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BACKGROUND OF THE | NVENTI ON Mal e pattern bal dness is a conmon condition
that is ofoemsrated by hair transplant 5 surgery. |In thCBUSNIGReNUr e hair
follicles fromareas of the scalp that are not within the baldness pattern
are excised and re-inplanted to create the illusion of a fuller head of
hair. In fact, no new hair is created by;this procedure, which is limted
by the nunber of follicles that can be harvested for re-distribution.
Thus, there is a great need, satisfied by the present invention, for a
means for stinmulating th ¢ } flﬁghicles 10 in the
scal p of an individual. W%@%W@%%% hi's invention
rel ates to new bi oabsorbabl e scaffolds that are useful for the tissue
engi neering of new hair follj eir manufacture and
to nethods of 15 their useEﬁ‘lj]g Qﬂg&/&%&?\f\]éﬁ/@@t}speci fically it
relates to new agdidisabily %%&ﬂi}k& BRI BATYERUT REarbdBY hiiRYEnd iy
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correct archltectur to facilitate culturing of the appropriate
progeni tor segdry. bnthis pmccdwte\hairofrbﬂmhﬂzs fromoaressr ofathe scalpcthabaml not within the
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cross-sectional view of form1, wth porous polymer precursor 5 coating

the di stal @ﬂi@plas bt dasrim harvastedufioe redistribation. JBwis stere i ragred @%doi‘ratlé@?%@é
scaffold8 a l.aye fefolli c ner
surface 10 BF Pl iBiglioh ol Rpisef R BHERRY &8La8t bfiit bl i eNBelef
vi ew of1(a nmrtha\ﬁbammbnd&daﬁl bi oabsor babl e porous polynmer material.
Figure 4 is a cross-sectional side view of a nold for form ng a porous
scaffold, <conprising a top plate 14 having a bottomside 15 with forns 16
protrudingfromthe 30 botgy RhAk d a bottomplate 17
with a top side 18 defini ng]1§we &%MARY@F%% RTIGN

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)
Figure 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 a 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.



designed to receive the forns 16 of the top plate 14, when aligned
therewith. WD 02/ 15952 PCT/ US01/ 24671 -2 Figure 5is a top, slightly

rai sed viveewwissshe non-woven web 12' after having been pren®sd/antd heat ed
in the nold of Figure 4, form ng depressions 20 in the non-woven web.
Figure 6 is a cross-sectional view of a set of scaffolds 10", after
transfer to wells 22 of a cell culture dd-sh 23. 5 DETAI LED DESCRI PTI ON OF
THE | NVENTION I n one aspect, the present invention conprises porous

bi oabsorbabl e scaffolds that are in the approxi mate shape of the norma
hair follicle bukigureasid aﬁt@ﬁ,i ity t0sddraem tof thdueon-WeverkE® M2 Offted hBding been
follicle when seeded with hair_ follicle cells and inplanted 10
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clinical preatdetiecuttact dish 28.onedi cal research. The scaffolds are nore
preferahly conprised of a polynmer selected fromthe group consisting of
poly(lactic acid), 15 poly(glycolic acid), poly(trinethylene carbonate),
poly(am no acid)s, tyroshpeafe MCHP#I@N%M EtmNp@}y(car bonate)s,
pol y(caprol actone), pol y(para-di oxanone), pol y]?est er)s,
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pol y(met hacpithaldh &Ft 8" hair BAlc Wi sectfddals@nahit, fAfde CHIR! ¥ART Bupliitends
and m xtures of said polyners. Wien the scaffold is conprised of a

synt hetlOc pgotrgdesmally intp g livingfhestabl y a synthetic pol ymer formed from any
one or conbi natign of e | | owi ng. mononers: L-lactide,. d -.lactid
oyl i dertr ek Rareias af s feRoTRIBIEAS el coBrispta bivdfer o H e
preferred W@‘E iselead YioRH &nf 6f a Wide ivﬁﬁéf?“df%@nﬂh@@c_ s@hhatd pefyndie it asent
i nvention 25 i ncl udeﬁgpl y(ethyl ene glycol), poly(vinyl alcohol),
pol y(acryl iconueenly used iroelieal \psaciice and iy hramqsina) gesearchh skhergodolds are more
crosslinke | | @ |] bj r | t Rat
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15 poly(glycolic 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 albumin, proteins, carbohydrates, poly(ethylene glycol)s,
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 poiymer, it is preferably a synthetic
polymer formed from any one or combination of the following monomers: L-lactide, d,/-
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
bioabsorbable hydrogel that has been modified to support cell attachment.
When the scaffold is comprised of a crosslinked or otherwise insoluble 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.



