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also experience some sort of hair loss in their lifetimes often characterized by a thinning
of hair on the top of the scalp. In aging there is a diffuse loss of hair. Further, different
disease states, such as the scarring conditions, e.g. associated with the cicatrial alopecias,
20  thermal burns or pressure injuries can result in signiﬁcaht hair loss. The end result of
hair loss, regardless of cause, can have significant psychological, social and sexual
consequences with a loss of self-esteem and personal confidence.
The treatment and solutions to hair loss have varied considerably over
time. Wigs, toupees, and hair extensions can conceal balding areas but do not generate
25  new growth. Two available medications (minoxidil and finasteride) may slow further
hair loss but none are available which actually lead to the regeneration of new hair
follicles. The current and widely used approach to replace thinning or missing hair
follicles is hair transplant surgery.
For over thirty years, hair transplant surgery has been the only viable
30  method to replace active hair follicles to a bald area. In this procedure hair follicles are

surgically removed from an area of the scalp which does not undergo balding (occipital
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approach. Pap a cells alone can induce epidérmal cells to form new via arr follicles

(Cohen, 1961, Embryol. Exp. Morph., 9:117, 1961; Oliver, 1967, Embryol. Exp. Morph.,

20  18:43; 1970, Embryol. Exp. Morph., 23:219; Oliver et al., U.S. Patent 4,919,664; Jahoda,
1992, Development, 115:1103; Reynolds et al., 1991, Ann. N.Y. Acad. Sci., 642:226;

Reynolds et al., 1999, Nature 402:33). Not only are autologous papilla grafts effective in

inducing new follicles but it has been shown that papilla cells are immune privileged so
that allogeneic transplants are also effective (Reynolds et al., 1999, Nature 402:33).

25  Finally, inductive papilla cells can be maintained and propagated in cell culture, (Cooley
et al., PCT/US98/13754; Kishimoto et al., 2000, Genes. Dev. 14:1181) allowing for the
accumulation of many cells available for implantation, reducing the need for abundant
donor tissue, reducing the number of repeat procedures and minimizing the
cannibalization, or sacrifice, of healthy follicles from the donor site as is experienced in

30  conventional hair transplant surgery.
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conjunction with a rigid shaft to direct the growth and orientation of the hair follicle have

also failed to realize the full potential of papilla cell implantation. Cooley et al.
(PCT/US98/13754), describes the co-introduction of papilla cells with a rigid shaft
20  composed of an absorbable suture material, followed by covering the wound with an
occlusive dressing, or keeping the wound open. A shaft made of an absorbable material
may dissolve at an unpredictable rate, possibly before formation of a nascent hair follicle.
Further, the use of a biologically active compound, such as an absorbable suture material,
may provoke an inflammatory immune response at the site of implantation. It has been
25  observed that any inflammatory or foreign body reaction to a biologically active material
will impede the formation of new follicles so that any biodegradable material which
elicits a foreign body reaction in the vicinity of a regenerating follicle would be
counterproductive — ineffective at least and pathological at worst.
There is a long felt need to develop a less destructive and less expensive
30  method for replacing hair growth, a method which induces new hair follicles with a

predictable success rate and cosmetic result. The present invention meets this need.
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autologous or allogeneic.
In one aspect of the present invention, the papilla cells are propagated in
15  cell culture.

In another aspect of the present invention, the papilla cells are obtained
from a human. .

In still another aspect of the present invention the vehicle is removed after
a period of time from about two days to about ten days.

20 In one aspect of the present invenfion, the vehicle comprises a growth
factor.

In another aspect of the present invention, the vehicle comprises an
eccentrically expressed growth/transcription factor wherein the growth/transcription
factor may be a member of the Wnt, sonic hedgehog, Krox-20, homeobox, Notch,

25  transforming growth factor-alpha and insulin-like growth factor families.

The present invention also comprises a method for inducing hair growth in
a desired orientation in a mammal, wherein the method comprises contacting an
epidermal layer of the skin with a vehicle comprising a stiff shaft wherein the vehicle
comprises a growth of growth/transcription factor. The method further comprises

30  securing the vehicle to the epidermal layer in a desired orientation and then removing the
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transforming growth factor-alpha and insulin-like growth factor families. .

The present invention also includes an apparatus for the packaging and
15  placement of papilla cells wherein a tube comprising papilla cells is sealed to form
individual segments of the tube, thereby forming an apparatus for the packaging and
placement of papilla cells.
In one aspect of the present invention, one or more tubes are
interconnected by a flexible device.
20 In another aspect of the present invention, the tube comprises a
biologically inert plastic.
In yet another aspect of the present invention, the tube is sealed into
segments by heat sealing, chemical sealing, or mechanical means.
In still another aspect of the present invention, the segments are detached

25  to form a vehicle comprising a stiff shaft and at least one papilla cell.

BRIEF SUMMARY OF THE DRAWINGS
For the purpose of illustrating the invention, there are depicted in the
drawings certain embodiments of the invention. However, the invention is not limited to
30 the precise arrangements and instrumentalities of the embodiments depicted in the

drawings.



In yet another aspect of the present invention, the tube is sealed into
segnents by heat, sealing, chem cal sealing, or nechanical neans. In still
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with high sppgiselisate of follicle growth and a cosnetically acceptable
orientation. This method overcomnmes the destructive or cannibalization
aspect of current- day hair transplant surgery since mninml donor tissue

s needed. The present piygRti9DHsTRIPPRINOF 1l IoBNTHENdi scovery that

human fol licul ar papll s can be inplanted in or subjacent to the
epi dermal tissue, resUietinvegtiocludehanavel withpd far delbyermeibeir izdvdtivtibsequent

hair growt hpap 20l 19 orng%ow% ftacr:]torsq{xtoﬁﬁe superficial skin of a human, resulting in new

15  follicle formation with high success rate of follicle growth and a cosmetically acceptable
orientation. This method overcomes the destructive or cannibalization aspect of current-
day hair transplant surgery since minimal donor tissue is needed.

