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BRIEF SUMMARY OF THE INVENTION
This invention relates to new bioabsorbable scaffolds that are useful for the tissue
engineering of new hair follicles and to methods for their manufacture and to methods of
15 their use in creating new hair. More specifically it relates to new and useful bioabsorbable
porous structures that have the correct architecture to facilitate culturing of the appropriate
follicle progenitor cells and their development into normal, functional, hair-producing
follicles.  The invention also relates to methods of making and using bioabsorbable
scaffolds to implant and grow new hair follicles in vitro and in vivo.

20
BRIEF DESCRIPTION OF THE DRAWING(S)

Tigure 1 is a cross-sectional view of form 1, with porous polymer precursor 5
coating the distal end 4 of form 1
Figure 2 is a cross-sectional view of porous scaffold 8 with a layer of follicle
25  progenitor cells 9 lining the inner surface 10 of the porous scaffold.
Figure 3 is a side, three-dimensional view of 2 non-woven web 12 of bioabsorbable
porous polymer material.
Figure 4 is a cross-sectional side view of a mold for forming a porous scaffold,
comprising a top plate 14 having a bottom side 15 with forms 16 protrudiﬁg from the
30  bottom side of the top plate, and a bottom plate 17 with a top side 18 defining wells 19
designed to receive the forms 16 of the top plate 14, when aligned therewith.



30 bettomside of the top plate, and a bottomplate 17 with a top side 18
tdefining wells 19 desighed to receive the forms 16 6f the top platd A4AN 7609
when al i Wit/ 158 2rewi th. . WO 02/ 15952 PCTI US61/ 24671 -2 2p@TaKbi/Mep: Fi gure 5
is a top, slightly raised view of the non-woven web 12' after havi ng been
pressed and heated in the nold of Figure 4, form ng depressions 20 in the
non-woven web. Figure 6 is a cross-sectignal view of a set of scaffolds 10",
after transfer to wells 22 of a cell culture dish 23. 5 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON I n one aspect, the present invention conprises

porous bi oabsor IFggie 55§ afthp) : = Q OX| » shape of .t he
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W de vari epya edy sy ' nd natural polynmers that are comonly used in
clinical practe{:ce llg‘sﬁgalﬁrtlﬁb?’?omadi cal research. The scaffolds are nore

preferdbly conprised of a polyner selected fromthe group consisting of

poly(lactic acid), 15 pal | ycolic acid), poly(trinethylene carbonate),
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pol y : Wﬁ%ﬁ ffold iis conprised of a synthetic polyner, it is
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ptef er formed fromany one or conbination of the
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et or Lot SEPHoEY bied, B S RisetSe 500 . bsuledictk etk Thechontialdsare mirages
and’ any preferably comprised of a polymer selected from the group consisting of poly(lactic acid),

15 poly(giycolic acid), poly(trimethylene carbonate), poly(amino acid)s, tyrosine-derived
poly(carbonate)s,  poly(carbonate)s, poly(caprolactone),  poly(para-dioxanone),
poly(ester)s, poly(ester-amide)s, poly(anhydride)s, poly(ortho ester)s, poly(amino acid)s,
collagen, gelatin, serum afbumin, proteins, carbohydrates, poly(ethylene glycols,
poly(propylene glycol)s, poly(acrylate ester)s, poly(methacrylate ester)s, poly(vinyl

20  alcohol), and copolymers, blends and mixtures of said polymers.

When the scaffold is comprised of a synthetic pofymer, it is preferably a synthetic

polymer formed from any one or combination of the following monomers: L-lactide, d,I-

lactide, glycolide, trimethylene carbonate, caprolactone, and para-dioxanone. Other

preferred synthetic polymers for use in making the scaffold of the present invention

25 include poly(ethylene glycol), poly(vinyl alcohol), poly(acrylic acid) and other water

soluble polymers that have been crosslinked with degradable linkages and any
bioal?:sorpable hydrogel that has been modified to support cell attachment.