When the scaffold is conprised of a crosslinked or otherw se insoluble or
I nsol ubilized naturally occurring polyner, it is preferably a polyner

sel ected woomsze 30 group consisting of hyal uroni c aci dPCHUREIR4EHr UM

al bum n, collagen, gelatin, cellul ose derivatives, starch, dextrin,
chitosan, and other proteins, glycoproteins, |ipoproteins,

pol ysacchari des, and biopol ynmers. WD 02/ 15952 PCT/ US01/ 24671 -3 A
preferred 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
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the 15 use of "blow ng agents". These are chenical additives_ that
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under the tl{r@dﬁarﬁmu@édﬁ&hm@mﬁﬁ/bbmﬁgy@me@]em cal Co.). One exanple of
a traditional blow ng agent is azodi carbonam de, Angther bl ow ng agent that
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porosity in the resultant cooled material. A number of useful blowing agents are

comﬁercially 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



desired and closed cells are to be avoided. Thus the conditions used in the
manuf acture of 25 the porous coating are preferably optim zed to achieve an
open cel w@vr/uwsure known as "reticul ated" foam The porpPEeTARIEH6T1he
scaffold is preferably due to interconnected pores in the size range of
0.1 to 1,000 mcrons, nore preferably in the size range of 1 to 500
mcrons. In an alternative enbodinent, theé porosity of the scaffold is due
to the fact that the 30 scaffold has a fibrous structure. \Wen the
scaffold has a fibrous structure, the fibers are preferably bonded
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of making a scaf of the present 1nvention, erelnafte
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soluble ina dl f¥evRBta fcqinvgmhe(maba%&rtth@lie@fea dcagbld @a&@wtaaﬂltateﬂai Yhat is
insoluble in solvent A 3. Coat the formwith particles of a pore-formng

subst ance tselbl¢ w adifferenbsalirng (Sovent B) grchthaBs gubstantially frisphibleohnselvent(Aol vent
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evapor at i onsobfenPBloelin & tifdadlwen@elent CH. Use sol vent B to di ssol ve said
formand said particles. 7. Renove solvent B fromthe finished porous

scaf foll§. 15 8. Elﬁsqlwthﬁrbwbsqrb@lgmm incsodvrat 4 andapply the reseligisolitipg to
particles. tﬁ@@aﬂbﬁs&b%kl%hx?e illustrated in Figure 1, which shows

thod is
forml in cro sectron wth distal end 4 coated with porous pol yner
precursor . a rRemwe&obzfenpArbtylwhmﬁawdnoﬁdibermoitﬂaléﬁremﬂsag substance and a

solution of the ol ved i.n_sol vent te that 20 the distal end
4 of formPis d@%’%gfgﬂ?ﬁ fﬂal"e%‘élq &@“@%ﬁtySsufficiently | ar ge
enough to enabl e AR Biveh!' HRAT AFirAMel Pofouls&HYIECr 5 to enter the

cavity. Once a
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 above,
leaving only the bioabsorbable polymer. The scaffold 8 is shown with follicle progenitor
cells 9 seeded on to the inner surface 10 of the scaffold, having taken the shape of the
scaffold. 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.



porous polymer has been forned fromthe porous polyner precursor 5 of
Figure 1, as described above, and the form has been dissol ved, the

resul ti ngveperoys2 scaffold can be seeded with hair follicPeT/psaganiit or
cells and used as described below. 25 Figure 2 is a cross-sectional view
that shows the porous scaffold 8 obtained by dissolving and washi ng away
the pore form ng substance and form as dgscribed above, I|eaving only the
bi oabsor babl e pol yner. The scaffold 8 is shown with follicle progenitor
cells 9 seeded on to the inner surface 10 of the scaffold, having taken the
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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 evaporation 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 construct 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  skin to 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.