The present invention is based in part on the discovery that human
follicular papilla cells can be implanted in or subjacent to the epidermal tissue, resulting

20  in hair follicle formation and subsequent hair growth. According to the present
invention, papilla cells are introduced into or in contact with human skin in conjunction
with a removable, biologically inert vehicle capable of inserting papilla cells under or in
contact with the epidermal layer of the skin. The inert vehicle carries the papilla cells into
the dermis and stimulates the downgrowth of the epidermal cells along the vehicle toward

25  the inserted papilla cells. It is known that inductive papilla cells attract epidermal cells
toward them (Arase et al., 2001, J. Dermatol. 17:667; Fuji et al., 2001, J. Dermatol. Sci.
25:206). The vehicle is inserted into or in contact with the skin through the epithelial
layer in an’orientation found to be cosmetically acceptable. The papilla cells and vehicle
are secured to the skin and left in the insertion site to facilitate the formation of an

30 epithelial cell column that grows down and around the insert and will eventually form the

hair follicle. The vehicle may be treated or coated with a growth factor or a transcription
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in an orieplahig &AHRE nhi? fABIEOTHBY dfat hﬁé;,@e_ﬁ@aé@bﬂ GafadyiBPLEbReh t 0 the
skin and left 1n"10 the insertion site to facilitate the formation of an
epi t hel i al fastirior 8 thuseriptidrafactai,lor a censsmeiexprepsin®these faetorsata fagibiats ke, The
vehicle ma reat.ed or, ¢o it =olg : i.ption
actor . or tugs KRG «&psfaRbith, idelioRiephibyed kb Bfiafkl ARGCIAP
fol licle fapratiiked paried btime.gr owt h. The vehicle is renoved fromthe

epidernal |ayer after a prescribed period of tine.. 1 he. present
i nvent 1dn al so i ncl ug@%prﬁqub\?@?ntﬂ’m%én‘ilﬁgqséé‘PV‘?lgngée ?(’n%‘:ﬁl %%Sgi ng,
insertion, Pﬁ’&‘ggiﬂ FAEAEIN af pHE &t 68vedhit1dshe tRRpithaal Rled I with &Kin Wi th

or Wi thout papifla cells. According to the present invention, a vehicle,
whi ch may wofthaetypapilla cells. According to the present mnvention, a vehicle, which may or may

not comprise papilla cells and may or may not comprise a growth or transcription factor,
but does comprise at least one of these components, is attached to other vehicles through
20  aninterconnecting device. The vehicles may be longer than what is needed to be inserted
into the skin, and therefore may be segmented to create shorter individual vehicles out of
one or more long vehicles. The segmented vehicles may be separated before insertion by
simply cutting or snapping them apart.
The present invention thus relates to a method of inducing hair growth in a
25  desired orientation in a mammal. The method is useful in regenerating hair growth in
persons with alopecia, especially male and female pattern baldness, and those who have
hair loss due to scarring (such as scar resulting from burns, trauma, radiation injury,
chemotherapy, pressure, etc.). Although this method would be applied most often to
scalp skin, it is applicable to hair growth on any skin surface over the complete body (e.g.

30 eyelids, eyebrows, beard, inguinal area, etc.).



not conprise papilla cells and may or may not conprise a growh or
transcription factor, but does conprise at |east one of these conponents,

i s attachew amwsgsher vehicl es through 20 an interconnecti rryrTdesmBaes4s The
vehi cl es may be | onger than what is needed to be inserted into the skin,
and therefore may be segnented to create shorter individual vehicles out of
one or nore long vehicles. The segnented vehicles my be separated before

i Eserti f)n by sinply cutting or snapping themapart. The present invention
thus relates to a nme ' i

orientation in a narr?rlg?ge %géﬁn%?ﬁodg%aﬁﬁésng u%%ﬂarcgéiﬁéﬁl%ﬁgﬁ%%? grow h
in per sonsdemvedlfrenhchpaegrawing$peﬂp bipkigs. rﬂmlaaothmtbrm@duh@tgmpﬂbrmllb@lrdness, and

t hose who hav hai r arrin C resul |n from
burs, ¢ aurPtReres R g TR R AR Bl JPoSER R  hougn
thi s net hod,apmalceliPRoR RIBhbE@durBRS fvilPhd ﬁﬂdlly)app&@ﬁﬂtbtﬁd%b Bf ofdinarpslapp theabl e to
hair growmh on any skin surface over the conpl ete body ﬁé&‘? 30 eyelids,

eyebr ows, %@J@Odﬁ AediPHuer, 598a Brdt Peymatolz 100 9% Nessomist, BspB/ 11548 In
one embodi 150kl 110%ssMWAfhiA% 23004 . £ BehathOl spmbRNt at i on are deri ved
from hai r-grow ng scal p’ |op5| es. 'I'n” dnot’her "enbodi nent’, papilla cells for

i gpl ant at i on are obt ényachnbﬂmmmbcbdlmemtepapdlatcallnfqngmslanﬂatlgm aftdsrivedsidmds of
obt ai ni ng I I a

t hose of or Flplkusr?n O%T]}érg %%rlfemggéces W lliliaﬁ?lrs\ﬁeal%'ph lggarent-to

Der mat ol . (jlegﬁe(ﬁﬁgmal\@w@qrceu@&aﬂe Br. J. Dermatol, 110:685; WIIlians et
al ., 1994 Br. J. Dennat ol 130: 290). In yet another enbodi nent, papilla

cel :cs fi&r i npl ant at | dn one embedimgetetherpgpilla slbeylives is madntpingd;in the Bresqnge 5
referred e
b © (gte}?‘fb t and” fi%J l?an&gl réTéw%ggfﬁchﬂgp 'rﬁé‘&é}{du%s %@rquEéﬂlé‘Iﬁgfofr fem a

propagat ed I ment, e papilla cell culture is
mai nt ai ned mmmtehmcprand;pmq)egatmh of eeldetiveqapills celhdulmrempmell@lc\@n to hessvath

br opagat | orPBPeBILEDS b Ao R L8 &0 e e TP Eri $8% nose of

ordi nary skptt/usogtibesart (Kishinoto et al ., 2000, CGenes. Dev. 14:1181;
Cool ey et al. PCT/ US98/ 13754) . 15 In the present jnvention, the vehicle
is renmo\ed f rom t he dRrihe present m,v%mn the vehicle is removed from the skin some time

after implantation. In one embodiment of the invention, the vehicle is made of a rigid

material. In another embodiment, the vehicle is made from materials including but not
limited to plastic, metal, or a stiff fibrous thread. The core material of the vehicle is
physiologically and biologically inert. In another embodiment, the vehicle is a tube. In

20  another embodiment, the vehicle is a rod; In a preferred embodiment, the vehicle is a
biologically inert plastic tube. In one embodiment, the tube to be inserted is about 0.01
mm to about 3.0 mm in outside diameter and about 1 mm to about 20 cm in length. In
one embodiment, the inside diameter of the tube is from about 0.01 mm to about 3.0 mm.
In one embodiment, the plastic tube comprises, but is not limited to polypropylene,

25  polyethylene, polystyrene, TEFLON, and polycarbonate. In still another embodiment,
the vehicle is shaped to closely resemble the shape of existing or desired hair follicles.
This includes, but is not limited to, modifying the cross-sectional profile of the vehicle to
a desired shape, placing bends, curves, or coils in the vehicle, or altering the diameter of
the vehicle.

