DEVI CE AND METHOD FOR | NTRADERMAL CELL | MPLANTATI ON
FI ELD OF THE PRESENT | NVENTI ON [ 0001] This invention
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into the tissue of a patient. Mire particularly, the

invention relates to a cell inplantation systemfor
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phaprasetdbfAddpted thRiARKR @xanpl e is m noxidil
(Rogaine(r)) which is usually applied topically to the

scal p. Finasteride (Propecia i S anot her

phar maceut i cal i nBévde E@JT@&%EHE@WENM It is

used as an orally delivered systenm c nedi cation. These
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transpl ants have provi greater success.

met tecadisirass thel grottlba bywoehetealls hiding echtasking thet@ir loss rather than

surgi.cal renpval of hajr follicles or clusters of hair

f ol T3lEnger Teveing &k Riysiokygica) eh%rw fhabrsatltadin dae hainlopsitself.

follicles and transplanting themto other regions of
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a very artificial look to the resulting hair growh.
scalp. Finasteride (Propecia®) is another pharmaceufical intended to correct hair

loss. It is used as an orally delivered systemic medication. These pharmaceutical
approaches have proven variable in their efficacy of reversing hair loss, and do not

work for a substantial percentage of patients.

[0004] In contrast to pharmaceutical approaches, hair follicle transplants have
provided greater success. Such methods entail the autologous procedure of the
surgical removal of hair follicles or clusters of hair follicles from regions of ;che scalp
containing viable follicles and transplanting them to other regions of the scalp which

have sustained hair loss.

[0005] Early procedures required the transplantation of fairly large clusters of hair
cells. This limitation produced a very artificial look to the resulting hair growth.

More advanced surgical techniques have been developed, allowing transplantation of



Mor e advanced surgical techniques have been devel oped,
allowi ng transplantation ofsmaller and snall er
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skin that were in the range of 1 to 3 millimeters long and made to a depth greater then
25 the full depth of the epidermis. The cells were introduced in a volume of from 0.5

microliters to 50 microliters containing 1000 to 1,000,000 cells.

[0009] In another example, WO 02/060039 to Barrows, a procedure is described in
which dermal papillae, a morphological component of hair follicles, were dissected
from donor hair follicles and then grown in tissue culture media. In this procedure, a

30 hyaluronate-gelatin matrix was packed inside a needle containing a 0.0035-inch

2



whi ch derrmal papillae, a norphol ogi cal conponent of
hair follicles, were dissected fromdonor hair

w0 odosioed7es and then grown in tissue cul ture neRCEUS1004/027707

this procedure, a hyaluronate-gelatin matrix was
packed inside a needl e containing a
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needeayFe gdieys mappuletionand adieh leved of giillymalsiag shem glatively

rat requires |ess skill
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that will be mentioned and will becone apparent bel ow,
the invention conprjises_a transdermal delivery system
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[00013] In accordance with the above objects and those that will be mentioned and
will become apparent below, the invention comprises a transdermal delivery system
for implanting hair follicles in a patient with a microprojection array having a
plurality of stratum corneum-piercing microprojections and a formulation of hair-

follicle inducing cells deposited on at least one of the microprojections.

[00014] Preferably, the microprojections of the array are configured to retain the
formulation. In one embodiment, the cavity is symmetrical and concave. The cavity
can also comprise a retention barrier, configured to retain the formulation upon

insertion and allow the release of the formulation upon withdrawal of the



formul ation. In one enbodi nent, the cavity is
symmetrical and concave. The cavity can al so conpri se
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formul ati on upon insertion and allow the rel ease of

the formul ati on upon wi thdrawal of them croprojection

f r onmidneprojestsensfrodhetissae, Mdreoveathd savityea be positioned on the broad
posinfi ogietﬂ on the.broad face,of ther‘ng croprojection or -
upontafhiet e THERPEFECD 05 8B he PRI FEE % nbodi nent s, t he
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except on the cavity so that the aqueous fornulation

i s rletiafotiede ovdngation. t he cavity. [00018] h anot her

enbodi nent, the fornmulation is frozen on the

m croprojection . tgo hel retain.it during i.nsertion. .
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m cr | £ hr , r ot
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[ 00GHy&FophopRtcoatng xeptestbihd icawtyt so thathhesqurdudioemulation is retained
polynmer is applied to the m croprojection and the

f or neflut B8 cR¥tY ncor porated within the pol ymer. The

array is left in the tissue until the pol yner erodes

to i i i gl.e- | ' g
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al | oyErereicelém is ingeeed Bnowghibe stirafm) comeam, 49 deJivse the hair follicle-
usedindl[wqgg()%%is. The method of the invention generally

conpri ses e steps of providing a

[00019] In yet another embodiment, a bioerodible polymer is applied to the
microprojection and the formulation is incorporated within the polymer. The array is

left in the tissue until the polymer erodes to deliver the hair follicle-inducing cells.

[00020] Preferably, the devices and methods of the invention are directed to the
implantation of cultured autologous dermal papilla cells. Alternatively, allogeneic

cells and xenogeneic cells can also be used.

[00021] The method of the invention generally comprises the steps of providing a
microprojection array having a plurality of stratum corneum-piercing
microprojections and a formulation of hair-follicle inducing cells deposited on at

least one of the microprojections, applying the microprojection array to the patient so



m croprojection array having a plurality of stratum
corneum pi ercing mcroprojections and a fornul ati on of
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of the m croprojections, applying the m croprojection
array to the patient sothat the m croprojection
f or nthhithe orcroprdedtion ffainlation dfidirefoliglciatiiang cellsite sisse beneath
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cel | samsderttadlyimplaafinphac fallicie-dnduaing delOG2h]a thiceopeojection array.
aspect of the invention, at |east one mcroprojection

Eiiﬂ)«_ﬂvﬁ PGB BermeRog ob fedRintan fé%tﬁf (8magomaf abpi o restmn
P &R bR AR QSR Rk BB RihBtion of hair
anot fotliclaapiacing 0&l1¢ drethe mierpigestionerafor mul ation is

frozen on the mcroprojection array. Alternatively,
th forﬁml ation can_bpe.included in a bioerodihble
t

pol ggpgls Ip ope pg)egtp(bﬁt SHvEYlon, af lgast pngUcrgprojgtion has a hydrophobic

m cr | ' g {RESHRL BE! N o .
THE %&f&%%hﬁ g?)ro%{ﬁﬁ W ?as%ﬁgggér spect ?i/l;e Vi %\}1%? is applied
a powtthemiabpojeetiembiodionantatioh id feerinadvwaiy dthe mdhdwidrgphobic

a mcroprojection array having cavities on sone of the -

m cr@¥iB] ecti ons which would retain fornul ations,
suspensi ons or coatings of the