porous scaffold structure can first be forned in the shape of a disc, for
exanpl e by adding 15 a solution of polyner in an organic solvent to
appropri &¥eby1wszed salt particles in a cylindrical contabPa®USéig4bwed by
evaporation of said solvent and renoval of the salt by dissolving and
rinsing wwth water. The resultant highly porous scaffold can then be
sterilized and seeded with mcro- dissectgd human dernmal papilla or other
suitabl e source of follicle progenitor cells and 20 cultured in vitro
until the entire porous structure is populated with cultured cells. This
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structure. The fribges 3l 11111&%&1’@%1)}59&%& ofahe AdRd PeEha Rbpodh® $cafoldsiorties ed,
or bonded with the use of a solvent or a second polyner dissolved in a

sol vent . Fprgsmémvsn@on | Figwe 3tshowppl drawingoef ®honiwovem veebnkd hb dioabsqsbabltice
scaffol ds Oft bers. eFlgure 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 depressiéns 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 8 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 could 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.



present invention. Figure 3 shows a drawi ng of a non-woven web 12 of

bi oabsorbable fibers. Figure 4 shows a two-part nold, conprising a top

pl ate 14 ve@dxssdsnttom plate 17. 15 The top pl ate feat uresParmseyansiisur f ace
15 with an array of forns 16 protruding therefrom The bottom pl ate
features a top surface 18 with depressions 19 therein to receive said
forms. Figure 5 is a slightly raised, angl.ed view of the non-wven web 12’
after it has been conpressed and heated in the nold of Figure 4, thereby
creating depressions 20 that are nolded into the desired shape for
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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 to 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 neo-genesis of a new hair follicle. The bioabsorbable scaffold then
degrades and is eliminated from the site as the implant matures into a normal, hair-
25  producing follicle.

The cells used to seed the scaffold can be taken from follicles biopsied from the
patient 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
transplanted 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



poly(d, I|-lactide-co-glycolide) (PL&G) as the structural polynmer and
poly(ethyl ene glycol) 10 (PEG as the porogen. Thus a m xture of PLGA and
PEG can eod/s®st ved in dichloromethane to give a clear sBCDUS@R46Thi ch is
then applied to a scaffold formmade froma material that is not soluble
in dichloronmethane, but preferably soluble in water, for exanple sugar.
Upon evaporation of the dichloronethane, _ghe PEG phase separates from the
PLGA by crystallization. If the formis nmade of sugar, then soaking in

wat er di ssolves 15 out the PEG as well as the formto | eave the resultant

desired porgabipdthied B aétbrheb haead foldktinet adVRitdpeese proyabinhRmtieans g
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follicles or "mni-grafts”. For exanple, a |aser can be used to bore a
small héle in the scalp to precisely the desired depth and the cell- seeded
scaffol d can sinply be planted in thegR\g these inplanted cells grow
they orchestrate the neo-genesis of a new hair follicle. The bioabsorbabl e
scaf fol d t IBxampltegyr ades and is elimnated fromthe site as the inplant
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Reynol ds,  GhidrRi&cBRELs t}Pt Bad &%ﬁ obéHndl indor fiRiHRioles inMn fdbkriG EdBirbear RinderA. B.
Jahoda in Nature, 402, 33-34, Novenber 4, 1999, the teachings of ich are

VO 02/ 1595 Fxpess daiiondszshekan off gnd tloeqatingtveas ablpwed fte deys e 1A%r @7/K) sodu@@rs of nct
cdvant 200 ST RFRTBRRIGRR] LLGRE Rl TRt B
the nunber Gdrmasff frph&‘ﬁoﬂeh@lldﬁcﬁﬂchanﬁzﬁp(iag Wipaigrdhoha e sile endrodted PEO
and mnimzes the | abor of dissecting follicles to obtain the desired
progeni t or flamer 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 PEO 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 as 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.