. When the scaffold is comprised of a crosslinked or otherwise imsoluble or

insolubilized naturally occurring polymer, it is preferably a polymer selected from the

30  group consisting of hyaluronic acid, human serum albumin, collagen, gelatin, cellulose

derivatives, starch, dextrin, chitosan, and other proteins, glycoproteins, lipoproteins,

polysaccharides, and biopolymers.
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scaffold of the present invention has an inner surface which is preferably
in the shape of the outer surface of a hair root or bulb. The inner surface
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and procedures for nol ding, shaping, or sculpting said porous scaffolds

into the #esinteepntashihierpyity p-gnin cplt@g splitiothvention is not limted to
scaffolds 10 pro ' . | 4 ' rein,
or ow as it 15 contodEpERREhERebBrop BioBablee A bREREREEILG'H
vari ati ons odistlosddhereinp deldwire tSncll metioxds biyicladea procedures fimvereatgnporosied i o
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pol yirer - and pprostiniddt it oL ARYSR0LE IR Sk meodBDS) o hutiper ul

bl owi ng agent's  are™ connmerci al 'y avarl rade nane gen
(Uniroyal Chemswanhedns uped toneamufastargpotoudfpodmietadi ti onal bl owi ng agent is
azodi car bonam de. , Anot her bl Qwi ng..agent that 20, be especial ly useful in
the present | nvendTBRAGRIe MERer o GERBRTRS Figs fof GoaEBr ABHD AP mer o
is urea di caghagsidkiog u%%réseﬁfm&fﬁoﬂ.ea Preferreld tﬁ%dd@ﬁpcrgaﬁfggé&ﬁty ifivoltid 1465,

the teachings of which are incorporated herein. The use OW ng agents
can 15 use of “blowing agents”. ese are chemical additives that decompose at known

temperatures with the liberation of gases that cause foaming in the molten polymer and

porosity in the resultant cooled ‘material. A number of useful blowing agents are

comihercially available under the trade name of Celogen™ (Uniroyal Chemical Co.). One

example of a traditional blowing agent is azodicarbonamide. Another blowing agent that

20 may be especially useful in the present invention due to its compatibility with

bioabsorbable polymers is urea dicarboxylic acid anhydride, described in U.S. Patent

4,104,195, the teachings of which are incorporated herein. The use of blowing agents can

produce both open cell and closed cell foams. In the present invention open cells are

desired and closed cells are to be avoided. Thus the conditions used in the manufacture of

25 the porous coating are preferably optimized to achieve an open cell structure known as

“reticulated” foam. The porosity of the scaffold is preferably due to interconnected pores

in the size range of 0.1 to 1,000 microns, more preferably in the size range of 1 to 500
microns, _

In an alternative embodiment, the pdrosity of the scaffold is due to the fact that the

30 scaffold has a fibrous structure. When the scaffold has a fibrous structure, the fibers are

preferably bonded together. The fibers of such a preferred structure are more preferably
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produce both open cell and closed cell foams. In the present invention open '
ctells a;'\g qesi red and closed cells are to be avoided. Thus the cond?i’inNQUﬁS :
Q&R acture of 25 the porous coating are prefragbtoi/ il m zed to
achi eve an open cell structure known as "reticulated" foam The porosity of
the scaffold is preferably due to interconnected pores in the size range of
0.1 to 1,000 mcrons, nore preferably ind4the size range of | to 500
mcrons. In an alternative enbodi nent, the porosity of the scaffold is due
to the fact that the 30 scaffold has a fibrous structure. Wen the scaffold
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of maki ng “thesdissoluton rAéthbdr ' Wﬁﬂﬁh Jhereinafter, "the .
di ssol yti gn met hod") cgqr&g?gg%gtﬁﬁglP% ow nggtse?ge'ps: 5 1. Provide a

bi oabs®r bdbl e FaPVider bi orbgble polymier that iesciable &0k sdIseht\(§dlver®)A), 2. Provide a
formin the Shﬁﬁ"iﬁ% tpe desh{(_)e%élscaffol d made of a material tHat is
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Q 10 4. Bi ssolGaat theefdrirowith qrapiddibe op @l yd}@foﬂnﬂngghyﬁmﬁgqhgpg QP&)IS {uﬁ%ei&,

resul t ant li;lol utt%on.to .the particle-covered form 5. nove sol ven
evapor at i 5% vont Bonm-a thirdisglyeat (salygat C).6. Use sol vent B to dissol ve said form

and sphd parti Qigive’the BRYED B.fr mt%e fjni shed porous scaffold.
15 - 8. If requi red. Use soﬁ%ﬂﬁé@ £ Fixent ?@Wﬁﬁb&@@%ﬂ@nﬁ)&ﬂlﬁﬁl@@s.
The di ssothetpasticlersovered farmi.| | ustrated in Figure 1, which shows form1 in
cross- segtiongwith distal Snd 4 coated with porous polyner precursor 5, a

m xture of parﬁeﬂ"_ggs enk A Y SYIROTatinhonothen sugtebla aeansid a sol ution of the
pol ymer  dissol YRE stRe® YBksdive M0 forhd'Bld said partictes,

7. Remove solvent B from the finished porous scaffold.
15 - 8. If required, use solvent C additionally to remove said particles.