[00026] In another aspect of the invention, the formulation is frozen on the
~ microprojection array. Alternatively, the formulation can be included in a
bioerodible polymer that is applied to at least one of the microprojections of the

array.
BRIEF DESCRIPTION OF THE DRAWINGS

[00027] FIGURE 1A is a perspective view of a portion of one embodiment of the
invention, showing a microprojection array having cavities on some of the
microprojections which would retain formulations, suspensions or coatings of the

viable elements;

[00028] FIGURE 1B is section view of one microprojection showing one embodiment

of a cavity for retaining a formulation of hair follicle-inducing cells;
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vi abl e el enents; [00028] FIGURE B is section view of
one m croprojection showi ng one enbodi nent of a cavity

w0 o00s0et7ai ni ng a formul ation of hair follicle-pPamusiongo27707
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cells;[00029] FIGURE 2A is a perspective view of a

single nicr%ﬁégjeqtion showi ng al ternate enbodi nents

of [PQRZ9¢ FIQURE 24ris eimerspective presy efa sioglefuicropoyjectionishgwing
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single mcroprojection containi ng anot her enbodi nent

of a cavity positioned on an edge of the

m ¢PYPOb; Iﬂ)éiUlﬁE] 2BrsHows a sgstionalatiew oé feunieraposjdetian shown in Fig. 2A;
enabling the rel ease of the suspension into the

sur, [ j.ssue; and [.00032 IGURE 4 is a .. . .
oL URES 1h p8SRccliy U2 oty milbBielictinp poptaining

to thetehenboaient Bf FtdityPpositidhed HE B2 A microprojection and an
addi tional retention pocket. DETAI LED DESCRI PTI d:
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i nvelt SRS 4SS Pidri ted to particularly exenplified
materials, nethods or structures as such may, of
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invention, the preferred materials and nethods are
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descri bing particular enbodi nents of the invention

onfeo0any BaforrQesdrHis e PrdsentiBventith ih 8&ail[iPRASBL understood that
Unl ess defined otherwise, all technical and scientific

t er ntbisugeantioarienot lhnited to pertisaladly eeemphfjedanatcoaispmbtpods or
under st pod by ane havi ng ordin skill jn the arf to.

i LRSS HRBRR g QiePHsPcry. | DOS8{ioeeh fRURDeRp matbrals and
publ he@biOHHi1aPE &1 ﬁ@ée%&cr%ﬁﬁig%&ﬁpﬁe 4eli%f the practice of

herei n, whether supra or infra, are
i ncahppreat@dnimptipefthe preferddmatbgdls amhinethetly are[d@0@bé]l herein.
Finally, as used in this specification and the

ap [J&R)(ﬁ? g isaallsrcr)scb bEe r1]ueldesrlstrc}géJ J[h%{ the terminology used herein is for the purpose

of describing particular embodiments of the invention only and is not intended to be

limiting.

[00035] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one having ordinary skill in the art to

which the invention pertains.

[00036] Further, all publications, patents and patent applications cited herein, whether

supra or infra, are hereby incorporated by reference in their entirety.

[00037] Finally, as used in this specification and the appended claims, the singular

forms “a, “an” and “the” include plural referents unless the content clearly dictates



forms "a, "an" and "the" include plural referents
unl ess the content clearly dictatesotherw se. Thus,
w0 o005ex8I8pl e, reference to "a m croprojecti on"PCNUR200€627707
two or nore such microprojections and the |iKke.
Definitions [00038] The term "m croprojections", as
us edoth@mé:i;m , Thuef for sx4noplp, referdneg tet amemesrofehion’ aineludes two or more
adapt eﬂ pi erce or %Gé’ﬁ hrough t he stratum cor neum
i nt oY %?Bgﬁ?cﬁoﬁé %(}Cﬂ ‘fii s layer, or epidernis and
derm s layers, of the skin of a living animal,
particularly a mammal and nopgrp@phi cul arly a human h
one enbodi nent of the invention, the mcroprojections
hay@0038prijedetn tmidreprgjentiorss sastusehhdrdid0rafens dmpietriag elements that

further enbodi nent, the m proj ections have a
5 pr oj @ pflated orgetse B Cytdugug hik BJO‘@W?‘EP% inteyffeginderlying

pr ef @gllmgﬁS {1 T
m cr%{)r 0] ect#'ohs tﬂ]ypl ca 3(/1 eglg/le iyeﬁ g?ﬁheasr%( i ahY<1 %ammal
of apmtidularly onfathnml and asre fdrécutiudy o huopr.cli meSemlmmment of the

al so have a width of about 75 to, 500 m crons.
i cr’@}&i‘?fg}(’@cﬂieéﬁ@m?é‘ﬁe%@nﬁ BRYRAPOIPCHPR %e@g@riﬁssSthap b%OO microns. Ina

puncigel G ERenr e Ut BRGR R, p LA ieelbf Fnat of s than 500
10" m Clﬁlil@(;irﬁsj, fokd @m&rably,ﬂbssrtnmmmmmms The 'hﬁii:mpﬂtjbcaﬁ)ﬁs typically

and "m croneedl es" are used throughout

i nt ehavR avgetmng thickoes of abowé Stiep %ﬂlcr@lﬂ; i Ahericrapipigetions can also
" ChA ra%lﬁﬁit $foa%o§tr ’f%l ﬁO%QﬁiICI‘OIHS Chhp [11?+r8§ eocﬁoHE ?gler;e formed in

as used "herel n, genera connot e

M cr gpeRinestaped) Sucd z{s&ﬂa@@l@s ihBl1a® nded1a8y, bides @in@sr ginithed, RO
stratum corneum The array can be forned by et ching or

9% ¢

puncésnpynations grexeaft yXS@fuclmthq [enbapete gl g el amtcmprptruswns
shee‘l; an ldi ng.or ben t he cr ons .
1551 iRl Sl rdoERies g Gem o Py Trab Al Mch

as that shown in Fig. 1 and described in Trautman,

al [900d9P. TiRALSNY “d¥ver§ nikBdbet 8 Fminbpolectidn Bk Ff—‘béhd “mlcropro_] ection
e

i ncorporated by reference in its entirety. ferences
t o timembepasoised hereghgenerdly somndiera rhwrdlityedfanierapeojedions arranged

7ot ar g o R R B ATy MRS BRELra be foRhEd by cching o

Ci I ChHCBI8 G RuAlity A R Fopd; eétfb%s %ﬁ?ﬁ thir Q%f'rgid tﬂkﬁng or bending the

m croproj ectlon array may al so formed in other
20k novwmicreprocsonssut of ts pﬂnpefaﬁ threi shgetdn doror a ntmﬁgusettranpsach as that

havi ng m.cropr.o |osal and a f ot

Stri %}(ogv)n ;I;‘lé éﬁdieécal eﬂl tmq_rjl, tzgl &fénlt?at I\?o 6&% 196, which

6, 05Q 1,288y i3k SRared b BEfERYce in its entirety. References to the area of the sheet
or member and reference to some property per area of the sheet or member, are

referring to the area bounded by the outer circumference or border of the sheet.