30 In one embodiment of the present invention, a tube is segmented and

separated to form shorter tubes to serve as vehicles for insertion into the skin (Figure 2).



after inplantation. In one enbodinent of the invention, the vehicle is nade
of arigid material. In another enbodi nent, the vehicle is made from

mat er i al swionaslogghis3ag but not limted to plastic, netal, orpca/stodfiis48i br ous
thread. The core material of the vehicle is physiologically and
biologically inert. In another enbodinent, the vehicle is a tube. In 20
anot her enbodi nent, the vehicle is a rod. In a preferred enbodi nent, the
vehicle is a biologically inert plastic tube. In one enbodi nent, the tube
to be i nsernetpreferradembodim@it ofithe preseabiuent®ntherwehicle g mirtien of aiwb¢ er and
about 1 mmto about 2 in length nbodi nen t he insi.de

di amet er of COFBISIGHAPE ]§ cgh%wtalﬁé%m@te@imﬁﬁ?ﬁ%dem@ ! e qupogijaent
embodi nent , otihe Le?aﬂﬂv@nt‘idipﬁleq%m% 's&ﬁe“d byQHthdds iRhdih,But 86t lindited to heat

pol ypr opyl ene, %5 pol yet hyl ene, polystyrene, TEFLON, and pol ycarbonate. In
still anot hs,qahmb@mn@lrﬂeahna(h@ oRsies| glslesgr?axééealm ‘| agBeabgnicdl 05t e t he
shape of ex stl r e follicles. This includes, but is not
limted E’H% glqr?‘?} t&o‘glgé{s ctional profile of the vehicle to a
desired shape pI aci rig dneeohbodigenvethe prlesemt)mlvmtlon thi ¢ubee ieghtercomrecdt er i ng

the dianetey of the vehicle. 30 In one e of the prese

i nvention, 3 siljmother %‘B‘@‘f@é‘i‘?‘?‘g&% Hfpresspigay 18’31' tge&%’fﬁsr%? gﬁgp af‘ﬂ%%% to
Serve as Vehé}ﬁﬂ)l@%e\tl% td ﬂ%@fﬂlm@ﬂulhﬁﬁrpmﬁ%aﬁééhﬁn(fﬂtﬁ@f&e@r vehitledé §3/ 088935
PCT/ US03/ 11548 In a preferred enbodi ment of the present invention, the

vehicle is desped ciientatisn. dn pohembedimpntios thegresamfinyaationithe flewble dpdces egnent ed
t d. f th
tube | o8 calSR PhE Aol B RIR AR hopel iRt P fitle WEEEDS,

chemi cal SEplaStfbgaI((EalgadhES‘,me(taﬁS hmbrgferred;ﬁmbcamdemmmmedayt iaventiohghé cal

or csent | muBRtPsReERis aBEcaiom ot (e 090 R WP RELEDRE °

enbodi ment ﬁéxﬁl%e%@ﬁﬁakoﬂﬂa&@%hpdbou@m AUREDOAIRs] BIaT Boreatablybthea
flexible device to all ow mani pul ati on and arrangenment_ of the tubes or

vehi cl es i nflexiblddsyiceinteeomneetadioonbopid Oribowridy qve Atill grore prefesphdndb
Leert 8 BBl Rl 68 chh I FBouinke nof i mted Lo a thread,

a string, pape pi ece of plastic, and an
adhesi ve tape. |In a pmaefnercmbddieadnodi threlmtesamt invegiong &@emttesmwemqommcteﬂhe

];)lr S])c(lelr);& Segifg' e}liigfeec{e(\:llcc):g ts {) urJllrt}Q l%cl?a 1%}15 ll.n a preatb rrg& ergilg)odo mer'i{ A thie presel?t
invention, the flexible devices are attached to the tube about every 5 mm to about every

20 cm.
20 In a preferred embodiment, the papilla cells are contained within the tube

prior to implantation. In one embodiment, papilla cells suspended in an aqueous medium
are sealed in each segment of the tube prior to implantation. In another embodiment,
clumps of papilla cells are sealed in each segment of the tube prior to implantation. In
one embodiment of the present invention about 1 to about 107 papilla cells are sealed in a
25  segment of the tube. In a preferred embodiment, the individual sealed segments of the
tube are detached to form the vehicle for insertion. - In one embodiment of the present
invention each segment is detached from the tube to form the vehicle by the use of a
cutting instrument, mechanical means or heat prior to implantation.
In one embodiment of the present invention, the vehicle comprises growth

30  or transcription factors as a protein or nucleic acid construct either with or without papilla



fl exi bl e device interconnects fromabout 2 to about 100 tubes. Even nore
preferably, the flexible device interconnects fromabout 3 to about 50
tubes. Stwdosmsssspreferably, the 15 flexible device interrOOmsestss48r om
about 3 to about 5 tubes. In one enbodi nent of the present invention, the
tubes are interconnected by a flexible device at a plurality of |ocations.
In a preferred enbodi nent of the present invention, the flexible devices
are attached to the tube about every 5 mmto about every 20 cm 20 In a
preferred entitsdiMetheds aflmekpeyi Vdhicleansistugerovthtaitnestriptioh faotordwe t ube

prior to |nHIan£ 4%0 I n one enbodi nent, papilla cells suspended in an
aqueous medi tiA & %Saled in each segnent of the tube prior to

inplantation. In anot heztpﬁfm@dlememmenmfm@ﬁwa{uoaambIvbﬁcmi placaarig seal ed in
each segnent of the tube prior to inplantation. In one enbodi nent of the

present i nvEMREWIRIBeeridermal alls ol ﬂ@@k‘nﬁa&cﬂlit&teé@ growily ands walling-qff of 25

segnent eof Bﬁfg t al ed
segnent sgof E}{Eﬁlghﬂp@%’eﬁgg e g%t ac agi?at %g@hqfﬁ?%easvgﬂlgnﬁngg#ausq?%&slenr% ion. In
one enbodi mémeignbodhby pitagming to wallértff Hom dlacdurwegdiegtissuss @@irkehad 1P8&m t he

means or - neloprbERIgof Walad REdto Fictim Bahe CorbBN Rt SR P diFSen:

invention, téB c\éﬁf&hﬁ}b@u&@ww&ﬁﬁ cﬂm\molﬁd t@@xe@xﬁdﬂcﬁﬁ‘é’?&pérﬂbé &Mhd papilpd s as a
protein or nucleic acid construct either with hout papil 9 WO

03/ 088935 PEF1aRe sy aly33%7, Intd| Pay Bightthd@b- dp yeleaephgr ﬁe&@wﬁ@s@cwﬁm i si ng
rowt h t eferred

A R R I T R S S R

epi dernmal cells of thk glkiembodinheant pf the ptesertt Itrefegmcmwltﬁe whitld' waddteday- of f ' of

5 the vehiclg by the down as epjderm.s reacts to
an inert foP@l ‘aﬁs%%odﬂ}prws @ﬁ%?ﬁcﬁ)él“?’bc ‘flfaietg%bef ttsr?cin(‘}ﬁa ’inﬁtéld[&ﬁnfloundl ng
tissues (CI étﬂiseqiienﬁérowt 1denNQl| cell§@biind Bt Othiclef THOtdfleriieiRRl Erowh enum

Pub. . New Yor k{\‘é? uch downgrowing cells contain popul ati ons which can

res pond to fastors g 1%%‘15%“9&)&@#@? %?mbqﬁ@ﬁfh@fqlloaﬂng genilnfapter Eymikigs; | 1997,
Int J B r t t

| vent i o, Phie GRbsrowtTadE), SRARR, o] U RERRE ndibinl Rihchiiming |
follicle. growth factor-beta, transforming growth factor-alpha, trefoil factors, platelet-derived

growth factor, vascular endothelial growth factor, insulin-like growth factors, hepatocyte
growth factor, fibrin, collagen, and laminin (Sigma Chemical Co. St. Louis, MO). The
contemplated growth factor may be applied to the vehicle in a solution and allowed to

20  dry, or applied to the vehicle as a dry solid, or may be incorporated into the material of
the vehicle. Other methods of incorporating such a growth factor into the vehicle will be
well known to those of ordinary skill in the art. Concentrations of the growth factor to be
incorporated into the vehicle may be from about 0.01 ng to about 100 mg final dried
weight of growth factor per vehicle.