The dissolution method is illustrated in Figure 1, which shows form 1 in cross-
section with distal end 4 coated with porous polymer precursor 5, a mixture of particles of
the pore forming substance and a solution of the polymer dissolved in solvent A, Note that

20  the distal end 4 of form 1 is bulbous in shape, and includes a cavity 3 sufficiently large
enough to enable some of the porous polymer precursor 5 to enter the cavity. Once a
porous polymer has been formed from the porous polymer precursor 5 of Figure 1, as
described above, and the form has been dissolved, the resulting porous scaffold can be
seeded with hair follicle progenitor cells and used as described below.

25 Figure 2 is a cross-sectional view that shows the porous scaffold 8 obtained by

* dissolving and washing away the pore forming substance and form, as described sbove,
leaving only the bioabsorbable polymer. The scaffold 8 is shown with follicle progenitor
cells 9seeded on to the inner surface 10 of the scaffold, having taken the shape of the
scaft‘olsi The structure shown in Figure 2 could be directly implanted into the dermis to

30 promote the growth of a new single hair fiber from the tissue engineered follicle.
However, to better ensure that the transplanted engineered follicle matures, the structure
shown in Figure 2 is more preferably cultured with additional cells prior to implantation.
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paraffin wax and hexane; and po %’ rene and acetone. The poré form ng
subst ance and glynolic seide andPEGLis polytethydemacoxdde)s from t hose substances t hat

have | ow solubility in solvent A used to introduce the bioabsorbable

pol ymer, i nt,g th? structure. These choices are further exerrpllfled in Table |
bel ow witer g=the~f.g A abbre e..been ed: opolynmer
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Bi oabsor bajipadymBer m Por emateripl ng Seibstanee A Sol vent B Sol vent C  pol yner
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PLGA Wax Glucose Acetone Hexane Water
Collagen Wax Polystyrene Water Hexane Acetone

A modification of the dissolution method is exemplified by reversing the sequence
of steps of creating the desired structure followed by seeding with progenitor cells. Thus a
porous scaffold structure can first be formed in the shape of a disc, for example by adding
15 a solution of polymer in an organic solvent to appropriately sized salt particles in a
cylindrical container followed by evaporatlon of said solvent and removal of the salt by
dissolving and rinsing with water.
The resultant highly porous scaffold can then be sterilized and seeded with micro-
dissected human dermal papilla or other suitable source of follicle progenitor cells and
20  cultured in vitro until the entire porous structure is populated with cultured cells. This
tissue-engineered r:onstruct then can be cut up into a large number of fragments, each
about the size of a normal human dermal papilla. These irregular shaped fragments can be
suspended in culture media and cultured further until the desired smooth surfaced structure
is obtained. These tissue engineered dermal papilla can be implanted or injected into the
25 skir"; fo initiate the process of follicle neogenesis for hair restoration.
' Alternatively, the porous scaffolds of the present invention can also be made
according to the following method (hereinafter, the “pressed mold method™), comprising
the following steps: ’

1. Provide a thin, non-woven web of bioabsorbable fibers.



Col | agen Wax Pol ystyrenej; Wat er Hexane Acetone 4 A nogdification of the
. dissolution method is exenplified by reversing the sequence of stepd &N 2005
“creati ngVOHR 1882 red structure fol l owed by seeding with pPeg@sSivmsicel | s.
Thus a porous scaffold structure can fast be fornmed in the shape of a disc,
for exanple by adding 15 a solution of polyner in an organic solvent to
appropriately sized salt particles in a .gylindrical container followed by
evaporation of said solvent and renoval of the salt by dissolving and
rinsing with water. The resultant highly porous scaffold can then be

sterilized.and geede e teRi g LS S6G I?.h'ifgﬁs 2z | her
sui tabl e source of fgf#?g%ﬂ%g%%ﬁ@?g‘gﬁg an %8{}1@&% Edlj?lg%hélrﬁa@ﬁ{ %gh ntil
the enti r efqrmsaw thesatherquaut; eaid savitiesdredt forinsvptoviding the dagireditape addinensions
tissue-engig&gred cionshrﬁgt then can be cut up into a | arge nunber of
fragments, © des PYE si ze of a normal human dermal papilla. These

i rregul ar shapeq_ fragijgat hD.«CUlLt U dia and cul t ured
further until the desi redtﬁg(rfr!gdg?Eﬁ%@g(&g‘g@%ﬁthg?tflgkgprésg‘%bﬁpﬁ%@]%wuéén%
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skin to initiate the _process of follicle neogenesis for hair restoration.

