

to the residual PLGA coating. In order to manufacture

a scaffold for use in cartilage tissue engi neering

applications, a |arge nunber of the fibers of step 11

above, with or without the addition of other

i ngredi ents, can be bundl ed together using additiona

coating solution of step 10 as an adhesive. Prior to

di ssol ving the mandrel fibers t#€& bundl e can be cut

i N§0 dicHE®mbthen®) M1k polydtfiened 8l BUcdisned WideSired 3inkfart porosity to the
const%ﬂéésg after dISSO|VIn% the fibers and conpleting

t he p c% esipéﬁge Esoggéqﬁﬂl énd]_TFlii;L@oruﬁv@goratlon of the
not WIt rl’BB,lat\he PE@J{JS@d g]p&egfﬂ g&&la |s¢fp@}a& dlﬁﬂdlra\ﬂlébi'ﬂbralﬁﬂﬂesrgﬁign. Removal of
ro co mer [ of. an col i de ; ,

s OB AHER Py Sieedensily YT BB D PeEB TRkl Tl residual
hbthePLGAd&nmEurasorb(r) PLGA, inherent viscosity 1.06

g in chlor fog ?d dlssoléﬁg %n di chl' or.onmet hane

% wv). " C% & Sugar el FhYd ot et SatiRge jjssue engineering
car anmepplizaidnsa A thrgd duawedofttie fiteed oﬂs&p tihabg®j With bMh@ithout the addition

of the desi

fil d .si d.f

el £ e Perdibise 68 i PinaRy A st Aol foRi i Sl S sep 10
t hen rnamedhasivel 3Pr1p} acdigolving shesuaridet Ebaotertaddlinkinbe cut into discs
DOWdefrg %o Hlm c? 1rect)lr Ir gucEs caR rbeevceorrlgtrutc g& afterr 815%0 venggom1 fg)ers and

stic woETT S Were prepare

PLGA scoﬂlnlﬂtmgmewmccssmbetelﬁs I ament s of povvder ed,

sal t-encrusted caranel i zed SEER e d|chloronethane
was evaporated, and the sugar ané)salt wer e di ssolved -
and r Emowdelb y PhIGACdoagnat frepag dranspthnteql flindntusvivah andeltaagrowth.

Vi brissa ( Eﬁ{e} (I’Q(I}J\ C;] a\é\@(fe anﬁ %c%ﬁ&je KS/EZQH} was obtained from

eut hani ze mce rcer

Uni veFS§t EIUYECABloahﬁtna bva&yn%h%r T%Npmelaeﬂ%@vm@@ Ply, inherent

e&@' SGQCO\MV §b@ ﬁﬁg Wh%r&@hmh@-msﬁﬁiveh it Qlcﬁ’lmo‘rrgﬁﬁne (10% w/v). Cane
i nci sions on the shaved dorsal skin of syngeneic m ce.

This pHeac¥aumeltefend threled Pt capmalisgf ppd plived e jcg@ldto the point that

fol I'i glagentf bf &t desn&eg&@@immr& pul&tOfidn tetmdi t thet ffndntsNBde cooled
of the hollow PLGA fjlanents such that the follicles

ver e et gnd then mﬂ&&lwa% & petr{prroveref g ith pywdered sodium
AL ter ﬁﬁ&qdday Sbretvaﬁ théfi |f1@ﬁh:] ®Qorfiing @uM@r HAMWRBI &R waRChrepared by
t he skin exci tretc e? pver an
8 AbEHeE HFFLGE TRPB A [ HFEPDP DR B PO faramelize
met hOEU:‘gaxOthﬁ&llioafofrdxﬁbﬂ&ﬁb e}d:dd:\dﬁﬂarat&ﬁ @hd MBisiGr ard Wit W&k dissolved and
staining fo a ht m crosc Af ter 50 .
days Pt br PECRY Hiorty SHebiech T anCl i e g gics were
to bEe)g:isecWIfrﬂg e\nl}hmlz&SGS’lB% mich@htrdes l&vdﬁ)ﬂlt Mérc& University (Atlanta,
PLGA/hgb &g@# al.sa.were fo Wi .
hairs (feé an 8 (aﬁ)rﬁved Ol"he ﬁf‘%ieglwgl eréi .W&f%fg?“P?ig\‘,eggpm oblique
any amoBionsdn thé ﬂﬁvddl’dotshl&kth@@ eymgeraicanice. This procedure was then repeated
with the excised follicles first inserted and snugly fit into the lumen of the hollow PLGA
filaments such that the follicles were completely surrounded by the polymer (Fig. 7).
After 30 days the implanted mice were euthanized and the skin excised, stretched over
rectangles of cardboard, fixed in formalin and processed by routine methods of paraffin
35 embedding, sectioning, and H&E staining for analysis by light microscopy.
After 30 days 7 out of 8 control follicle implants were found to be growing

vibrissa hair shafts. 2 out of 3 PLGA/follicle implants also were found to be growing hair



transplanted follicles wwth or wi thout ensheathnent in

PLGA. Exanple 2. Preparation of m croporous PLGA
whodosovr2pi | anent. A solution of glycerol (glyceer/mg2005/009785

U S.P.) and PLGA (Resoner(tm RG504, Boehringer

I ngel heim Germany) was prepared in TFE (Al drich

Chem cal Co., MI|waukee, W) such that the ratio of

gl ycerol to PLGA was 80:20 (ww) . This solution was

coated onto caranelized cane sugar filaments (prepared

as descri bed above in Exanple 1) .in several |ayers

with time allowed between coats ¥or dryi ng.