25 In another embodiment, the growth factors may be incorporated into the
vehicle as a DNA construct capable of expressing the non-limiting list of growth factors
above. In one embodiment, the growth factor is incorporated into the vehicle as a vector
or expression vector. In one embodiment, the vehicle comprises components for cell free
transcription and translation. Such components may include an RNA polymerase and

30  cell extracts from eukaryotic or prokaryotic sources. Such components are well known to

10



I n one enbodi ment of the present invention, the vehicle is coated or

ot herwi se conprises a growh factor which facilitates the attraction,

notility, wanab/ossusBsequent growt h of epidermal cells arounddimesoseidssgl e. The
contenpl ated growh factors include, but are not limted to nenbers of the
following growth factor famlies; 15 basic fibroblast growh factor,

fi bronectin, epidermal growth factor, noggin, transformng growh
factor-beta, transform ng growmh factor-al pha, trefoil factors, )

pl at el et - dehéseed ordimapywikillfia ttecrt, andase aadlable Aot many sdurees GdmbionaARm,
insulin-li E&growt h factors, hepatocyte growh factor, fibrin, collagen,
and | am ni )Si gma Chemcal Co. St. Louis, MO). The contenplated growh
factor may be appli ed Methbletotedkeah@uieveatosindtexpressinvatdroave dvefldn@@ndr v,
or applied to the vehicle as a dry solid, or e iqco porated into the
mat eri al ofto thase of exdinereskibimibe ap#S kst ail'ﬂggid\g‘?lﬁﬂ HLIRHRE & growt h
factor int j ' of ordinary skill in
the art .ﬁc%]a%gﬁ‘t“’\rég |%ﬁgl’rgfoldt%ﬁgr%ﬁiﬁ%%g%ﬁ’%&ﬁggﬁ?ncor orated into the
vehi cl e may be from dhanethér. dbodindnt thdmuklimddghgt ¢f giewthdagterg ardpei ght  of

grow h factor. per vehicle. 25 |In_ another, enbodi ors may
be incor por‘%ﬁlég‘e?m‘ otrFfécorRPéﬂF(i}néo tig VQ“BMS %(‘)’ﬁ%ﬁ% g%:o{ ls:/félglé) %@V%Fb@%pessi ng
the non-1 i niysiaROwhil fhowih tathes dRilfea et OF Grt (8016 ¢eal., 190D deChmiimdstridr:355)he
grow h factor is incorporated into the vehicle as a_vector r pressi on

vector. In one enbodilpemrcierreberpladiment, the yepsle icoalsheb A O’f“éise?‘i‘ﬂnelp)éjéﬁ free
t . _ . oS
ranscrigpti a%neg@%nécaﬁr&g%%greg@@@%ﬁggﬁgﬁ?famwm p1f&la4eR idtheWwih

pol ynmerase an e karyotic or prokaryotic sources.
Such conponadtpesitiveingeif b nkwhwiormal hairfolicle8pneBo RGBTV ISEBAIIPY28  t hose of

ordinary skjill in the art, and are avail f.r j on,
Austin ~ TX)Ectopsipgide. oyt %Pgﬂgﬂﬁe(ﬁggﬁ(%@ghg%bﬁ? ex r%%és"‘?%%lg\%ﬁ%% gp@’ar e
vel | known pieh. Qs ©62f sPk6HiDBEdgehdd (Ohidng et Hlg 1899, eSaBhlodls: Bt aal . 1989,

Mol ecular oning: A5 Laboratory Manual, Cold Spring b Labar at orvy,
New Yor k). haomephex peqtein adalifesial, 1994, Missosci Res &ﬁ‘“d‘ =n%%s4_5%rfac%7p Yfactors

are dejq Ve}’é{%@i%{.i:éilsiﬁfotc% HGLr ARG ls.i Iﬂé@lﬁ:ﬁ?BM?@i&f&mﬂﬁﬁ ;[ﬁowihrta&tmvaph@r.

Met hods ™t o ‘acco IS are we known to'those skilled in the art
(Sato et al insulOBIg; grdwtiChaitor (Rhilpels £, al.1 02048 5gnvest. Derm., 102:857) and Notch

proteins (Lin et al., 2000, Development, 127:241). The contemplated growth/transcription

factor may be applied to the vehicle in a solution and allowed to dry, or be applied to the
vehicle as a dry solid, or it may be incorporated into the material of the vehicle. Other
20  methods of incorporating a growth/transcription factor into the vehicle will be well
known to those of ordinary skill in the art. Concentrations of growth/transcription factors
to be incorporated into the vehicle may be from about 0.01 ng to about 100 mg final
dried weight of growth/transcription factor per vehicle.
In another embodiment, the non-limiting list of growth/transcription
25  factors above may be incorporated into the vehicle as a DNA construct capable of
expressing a protein. In one embodiment, the growth/transcription factor is incorporated
into the vehicle as a vector. In one embodiment, the vehicle comprises components for
cell free transcription and translation. Such components may include an RNA
polymerase and cell extracts from eukaryotic or prokaryotic sources. Such components
30 are well known to those of ordinary skill in the art, and are available from many sources

(Ambion, Austin TX).
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In a preferred enbodi nent, the vehicle is coated or otherw se conprises 10
an eccentrically expressed growh/transcription factor which plays a role
in the growdsossssd positioning of a newy formed hair fol Iral/€s03/11548
Contenpl ated growt h/transcription factors include, but are not limted to;
Krox-20, TG--betaR | (Ganbardella et al., 2000, Mech. Dev., 96:215), sonic
hedgehog (Chiang et al., 1999, Dev. Biol., 205 1) a honeobox protein

(Wdelitz et al., 1997, Mcrosc. Res. 0£ P%) t ly 15
protein (Kishinoto etn anotherzgiodimsah e n thlﬂahit ow Lﬁ%ﬂ%’f’ M ng growth
factor-al phg.. 'fgbs&gélg%e gl Cgrl rdt@Eney the Poib1Ra% Evﬁﬁl wttor. M8@dds td.