5 EXAMPLES Exanple 1: Pol y(ethyl ene oxide) (hereinafter, "PEO")100, 000

nol ecul ar wei ght purchased fromAldrich Chem cal Co. (M| waukee, W

53201), weQomelds2 extruded into a 1.0 mm 10 di aneter fil ar€nusavdeniut into
2 cmlengths. One of the PEO filanments was di pped into water, hydrating the
surface and making it sticky. This was then di pped into sodium chloride
crystals that had been ground into fine particles in an electric coffee
bean grinder. Excess salt was shaken off and the coating was allowed to
dry. A 10% (w'v) solution of poly(d,|-lactide-co-50% glycolide) (PLGA)
(Resoner RG@mpiBehringer Ingel heim 15 Gerneny) in acetone (Al drich

Chem cal Co.) Was dripped onto the salt encrusted PEO filanment and the

excess sol uti on Hamam| hagndelliles rﬁ!iﬁ disdecteddigi @b@ﬁhlth?)cﬂﬁﬂéﬂle@a@iﬂ?{ whaeh are

sprinkl ed gnta surf el hE
AR e T T
of the sal tdeamdl ﬁ’@ﬂlzﬂbélﬁsoﬂnult@ly ah@ g gver trmelsJufmce‘ of el aﬂtumnﬂasls TI‘-I’ieE?iA
whi ch was renoved, flattened, and cut into thin 20 strips with a sharp

bl ade. fhe aolls g detached dlome dhen Sashe by Wealgent with %rhewnsﬁwanfé: (FengsRirgted bYrm

| engt hs. nﬂ-ﬂ{l Ml TRANRAE a‘?{; th st’é’l{géé“ ﬂ%e?%%ﬁg)eﬁﬁoﬂeﬁﬁrﬂlg% ﬂ{?(?‘fﬁe was
used to ma orm for ascafod resent inventio

Scaf f ol ds m‘cafﬂjllds pf Exemplei Inaeinthe (calhseasded rscafﬂﬂdsaﬁlaaezi inod cudtvse flaslOwghmedia

di aneter concentric hole e in_the end of_ anoth nt b
pressing a filg?éé?‘@ﬁa r?é@%ﬂ‘bau%s@tﬁfﬁﬁ to adhare Fﬂg’etsl%fa‘?ﬁé@f tﬁ‘?]?%a%gﬁf‘ g?f%ﬁ‘% 8¥
PEO to bui Lyﬁe ¢y @%éHéQQCﬁflﬂﬁdiisdtﬁén ehnthlied filh LA fladdRAmEAR WillD gedtRestingrd! e
was renove The hole was then filled wth one of the above rolled strips
of pordds RinBAthelHeeffelds amffulljpopudated wWithgelEO fi | anent was then coated as
descri bed 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 porgismpldd; bi oabsorbabl e polyner scaffold was obtained. WO 02/15952

PCT/ USO1/ 24671~ -9- Exanple 2: Human hair follicles are dissected to obptain
the dermal papi | $caffoldsi sshdesr as described in Example 2 are implanted into the scalp of a

human experiencing hair loss. Over time, as new hair follicles are created, new hairs grow

15  from the implants, and the scaffolds bioabsorb.



transferred to a culture flask containing culture nedia. After several
weeks in culture, the dermal papilla cells multiply and grow over the
surface o¥oones9sel | culture flask. These 5 cells are det ae@B@SéwvEnTIt he
flask by treatnment with an enzyne and concentrated by centrifugation. The
cells are then transferred, after re-suspension, by pipette into the
scaffolds of Exanple 1 and the cell-seedgg.scaffolds placed in a culture
flask with nmedia for several days to allowthe cells to adhere to the
surfaces of the scaffolds. Culturing of the cell-seeded scaffolds is then
continued in another flask of nmedia w thaAgertle stirring 10 until the
scaffolds are fully populated with cells. Exanple 3: Scaffolds seeded as
described in Exarrple 2 are irrpl anted into the scalp of a human

experienci ng hai f ol I new
hai rs grow 915 f}? 5’3&%?% b19’b% Pﬂbgﬁgd?ﬁr%sgga?%&egg P oa %ﬁf 6%5(8%’/ 15952
PCT/ US01/ 24671 -10 CLAI I\/B 1 A porous b| oabsor babl e scaf fold for tissue
engi neering_ of human hair follicle scaffold of claim1 in which

sai d bi dabsdr babftescatiold pfaplaing kmhl%éaléfbl%absvbalg/lﬁém@%lt KedqupiEsefl ¢t one