Ev &poslaifis an well (ElQ%)Tﬁﬁstolag)S ald\ientevéad Tan)b S8nbrm@HliviesinQhe regenerated,

and P a d,the co solutes to

i ncr elgl "Sblamf?ﬁyfoﬁ fesg'étPBTw‘ﬁ ?)rﬁa%eéﬁm?’ Hjl@é m sci bl e.

Phase Esappleat i Bmpﬁrﬁncgal of esxropordus EDGAM®1IEL EhintiE

resulted i for tion a. bi in sion

The coate fsloPu e n(if ceml I‘Ycemﬁl ggrepd) (P:@Pz‘r%‘?ﬁﬁ'f‘?ﬁl RG504,
cause®ottraggulgelhaimg (ﬁdmalgd) year pteparad ineTFE a@ldity Chemical Co.,
regi d ve.rapj eac t of e .
ol b whiu GA el SR b A GAPRE Sy, TR sotution
fil amas soaralr ente icasmglias tdananaitger ﬁaamstmal(bx@me:h w0 debeybed above in

conpl %&zﬂﬁ%&q?ﬁﬁ ?l%tsll c?ﬁa\g?f[ t’xmt;r !ﬂ%w@g 8%§en c%gtgﬁ %EﬁOvaaporatlon of

the dry nments Is
phot ogredlisa yoiventeion koth glycefil g@rlﬁéit% calndd the ccEwamah@ @ the solutes to

Pr epafrére'a&rhngf g@cem{ ‘AB &{ébxj Heﬁxan?érﬁﬁssﬁg l Q’Wase s%gﬁﬁ%ﬁoé__bf é}}cerol from
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30  the dye by touching one end of each filament to the surface of the liquid. The Pluronic™
F-127-treated filament rapidly wicked the aqueous dye solution through its entire length
whereas the untreated filament only slowly wicked the dye into 4mm of its length.
Example 4. Preparation of a PLGA coated HAX filament.
Sebacic acid (Aldrich Chemical Co., Milwaukee, WI) was ground by mortar and
35 pestle and sieved to obtain particles >63 and <212 microns in size. A one meter length

of fine monofilament nylon fiber (0.003-inch diameter, Shakespeare Monofilament

Division, Columbia, SC) was coated with a solution of nylon in TFE (10% w/v) and
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evaporate. The coated filaments were then allowed to soak in water until the sugar and
35  salt dissolved, as evidenced by the loss of the amber color. The filaments were then
returned to the desiccator and allowed to dry completely. Control hollow filaments of

PLGA not containing HAX were prepared by the method of Example 1. The ability of
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35 Example 6. Use of chondroitin-6-sulfate as additive in cell suspension.
The methods described in Example 5 were utilized to evaluate a number of

soluble materials added to the suspension of cells prior to injection into the nude mouse.



Exanple 6. Use of chondroitin-6-sulfate as additive in
cell suspension. The nethods described in Exanple 5

wowoos/oo2kl i zed to eval uate a nunber of sol ubl ePCT/US2005/009785

materials added to the suspension of cells prior to
injection into the nude nouse. Exactly the sanme nunber
of each cell type was injected in both control and
test material injection sites, which were |ocated on

t he same nouse. As shown in Figure 10, the follicles
formed in the subcutaneous space at 13 days
post-injection of cells were cl-¥rly larger at exactly

t he SBLRIYTE Birkd RALEOST chdh LM BPP WS AfteRd B bolcdnBbll dnd kest material
5% concentrati on_of chondroitin-6-sulfate (Sigma,

Cheni @gptl(@osnes gyhich) wepe éocatﬁ)b))n ﬂExS&WﬁI“@“?e s ghown in Figure 10, the

of Pl UfoRities (driikd ﬁ tﬂ@%baﬁaneaﬁ |s1§dcélﬁ 13 raayquolst 1§j‘é§t¥bﬁlﬂﬂ5 b8 were clearly
The experinent of was re eat ed

subst PEGt ' 6¥rcdy G%“?ji"ﬁﬁ“tﬂ’?ﬁ‘&’(“t 1 presonpe gfmﬂflaewa"r{t concentration of