| nvest. Derm, proteins (Lin et al., 2000, Devel opnent,
127: 241). Ebeam;ﬂrsh&hmpbmt\edl lgtotvmtth/thqsasisﬂ‘rd inttheart (Setcetel- }9&9 bElEpplied to
t he vehi cl gp aléf"r%# |on and allowed to dry, or be applied to the vehicle
as a dry s ‘may be incorporated into the material of the vehicle.
Ot her 2@ net hods of iheRs agb@ilmagoat}g;r;@weﬁﬂmvmﬁsnrth@hﬂea)nftltlaskinﬁnWhiCb t he
vehicle will be well known to those of ordlnar){ skill ]It’h art.

aq 6615

Concent r at ithoeehigle grdbpaila ¢edls édip bp iseited may by iee ‘ﬁtépl?yﬁl%‘ rated into the
vehi cl e may h%ngco?%lcﬁrﬂllé{hogs {lea8itta thlfb?l‘rﬁl tiokOSF Hﬁ'ﬁ f611i8RY andiidiegow. ght  of

gr om h/trarser] pt actor per ve I n anot her enbodi nent, the
non- i m ti rRnch matnmfntsgndudd%utramhmptsd mlu@uncbedtmwgolqbgwatmymggsage

i ncor por at ed into the.ve [ sing a
prot ei n. @@8%}%@3&01@1%80‘5?%%‘? £ an%é’?i |ﬁ(E g o@%gggémllcgﬁ?é\gr por at ed
into thg V %Lﬁd M@ Oth¥E@tMbds tbﬁa@lﬁt@teelliﬁi)mdhﬂﬁmtqfhhinéolhdhs wilkbecwetbr i ses
conmponents for | free transcri Btl on and transl ation. Such conponents

may i ncl udéﬂwwnmlﬁhosﬁéf%@a@é@(ﬂ mdhe @t extracts from eukaryotic or
prokaryotic sources. Jﬁ%ﬁﬂaﬁ&@@f}ﬂﬁaﬁﬁ?&gfﬁ{e%ﬁhm kROWRid®ardhRs@laElOT di nary
e

skill in the art, aval rom many sources (Anbion, Austin TX).
11 WD 03/ oeﬁeaﬁemmmsmasmmardenmcame@thmnaém@mdm cellsiathriBepanita t i ng

list of growth/trans tlonfac ors. ar n ted
into the ve Ela@dé%a eraa‘ios’il)‘gécta Yaccl%ttaﬁl acfe%gﬁtg)gé%gﬁ Llcjtehﬁglggr etﬁwel I
known t g5 t hes@ionkidd iaskriih iddge éithe (htdl@aret papllla,cell O8] ba]readi‘lyl apparehtrivest .

104:855). 5 In one enbodi ment of the pr eserl1 [ nvev%'a%ef . trkésecrl L aen%fd Otfhe
skin in whithpse of ordinary skill in the art. The vehicle 1s then remo p P
time, from about 2 days to about 10 days after implantation. The vehicle may be
removed at an earlier time or at a later time, depending on the rate of formation of a
nascent hair follicle. The time between implantation and removal will be apparent to
20  those of ordinary skill in the art.

The vehicle and papilla cells may be inserted in any way to achieve
cosmetically acceptable hair follicle placement and orientation. In a preferred
embodiment of the current invention, non-naturally occurring orifices are made in the
area of skin in which the vehicle and papilla cells are implanted. In another embodiment

25  of the present invention, single non-naturally occurring orifices are made in the skin one
at a time, and the vehicle and papilla cells are implanted singly. In yet another
embodiment of the present invention, multiple non-naturally occurring orifices are made
at one time, and the vehicle and papilla cells are implanted singly. In a preferred
embodiment of the present invention, multiple non-naturally occurring orifices are made

30 at one time, and the vehicle and papilla cells are implanted in groups. In still another

embodiment of the invention a plurality of vehicles and papilla cells are placed in a

12



the vehicle and papilla cells is to be inserted may be treated with

physi cal and pharmacol ogi cal nmethods to facilitate the formation of hair
follicl eswanab/ossiss growth. Such treatnents include but arremmeoshisasted to
ultrasound, ultraviolet irradiation, massage, and the application of

topi cal conpositions such as mnoxidil (Sigma Chemcal Co. St. 10 Louis,
MJ)). Oher nmethods to facilitate the formation of hair follicles wll be
well known to those of ordinary skill in the art. In a preferred

enbodi ment  gfppbASandiRintedRimilBBe8R Thevehidle RAPLE ifpla@bd Ssingsfy devieer t ed
into the skinin order to contact the native epidermal cells with the

papi | | a cewhish fogilifates thedmiplantation ebepiplecshicjesdtedh bt e pl acement of the
hair follicle The depldhe chibolifift i3 indAtioh e bhioR APBSLLosBR ven ol e
b those of " ordi

and papilla cells wl e readily apparen nary skill in
the art. Thinplafiedineoneprodedire neomevime. dhtaeother quiteslonér efithpamientdompfthe t i e,

from about 2 days to out. 10 .days, af.ter ipplantation. The vehicle may be
removed 2t &‘ﬂ“"gg?‘?‘# %arp?]'?ar ?‘ﬁil_saﬁf’“é‘l)yaateaé? %melg%é’, PERESAHES ‘?‘Yél_lfgeﬁerﬁﬁglels‘at e of
formation of a nascept, fefefred GhbddilBat oF AR ihidiiocRah¥eeiclE Ikantdio tBe and
removal will be apparent to 20 those of ordinary skill in the art. The

vehi cl e andskiapsi allay themigragiay ansesrpyydenicpidermal spls adiaeentdo thervieigle. In one
cosneti cal | { I i . ORl ©F on. In a
preferred é@%ﬁ%ﬁ%ﬁ@%}g th%kels %eglrnlreg%b' %?&?@%‘?‘?@E‘? th%%%-nh glllt1 g@g O;t/}%gccur ring
orifices arembatiment)thehehichriesecofed biamédicahldhebive,iacludihg biterobhahitpdifwi | | a

cells are i lLh a irent 25 of the_prese i hvent.i on,
singl e h%n-ﬁ%ﬁ’?%_ﬁ @&ﬁh@@ﬁ%%@g‘gw ?f]éYfiCPW' Fﬁ%_l@kﬁ?)-o anoﬁ'tera
tine, and tBepyEhichl eaRficRAPhIN h 18Ld B AhRed, BRpIBY e ddiRkiNgtdpe. Tthyet

anot her enbodi ment of the present invention, nultiple non-naturally
occurring opiesént ayentian, theawehickeis tfidn piase forampescribedsiiod oétimagngidhed a cel l s
are inpl ant ?e%o%l'eﬁ'%]oﬁ thb kit Q‘Bgfeﬁéﬁl%gpm%rmf?&&ﬂ? %eal%fw %)%atﬂ{neo?f%%sdeﬁy At ron,
mul ti pl e non-naturally occurringorifices are  nade 30 at one tinme, and the
vehi cl e andfqiigie térapiishd spidermal aeflb amtuedithervehicloupd belrenddy iapparem & these of
enbodi t of .the Lgve tion a plurality of vehicles and papilla cells are
pl aced ih af'HPATX¥¥iB3) B888s5 PCT/ USO3/ 11548 support, and inpl ant ed

si mul t aneouplelinitidbie vehi cl e may be inplanted using any device which
facilitates the inplantation of nultiple vehicles into the skin.