or nore of o

trimet hyl en%agmgﬁﬁjngé%ﬂg%g}égg&{ﬁonbré %%g@%qﬂng%dr@ﬁ{&g} laxg%iyocgiblg or ébl e
mat eri al of glgtadlide) RimeathyMriecdartsoabtt, paprylactond, andpaapdibyaneneof d, 1- 10 | acti de
and glycolide. 4. A scaffold of claim1 in which said bi oabsorbabl e
material is collagen. 5. A scaffold of claim1 in which said porosity is
due to integconn ¥ . Qns.
6. A scaffold ofgﬁgél%ﬁ]&gmlﬁﬁmvﬁ?%{%gg%gn%grﬁggﬂlggge&?Egltyﬁjee}sl% gggrcg%ggp%ff:df to
500 ni cilonslactide.and gtyeatiflol d of claim 1 in which said porosity is due to a
scaffold with a fibrous 20 structure. 8. A scaffold of claim7 in which
said fibrous structure is conprised of fibers that are bonded together. 25

9h At ﬁcaffozid of A GbATON 8f £1BinyV it i sBlidi i OBsSrbable ntAerl iS&sllagén.a core and
shea

5. A scaffold of claim 1 in which said porosity is due to interconnected pores in the

15  sizerange of 0.1 to 1,000 microns.

6. A scaffold of claim 5 in which said pores are in the size range of 1 to 500 microns.
7. A scaffold of claim 1 in which said porosity is due to a scaffold with a fibrous
20  structure.
8. A scaffold of claim 7 in which said fibrous structure is comprised of fibers that are
bonded together.
25 9. A scaffold of claim 8 in which said fibers are comprised of a core and sheath

structure, said sheath being lower melting than said core, and 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,
30 a. Provide a bioabsorbable polymer that is soluble in a solvent (solvent A).
b. Provide a form in the shape of the desired scaffold made of a material that

is soluble in a different solvent (solvent B) and that is substantially insoluble in solvent A.



structure, said sheath being lower nelting than said core, and are bonded
together by neans of inter-fiber welds in the sheaths at points of

cont act . WO 02/59%et hod of nmaking a scaffold of claim1l conpe€T@ReigR4bTIe St eps
of, 30 a. Provide a bioabsorbable polyner that is soluble in a sol vent
(solvent A). b. Provide a formin the shape of the desired scaffold nmade of
a material that is soluble in a different-solvent (solvent B) and that is
substantially insoluble in solvent A WD 02/15952 PCT/US01/ 24671 -11 c.
Coat the formw th particles of a substance (the pore-form ng substance)
that. is also sodubleCodt thelfy@ntyifh Partitlds of hisubslam! WFOl(esiBfrﬁﬁh@tsu&taﬁhe)

Di ssol ve the bi oabsorbable polynmer i1n solvent A and apply the resultant

sol uti on t othehis alsaselubledn selyenidd) of Braithird selveridpalvent{ol vent A by evaporati on
or other suitableg ne , . I ' exsaid i, d
particles. g. Re(?mvealggsfc\)/lg‘%ttheggﬁa %%rl%’%@é Pfﬁ#ﬂ gﬁg%ﬁglg%%tué @ga?};py glea%%l?@%
required, usgutil iy pddiclddbvéred@rhy to renove said particles. 10 11. A
nmet hod of making a scaffold of claim1l conprising the steps of, a..

Provi di gy a bi oabsor b&RSMOVEEPkyairA by gyanosatiopog Biher pyitaklemeans. sol vent and

substantially i nisol ubdjge 'of@%ﬁq,agﬁ[% moﬁ%a\{&%m le gg;(?%ggh@g_ a formin the

shape of the desired Sca e of a materia I's soluble in the
second sol vent amd suRehavd sodvdny Bi fiso khebfirastied potmsfscafédldsol vent . 15 c.