(Si gnﬁwﬂ}eﬂhiﬁ%blfg@(&grﬁcmhq@idl So., MDoufsW10Y.e
CE{))nd 0|t|n 6-.5S nFlglgre 11, the
I

ul f
s R e o dion S
post -i nJ edhe (‘Hitpﬂ'fme@elof Exweple &:Imarrégeatlemrvgexr that subxagioh yof 20%

the s on .han Lcles
contr ourolmn ] egtl?i)sﬁ’ 'éuft?“é (‘St‘ emmﬁ’? F Ohi ctd Mb)r—(h'ﬁ‘?cm“dm“m -6-
s ur f agtifatat Amwpmesxgmb H, nhet fnmchenfoenetded tHeIsubcdtaneExawpzteGu 13 days

r |on CI‘OSS|I ke e ol |.ow I
f ila néc%? Cr)1r %flo cr(]eg gvlgenclearl %geg kg%ﬁsﬂ%hhe sa%e élnagrgrlaﬁcatlon than the
Cheni GillcleSin the Smirolinigition sxlk@}'hewam ijssngﬁ”vléw?l surfogdantrvas present in
vvat erthggl &le}{‘ﬁ f 5% (W yv) solution. This solution was

1 a 1ihe nylon filament encrusted with

sebacEEa'md¢& anepar@tioegf asesskinkse gdlasadollqy Hemanit-e 4.
Sever al C%Fcﬁle\/ﬁfr\eﬁaﬂm (366! bWk stgtfﬂseceédﬁ&wd%etmeﬁams MO) was

applications for the coatin ry ber was
t hen disolviedh tnov aprabx ingateet i/g o wlghaoluspgyt Hys slitiop Was ngligdfo a fine

a2y ' aléyl&Pf‘ltaxﬁérﬁ leAGubd2vitn(ebakik 26f pted 31 &%bmﬁ@xﬁlﬁ le 4. Several
Louis, MO in acetone containing 10% (v/

vvat er CORF S APlRGUHE A H oW brerePhEiPRS, OF His SHingt [y The

was dgcra@the bl u{t@gép?(ﬁ(ﬁgatyw i RmPtHgghs AGEHIARA in T MR contammg 0.2%
acet one was_decant ed and resi dual . acetone renopve

d. by
evapofdt) FrEPTkems Sheigd Gonely Fuis MP) \/Wtaﬁetel"'l‘—alﬁomammg 10% (viv)

(Al dr ivgtar. Chﬁﬂ'ﬂ%h@hrs @OroomNbhpuRdtice, &he éﬁ[u)noﬁlﬁds Mcbﬂ&bﬁdxdtr@laced with
st.and over ni room t

9 hg‘ n?q? ! at t v oratio
dée anPue S BT detege Wrs i ﬁ*&e %ﬁetfaw f&&éf%ﬁp n.
hour SThdWwisl wis $hedl gtladtvithl TER dAlﬁ&cﬂi aeatcanCd hMsleadkeanew]) Rhdallowed

acet one s decant ed and SI dual eto nmoved, b .
oo ool A TG Ao ARtk ST e R TR PGP withfreh
fi | an®RE snd deasgkrl BhursRhepas aécaned afd replasd withleedone. The acetone

chondr oi t,i n 6 qud)at e/ %el atin scaffolds. Sebaci. gldam d.

tef-insolubl
(Si grrﬁ' t‘ﬂ AR esidugl.acet n(f):urersnov \ evagoratlocr)lutrc]) dyl vha et-insoluble

nant agelamdmonmﬁlamemmt 0 par ticles that passed t hrough a
63-m E;cz?nQple bevsreparatxd% o?grgslsﬁnk]ég clmngr%{?ilnié—s%[fate/gelatin scaffolds.

Sebacic acid (Sigma Chemical Co., St. Louis, MO) was ground with mortar and
pestle into particles that passed through a 63-micron sieve. Disposable 10 microliter
pipette tips (Eppendorf epTIPS™, Brinkman Instruments, Westbury, NY) were cut into

35 three equal pieces. The proximal piece was discarded and the middle piece was packed
with the sebacic acid powder. Chondroitin-6-sulfate (80 mg) and porcine skin gelatin (80

mg) were dissolved in 2.0 ml of warm water. This solution was loaded into a syringe
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35  Hydrated Pluronic™ F-127 surfactant coating. The resultant scaffold was allowed to

soak further until all the brown color of the caramelized sugar disappeared.
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per dib§8s Mbid§ afdediQied @gaiM@calonRehafitd EIBRsDPDVex AG 50W-X4, |
magneti c bar at 4 QC for 2 days._The sq|l ution was

r enB\*fé*&S?dr o tHe- %%W@Faéorteﬁrb‘flﬁg}l%{ﬁ‘&esf Céd2b! gramppert@0 mi of
obt adishigedfdidrfayd Whrkddebysd hiaghetivBhrcdl avies foli @- &liys S Thy edlutiol was

dei oni zed _wat er..to.obtain Vi scoys sol uti

con R hE Bt A S S ar Bsikyp By whie ot which
200n0hd teatiBolved i rdediz{dwA8 3o obain@svischusthoitivh esntaibhe 38% (w/v)
W)ngl liThr e%%t m, Shakespeare Monofil anent D vi sion,