25 [00040] The microprojection array may also be formed in other known manners, such
as by forming one or more strips having microprojections along an edge of gach of
the strip(s) as disclosed in Zuck, U.S. Patent No. 6,050,988, which is hereby
incorporated by reference in its entirety. Other microprojection members that can be

employed with the present invention include, but are not limited to, the members



i ncorporated by reference in its entirety. Oher

m croproj ection nenbers that can be enployed with the
w@e@s®om73i nventi on i nclude, but are not |inteRCT/US20051627707

menber sdi scl osed in U S. Patent Nos. 6,083, 196,

6, 050,988, 6,091, 975, 5,879,326 and 5, 983, 136; whi ch

ar e dindosadan &t-BPasgnt Nefsed,88%, 9H &rI0P8BN0,09BPTS, 5 879 326 and

enti .0Q041]_ The es vent on relies u

A BRI e R L

papilla cells that are harvested fromthe patient.

Al 1esoaay i mel psfeseﬁﬁinlvéntﬂﬁltr@héﬁﬁ)oﬁrt%@df@gﬁfé%uﬁu%&ﬁﬁ 1cs to grow
or mani pul at ed xenogenei ¢ species coul d be used.

c eI I dermpbpapilésncellathad aredthrvasted frdve tfamhpntof\lmmatmeiyacells obtained

the use of a mc ection arr
5Gel | Bl e ST 86 MaBnt G U R RE S REE euf4id bhased. These
epi deRhs théfrhiéplaﬁw hﬂté tﬂefbcsﬁs%ffﬂ%f IR Beﬁ’cfba/f HE Eé’e ofa
functional hair [1cles. A key adva tage
tec hquazmo;estmhatayl tThercells slesmahiniedsp @asebé n ctdmmct with the

nunber, . of .hair. follicl avai.l ab the patie
pr oVTRILsS, 2]|L'bés ‘éﬁsléltsslﬁ?ftg Eqr’é‘ﬁ?‘o}%/?éﬁ‘ﬂléé %fl'tﬂtlp%l f§¥11‘3|1qs Akey

r enadd%ﬁ'tg O thixg cﬁﬁ]ﬁ!‘ %f %ETB%

to initi a e the ? I SS hﬁ{lt @6‘?‘%@2 uc%fga;s% 8% ?gfhalr
10 Del i follicjesafvaildbde titht patbaht,grdvided thercrosyficikhedabledsllicles still

the m croproj &etl Qns pierce the outer integunent, such

as tIFEauyngen the sealn dhatcanbe hagestadpadivsed fniatiapethe tissue culture
r Qfctions deposit the cells at the appropriate

I oca@%n ngt hin or bel ow the integunent of the

i ndividual. Specifically, the invention relates to a

deyoaod2hmeklivetytufdhd ditured ddlls isgpcamplistad wHealthd 8li@oprojections

i nduci ng ceI | s.at predetermned |ocations within t%

scaljieFot et%‘?%@?ﬁ‘&é@“o?‘m@ a8 e atuecrBQER.Y b ergaism and the

B e TR e T e LY

a_snalegumentay tl@:f intivédiapr Spetfidalifithe iﬁ@@n‘uon relates to a device and
m cr oplré)g1 ections are desi ﬂned to hold and retain hair

f ol Imeth Buabgéhmwantd@mfg ichuindweng ctllsa pradetsrmingd locations within

tis chnl ues ay is.| oad

tho 7 s Y B MEROR F e B Br Bl Br AR i tenn e
applgusﬁqh@lttgmvmqglngwhﬁhe m cr oproj ections p| erce the
scal p and deposit the cells. The array contains
m croprojections of the appropriate |engths,

20 or [Q0R¢3k 1ToHS aamepespatihadnvention tidhe ve Ceffafsmﬂlltmtae’ ofr oper

ghffnglgrgo%trg Q{tﬁ)tgrs] eTﬁg n’lllgrpr'O] ec%lgrrlsne?re %emg&% to I?1gldo an%rretaln hair follicle

progenitor cells that have been grown by tissue culture techniques. This array is

loaded with the progenitor cells on the microprojections and then applied to the scalp.
The microprojections pierce the scalp and deposit the cells. The array contains

25 microprojections of the appropriate lengths, orientations and spacing in order to
effectuate proper placement of the cells, in terms of spacing over the surface of the
scalp as well, the depth in the epidermis of the scalp at which the cells are deposited

and the likely orientation of resulting hair follicles.

[00044] Microprojection arrays offer a number of advantages in the practice of the

30 invention. Arrays can be created with microprojections having varying lengths to

8



scalp as well, the depth in the epiderms of the scalp
at which the cells are deposited and the |likely
w@eosn1grsi on of resulting hair follicles. [000B&/US2004/027707
M croprojection arrays offer a nunber of advantages in -
the practice of the invention. Arrays can be created
Wi t heomirok mmetrptema wiik Vhlafmg@nmwohgldr@rgtehmnsqm ateadd control
penet | at | Wi t ng de
P e R B aros BT el 5 deliSired had wihaipraproicctions having
hai ry h% hﬁ%l@s ﬂo%@ﬁﬁbﬂﬁe Gg1b of Qﬁfa!ngg £l Ao ob tion iﬁto the scalp to
m croprof ections havi ng varyl ng ang es to c t he
angl d&ctefe thasngathet e resuamti hairdjireo preked with it snalph &As one having
scal LHVEICtat the angle that the resultant hair
5 £ 1 bekilhde il appgciaieathy angle of sBIEG ity ciksal factqy ip phtaining a

art ﬂ@tdr%ﬂl?actg%ﬁlhg%rﬁhe angl e of entrance is a

critica taining a natural |ooking hair
pattern. [00045] Cenerally, one aspect of the present
i N85 priseneratly] sesispectrd the prespeicihyanioacomyrise Pinétreprojection

or sheet from es of Croprojections
ext eWdY- 4 ?eégwﬂ 5&0 ﬁl&h@ SETIESfgNISEP PRI FH OIS ciipndfypically at an

degryg g& rEﬁ h%ﬁ‘l & Bl de Ce%% Fr'bﬁﬁllh}f iplatt{' ePIJef‘e?fﬂ)tlg tH% leilgﬁl of each

m croproj ect on can phys he ran

10t o GHRroprejecativet can physidedlybedn ehe faytgd efallOloyto 580 em&fometers The plate,
rret aI preferabl y titanium range in overall area up
drgicalismadepicasiel alqu%blbsﬁltwwwn&q BAVPEHATeRYp to 10 cm2. The

r an%%np Pﬁﬁ&?ot}&c}%&?ﬁfzmrﬁr %%teﬁﬁéﬁ 1@% i g)'ﬂjé m1croprOJect1ons

W t hi ese physi |mt bove

par qmemrzs Widin sy pliystdl hﬂnt@ﬁ@iﬁ)’ all of PeQBbEEpBImeters can be varied
i mpl.antation regimen to suit the needs of a particular

pat ileatder fopoyBl apatplapiaign reENNED torsudt the needsoé a particular patient.
enbodi ment of a mcroprojection array 5 is illustrated

fo e i nve

15 ol B30 Beab BT RErt oy SEP ngll g BiR R Buion oy 5
of MlGshRddhLedel vaksthe Preseht 1ﬁ{?en@16ﬁ N flAGKO R atridesce
or cut a biological surface, such as the stratum