Al ternatively, fhe p&%m@eéb%wmﬁa@ the mpld andediersut thevioalded scaffoldsafrom the

made accogding to the follow ng nethod (hereinafter, the "pressed nold
met hod"), conprising the followi ng steps: 1. Provide a thin, non-woven web

of bi oabsor babl eThe ihswoWa &b if8frbly Corpibes2Oififer fitfeld e tabe 46 4dre/shietn

Place said web in a two-part nold that has cavities in one part and nating
forms in tBEcHmEaR Whigh the carepfdhe fibérdms arhighen mmiting tewipdiaturetthan the sheath] cshape
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a core/sheath Figures 3-6 illustrate application of tKe mold method to produce scaffolds of the

present invention. Figure 3 shows a drawing of a non-woven web 12 of bioabsorbable

fibers. Figure 4 shows a two-part mold, comprising a top plate 14 and a bottom plate 17.

15 The top plate features a bottom surface 15 with an array of forms 16 protruding therefrom.

The bottom plate features a top surface 18 with depressic;ns 19 therein to receive said

forms. Figure 5 is a slightly raised, angled view of the non-woven web 12’ after it has

been compressed and heated in the mold of Figure 4, thereby creating depressions 20 that

are molded into the desired shape for scaffolds for tissue engineered hair. Figure 6 shows

20 molded scaffolds 8’ after they have been cut from the depressions 20 in the non-woven

web 12 in Figure 5 by means of a die cutter, and transferred to wells 22 of culture dish 23.

The wells 22 are designed to receive scaffolds § or 8’°, culture medium, and cells.

The mold production process described immediately above is particularly well

suited for scale-up and mass production. For example, the two-part mold shown in Figure

25 4 could be produced in the form of two cylinders rather than two flat plates. The web, in

the form of a continuous ribbon, could be embossed with the desired pattern as it is

compressed and heated during passage between the two counter-rotating rolls. Die cutters

also é:_bul& be mounded in a rotating cylinder to cut out the scaffolds or the cutter could be

an added feature of the embossing rolls. This automated assembly line process would

30  continue with the scaffolds being deposited into cell culture wells that are pre-formed in

polyester film. The scaffold- loaded film could be cut and packaged into trays, placed in
additional packaging and sterilized.
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be an adde feature of the enbossing rolls. This automate assenbly line
process wodichlorgmethgne ito) gived eloar mumwmm ﬂhenragphhﬂomsa seafifoldh fomcmhde

il H‘E&Y’S“ﬁk’e b e 5 b TRT, PR el e SRS i g

and steril iexedpleZugar] Mﬁo&%dﬁ&&ﬂbﬂ&%@cﬂ&oﬁﬁﬁﬂd&%@fem iahge%fmﬁﬁkm of

creating porous scaf f ol ds, from_bi oabsorbabl e materials al so can used in

practi ce ofbeReGARenystallization ilbthe fvmm omadeofsugas thensosking if r“@éfzeh&sol)mﬂg,
expansih§n igft iﬁb%@ﬁmﬂ B t835rm RHeRYd ALt R W ROAS G oaPEGAl L S la ECN! ques

are di scussed

Scaffolds of the present invention can be used to engineer new hair follicles in a
number of ways. In general, the appropriate cells can be seeded on the scaffold and either
implanted immediately into the scalp or allowed to multiply in culture on the scaffold prior
to implantation. The implantation procedure can be the same technique that hair transplant

20 surgeons currently use fo implant single follicles or “mini-grafts”. For example, a laser
can be used to bore a small hole in the scalp to precisely the desired depth and the cell-
seeded scaffold can simply be planted in the hole. As these implanted cells grow they
orchestrate the nco-genesis of a new hair follicle. The bioabsorbable scaffold then
degrades and is eliminated from the site as the implant matures into a nommal, hair-

25 producing follicle. .