Col utror a, was strung up in 3-neter |engths and
coat ed \iNtldn momifilanteyt thfead GG iiwhesoin dligoeted SN- §&<BdnderThread™,

- wW.v
" SRRESbell VSl 3Gl ARG SRS SlY 3R (i bt teneths

ene cual't
i n eaidc hdatedoweth Rasterpypf tSEhaelaohcrdg paviver f(idFe m1¢rbrrsbungh @lution of

g' Sg@?&%&ﬁd&@ﬁ%&ﬁg a{)%ly%gtehce r%t(% 6ah-d CAgb%sab?eséultuég??ﬁ? ofragm?nts) in
t hedbhlbmncthltaneow thriaglipg el frhgr tHieugh | disppsablet teansfae pipette (cat. no.

Pi P&{ &a508 QU u"Tc 'Tﬁ;q? %91 BRERIS b A) A0 %%%Eno?%@rﬂﬁé‘ﬂnﬁ @nﬁ off,

pi pette down t of the fiber irst) suc
t hatnjecties the Pary etOtthegpleﬁétﬁ thaough ﬂarbukbropmutge arfddhenurnmrtgrthﬁ pipette

S! URSWn B @é?l%fhtdf e ﬁt}e’P@ﬁlbefY QJcﬁttlllaQ ﬂle%pe{tp ﬁp acted as an orifice for
di chl or onet hane t he coat ed ber was in

380! vyifoan cluEylenosition; dé)&bleyappﬁij@he?thﬁ éehlommaﬂh the coated fiber

uncQal asl HiRes coldifid AROY %ott&)éﬁh}l{oggliei? fRFnsh &@'uHEdaQB‘ fiB@S The
t hen apglle to the coated f In a simlar manner.
above hyaluronic acid solution was then apphed to the coated fiber in a similar manner.

Five coats were applied with approximately one hour of drying time between the
applications of each coat of hyaluronic acid. The fibers were then carefully coiled up and
35 placed in a covered dish containing a 0.2 % (w/v) solution of EDC in acetone containing
10% (v/v) deionized water and allowed to soak overnight while submersion in this liquid.

They were then rinsed in pure acetone and strung up again, this time bundling



Five coats were applied with approxi mately one hour of
drying tinme between the applications of each coat of

why@bswynei c acid. The fibers were then caref ul PgT/US200E09785

up and placed in a covered dish containing a 0.2 %

(wv) solution of EDC in acetone containing 10% (v/v)

dei oni zed water and all owed to soak overni ght while
subnersion in this liquid. They were then rinsed in

pure acetone and strung up again, this tine

bundl i ngappr oxi rrat eI y 10 fi bers-280get her i nto one

gg:}gl glé;?rcl)’l Sim%t ers dogett@?nt%ggehcgqgaﬂous EH&: twgs coated with
Vi sconhsal&ohnumxcb solhtmnvbadtand he H’yhlohimgaﬂdhbfdflt}&:t wicmns solution between
finger f .on one a

o medeAflnp S Rk Ml Srpfe By RGP P& ichfh i s R Bormea o
t he halmdumtm;moftthmthteedgtthamdfrurtnhg thiechand Savethalengtbaf the tow. Several
wer e by |l a

appl i 22:9% ogrg %Feﬁ' v&txt&)m aatllg\\?vggsv\gr Iirlyﬁlénet)weg agﬁ Wg%ﬂ,o% Cllgie coated
i nt0a Wéfﬁ%‘djerdqoslbd @fd pED@ igolcavdranlishof ﬁ@@\ﬁeluamdasadbbmmd allowed
10 SOaK.Q Siigh! 1 éh¥§ﬁ§n£ Sl Ml ARG

acetone and al t(‘jdat / J\@%J&%\% Was cut%t%dz cm

| engt hs atheetQthqéu @k entw\ésmtbazt@darw qaph picfd ey edated with a liberal
AoUN Gy By ﬂawraﬁ%&lcﬁgdhﬂ.oﬁowé L3l pitBE OBLEMA!GLERr and then

wer e bund t oget her and.then | ashed with 0.009
di anetI@hedn\ylﬂb%O%n@f qiarpgiesipylop vakidaped (Hpkspeara)| bmgymg individual

i ngi V'l%?hrohmg béHdQ:u nek e lo@bl Rt ﬁghteAn%d %ﬁ"fphed GfHess¥3aluronic acid
ti ghtened and tied, excess hyal uronic acid solution

ext r udeltionaxtrded oHeofBherandle, WRRhCTRS Wied hithretp ATG cadiopfy. Excess

one eRgufish Gipped E)KfQﬁ@%ndSQﬁdJﬁﬁ&rbngrdaﬁﬁlﬁsdblﬂfdfe Whea Qﬁfél lightweight
and after one day the bundle was a hard, |ightweig