The articles "a" and "an" are used herein to refer to one or to more than
one (i.e. to at least one) of the grammatical object of the article. By way of example, "an
element" means one element or more than one element.

20 The term “plurality” is used herein to refer to two or more.

The term “papilla cell” is used herein to refer to a cell type known as a
dermal papilla cell or a follicular papilla cell, or by any other name meant to construe a
group of cells derived from the base of a hair follicle having hair follicle inductive
properties.

25 The terms “cosmetically acceptable” is used herein to refer to the
placement of papilla cell implants so that resulting hair follicles will be oriented in a
predictable direction as determined by the practitioner performing the implant procedure.

The term “desired orientation” is used herein to refer to the placement of
papilla cell implants so that resulting hair follicles will be oriented in a predictable

30 direction as determined by the practitioner performing the implant procedure.
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I n one enbodi nent of the invention, the vehicle and papilla cells are
inplanted in one procedure at one tinme. In another enbodi nent of the

i nvent i onwa dsessBsvehi cl e and papilla cells are inplanted Rar/esoaundaer of
procedures at different times. In a preferred enbodi nent of the invention,
the vehicle is secured to the skin to allowthe mgration and growh of
epidermal cells adjacent to the vehicle. In one enbodinent, the vehicle is
secured by its placenment in the skin. In still another enbodlnent t he
vehicle is secured bfhatamadiautalogauiiasiised hereircioudfenty aftansplant afitigsuedtom o 10

DERVABONDTM ot LI. Cl.os Medi cal Corp. Raleigh, NC). In another
enmbodi nent OH?H@lvgfﬂlgEW@“%aﬂdb“ﬁ?‘}??p| ace by sutures, staples, or adhesive
tape. In the presentrhknailefneichs weedhhetia to Seféﬁf)htﬂaﬁsmdmoétlsfsoe fram

prescribed period of tine and is then renoved fromthe skin. The Iength of
tine necess)aﬁwdl‘édlaarlF‘b@vdtf@i’%tﬁd%m@ﬂ obthg §EBREKSRi r  follicle conprising

epi dermal cells ar oudgle sy %Rl id ub@nbreRdb LfeABRMIOBECA Gréfgse of 15

ordinary skill in the art. tions The articles "a" and are used
herein to rfaftarcdmpnsng aqreptide orpureteinhthat bemecomaceng @mdeamal @éls,tfa@h@}%of t he

granmmat i cal t he "an elenent" neans
one el ementth‘?ﬁ r‘?@%eéat‘tor‘?aﬁm&ﬂh 'ﬁeéﬂlgﬁ’t(}/m\é%}/l%or 09 pI urality" is used

herein to refer to tVﬂe@émﬁ%f@vth/mﬁsdr@ﬁﬁﬁfdaﬁﬁl’ishﬁedﬂ&!rél 1 té sfarded herein to
refer to a cell type known as a  dernal papilla [Chg or a fO||ICéJ| ar
papilla c elbiglogialigyovihyfagierrompaising arPéH‘Fﬂle Qrd’r%tﬁﬁ's tiwhen cogtagiing grdeRpl

deri veqf I QUL IERARS ullr foliBlafiod, %&+M' Baldfith8ribRhor| Rhdiake. | Daduct ve

properties erms ' cosmet | acceptabl e 1s used herein to refer
to the placenent of Thapérh ‘&cmtricall)’rp*mmssd” @usdddtermle@mequ frgthparasencgl | i cl es

wll be orlente n re ed| ectl termned by the
practiti oné?faﬁ’é‘? F‘B‘rl‘?ﬁ"r?gépp?ﬂagmﬁg Or?)l Fgé & term "desired
orientation” is used k& ebmeﬁﬁéleztyef’mhmma@mmnme lgyapf issucel |

inplants so that resulting hair follicles wll gg*e% riented in a predictable
30 direct i chatpyediss erficral, Ioymipg dhepuerinteggnalt o 8% ng the i npl ant

proced Ufs€. 13 WO 03/ 19 8@6%‘%? %M§Q§{13ﬁ|-§ﬂ§atter which comprises an isolated nucleic

acid and which can be used to deliver the isolated nucleic acid to the interior of a cell.
Numerous vectors are known in the art including, but not limited to, linear
polynucleotides, polynucleotides associated with ionic or amphiphilic compounds,
plasmids, and viruses. Thus, the term "vector" includes an autonomously replicating

20  plasmid or a virus. The term should also be construed to include non-plasmid and non-
viral compounds which facilitate transfer of nucleic acid into cells, such as, for example,
polylysine compounds, liposomes, and the like. Examples of viral vectors include, but
are not limited to, adenoviral vectors, adeno-associated virus vectors, retroviral vectors,
and the like.

25 “Expression vector” refers to a vector comprising a recombinant
polynucleotide comprising expression control sequences operatively linked to a
nucleotide sequence to be expressed. An expression vector comprises sufficient cis-
acting elements for expression; other elements for expression can be supplied by the host
cell or in an in vitro expression system. Expression vectors include all those known in

30 the art, such as cosmids, plasmids (e.g., naked or contained in liposomes) and viruses that

incorporate the recombinant polynucleotide.
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The term "aut ol ogous” is used herein to refer to a transplant of tissue
from one individual to the sanme individual. The term"allogeneic" is used
herei n t owoed3assdss a transpl ant of tissue from one indi virmalsoBal=s
different individual of the sane species. 5 The term"growh factor" is
used herein to refer to a biological growh factor conprising a peptide or
protein, that when contacting epidermal cells, facilitates their
proliferation, grovvtrnk" patterru' ng, orientation or, motilit The term
"growt h/ transcripti ok fiamgRIrallysocoupmef arisepliag apimpal is anprifice -8 g cal
growt h f actiisiGOFRhéRte drofnd? SRY VARG nBY RirBhlly plebdk iEMSANIREH ishBt
epidermal 10 cells, facilitatés their proliferation, growh, patterning,
ori ent at i onaffiictedwtiihl 4 diseaseToralisoadam "eccentrical |y expressed" is used herein
to refer to the presenc Qf.a nolecul &.in ] al an Iy
irregular pattern. Tﬁﬁe?egpm Log?ﬁl%aélly el II%Iﬁ%?r%'h%%?eﬁgggy}?e%%b%t n(’%q?agf er to
the | ayer afhileiis soittact twititandialbicaentityedeate o dicitfaceattiog id thet ntitys hot ddeegunent
of the body., 15 A "vector! i.s _a conposition of matter which conprises an