Ccor AEGTAPIO] pHIONHIEY érh@mgramiurahmf mapr,qp@cp pcd}oaae tl0owkichrate

f hi
i cop oy aE i rE 6y PORFRERR et PP Sygum gomeum.. I hi
S ho\Whbolinsdn®RhO G bproftetiahLar €tinea Wy etfhitd 6 ﬂiin@ﬂl%%‘a plurality of

the sheet to substantially a 90 angle from sheet
20 par mhigtopyoj éasions H)gfr@:p@rthmgnetahsheswéet Ag zhm rimeropr03 ections 10 are

I ncor por at into del.i very h ydl

BB A Rk RO BobY S8 D 9eA 1 iy

adhesin¥fg benisgther igiget 1%9@5@&05@0?&?&1 li‘ﬁ d'delivery patch including a
backing for sheet 12 (not shown) and may additionally include adhesive for adhering

the patch to the skin.

25 [00047] Metals such as stainless steel and titanium are preferred. Metal
microprojection members are disclosed in Trautman et al, U.S. Patent 6,083,196;
Zuck, U.S. Patent 6,050,988; and Daddona et al., U.S. Patent 6,091,975; the
disclosures of which are fully incorporated herein by reference. Other
microprojection members that can be used with the present invention are formed by

30 etching silicon using silicon chip etching techniques or by molding plastic using



[00047] Metals such as stainless steel and titanium

are preferred. Metal m croprojection nenbers are
wael@shosed in Trautman et al, U S. Patent 6, 08BC1/082004/027707

Zuck, U.S. Patent 6,050,988; and Daddona et al., U S

Patent 6,091, 975; the disclosures of which are fully

i ncoetplrdamado-nenids. Siligonr axidenl sstic enicOphgection members are disclosed in

m cr Qpr,qj ect i er.s can he used with th .

or oo OREHeRRL Ao D e ol iR ek s o hidets Tady fgororated

si | | RQBINAY RreBdfeBi Ng techni ques or by nolding plastic

usi ngetchéd mcro-nolds. Silicon and plastic

m croproj ection nenbers are disclosed in Godshall et

al [00048%. ABatshown & Big9] 8286 ortelve nabirs chvdties 6, ddcatedi anlprief the

fully incorporated. herein by _reference. [00048] Al so .
> showhroR Slf—*f%.es Rt e me horecrappieh o 11%,1“1}%% ahether cavities

on ogg 4efioh o Horpd s&#_ﬁﬂsﬁﬁf %itlép?qiqﬁfd ok oFRLE A icle inducing

m croproj éctions 10. ese and ot'her cavities are

desi galisd The hhinifdllialesndparpsiedis careilkdde cortajubd withid 4 Bioefodible

of hair-follicle inducing cells. The hair-follicle

i nduRkqgeR afhich is dppostteb WhBIBACAYIHEY within a

bi oer odi bl e pol yner, which is deposited within the

cayhds8s - Fig ORPAY sebiishal Biel | bie¥ids 190 i

t h\é m c?opl#oj ectg% ngﬂé&fo%eg%fﬁné%?gieﬂgﬁg gﬁ%ﬂfs&i@g?a‘aﬁy 161
10and dhoss ibdtigey 1 Aiand UBaas, belngtci@nlar, riutrbey mahbertofiether shapes are

shapes are possible, sonme of which are discl osed

bel cRESSPiEas ofwhichare disglosedbsloa®s a singl e

m croprojection 10. Mcroprojection 10, because it

mu ier ; ' ' ) : :
o) 3ok rA QLR R IR e PR SRS oS tecse
and maustdrerable te iprcel thb bidlagicdl yutfsces bauatly hacatlierblade«ohilge shape, with
one of the hroad surfaces 15a of m croprojection 10.

Cavi & Jroad sufacerea and g Ao icdes 1 3o fealily 1644 Flrgvmiocatrdalong one of
in Fi . j . P g, 2A and .

154, "885rod QAR ARGH SRt 0l B ) Qi
hav econcaes @ity anstoamih @igsl 8A dn@AB5 Howket ek aRdwn in Fig. 2A and 2B,
cavity 16 is configured so that upon insertion of
ni crayityjlecan aio he ney-senmatrisak and aslepiied fo have a retention barrier 18.
formul ation contained in cavity 16 is substantially

tr ' iLon barrier . .
T PERRR) BB RN P b Sk et hterin Sfhnicroprojecion
di sl aegedintiht Bealp,NBEforinQtiofr dbhithided irt &iitya8dé SbsaAaRlly trapped

19 of cavity 16 is preferably gent ly sloped, so that
20 wi t Handéawerugtt beiiad sperdjoadaitéd 18r TAis ISlismyavenk thesformmplation from

being dislodged during insertion. Further, the leading edge 19 of cavity 16 is

preferably gently sloped, so that withdrawal of microprojection array 5 from the scalp
allows the formulation to slide easily out of cavity 16. Thus, the formulation is
deposited within the scalp tissue at the depth that cavity 16 was positioned after

25 insertion of microprojection array 5.

[00052] The narrow edge 15b may also be the site of a cavity, such as cavity 24.
Cavity 24 can have, but is not limited to, the same symmetrical configuration as
shown in Figs. 1A and 1B, but could also have the configuration of cavity 16 as
shown in Fig. 2A and 2B, or the configuration shown in Figs. 3 and 4.