conpogPeesity. ¢t WA F fIEBe g POy st e@ th discs were

W th glkazeh fﬂ%hﬁlﬁﬁth aﬂ@le LiRe-BetgedEDE sdlﬁtﬂﬁ%demfghtaaoth to cross-link
fresh batc of th nti oned EDC sol

ov&r nitnbyalisime 0 b CSiHPR e 26 r 6 0 i higgmethane for
to di S‘aﬁ@hétev@highttphﬁocﬁe hach Gisdbim oanlde pdﬂystyrene They were then placed
dlchlor ne for nothe ar i.od t

di ssolVi Egtl fso VR 8utpt %?r&/ ﬁ'g?,]x}eé aft Oneqlﬁl,l 1éh Hesh TFE
in TFEnd dmediuseswbrv ell@mid to bexkny klmTFETMngF»E (ms/ wepkias edsed with
af t er f%qf’gpés),g% n w1 h ;}c%t{)r\eesar%ﬁél:owe%qg d'rarﬂtel" _I‘%)(; ngCS \Lere PIﬁCCd in a 50%
r | :Iﬁsedqwoneh scflutemhof‘l' gRaratdale WAthes aoetti1vé- SQW;I rallrdh@méd"rom Fisher
to dr S r

5, o K AR ARS8 8 ARG enper
pur chasaedmfen@m lﬁl“sl’hbfpepS@d entrfaking r@hod iFraveafihroblgt)s adhesion to
and aI ak for tyr

o, UGBl PO, € AT LRTBALH . V.
i mpr oestzf ar@erCaémb%NeaMels iformalef Wmedwdnﬂwelsﬂr &Kawareh, vol. 47
E)/y3OM pEEe 76 85 (n%hm«:hl@s olforhnchEaré<1nc ?gﬁk%d l-,c:eremZh Y treatment

LI neaweaver, our na
B omme oo EDCaressirisk HAN N ovolwed egsadipmmatgna detter suited for

(1999)pe LiliGe eﬁgﬁakéagémqggev\éﬂpﬁ&n@l{ e I'Jﬂb‘ﬁolref?lg{‘wﬁtcﬁdthe discs from the

herein. This tfeatment converted the EDC crosslinke
HAX i relwargldehiydguthey o Hricd gvitn sedrak phapgast of dedqmized gvatgsrand then

allowed to soak in water overnight. They were then rinsed again and placed in 70% (v/v)
35  isopropanol/water solution as a disinfectant prior to use for cell-seeding and bioreactor

studies.



the tissue engineered cartilage application. Upon

renmoval of the discs fromthe gl utaral dehyde they were
wo powseel2ai t h several changes of dei oni zed wat ePCEIS2005/009785

then allowed to soak in water overnight. They were

then rinsed again and placed in 70% (v/v)

i sopropanol /water solution as a disinfectant prior to

use for cell-seeding and bi oreactor studies. CLAI M5

What is clained is: 1. A bioabsorbable structure

conprising a filanent defining~gﬂ i nner | umen, the

structure being adapted for use’in tissue engineering.

2. A structure of claim1 adagLAMSor use in tissue

engi neering of hair follicles. 3. A bundled plurality

of t h&hatip gleimedess of claim 1 the bundl e being adapt ed

for use in tissue engineering applications selected

from the df biggbsetballe striqtle esmmising,a Blament| dg§aing g inner lumen, the

ost eogthl@ﬁ%@ingfahﬁﬁéd?&usém ti6sus bhidhhie of claiml

wherein the filament conprises an inner |ayer and an

outer _layer, the inper |ayer having an inner suyface.

whi ohZdef i hilgefifree i hadabied for usein st enegertagaf paifollicles
conpri sed of one or nore bi oabsorbable materials

sel ected f4& bumdied@lualtiuel thosteiigtes pclom: 1 o by(dlcdsirigadapted for use
aci d) , [ ' I j I . :
car ol R BN s o] I cERRing of bone, cariage
pol y( & astsochondialissues. yr osi ne- deri ved

pol y(carbonates)s, poly(carbonates)s,

pol y( gar probliacte )l @hYibrer tKeAmSthOX 8Res an inner layer and an outer
pol y(esters)s, poly(ester-amdes)s, poly(anhydrides)s,

pol y( ¥¢rnhe Baedisy é“,““éél‘ [nagfehrfacg vhigh defines Be diwed) bumi n,
proteins, polysaccharides, nucopol ysacchari des,

car bobydr & esuctugd ofctaga icorogisytaivgs opodry bekbeptbebie materials selected

gl ycol.s) s ol ropyl ene ol , WITE
e
as wekdrbausted IpolyGlimetbylciorthaiend prgbdpiteRipsiytabaiy &ids)sniyagyms-derived
that a ock-cop ' W | ara-di

o BUFCLBPAS AT B ARt LI QLBIIAS, polypare-ionmon,
excr epelilegesipomolyéshienzadds)s, mptiKashydsidss)or paggred astpigls, collagen,
of sali ' i . .