i sol at ed nils &gy eligdy ereéﬁ@nﬁ%f}@hs‘g’éﬁn‘l?e used to deliver the isolated
nucleic acid to the ibefstBbure offalithdd evefY e PatehBAIpAERIAR! SrdnOWN i n the
art including, but not limted to, |inear "pol ynucl eotides, pol ynucl eoti des
associ at ed pnblidation nited learein aysticpdhylincorproatpd berdin, by rpletenas thstheinafirgtyr uses.
Thus, the term "vect @, .. incl.udes a ut oRQ | V.. epl | ing ..2Q plasmd or
a virus. The term shmlgtgﬁs %Vegéo%gar?se Ih%laafgfﬁi\%gﬁrgpéenﬁggqsﬁgg?% d and non-
viral qonpeuibd8indis it i§ platent tibeothéranbbaimedts dadvheatibnaof thid inventietllay, such
as, for exanple, _polylysine compounds, |jposones, and the |i lée. Exanpl es
of viral vaedsrsed beoters skiflgd in thy et ooy depitis g™ BEERO R AN FERCS s,
adeno- assoGhfGehioh! Uhe U5ShEdelaihlarOtenabd ¥eelcBhstired &Gk all bleh 25
"Expression vector” refers to a vector conprising a reconbi nant

pol ynucl eotembedipesnpsy dndiequivelepirvagisiians. cont rol sequences operatively |inked
to a nucleotide sequence to be expressed. An expression vector conprises
sufficient cis- acting elenents for expression; other elenents for
expresgkon can be supplied by the host «cell or in an in vitro expression
system Expression vectors include all those known in 30 the art, such as
cosmds, plasmds (e.g., naked or contained in |iposones) and viruses that

20
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i ncorporate the reconbi nant pol ynucl eotide. 14 WO 03/088935 PCT/ US03/ 11548
A "non-naturally-occurring” orifice of an animal is an orifice (e.g. an

i nci si on, wowsossase, wound, etc.) which is not normally praexamsmni=s ani nal
which is not afflicted with a disease or disorder. The term"biologically
inert" is used herein to refer to a substance that 5 while in contact with
an biological entity, does not elicit a reaction in that entity, nor does
the entity elicit a reaction in that substance. The discl osures of each and
every patent, patent application, andCL{I¥Pication cited herein are hereby
i ncor por at egh, qgg%ﬂhgﬁ,reference intheir entirety. While this invention
has been disclosed wth reference to specific 10 enbodi nents, it is
apparent that other enbodinments and variations of this invention may be

devi sed by others skilled jn.the art w.thout, departing.fromthe true spirit
and scope of the inJeﬁ%Fﬁﬂpd?EE@Hﬁﬁéﬁ‘Eﬁ“@ﬁ%ﬁﬁ@ﬁﬁ?gygﬁ?@ﬁﬁﬁdn?o be
construed tQahial, deneahdd 'sh%@éﬁﬁbﬁi%%ﬁepﬂﬁﬂnﬂqu@fﬂ!ietskﬁﬂ%&"ﬁ@t ions. 15

20 15 WO 03/ 088935 PCT/US03/ 11548 CLAIMS Wat is clained is: 1. A nethod
of i nduci ngn#ramel yitbawphifla compasing e gfifé phadirangtat leastiope Rapibaesilapecuingthget hod
conpri sing i : Lder I r . | with a
vehi cl e con‘%ﬁ?ge?tﬁghg%slﬁ}?g Hlélgegfl fﬁlgggﬁget‘a 9 gg@%&g r%&%%ﬁﬁqéaﬁgg?}ﬁag‘gg@uri ng

t he vehi cl eht epitlérmad hiyereafiend pérdodeot tinre, theecbgtesducmg hairigeowthtin the, desired r enovi ng
the vehicle from the epidermal |ayer after a period of tinme, thereby

i nduci ng hai™§8W h in the desired orientation. 2. The method of claim 1,

wherein the mamal i 9 arHaWERRbLd of31aitine wiBkfasle AhmelAls Humasher ei n the stiff
shaft is a tube. '

3. The method of claim 1, wherein the stiff shaft is a tube.
. The method of claim 1, wherein the stiff shaft is a rigid thread.
. The method of claim 1, wherein the stiff shaft is a rod.

4
5
6. The method of claim 1, wherein the papilla cells are autologous.
7. The method of claim 1, wherein the papilla cells are allogeneic.
8

. The method of claim 1, wherein the papilla cells are propagated in cell

culture.

9. The method of claim 1, wherein the papilla cells are obtained from a
human.

10. The method of claim 1, wherein the vehicle further comprises a
growth factor.

11. The method of claim 1, wherein the period of time is between about
two and about ten days.

12. The method of claim 1, wherein the vehicle further comprises an
eccentrically expressed growth/transcription factor.

13. The method of claim 12, wherein the eccentrically expressed
growth/transcription factor is member of the Wnt growth/transcription factor family.

14. The method of claim 12, wherein the eccentrically expressed
growth/transcription factor is member of the sonic hedgehog growth/transcription factor
family.

16



4. The nmethod of claim1l, wherein the stiff shaft is a rigid thread. 5.
The nethod of claim1, wherein the stiff shaft is a rod. 6. The nethod of
claim1, waoensasspsshe papilla cells are autol ogous. 7. Theeameatsdwedizag cl aim
1, wherein the papilla cells are allogeneic. 8. The method of claiml,
wherein the papilla cells are propagated in cell culture. 9. The nethod of
claim1, wherein the papilla cells are obtained froma human. 10. The

met hod of claim 1, wherein the vehicle further conprises a growh factor.
11. The nmethod of cl almThe métbodoiclaitmel Zowhinoth thé eecenteically botesesn about  two
and about tep V\/ner n_the vegatc{:l e further

oor vas s Eovinseffion B8 oLR Rgwed of IR Koo MRS TR i RV R 15 The

met hod of cleahitg.12, wherein the eccentrl cally expressed

growt h/transcription factor is growt h/transcrj ption
factor fanily. 14. THe ]:Pé’tlﬁ%o%?fﬁ?lﬁ’i W%erew\é\g? @?cﬁmlnﬁ%l ye‘??‘@é‘??ﬁerdl cally

expressed gp Hﬁ%ﬁs%ﬂ?t%ﬂﬁ&ﬂo?ﬁ aﬂﬁ@rﬁﬁﬁroﬁxe'ﬁ%ﬁ?@%o oWl ol gatg&h0g
growth/transcription factor famly. 16 WO 03/088935 PCT/U 03/ 11548 15.