10



allows the fornulation to slide easily out of cavity
16. Thus, the fornmulation is deposited within the

w@eabpla7Bssue at the depth that cavity was posPCT/Usmd4/027707

after insertion of mcroproj ection array . [00052]

The narrow edge 15b ma?{ al so be the site of a cavity,
sudPOW3] ctigi 3 shops capiy il {ocated eathsigeding sdge 15. nbtavity located in

[im .t L.cal fi

shovgi b iodlas AR R Bh e Blee G B ElraT odBree the
conf fogrtRtibeBr Sfspeidd Bcak€d withmhavly 18 d5hE intdALS88i9B.
or the configuration shown in Figs.” 3 and 4.[00053]

Fi g 3 shows cavity 16 |ocated on the |eading edge
15E00084% A eptianst pieasire epndHitd 7 se. be instnded o eliew exertion of pressure

adv t the.insertion.process.tends to force, Cy s

3t hea%iél?%ﬁ]egp ?%ur%{ 8 ralésﬁlstgg ﬁ%l?ogﬁ%lgoog ee’?ﬂ’rw PR O HppeRsion within the
downtigsi. OPfeReatlgirturclBRAHA] 7 &b PIse@ AR oRiEES L iquid or gas
conduit can be 1ncluded to allow exertion of pr essu(r]‘e

al oriyjesshee to ond oF moreokhe nii¢ropiegectiopsn sA ftemige ofictopmjection array 5
formulati on or suspensi on.withi.n the.tjssue.. .

o Bl SRR i e 1545l aat o v

ei t Resshiteqtntly Qfged @R BRRIGHEELQrRMHPT6. %BE%I?E;hg;)?%sure conduit is

m croprojections. After the m croprojection

10 has dedeshowmsiaritigs 3iand d, it euldibe lingudral in she éralselimants sh@bn in Figs.

appl. catj of ,_gas or liquid pressure gently urges the
forrﬁﬁ"iﬁ’gz\%@lﬁof cavity 16. Though the pressure

conduit is only shown in Figs. 3 and 4, it could be

i nploegs Fid) 4tdhews AR eRibBER et SHOMP1d BafdngSm thMig.! i

orEUZ_B. 00%55] Fig. 4 shows an en%otgflrr%l%tamsl#ﬁl%'g?b%%ﬁmh also

t hating] retenfipgpocket Hutocaihd ahthallewer peetiordeRearity 16. The addition

' ket 201 ed, i he | [ f
v 1781 BRIt B e B FReIR GbepeRepition during

15 fur et dehel iﬂclhgisl_% bEHe @?’ésgtﬂe %Bm;lﬁf]fjé 91%) ?keggghl?cg Previously aids in

during insertion. e Inclusion o

condelpase b7 deprsitttesafithd foamplativh ouithinythaitidsud dftek 8legRsger Msertion of
depgsition of the formulation within the tissue after

t he Ut BHEPPIPISSHRR 153 Df the mi croproj ection array 5.

[ 00056] As di scussed above, the mcroprojections are

deg) d : [ it - : ..
o L e e & e o Rl ool oo contan cavitis or
m cioter ojeent ofvetadingyair fillidle thdacingicelld. ofhd iceoprougdd&ray, with
cells disposed within the cavities of the

20 i c s éﬁtql%wé}wipg celisedisnopedwithin the eayitescofithemicopmjections, is

25

30

t he y56ahRrted BAY UL triggﬁe BL {:h%%&}[lp .d 'Iﬁgllfg Stlh(e)rrﬁri%%;fairs]cussion herein
focuses on implanting hair-follicle inducing cells into the scalp, it should be

understood that the device and methods of the invention can be applied to any area of

the body on which hair is desired to be grown, such as the eyebrows, face or arms.

[00057] Amnother aspect of the invention is directed to producing a desirable orientation
of the implanted hair follicles. The delivery of follicle inducing cells into the scalp
leaves a wound for each entry path. The path of the wounding, or wound path, in the
epidermis during the insertion and withdrawal of the microprojection array can
influence the direction of follicle development and the orientation that the resulting

hair fiber takes with respect to the implanted tissue. Accordingly, the

11



focuses on inplanting hair-follicle inducing cells

into the scalp, it should be understood that the
walewsoes7and net hods of the invention can be appti/g@s2004027707

any area of the body on which hair is desired to be

grown, such as the eyebrows, face or arnms. [00057] ‘

Anot mmromspeuon aifrayt den ljervwaﬂglireah td epntkiol thetoeidntation of the entry and

producj bl e orientation of the inplanted

hai r fS‘?‘%W%%@'S‘ ﬁ' TYETOPYAFSIOBF fol 1icle i nduci ng

cells into the scalp Ieaves a wound for each entry

pafhipos&Nerwahdpedis of iR WOHRY00beaP ip PR Pgéb&ﬁhce oft h%llil $ollicle

epiderms during the insertion and wi t hd
m criopspiapetioonThe fissy iscthe absohite engle thah t=hecpaﬂenmk<csnwnii respect to the

f0||IC el.o and the orientation that

5 oo 1A HAF{15TIeD Ao PR T reHelF B A Lo Wound path with
i mpl [ ngl.y.

b BBt 15 By RAC BN, DB dera BRI (Bl RAlonI0 10 b made

t he dirdetly onmlct tap ol thredwadl apat dbsolfutet dréenmtioh@fabp IS degrees with

[OOOSS}%ﬁTV\o aspect s of iihe WO nd pat h bear upon the
_appeféﬁ o the SCE’EH surfage, t %4%\61? slateimiation san byghosen e produce a
I's t }?%te?ﬁ eF??l‘r@clﬁﬁpoq Hnd R toﬂeﬂalﬁgﬁ I1s‘éﬁ1{e%1éerdq§\9§1‘ﬁg the back

tot e SU ace of the“trssue. e secon

10T el adfithehend] theh did develobirightinshaih demeally will be dibeted backwards.
respect to the whole patient. For exanple, if an
i npl Gerreperdingly, if hermelpfdhevpund isyrignted ﬁ@”@fdﬁﬂt@fﬁ%’ﬁ of the head,

he adth@ﬁ th3 Qle%i%cﬁ]g kl# %&r gfléif gén%}éllgrgy:ﬂe’lfb e?ﬁ egte ?sa te'ﬁ-{}lg the absolute

Wt h respec sur

or i egietation afidtheielatike saenthtfonn@thd an Be Q@édté@d) achieve an -
pattern. For exanple, if the relative orientation is

di r casstheticadlymlessing petteracit hair gravghhead, t hen t he

(—l~

devel opi ng hair shaft generally wll be di |frect ed
th
s P2RARDT o SREEARITNE bl MR Ghe D o e

devalesipédish %‘@fcﬁa’cﬁ@% thegaiRoFlatrity 94 IThe bﬁaﬂbarmtsﬁae applied to the
us

f orwar ds. t he absolute orientation and the
r el @cilpan grei desired Tedativa egkeistiemnPrioferahdy,cay ebisdletc aciiiatien of

an aest het.i cal | y .pl easi attern of hair
[ 000851oPRY <6 Son Y Aos BRted 1 ey Biopgrferalve placement. This
N CraRbehemREed R AyeuRRld ba.pned Fat eﬁﬁ%‘plg &e’e6k of the base of
angle relative to the plane of array he array can

20t he r‘tht)mlfappﬂoj astion arraheowdd be poticiedt dren deme pther mahatn marked, to
orien at| any. absoICEte orientation of

f
m cropf 41%&%%{'{‘5?%5 IF@pﬁﬂ? Q45t o ensure proper

relatlve pl acenent. This can be acconplished in any

SU[G0RBDE MBEHE Emb&@Mm B aMRSproRBBoLASS 1 isth&eBiAuSfended in 2
retainer ring as described in detail in Co-Pending U.S. Patent Application Serial No.
09/976,762, filed October 12, 2001, which is incorporated by reference herein in its