cl ai m%%atlmhgﬁﬂlﬁ g[?'a@g{ grogetr{ggx%%ﬁgccha?rdcﬁnﬁtgﬁ%&Eﬁan‘al&, carbohydrates,

\ ¥e IS substantially
non- pebersemanglyesas. doly(sigiend glycols)spptlypewpylone glycgisisygnd gpeelymers,

Of cl @jeH&sf"aﬁdqmmr&hofss@#d%iéaﬂfb%abieq‘ﬁ(a%riais,s aLREP 5.4. §1§§3m@ifs containing
bi omaterials sel ected fromthe group. consisting

_of:
col | afenbsohable tinkageg #af areoleckaepelymerizgd avithspthervfse non-degradable

dext r hAlym&RkHaOfa thetabdIRE B &LRfble upon release by hydrolysis or degradation
chondroitin-6-sul fate, reconbi nant hunman formnms of

col | agestidhiesbepehalleilinkages pri nogen, fibrin, fibronectin,
| am nin, al bum n, serum proteins,
6. A structure of claim 4 in which said outer layer is substantially non-porous and

said inner layer porous.

7. A structure of claim 4 in which said inner fayer is comprised of biomaterials
selected from the group consisting of: collagen, gelatin, cellulose derivatives, starch,
dextrin, chitosan, lipoproteins, chondroitin-6-sulfate, recombinant human forms of
collagen and gelatin, fibrinogen, fibrin, fibronectin, laminin, albumin, serum proteins,

polysaccharides, mucopolysaccharides, natural biopolymers that naturally occur in the



pol ysacchari des, mucopol ysacchari des, natura

bi opol yners that naturally occur in thehuman body, and
w@opslytrer s, bl ends and mi xtures of said bi omaper/Ust085/009785

and crosslinked derivatives thereof. 8. A structure of

claim4 in which said outer layer is conprised of a

copol yner of |actide and glycolide and said inner

| ayer is conprised of a bioabsorbable materi al

selected fromthe group consisting of crosslinked

hyal uroni ¢ acid and chondroitin- g sul fate. 9. A

process for the manufacture of PRe bi oabsor babl e

st r ucthumasbadf, apll adpvlyinecn bisndssand gnittives oft ejdbi@hdteraals and crosslinked

pr epar d structure conprising a first

bloabgéﬁgng?ﬂgkgﬁerial and a porogen; b. renoving the

porogen fromthe nol ded structure of step a; and c.

cross 3l i nkd sguctuneobleapsiortiud seidrater fayver is cempriseshef angppolymer of

the stdlige MaCglWolille @nd> £6L MCrblaQ@}b@ QBJﬂﬁx}f’Je@ orfmat EibitRbrbable material

10. The process of claim9 wherein the first

bi oabsdrdnran Mgt EPyrasonsigingrqf saessiinked krwmwmd and chondroitin-6-

chondg@itd n- 6-sul fate and gelatin and the porogen

conpri ses sebacic acid particles. 11. An inplant for

i nduci,ng the growth | licle co Isin

str uc? ure %fpr i fz‘?e t"i’?é‘“gftlnﬁ nte Cbé??\%or%%d étﬂmgdlrels pof claim 4

cel | scasprampad stepodit t he group consisting of: cells

obt ai ned from hai r fo fra

cell's, derfmb &Ha& l(lefll !mcmr[raf nl}%Slgélalf(%I iR [RAer g‘ﬁ(ﬂna%"al and a

outer root spwedeh; ceIIs epiderms cells of adult or

f ant f in;
e R S P E

cells, bome namﬂmwngékwgmmadBWOBEEUMSsue ceIIs nmuscl e

cells, skin &alidSme ?&gtu?erwlt %{%@@nﬁ‘@fohb‘%@rg%e fﬁ?r'eﬁalce' I's.

12. An inplant o aim11l erern sal are

multiplied in culture prior to belng seeded on sai
filambft . Hrs Progesy plptlaim ? gtherinathin it W@f%‘?ﬁtﬂes'a?‘aﬂal comprises 2

epi dekdiBhre Glchsndadin- seafedananeeldif M@ ltheSpdddgeh RBmbHIFR Rebacic acid
of the filament and follicle cells are inserted into
one eR¥UYFS said filament. 14. An inplant of claim 13
wherein said follicle cells conprise dermal papilla
cel I s115. A&nimm:pit dortinding |tz grovidh offadrewifolliglaicdmprising a structure of

e_pi de% @A Jil%m?rrt %eﬁ?f%?eggeg Wik cte%esgiegt@(? rorl‘napl $?L§)fcohﬁ?mg of: cells

filanmen cul ture er na
is ins@mneﬁﬁmnm@ndﬂbdeﬁd@mmmtn@nmumembaimséwdmlﬂwmhcdh matrix

fil amécms mﬁ'eq fancﬁmﬂgrt lja&dshgjth ME repglg% &119 of £<ﬁx§t09rxmﬂt Q)Hgin; dermis

conprising of steps of
cells of adult or infant origin; stem cells derived from embryos, umbilical cord blood

cells, bone marrow cells, adipose tissue cells, muscle cells, skin cells, and any

combination of said cells.