The cells used to seed the scaffold can be taken from follicles biopsied from the
paﬁint or from organ donor follicles. This later option is known to be feasible due to
recent research results. Follicle progenitor cells from a human donor were successfully
tranéplanted into an unrelated human recipient where they initiated the formation of new

30 follicles that grew hair. This finding, entitled “Trans-gender induction of hair follicles”,
was reported by A.M. Reynolds, C. Lawrence, P.B. Caerhalmi-Friedman, A.M. Christiano
and C.A.B. Jahoda in Nature, 402, 33-34, November 4, 1999, the teachings of which are



in ap article by Y.S. Namand T.G Park, "Porous biodegradable pol yngy iJﬁ ?
scaf f ol dgoqafkeapared by thernal ly induced phase separation”, The Journaru @f[' )
Bi onmedi cal Materials Research, Cct. 1999, vol. 47, no. IEBCTH§ML48H117, the
teachi ngs of which are incorporated herein. A preferred enbodi nent of the
above- nenti oned phase separation techni que uses

pol y(d,|-lactide-co-glycolide) (PLGA) as8t he structural polyner and

poly(ethyl ene glycol) 10 (PEG as the porogen. Thus a m xture of PLGA and
PEG can be dissolved in dichloronmethane to give a-clear solution, which is

then appl i 18@PTperateds byfrfrence drereinm dedisfinradvaie b ahe biden @g&gﬁ%;g ‘r?é pgni n

di chl . but. f bl lubl e i ter, f
cvapor at | AP 1 st B Reflein alire boforeeotpg b capthe abefol inplab TR OA
b t alg B | f  Lh Ki t
o ssol e b eiafilizes U Wino8 F g8y Bt caf 1 Beeded fiomienah hesimed tolieti 1 co
por ous PL@adguiaithizies!theSatdrioflditsectihg f61Ec1RS ﬁf@i’c&initﬁﬁ’ﬁé&hje@ Ero%ﬂitgf% ed to

n general,

engi negr new hair follicles in a nunber of ways. ge :
appropriate cells can be seeded on the scaffold and either inplanted

I medi ately into the scalp or allo t :llla_)%iplyin culture on the scaffold
prior to inplantation. The inpl anw edure can be the sane techni que
t hat hai r Brampdplant 20 surgeons currently use to inplant single follicles
or "mni-grafts”. For exanple, a laser can be used to bore a small hole in

the scal p to pridy(sthyjenenexide) (heeeinaftant HPEOY) 100000 hblectlae dostgiC dlfcBhsbacan
sinply be | Dl e. t hese_ ] anted cells grow they
or chest rat@@%aﬂ%%%ﬁgﬁﬁg%@w&%m r%ﬂ)i #as maih exipudedbinty bab0 enm -
scaf f v0d  tdienetedBhede and 86t in® lchd d (o) ' as .t he i,opl gnt
matures into a_nornal, hair- 25 S*rﬁ;i(fg i ng %ﬁ%??ﬁrﬁgm&@tﬁ g’aﬁg'@eadm?eed
the scaff ¢ Bydpeing sthe reutfaceraiich iakinge it stioky's Thid Who thér @ippBd lih@NSodfimf F OM
organ don | i s, later option is known to be feasible due to

Shlo %? { ﬁ‘i . :
recent research T that PW&“@“’}S&B & particles insary ¢legtria cnffeeibeatogrindener e
successf ulBxyesstsaltngf siakes offing B I Ck P ere the
initiated the formation of new 30 ?%%gcl es Pha% grdéﬁ'/ %QHO%I(‘%MEW&%,
entitled PPYd&laptidaeo-50%eglico bda)ol(PIb(aA) (R;lsduhai m}504th‘B§e1{rﬁig€f tmgelgxinﬁ. M
Reynol &s, nce, P. erhal m - Friedman,, A M ristiano and C A B.
Jahodyi n %% urfﬁ, 346?0%@@%%@ d&’;) oy drippeskonte £bp isaly enofustadi REOar e
WO 02/ 159%améht and the excess solution was allowed to run off. Additional powdered salt was

sprinkled onto the surface until it was completely covered. After the acetone evaporated,

the coated PEO filament was placed in water until all .of the salt and PEO dissolved,

leaving a hollow filament of porous PLGA which was removed, flattened, and cut into thin

20  strips with a sharp blade. The strips were rolled between finger and thumb and cut into 2
mm lengths. The hollow filament of porous PLGA produced as described above was used

to make a form for a scaffold of the present invention, as follows.

Scaffolds of the present invention were produced as follows. A 0.3 mm diameter

concentric hole was made in the end of another PEQ filament by pressing a heated needle

25  about 2 mm into the PEO. This caused molten PEO to build up around the sides of the
filament. Upon cooling, the needle was removed. The hole was then filled with one of the
above rolled strips of porous PLGA. The end of the resulting PEO filament was then
coated'fgs described above with salt and PLGA solution. Upon evaporation of the acetone

and dissolving all of the salt and PEO in water and drying, the desired porous
30  bioabsorbable polymer scaffold was obtained.