25 entirety. After placement of the microprojection array 10 in the retainer ﬂng, the
microprojection array 10 is applied to the patient’s scalp, preferably with an impact
applicator, such as disclosed in Co-Pending U.S. Patent Application Serial No.
09/976,798, filed October 12, 2001, which is incorporated by reference herein in its
entirety. The microprojection array is attached to the ring by frangible tabs. When

30 the stored energy within the applicator is released, a piston is driven onto the

12



the mcroprojection array could be notched or in sone
ot her manner marked, to indicate the direction angle

w@bBooskes7ai cr opr oj ecti ons. [00060] h sone enbodP@ELSRN4/027707

m croprojection array is preferably suspended in a
retainer ring as described in detail in Co-Pending
U. S. mpzepspiectippiriayabicekingshs fanghide tabs, 10r8sing the rthickapatojection array

Cctober 12, 2001, .whi ch i s incqrporated. by.reference

ner e PGty b B B, Tiridgieeh e ke o

M Cria@icle Aed difdtidh bRAYndIEs dMRe &%r@#ﬁfé”cti&s'}ﬁouﬂtg@therein to facilitate
m croprojection array is applied to the patient’s

scalpopgprefaveadriontationipan insepmatintdhé saft.or, such as
di scl osed in Co-Pending U S. Patent Application Seri al

No 798, file ober 12, 2001, ichis.

i né%@gifé?@ag%@ tfl%%%q%@%%e FEPEPiipgtiops ancgthe opigptption peoperly
m Cr - . . -r .

T SHEREPLECULS i 8L LSRR i BRI Blaion o

applmicatpoejeétonrin itleadmsited dirpitenorith ®sphct toethe bodyof the recipient. For
them croprojection array, breaking the frangible tabs,
r ol GHATRLS. {STheCIE AT leberiest hsratfoHiclsmpemn isulor fngatural part

Fi ngp, anchar .Yagliiﬂgtaié&%ligi"{hg cld¥ Bgéé}g?nm&llﬁitg %eclgﬁ% gp?is of the arm.

marked to indic e directli angl es "ot
m croprojections nounted therein to facilitate proper

10 r e[M05e Iooneenibidimant, flemicropesjtétinm drmy s ¢didighesdl tp be mounted in

15

20

25

30

[00061] Wth bo the ang] e of the m croprojections

and atqﬁlé‘dlﬁr &éﬁ?‘éﬁ’goﬂleﬁf“&% é}f‘?‘klg Bh @y gRe i ¢rdtigns Both the handle and
| ndigaedopbie ' i indi

or i Car oS P R G UematPsd Pl ddslibled. ag indicator mark
di r eatthohandid dilovesheoperttor toeppboly ntitropfgedtiv@iapiagRtith the proper
For exanple, it may be desirable to orient the hair

f ol I9€P@4OBer pendi cul ar to a natural part in the hair,
radially around the crown, or perpendicular to the

|l o [ r L n: ' the. :
18085 Al A6l 9088, 6008, STROULIE Ny el i
handbenul Ricek evithi yavitidsel Gaonmaiyropheedtidn 10 td Off@dhate SO hair
orientation. Both the handle and the mcroprojection

ar r &°vehn Ibeneemabrdimenioall grees ohthe nueropini¢csians 46 except cavities16

I ndi - l4.ows, the operat.or to .

applay toﬁgdmrmg}t%%})%brf%%g%ﬁ?gyfhﬁ\ﬂﬁ © PHEC Pgﬁé?n aray s then

or i dipatl i100 an PRSP Skpheat ipeo@spSsdnsidh of 0611 tRYRRL TR

is directed to the deposition of hair follicle

f or Avidraphanematerial repelavha dqusoustsuspensiopr djoxdng only thonon-

ar oL PAEOR T e o BBl i B st afycroprojections and

apparatus useful to apply such coatings are disclosed in U.S. Patent Applications
Serial Nos. 10/045,842, filed October 26, 2001, 10/099,604, filed March 15, 2002,
60/484,142, filed June 30, 2003, and 60/285,576; the disclosures of which are

incorporated by reference herein.

[00064] In another embodiment, the cell suspensions are deposited within the cavities
of the microprojection array and then frozen. In this method, each array is used only
once. Because of the relatively small volumes involved, the frozen suspensions, thaw
to a liquid state very quickly once placed within the scalp tissue to allow deposition

of the cell clusters.
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are coated with a hydrophobic material. Then the

m croprojection array is then dipped into an evenly
waelr®pmeised aqueous suspensi on of cell cl uster sPCTg2004/027707

hydr ophobi ¢ materi al repels the aqueous suspension,

al l owi ng only the nonhydrophobic cavities to be

c o:ﬁ@@ﬁ? Suiyelwsiotherremhodisment, tooerdli algsters eredpempeatddonishin a

and ,apparat us usef a coa S are

o o ABERARIG P B8 oy Rt 1B F @ e PiShoPrections o deposited
10/ Oghhi@4ba f

o o O R o one O o S i roidoriofe! The

60/ 28Br@Tajectidrearciyde tlmstbﬁessedﬁd W!Mo tie ssalp anddeft faopladecidng enough

5 oo 156 e FRhEnc o it oL UGt & GHLAHS P DR APHPAES

the m croprojection array and then fr ozen h this

Pb(%ﬂ aRfhowd rdéﬁ‘éhlhé fdfede kY aﬂ’c[‘é‘c%ﬁe @fﬁ)ﬁﬁﬁ@eﬁfont Bfe of ordinary
relatively small vol umes invol ved rozen
sus pEHbtarmake Wawus chaagtd apdi rdodifieatons ¢ theduvenkiby toadt it to

placed within t ti ssu o al | ow deposit.ion, of
Phe “GHPH bt P OU0BS] AF RiGje tese gheRErs PR FgHions ar

the Iﬁgﬁéﬂy‘: Eq{ﬁ{aﬁfys alﬁf Hudn6PIPR, ifeich t\ﬂetggﬂl léb ge of F%/ui\éar%ence of the

bi oer odi bl e" pol yfrer that is then coat ect
10theihﬂ@wmgnmpmmt|ons or deposited within one or nore
cavities on one or nore faces of the m croprojections.
The microprojection array is then be inserted into the
scalp and left in place |ong enough for the polyner to
erode and release the cell clusters into the scalp
ti ssue. [00066] Wthout departing fromthe spirit and
scope of this invention, one of ordinary skill can
make vari ous changes and nodifications to the
invention to adapt it to various usages and
conditions. As such, these changes and nodifications
are properly, equitably, and intended to be, within
the full range of equival ence of the follow ng
claims.Clains What is clainmed is: . A transdernal
delivery systemfor inplanting hair follicles in a
patient conprising a mcroprojection array having a
plurality of stratum corneumpiercing mcroprojections
and a formulation of hair-follicle inducing cells
deposited on at | east one of said mcroprojections.