The net hod &mikl.ai m 12, wherein the eccentrically expressed

growt h/ transcri ption Krox 20 rowth/transcrlptlon

factor famly. 16. Tifcf etrﬂ%tg ‘g?p??lgﬁ% T’%erel e? gclcﬁn?‘ﬁ%l é’(raer% rically

expressed growwhivhhscApsal faplot B thaaba lof the Notdhegrbeth/@insthiyeion el faily.

growt h/transcription factor famI% 17. The nmethod of claim 12, wherein
My

the eccentrical |y expteskisdnethedok Qﬁ?’@?ﬁeﬁlttp%ﬁccP%@P@ Y ¢xpregsedenber of t he
Not ch growt Ef&u&%%ﬁchﬁﬁéﬂ%ct%@ﬁta%erﬁﬁ&‘olfﬂwe trad&ornling gFRIH et tlayiaal m 12,

wherein the~eccentrically expressed
growth/transcription factor family.

19. The method of claim 12, wherein the eccentrically expressed
growth/transcription factor is a member of the insulin-like growth factor
growth/transcription factor family.

20. A method of inducing hair growth in a desired orientation in a
mammal, the method comprising contacting an epidermal layer of the skin of the
mammal with a vehicle comprising a stiff shaft, wherein the vehicle comprises a growth
factor or growth/transcription factor, securing the vehicle to the epidermal layer in the
desired orientation, and removing the vehicle from the epidermal layer after a period of
time, thereby inducing hair growth in the desired orientation.

21. The method of claim 20, wherein the mammal is a human.

22. The method of claim 20, wherein the stiff shaft is a tube.

23. The method of claim 20, wherein the stiff shaft is a rigid thread.

24. The method of claim 20, wherein the stiff shaft is a rod.

25. The method of claim 20, wherein the vehicle further comprises a
growth factor.

26. The method of claim 20, wherein the period of time is between about
two and about ten days.

27. The method of claim 20, wherein the vehicle further comprises an

eccentrically expressed growth/transcription factor.
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grow h/transcription factor is a nenber of the transform ng growh
factor-al pha growth/transcription factor famly. 19. The nethod of claim
12, wher ewo a3lvsssscentrically expressed growth/transcri ptrcamusoaaisas i s a
menber of the insulin-like gromh factor growh/transcription factor
famly. 20. A nethod of inducing hair growth in a desired orientation in a
mammal , the nethod conprising contacting an epidermal |ayer of the skin of
the mamual with a vehicle conprising a stiff shaft, wherein the vehicle
conprises a growth fa&tEhemeﬂlgdemlhmﬁ’én’ﬁ@rﬂllpthe@ncm&aﬂy expresad i ng t he

vehicle to the i der Ln th enovi ng
the vehi cl &Y ﬁcélpga i gaé:?%réﬁ mFlgy%ro él?et {%‘%g%hrg fr%:%@ﬁoﬁ Edntof?lﬂg?ﬂglﬁl reby
i nducing hair growth2p nTh@ﬁxedﬁaloEeIdlr@fZV ,evHcdih 0r.cc@hirichliy erpredsed of claim

20, wherein the manmmal, is a human, 22. The thod of ai ngb ¥\h rein the
stiff shaf tgrp\gthﬁrapﬁﬂé@mzﬁactorh%mﬁ@md& thsySoBICrig SFRSTRBORRRE shaf ¢
isarigd 24. The net hod of cl ai m 20, Wnerelnthe stiff shaft is
a rod. 25. e rret hod of claim20, wherein the vehicle further conprises a

growth factor. 26. TH8. B¢ m@dmdfofclaanﬂ?Zﬂlermémeﬂcwwuﬁéﬁpré@e@f time is
bet ween about t .ten S. i wherein
t he vehi cl egf?‘mh%tﬁ‘éﬁc gﬂﬁ?”f" Pdsg H’e‘@ (i ?Iﬁ{:&l%yggivg{r%g%ngé%& il 6

growt h/ t r angg V\%ptl on factor. 17 WO 03/ 088935 PCT/ US03/ 11548 28. The net hod
of claim 27, erein _the eccentrical lé expressed grow b/ transcription

factor is menber of Bhe ThHame thodaf Flaim Aother gt G Por i Y £XRRERSSd . 29, The
met hod of % fﬂ’t%scﬂ%‘i ﬁ?éc'?orﬁ@?nﬁ%@f‘&f"th&ﬁdrhébb@% BfSBAdnscription factor

growt h/transcriptionfactor is nmenb of the soni'c hedgehog
growt h/ t r anfamilypt i on factor famly 30 The net hod of claim 27, wherein

he ecoentri cal |y exapessed ci@patttl ASRALRUCRCARLAY dfredeerer of the

Krox-20 grow h/trans
growth/transcription factor is a member of the Notch growth/transcription factor family.

33. The method of claim 27, wherein the eccentrically expressed
growth/transcription factor is a member of the transforming growth factor-alpha
growth/transcription factor family.

34. The method of claim 27, wherein the eccentrically expressed
growth/transcription factor is a member of the insulin-like growth factor
growth/transcription factor family.

35. An apparatus for the packaging and placement of papilla cells, the
apparatus comprising at least one tube, wherein the tube comprises papilla cells that are
sealed in individual segments of the tube, thereby forming an apparatus for the packaging
and placement of papilla cells.

36. The apparatus of claim 35, wherein one or more tubes are
interconnected by at least one flexible device.

37. The apparatus of claim 35, wherein the material of the tube comprises
a biologically inert plastic.

| 38. The apparatus of claim 35, wherein the tube is sealed by means

consisting of heat sealing, chemical sealing, and mechanical sealing.
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famly. 31. The method of claim27, wherein the eccentrically expressed
growm h/transcription factor is a nenber of the honeobox

growt h/ t revoswsrosgasson factor famly. 32. The net hod of cl &aWEso3/1vdaer ei n
the eccentrically expressed growth/transcription factor is a nenber of the
Notch growth/transcription factor famly. 33. The nethod of claim 27,
wherein the eccentrically expressed growth/transcription factor is a nenber
of the transform ng growh factor-alpha growh/transcription factor

fami ly. 34. The net had. Ghe apgratuddf, claitedSewhereinghemdiondual scgiiepts@xpr essed
grow h/transcription factor is a er of. the jiosuldin-Ji r . factor
gr owt h/trar@@Ph‘?S}tﬁ?}ﬁﬂFeat@%BFo tlf’gﬁialvﬁ.lc §.°mRHSIQ%B§¢§tSﬁaSﬂ éfrattf%%t‘%‘g Eglg?ng and
pl acement qfppapilla cells, the apparatus conprising at |east one tube,
wherein the tube conprises papilla cells that are sealed in individual
segnents of the tube, thereby form ng an apparatus for the packaging and
pl acenment of papilla cells. 36. The apparatus of claim 35, wherein one or
nore tubes are interconnected by at |east one flexible device. 37. The
apparatus of claim 35, wherein the material of the tube conprises a
biologically inert plastic. 38. The apparatus of claim 35, wherein the tube
is sealed by neans consisting of heat sealing, chem cal sealing, and
mechani cal sealing. 18 WO 03/088935 PCT/US03/11548 39. The apparat us of
claim 35, wherein the individual segnents are detached fromthe tube to
forma vehicle conprising a stiff shaft and at |east one papilla cell. 19
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