2.7 JAN 2005 PGI/USQO /24671 incorporated by reference herein. A dlZ?til{‘@tu

~advantage of the present- invention is the ability to multiply the ef %n

cul ture WO W B%%edi ng themon the scaffold i npl ants. Thi BCTAIS012468i ni zes

t he nunber of scaffolds that can be seeded from each harvested follicle and

m nimzes the | abor of dissecting follicles to obtain the desired progenitor

cells. 5 EXAATLES Exanple 1: Poly(ethylege oxide) (hereinafter,

PEO ) 100, 000 nol ecul ar wei ght purchased from Al drich Chem cal Co.

(M1l waukee, W 53201), was nelt extruded into a 1.0 nmm 10 di aneter fil ament

- and cut i nBxatpte2! engths. One of the PEO filaments was di pped into water,
hydrating the surface and making it sticky. This was then dipped into sodi um

" chloride cryst alfumimthairadlbiclen age alissdciedtio bbiain fdhe tdecmels papillan vlielctare c

cof f ee bean_arinder. ce alt was shaken qff ,and the coating was all owed
Co dry. A TBBIEFS}o & siearet fontpiiig Eulirs mefina aHet sevsou gresn i ewire bese
" (Resoner Rdefiflal Fipaly bAlBShubi gfahf et b 4t3C '

Chem cal Co.) was dri ppe?honPgﬁﬁi sa 'g)%er%%us e%jﬂ BEB% %‘f%@%&% i
excess 8ol gellparevdstachddofvent the flask bf ftreafidefitt withadn poavies and Sehtent@sed by
sprinkled onto..the surface until it was conpletely covered, After the
a(F:)et one evgm%ﬁ,"n H’?@ els Wﬁ@oﬁmf%ﬁ;?a%ge{mmonnbmimﬁmmtmthal I
of the sal goppslafEORS lved, L\ ' y
whi ch was rgrmved, flgnti?%nle , ﬂéﬁh@é?@%?g@#ﬁﬁf&éiﬁ?%@lﬂ%@% S alrﬁi%t@
bl ade. The fat sévpml deyetor alldvethelveilsvie adiers getheanefatdsustithe sekffulds. idultaridg offm
lengths. T hql | o il t. of porous PLGA produced as descr.ibed above was
used to ngﬁ%cal-ﬁ?f-ﬁﬁ&ﬁ 3%‘@&1]%9@@6@ m apytbefiask; of medingyith gentleostitgng . -
Scaf f olgs i f e R duced as follows. A 0.3 nmm
di anet er %ﬁggﬁfﬁ%&ﬁgfrg wa?glgﬁrﬁaugdg I n tﬁﬁgﬂsgnd of another PEO filanment by
pressing a heated needle 25 about 2 nmminto the PEO This caused nolten PEO
to build u&é{aro ngl_ the sides of the filanent. Upon cooling, the needl e was
renoved. T ®”was then filled with one of the above rolled strips of

porous PLGA. Thes&neidefsebdal 09 | ] t

descri bed above wth déa,aﬁet an?%ﬁ&bgglﬁﬁggﬁﬂ%ggﬁ%e@%@%?‘gﬁcﬁ? S'Ee'%lgagfcgt one
and di ssol \iumpnaixperdncinpehairdbss. {Onetr BRG, annevaheir follidles ayd aregted, mewdesds rgesky
POTOUS 15 fom the implants, and the scaffolds bioabsorb.




30 bi oabsorbabl e pol yner scaffold was obtai ned. WO 02/15952 -9 2 7 JAN 2005
PCTI USA / 24671 Exanple 2: Human hair follicles are dissected to o%& in Eﬁe
dermal papilla, which are transferred to a culture flask contai ni zJANI ar e
medi a. After several weeks in culture, the dermal papilla cells nmultiply
and grow over the surface of the cell |ture flask. These 5 cells are
detached fromthe flask by treatnent with an enzynme and concentrated by
centrifugation. The cells are then €LARdBerred, after re-suspension, by
pipette into the scaffolds of Exanple 1 and the cell-seeded scaffolds
placed in a culture flask with nmedia for several days to allow the cells to