Providing a pore-formng suhstance that .i.s solyble in bofh first and second
sol vents. d. Coalbi ngrifﬁ%q“F’ﬁarﬁl%SP e’étéﬁ‘il‘hfl?ré?ilyz‘?r%’f‘%‘é?o?&#%{ﬁlﬁs'pol ymer and
pore- form ng substance dissolved in the first solvent. e. Renobving the

first solvent and causing the pore form ng substance to phase 20 separate
from t hi) bi blabs oA adthed piohgiieg a s¢affoli phejainthb cewpnsidg gl skepstoft o di ssol ve

fs ?iogq I ﬁ(ramf ?2? Sﬁg%qu?%%g{dcéigga%?%})%&%% enpco?ymgr' tha rirsD\s{ci)hqglet irrllea 11S Os%?ve%? lchFf nt

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.

15 c. Providing a pore-forming substance that is soluble in both first and second

solvents.

d. Coating the form with a 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

20  separate from the bioabsorbable polymer.

f. Using the second solvent to dissolve said form and said pore forming
substance.
8. Removing the second solvent from the finished porous scaffold.

25 12. A method of making a scaffold of claim 11 in which said bioabsorbable polymer is
a copolymer of d,l-lactide and glycolide, said pore forming substance is poly(ethylene
glycol), said form is made of sugar the first solvent is dichloromethane and the second

solvent is water.

30 13. A method of making a scaffold of claim 1 comprising the steps of,
a. Providihg a thin, non-woven web of bioabsorbablg fibers.

b. Placing said web in a two-part mold that has cavities in one part and mating



25 12. A nethod of nmaking a scaffold of claim1l in which said

bi oabsor babl e polynmer is a copolyner of d,l-lactide and gl ycolide, said
pore for wag@2swsst ance is poly(ethylene glycol), said forariusowsesa of
sugar the first solvent is dichloronethane and the second solvent is
water. 30 13. A nethod of making a scaffold of claim21 conprising the steps
of, a. Providing a thin, non-woven web gb. bi oabsorbable fibers, b. Placing
said web in a two-part nold that has cavities in one part and mati ng WO
02/ 15952 PCT/ US01/ 24671 -12 forns in the other part, said cavities and
forns provi@ihgintthe ofRs biebaRhAPRicaRLl FinkE ?ﬁiv@dlﬁg 11 dek6d siRpk hedldipsaationl ds.
c. Cosing the nmold and applying sufficient heat and pressure to formthe
web into tafdheidssireéacaitnldsus structure. 5 d. Renpving the web fromthe nold
and di e- cut the(gnldqﬂ scaf%oﬁpﬁif%pn1 t.heu\ébu.t 4. A tgpqﬂp%.cr %giqg
new hair conprising t ]é)s@tgé 518 ,a“a“‘.PPBF%? |1‘|;11(?1n eﬁ” RISS81° Q8 V1D b,
Seedi ng haiintdfthé aéﬁﬂeap@f&gg&hbmfe,cel | s on said scaffolds. c. Inplanting
scaffolds of step 2 into skin where the growh of new hair is desired. 15.

The metRod of crékati ndemevingdhs web fromthe mald sndficcryt sy molded genifelds froan | s
used in 1 2 are obtained fromsubstructures within normal hair
follicles that are known to contain such cells including the dernal
papilla, the dernmal sheath and the bul ge area. 16. The nethod of creating

new hair of claim15 in which said progenitor cells are multiplied in
culture prilh t gb@é%ﬁil@f%?ﬁtmﬂ@ew THCOPRSisHe e dAFRR oL 20 17. The nethod of

creating new haijy of %@idﬁﬂﬁs%aff&ld%’ﬂf@lgin{ pe nethod of inplantation of said
ant i al

scaffolds in step 3 i's su y equivalent to the procedure currently
used byl0 hair t rtanspl Seetlinguragdolislamogampbacd]lsonrsgldschdolds.grafts i nto the
scal p. C. Implanting scaffolds of step 2 into skin where the growth of new hair is

desired.

15.  The method of creating new hair of claim 14 in which said progenitor cells used in
15 step 2 are obtained from substructures within normal hair follicles that are known to

contain such cells including the dermal papilla, the dermal sheath and the bulge area.

16.  The method of creating new hair of claim 15 in which said progenitor cells are
multiplied in culture prior to seeding on the scaffolds of claim 1. |

20
17.  The method of creating new hair of claim 14 in which the method of implantation
of said scaffolds in step 3 is substantially equivalent to the procedure currently used by

hair transplant surgeons to implant single hair grafts into the scalp.