14



2. The transdermal delivery systemof Caim1, wherein
said at | east one mcroprojection has a cavity and

wa@ atod/ofsssnul ati on of hair-follicle inducing cePd€BHUBR04/027707

deposited within said cavity. . The transdernal _
delivery systemof Caim2, wherein said hair-follicle
in cells conprise dermal papilla cells cultured

fr h p.consi sting of autol ogous, all ogeneic,

an x%nsgcglg%ngﬁ%clsprl mary sources. 4. The transder nal

del i very. systemuiicaladolivery Wagine kg 1ﬁ1§la‘ﬁtlﬁ$lﬂhﬁ YolN&Rs fh a patient
symetrical concave configuration. 5. ransder ma
dekpmpriging ysmlempnﬁ ecmloa iapre havihg p luralitgiod statuint gprmeum-piercing

further co rls n barr.i er.

5 1 1 BHORerRRoRS F1va FypElpPbiaf Bl frasocingaseds derosted on at least
rebﬁggf@quj%{rgﬂ,@jedl@nsconf| gured to substantially

retain said deposited formul ati on upon insertion of

said m éropr d]heuansmnmitd@hwryswemmﬂ (lainy E vetesedn S At least one

m ERGBPBIRO BiF § PR PRSI R AR SRS iokinducing cells i

de [t¥d S¥aiemof aim 6, wherein said cavi ty
fu?%}%gr (}:onprnl ses ag%sl,l oped | eadi ng edge configured to

10facilitéte r@heasesdofmal ailelivea‘y pyssérh ©d Claiinm hetet i sal@ ORir-follicle
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Wlt drawal . of sajid mcroprgjection fromtissue. 8. The

EaE NS cRErRTise dgrad) pppila el iuRsdfomies gronp semsisting of
at aﬁtSR'%Bu BogPhORIQIFELRN Atfad Bi8ad Surface and a

narrow-e tran rvery system of

Cl ai m 84. V\,heﬂ‘he trasssdbiinat delivety st of Cldne] walred@sAd cavity has a
broad surface. 10. The transdernal delivery system of

O SHRYTICHfOpReavs C%ﬁ@lf%t&m ty is p05| tioned on said

o A SO D ORLRT i e

f utdniysrise€ @ ngEhtiodDadrider essure conduit configured to

communi cate pressure to said cavity to facilitate

di sl odgbng Sg @tr@r@é@maﬂ deliveny spistean pH@lakiB .5, Wherein said retention
m 10, wherein said

RO TR B R AR ABSH Bl 8 srion o
codafd ﬁlhkfr@&o}e@tl&&'ﬁﬁé A8uk 8hd ¥ eRhA S HEPRRMEBHon upon
withdrawal of said microprojection from tissue.

7. The transdermal delivery system of Claim 6, wherein said cavity further
comprises a sloped leading edge configured to facilitate release of said deposited
formulation upon withdrawal of said microprojection from tissue.

8. The transdermal delivery system of Claim 2, wherein said at least one
microprojection has a broad surface and a narrow edge.

9. The transdermal delivery system of Claim 8, wherein said cavity is
positioned on said broad surface.

10.  The transdermal delivery system of Claim 9, wherein said cavity is
positioned on said narrow edge.

11.  The transdermal delivery system of Claim 10, wherein said at least one
microprojection further comprises a pressure conduit configured to communicate

pressure to said cavity to facilitate dislodging said deposited formulation.
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formul ation upon insertion of said m croprojection
into tissue and to rel ease said deposited fornul ation

wapws/ow7shdr awal of said m croprojection fromPCEES®N4/027707

13. The transdernmal delivery systemof Caim 2,
wherein said cavity is configured to substanti aI 'y

retain 43 d dépdgnidsemalaiehintrtsysemufEhainnb nitiensin odid cav1ty further

o Py S-S Chr e Bhlls coffaiet f shranial e phgeposited
m ‘fdrﬁﬁﬂélioﬁ%bﬁ fnseAfnHT s@@%ﬁﬂcfﬂp@oﬁéﬂo%rlh {00k %fsﬁgtfo rgllé?s%dsald

to produce a desired wound path e tr
deﬂﬁl&ﬁéﬁ?d fymuiation ip@h wiltirdbayal mﬁmcémn‘crepﬂo}:bcﬂ&;h frogr tyssue.

t rth r|s sheet frqm whi ch said at
f’éis? mo g ifhfo‘g‘f;‘ Rl &?ﬁﬁ?wmﬁeé’?%ms%ﬂ@%g stidcavity is
OF bEHH Rrd 18 sERIRIHaf) Setd s3I BoQfed c%ﬂ l?}%%ltln on of said
i croprojection wth respect to said s ee ) . e

t r emerdpropation @ito ssug. system of Claim 14, wherein said
absol ut? ori%gtatlon IS configured to result in a
trai r

desi r ed o FrFrsdpna) delyers fysiem of laimile whergie said ahleast one
dehﬁéﬂrs 2hjeRUSh ﬁ%@ bg)lﬁ{éﬂ'arile t%%aﬁgglrg@{od&rgg&[sﬁeéesued wound

bet wee about egr ees

10 t rpatBder nal delivery syst em of aim2, wherein said
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at | east_one_m croprojection has a h drophobl C coating
except bh safde Eéﬁﬁid?@naé Heliviee pystem §ﬁ1%bﬁlmd|4rrwlhalt61m$ald éehvery

aqéﬁ\ﬂ%ﬂ?ﬁnﬂ'@r co%s‘ég oy fr% WH%JP sac,)1 %le%%%tng %groprq &etion protrudes

erelrn sal orrru IOﬂIS

t r ans@ar a‘mbludﬁbmen&[tiﬁn%y&ﬁipﬁﬁéﬁn ddoBd dPsdid ot WaktGle mlcroprOJ ection
conpr|3|n% a bi oerodi bl e pol yner applied to said at

| ewth respectip said gh Q@f ection and wherein said formul ation

h| n.said bi oerod '
he 11 ar@oer b sttt 8oy wRf St lainld, Y iReinaid sbsotute
S adribntdionus adﬂfigﬂrddQUEésluﬁ:Qﬁ adABsiAAt LI R 5ﬂe§1§a‘ﬂf§)er 8l

culture of dernmal papilla cells. 22. The trans
del i ver}/.systhmrapsdema deliverywistesi of Ghaimd 15 pwherkimt sathangle is

' Sbetween about 45 degrees and 90 degrees.