adhere torthe &ubfoasosblorbitie RAEHRbABrisikHs bUYiEOuRlhailBmESkhs Seeded

scaffolds is then continued in another flask of media with gentﬁ'e stirring
10 until the scaffolds are fully populated with cells. Exanple 3: Scaffolds

seeded as,descfi {n Example 2 gre inplanted into the sc of a human
experi enc%‘ng hél‘séf%gﬁ)ds?w%fg)mtc}%i By bﬂ%ﬁ"ﬁ‘aﬂq‘m%l’? f’&%@zﬁ‘f%g?PB‘éP’éd, new
hai rs gr ogiorel 2f f the Mfd]iRvingm adnters: aDdadtiae, SCRkéRldSzIDidNARS AhRethdlede JAN 2005
10 CLAIM5 1. A porous, bioabsnrbable scaffold conprising a polymer and hair
fol |icle whonste, aprodaciensf ad|pdrerdiovarwinelg to claim 1 in which said polyner is

synt hesi zed fromone or nore of the follow ng nononers: L-I|actide,
dl-lactide, glycolide, trinmethylcne carbonate, caprol actone,

andpar a- dj oxanQRgffol adbofdiey f&é]ﬁnﬁﬁggh%ﬁhgsaﬁ@paﬁhms%k O}Nd?ﬁ&fbfsﬁii-d pol ymer

is a copolynmer of d,!- lactide and glycolide.” 4. A scaff'ol'd according to
claim 1 ilectifnizndhglyesliiepol yner is collagen. 5. A scaffold according claim1
in which said porosity is due to interconnected pores in the size range of
0.1 to 1,000 mcrons.

4, A scafiold according to claim 1 in which said polymer is collagen.

5. A scaffold according claim 1 m which said porosity is due to interconnected pores

in the size range of 0.1 to 1,000 microns.

6. A scaffold according claim 5 in which said pores are in the size range of 1 to 500

microns,

7. A scaffold according claim 1 in which said porosity is due to a scaffold with a

fibrous structure.

8. A scaffold according claim 7 in which said fibrous structure is comprised of fibers
that are bonded together.

5. A scaffold according claim 8 in which said fibers are comprised of 2 core and
sheath structure, said sheath having a lower melting point then said core, and said fibers
are bonded together by means of inter-fiber welds in the sheaths at points of contact.

10. A method of making a scaffold of claim 1 comprising the steps of,
a praviding a bicabsorbable polymer that is soluble in a first solvent;



6. A ,scaffold according claim5 in which said pores are in the size range of
1 to 500 microns, 7. A scaffold according claim1 in which said »bra8di)y is
due to a scaffold with a fibrous structure. 8. A scaffold according claim?7
in-which said fibrous structure is conpgrised of fibers that are bonded

together, 9. A scaffold according claim8 in which said fibers are conprised

f d heat h st , ' h h | nelti I nt
Chan sai o cor EFOVGE 3 7P 1 1 SGipechl i SrTER: SROUTA AR Bt & FESEHEl Bt Fint ar -1 ber
welds in s&ﬂﬁlef{ﬂEMd?&l‘ﬁ&?hgﬂﬁmﬂE F&Qﬁﬁﬁ’ﬁfy-' gablﬁnqﬁéﬁ@gso‘?sfenﬁak' ng a scaffold

e S of a. p ng

of claim I conprising t eps rovidi a bl oabsor babl e pol yner

that is 0l ubkeating tiee form séithsprrtidestaf abore-Ahin@G05stante that radspisdlubls I8 formin
t he shape of the desired sgaffold nade of a material that is soluble in a
second sdhsserndsalyeptprdn FQ“-‘%LFHQF’&W ially insoluble in the first solvent; c.

coating the f ' ; = f ) S= s al so
coruble 4 ¢ AsEtiag b HopbshEsle Holyeh 3 e AETLIARE URE WfIGRg reblhart® 02
bi oabsor baialien Rahypeficle-bovdied forst sol vent and applying resul tant solution

to the particle-covered form e. renoving the first solvent by evaporation
or ot her €sui t FRLESARHEE t59173%§?ﬁﬁp?%8°%%msmmﬁo di ssol ve said form

and sai dgparti,g : ' 'ﬁ?&ﬁ?mﬂgaiﬂeﬂmicﬁéﬁm t he porous
scaf f ol d;f‘ andhﬁ%l?ﬁlfs?%aalgggg?ﬁﬂglﬁ%g%tsﬁe third sol'vent to renove said
particl eg 11. refnavirgthelsesbndelvenhfjorm theqmoidusiseafisdd;@andi m | conprising the steps