12.  Animplant of claim 11 wherein said cells are multiplied in culture prior to being

seeded on said filament.

13. An implant of claim 11 wherein said epidermal cells are seeded on the walls of

the lumen of the filament and follicle cells are inserted into one end of said filament.

14.  Animplant of claim 13 wherein said follicle cells cdmprise dermal papilla cells.



a. obtaining scalp follicle cells; b. culturing the

follicle cells to increase their nunber; c. providing
w@:2@bnemeur e according to claim2; d. seedi ng PEIEUS2005/009785

structure with epidermal cells; e. seeding the

epi dermal cell-containing structure with the follicle

cells obtained in step b; and f. inplanting the

structure into skin where new hair growmh is desired.

17. The method of claim 16 in which the cells of step

d are obtained fromhuman i nfant foreskin. 18. The

nmet hod of claim 17 in which the%ells of step d are

suppl esent g6 implbdl oFtclith aél Wigredbtad s@@knﬁamocrmemrsea&d on the inner

ubi | i, cal %o}(d bl ood, . bone rrowofg osetl

muscl &magiiie amen 40d 2.6 Pr? erlBredgtemedpap! H‘éF‘f ‘é s Téf'“ed into one

The ﬁeﬁd]ﬁdhd)lﬁmedalsﬁmifﬂameﬁt which the cells of step a

are cultured froma follicle fragment selected from

frag ts .

hoat A0 ot ot 8% i OEL IR AIB e AREERYE. 5o,

The met hode- oﬁbtélh'ag salbdolliplecdisn t he structure conpri ses

chondroi tip- @uléghg @k ?clllc?e]cbllﬁo%c{’e%?eﬁﬁeuf Rk e

manuf act ure of bl oabsorb e structures conprising the

steps of: @.Pevdingagirectire freerdingtarlpan i cl es; b.

coating theg pe%aﬁlé ﬁ)legfr&gﬁlé @ﬁih éﬂl&%algéllsSt ep a wth a

solution of a bioabsorbable material; ¢ . rendering

the bi oabsor prabine thespiderimal cellsewpinbe srychirguitathe fczikfde gells obtained

renmovi ng tﬂ%te%bbﬁnﬁ and particles. 22. The process of

claim2 1 further conprising the step of coating the

resul ting Bt FERIPe G TYFluse BoskiR hBic oy LF sfam%ls desired.

mat eri al . 23. The process of claim2 1 wherein the

f i ber 17s n‘]?lhd)xlﬂmhdid‘lef qhaunt li6Ch egichribe sdtlba€step dcirdobt@ma from human

Q Qable material is hyaluronic acid. 24. The

pr oceé% &YW m 22 wherein the fiber is nylon, the
particles are sebacic acid, the bioabsorbable nateri al
i s hydBur oheomelbadchf chirel 17 eviecbnerllsiobaibs é prsatpricmented with stem
mat erighs doBird %ﬂ@%g@g u%nlﬂcﬁ%gﬂd@%oa%nghﬂﬁ&l/ adBoscdRsue, muscle,
A net hod for bone and cartil age grovvt conpri sing: a.
obt ai ﬁl“ﬁgﬁnéé'i‘becomb'%'a‘?“tqfls%i@ée”ﬁr ogenitor cells;

19.  The method of claim 17 in which the cells of step a are cultured from a follicle
fragment selected from fragments comprising the dermal papilla, dermal sheath, matnix,

and inner and outer root sheaths.

20.  The method of claim 16 wherein the structure comprises chondroitin-6-sulfate.
21. A process for the manufacture of bioabsorbable structures comprising the steps
of:

a. coating a fiber with particles;

b. coating the particle-coated fiber of step a with a solution of a

bioabsorbable matenal;

c. rendering the bioabsorbable material insoluble in water; and
d. removing the fiber and partic_les.
22.  The process of claim 21 further comprising the step of coating the resulting

structure with a second bioabsorbable material.



b. seeding the structure of claim3 with cells of step
a, ¢ . inplanting the structure of step b into a site

wob@seobe growt h of new bone or cartil age ti SBCEUB®05/009785

desired. 26. The nethod of claim25 wherein the

structure conprises crosslinked hyaluronic acid. 27. A
structure of claim2 conprising bi oabsorbabl e

mat erials selected frompoly(lactic acid),

pol y(glycolic acid), poly(dinethyltrinethylene

carbonate), poly(trinethylene c@fbonate), poly(amn no

aci ds)s, UhHQedcA8 o@'@lﬁlhlvﬁdwlpspény € %BQQ?@}‘I&? MR particles are sebacic acid,
pol y(car bonat es)s, pol y(caprol actone

pol y( prerthe bipahsy %W@?Me isyydwerie 896, pol y(est er ani des)