18.  The transdermal delivery system of Claim 2, wherein said at least one
microprojection has a hydrophobic coating except on said cavity and wherein said

formulation is aqueous.

19.  The transdermal delivery system of Claim 1, wherein said formulation is

frozen.

20.  The transdermal delivery system of Claim 1, further comprising a
bioerodible polymer applied to said at least one microprojection and wherein said
formulation is incorporated within said bioerodible polymer. -

21.  The transdermal delivery system of Claim 1, wherein said formulation
comprises an autologous tissue culture of dermal papilla cells.

22, The transdermal delivery system of Claim 1, wherein said formulation is
selected from the group consisting of allogeneic cells and xeno geneic cells.

23. A method for treating hair loss in a patient, comprising the steps of:

providing a microprojection array having a plurality of stratum corneum-
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sel ected fromthe group consisting of allogeneic cells
and xenogeneic cells. 23. A nethod for treating hair

w0 o®s/018138 patient, conprising the steps of: prOWUMINYG027707
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a mcroprojection array having a plurality of stratum
corneynpi ercing nicroprojections and a formulation of
haPIeI$Bs HEPRIOJSTHYRS Y alernslatiepohaiedllicle nducmgselindeposited on
of j i F ' . applying said
ni??%%?8?%@{?@%&%?§@?%?§°%%@d patient so that said at

| east ongplying saip nOiLRPEdjEioRi Bfa &S sdid) Batidnt &5 A} &R Qﬁéﬁ@t one

of said patient; and delivering said fornmulation o
halerppiojsetipi Pick@s dherfdratisn cempemtof sasid @aierieatdh t he

stratu . 124, e hod. of Gl aim 22, wherein

sai d stngégg{gggg g%? %ﬁ’rﬁ’g‘ﬂs}%ﬁn%aﬁ%@]ﬁlﬁ 18@‘3‘?%“3}%%?35“6 beneath the
COostRtinB R6rnei@erti ng said at | east one m croprojection

t hrough said stratum corneum so that a substanti al

porti on2%f sihempdomef &ldion2, seiaissadé pog of epploing saidd

m j ection, 2 ..The thod . of Claim 23, wherein
t hlgﬁcg&;ergj_eg Olbéel‘?%yvcgp}%e%lgﬁ%%p% Fﬁﬂ@h@%ﬁne gﬁf,r,opg%gcnon through said
W $thelird oigusab that sh@ﬁ?ﬁia@ﬁ%ﬁ?h OF ORE PrBRhARR BRakll Heposited on

a substantial portion of sal ornmul ation remalns in
t | il @idsepreiechont.he strat um corneum 26. The net hod of

Cam furt her . c Si the step of freezing the
f or mul &t on pé‘%tihaggP &Illaé@% - BRereH the sisp of delivesmesaid formulation

' - dely i ng: sai.d: |.ation . .
C oL A SoM e 50 Mo Rptagig gortion of
atsaldelasmulehien renaimpindisact benBathitley SR8k Bernshimat um ‘
corneumy, 27._.The Hefgﬂhfod of Claim22, wherein said
m cr oprd} ect Tsinethedof €laim Ry fugthpmpanepsising the step ofifisbang the

; ' j - e.m.croprojecti.qn. . .

PRGN (R 1Pt O b S o R Bk PBO R b Helivering saia

s doumiatier adigvises gtdwing said deknWiaidi to 5 SrstsaRl Rfcast one
del.i verl.ngé. said formul ati on conprises allow ng said

biTYETOBH Bien Piirgssehe siErtameonioym. wi t hin ti ssue bel ow
t he st mat um e T thod of Claim?22,
furt her qbom@?&%&q %@%&%gio‘?ﬁ%%‘rlée PG RHOISHLE Gty further
orcbmptisdsiadfio@ddib R godyradr Applied foaatBdtii Rt e Iﬁﬁ:k&bmrg,%ﬁtéon and
u

| east .one microprojection to create a desired
p gsf?ﬁyem said formulation'is incorporated within said bioerodible polymer and wherein

said step of delivering said formulation comprises allowing said bioerodible polymer to
dissolve within tissue below the stratum corneum. ,

28.  The method of Claim 22, further comprising the step of selecting an
absolute orientation and a relative orientation of said at least one microprojection to
create a desired wound path.

29.  Themethod of Claim 27, further comprising the step of inﬂuenéing hair
follicle orientation by creating said desired wound path.

30. A method for growing hair on a patient comprising the step of
transdermally implanting hair follicle-inducing cells with a microprojection array.

31. A method for forming a hair loss treatment device, comprising the steps
of:

providing a microprojection array; and
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29. The nethod of Caim 27, further conprising the
step of influencing hair follicle orientation by

W@ e@®anistgl sai d desired wound path. 30. A net hoRICT/U82004/027707

10

15

growi ng hair on a patient conprising the step of

transdermal |y inplanting hair follicle-inducing cells

with a ﬁ?@ﬁﬁ@g@jrge‘fml@tmlaoﬂaa}t foficle-mdueing sells or s#id mitnogrojection
a Qﬁé}y | oss treatnment device, conprising the steps of:
provi‘ding a mcroprojection array; anddepositing a

fornul a2.on Ghe hritfodfdd1hie] 30, wHikGh 84d 6@b o pRIViGRL Y

m croprojection array. 32. The nethod of O ai m 30; :

WhEH@PProatien rapeaptpriseepioriding an airayrfoping a d¢asboneamicayprojection
co [ Vi di an ,array having at |eas ne, .

i g?cfé Sﬁlgﬁareog)hg%ﬁ 2hdl | agdmin- heglg 83Y11t§h§n<fawgergm said step of
NOdepdyitih @ BA10 Borem @i dongRedUlPI RhH s8& T&nﬁlﬁﬁfbnqg said at least one

depositing said formul ation conprises applying s
f omtpEPRIPiceton Whergbyisaad foremddtionneratdinedopr ji¢adn-bydrophobic cavity

wher.eb ald for ation . i.s retained on said
noar%%f;ei?)lﬁ%do?rbsaggbﬁlﬁp}éw fR¥Nget aj ned on said

hydr ophgshi ¢ TRahLied 0881 fird A o i
further including thg staé%ng)f Hﬁhggfziﬁc%glngat%@gé%gge?zé{ﬂg said

f alepositediformufticer afteaisal d ffammihtatn iodeposited@posi t ed. 34,

The method glf d atbrTASg wherein the said of depositing

sai d fofmul ati°gRetBAd SEEm 30 whereindhe said of denasjtmgtsatshformulation
C Qal 58 JeBPR Mh R Rofl | Qs a :

| east onee.3 m cropr oj@?{e th(ﬁ{%%ll |S§%%§%}§$§% ib%og? r%‘ﬁ%’% pBlymer to said at
f deastipag nmopwpiebiion asd idcdrporting k4l Eorp@l3HBRIWithin said bioerodible

polymer.
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