of , a. Providi a bi oabsor bahl L ymer that i luble in a first solvent
and subdk ant P%%“V"&ﬁ@lgﬁﬁ fg’faﬁagggé%&?ﬂ‘&"%ﬁ’%&ﬁﬁ?@% Providing a formin the
shape of the desired scaffold made of a material that is soluble in the

second sol vent and substantially insoluble in the first_ solvent; c.
Provi di ngla pamsthedt sfimaingbscaffpidel clatm 1 Fempasingihe sieps ¢fot h first and second

sol vents; (L Qoatigg the [ QR W Bichathdl!hans 3h1blecRbs AP IALE: RRL yTer and

por e-
substantially insoluble in a second solvent,

b. Providing a form in the shape of the desired scaffold made of a material
that is soluble in the second solvent and substantially insoluble in the first solvent;

c. Providing a pore-forming substance that is soluble in both fizst and second
solvents;

d Coating the form with 2 solution of bioabsorbable polymer and pore-
forming substance dissolved in the first solvent;

e Removing the first solvent and causing the pore forming substance to

phase separate from the bioabsorbable polymer;

£ Usiug the second solvent to dissolve said form and said pore forming
substance; and
£ Removing the second solvent from the finished porous scaffold.

12. A method according to claim 11 in which said bicabsorbable polymer is a
copolymer of d,)-lactide and glycolide, said pore forming substance is poly(ethylene
glyeol), said form is made of sugar the first solvent is dichloromethane and the second

solvent is water.




form ng substance dissolved in the first solvent; e. Renoving the first

sol vent and causing the pore form ng substance to phase separate frpmjhegs
bi oabsor babl e pol yner; f. Using the second solvent to dissolve said form and
sai'd pore form ng substance; and g. ving the second solvent fromthe
fini shed porous scaffold. 12. A nethod*“according to claim 11 in which said

bi oabsor babl &, pol &/ fethed : %r of .d, | -lactide and gl ycolide, said
pore formng Subst ance ?gﬁﬁa)kél'%gg P ﬁécga@}é%yﬂsuﬁhdst&maﬁ i s made of sugar

the first solven® is Phosidingraodi Aeie d lvent is water. 2 7
JAN 2005 12 13. A had of Making 3@?&*%@%&@‘&%@ conprising the
steps of, a. Pr obi drﬁ%)a%ins ﬁ?'lﬁ,wﬁrbom-mepaw\/aim[d)ihabihggibmgqgl&eyape{na; b.

Pl aci ng sai eéhatig fd =nar .d that h cavities in one pdart and
mating forms, i ngt ﬁgm? %‘%P@%ﬁﬁ%ﬂf&mamw@mmﬁw@m anbe
desired shaB’éﬂ%ﬁdnSQﬁﬂtmm!rsaaﬁémg;he desired scaffolds; c- Cosing the nold
and appl yi ng sufgici gﬂt .heat and pressure to formthe web into the desired
porous structure: an %F@ﬂiiﬁﬂ?lﬁgﬂﬂhpplmb Sﬁfmimth&tliﬁdgrs@élﬁc%ﬁﬁ%ethe

nol ded scaffveﬂﬁlﬁ;tﬁé@&lméiﬁomlfﬁé\ A method of producing a cell-seeded
scaffold conpris&ing tBhe teps of, 8% provi di ng scaffolds of claiml; and b.
Seedi ng hair foldicl Bepoonethietweb f6hlthe 8RIdSRH FSGRTE O 15_. The net hod
accordi ng tt%‘%@i m 14 in which said progeniség(ralez‘gﬁld{sﬂhg@gi Fcﬁﬁglpf—) B are
obt ai nabl e Trom'substructures within normal hair follicles that are Jnown to
contain such cells including the dermal papilla, the dermal sheath and the
bul ge area, 416. The met hod according to claim 15 in which said progenitor

cel I's are miil ti fiFekediafpraduting e celpsdeded seafie osthgtinping hgpssgaf fol ds of claim
1 2 Providing scaffolds of claim 1; and

b. Seeding hair follicle progenitor cells op said scaffolds.

3. The method according to claim 14 in which said progenitor cells used in step 6

from substructures within normal hajr follicles that are known to contain
such cells including the dermal papilla, the dermal sheath and the buige ares,

are obtainable

16.  The method according to claim 15 in which said progenitar cells are multiplied in

culture prior to seeding on the scaffolds of claim 1,