s, poly(anhydrides)s, poly(ortho esters)s, and

copol y4rer S],“hekpi-c&é’ed&f claifR I betditt @8 fibdr iSaf16h, BRI pYARIES a8 Sebacic acid,

e S bR S P AR SRR ARt o BARIER. materiat i

non-degmadabbmmmdéyﬂmmﬁomhat are metabolized or

excretabl e upon rel ease by hydrol ysis or degradation

of sabd bioahso4ha ' d on its

i nsi de unena?%pegél3%%%“&%%%“5@2 o Q%gble material s
selected fa ovhtabiaing beng gecardage vepgeniiescelist ar ch, dextrin,
chitosan, i eecnﬁah@gtnévurer&mm aﬁment;up&% 4, 0rms of

col I agen and gelatin, chondroitin-6-su

fibrinogerf: iplniigg the SUIEWFRAESIEMD it pbits wher%thbgirwﬁl of new bone or
ot her ser ugnipPl&LOS dedt@d YSacchari des,

nucopolysaccharldes and ot her biopol yners that

naturgal ly occur n .body, either in native

form Bt 1 dMidinge, 055181%25%5?}“ Bheslrusti Epmgrser psslinked hyaluronic
cr osshdicki ng reagents, proteins, carbohydrates,

gl ycosam nogl ycans, pol y(ethyl ene glycols)s,

p0| Y(@“}' OpyA esﬂ'ﬁctﬁijey&ohﬁﬂrﬁ 12 Q&l’x rfsﬂl rwo grb?d? %z?gri?éis (sjelected from

pol y(net hacryl ate esters)s, |ny al co
copol patgiastic plagidds rohiglpoke uraesi) of p@dﬂdﬂ@ﬁwltymﬁe‘hﬂe% carbonate),

The S{JJlRﬁtMﬁyléﬂE cgnlbﬁll\;ﬁ@) Zgolwax%rn%' zi?:ldtsﬁetﬁggn% rd'elgved pzoly(carbonates)s,
conprises a copolynmer of lactide and dlyc e. 29.

The spelyEabenated)s. mlﬁ?w%tmﬁePelwfwaltafﬂeoxm@abs)@wbeams@' poly(ester-
St I UCKH{d€s)d, %ol‘}@ﬁl‘i}%Qdé’éﬁst Bolﬂoﬁl%o&le)@j‘? ancp&petyh%lseaemel H8 mixtures

and propyl ene oxi de process for thé manufacture

of t hef LidRrebmsrses Wil aéPﬁ&C\'ﬁeE; fee*ﬁwﬂswqaawweé% &t are block-

coatpb%eazeaamaﬁ esihd R Rdh-dekhdabR YEYBEs st@luufa}ee metabohzed or
poI atta h|n 2 bi oabsor babl e mater. al

tip O?xcfeﬁa@ THRABFS hydrglypis ﬁ@d"tgf?éatf?ﬁr?é paid b'a?PdOfPﬁ’ée linkages, and
bi Oab&ﬁt’eb&bi Bs ﬁﬁtder(lluiﬂenm ltfRed WithHidb&o#gle materials selected from

b oabs lul% env tlvey starch dextrin, chitosan, lipoproteins, recombinant human forms of
collagen and gelatin, chondroitin-6-sulfate, fibrinogen, fibrin, fibronectin, laminin,
albumin, other serum proteins, polysaccharides, mucopolysaccharides, and other
biopolymers that naturally occur in the human body, either in native form or rendered
insoluble by crosslinking with crosslinking reagents, proteins, carbohydrates,
glycosaminoglycans, poly(ethylene glycols)s, poly(propylene glycols)s, poly(acrylate
esters)s, poly(methacrylate esters)s, poly(vinyl alcohol), and copolymers, blends and

mixtures of said polymers.



d. renoving the mandrel fromthe structure. 31. The

process of claim 30 wherein the bioabsorbable materi al
waeerpsindres a mass of fibers conprised of PCT/US2005/009785

chondroitin-6-sul fate and cross-1linked gelatin and the

filmform ng bi oabsorbabl e pol yner conprises a

copol ynmer of |actide and gl ycolide.

-28-
28.  The structure of claim 27 wherein the material comprises a copolymer of lactide

and glycolide.

29.  The structure of claim 28 wherein the biocabsorbable structure is coated with a
copolymer of ethyleneoxide and propylene oxide.
30. A process for the manufacture of the structures of claim 2 comprising the steps
of:
a. coating a tapered mandrel with a water-soluble polymer;
b. attaching a bioabsorbable material to a tip of the mandrel;
c. coating the mandrel and the bioabsorbable material with a film-forming
bioabsorbable polymer;

d. removing the mandrel from the structure.

31, The process of claim 30 wherein the bioabsorbable material comprises a mass of
fibers comprised of chondroitin-6-sulfate and cross-linked gelatin and the film-forming

bioabsorbable polymer comprises a copolymer of lactide and glycolide.



