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[0009] This invention relates, generally, to methods of curing male pattern baldness and
other conditions involving hair loss by facilitating the growth of new hair in the dermis
of a living subject. More specifically, the invention relates to a method of growing
new hair from a culture of follicle progenitor cells injected into the skin of a living

subject.
[00010] BACKGROUND OF THE INVENTION

[00011] Male pattern baldness is a common condition that is often treated by hair
transplant surgery. In this procedure hair follicles from areas of the scalp that are not
within the baldness pattern are excised and re-implanted to create the illusion of a
fuller head of hair. In fact, no new hair is created by this procedure, which is limited
by the number of follicles that can be harvested for re-distribution.

[00012] 1t is well known that specific types of cells found in specific sub-structures
within the hair follicle have the capacity to induce the formation of complete, normally
functioning hair follicles. Such cells are known as follicular stem cells or follicle
progenitor cells. See the following articles, the teachings of which are incorporated
herein, for illustrations of experimental work llustrating the function of various types
of follicular stem cells or progenitor cells in neev hair formation in vitro and in the
dermal tissue of various organisms: R.M. Lavker et al, Jowrnal of Investigative
Dermatology, 101(1), Supplement, July 1993, 168-26S; W.C. Weinberg, e al,
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functioning o anted cells and typica 3 not resu

i nduct i on angamhéilprgreduteh sudh030AG{rahsplanatonarf skmperdtair. t he present invention
is a nethod of creating new hair in the skin of a |iving subject conprising
the steps of isolating follicle progenitor cells, growing the cells in
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into the skin. As is noted above, the cell clusters preferably are

atraumatically delivered, preferably to the epiderm s/derm s interface of

the skin. [00015] In one aspect, the present’invention is a method of creating new hair in the
skin of a living subject, the skin comprising an epidermis and a dermis layer. The
method involves the steps of injecting follicle progenitor cells into the skin and
allowing the cells to grow into new hair follicles. Preferably, the follicle progenitor
cells are delivered into the skin in the form of a cluster of cells. It is also preferred that
the cluster of cells be delivered to the skin atraumatically, preferably to the interface
between the dermis and the epidermis. Traumatic methods of implanting cells such as
by surgical incision or suction blistering generally have been found to interfere with
the survival and/or proper functioning of the implanted cells and typically do not result
in follicle induction and hair growth.

[00016] In another aspect, the present invention is a method of creating new hair in
the skin of a living subject comprising the steps of isolating follicle progenitor cells,
growing the cells in culture, creating clusters of cells, and injecting the clusters of cells
into the skin. As is noted above, the cell clusters preferably are atraumatically
delivered, preferably to the epidermis/dermis interface of the skin.

[00017] In yet another aspect, the present invention is a method of atraumatically
implanting cells, particularly clusters of cultured follicle progenitor cells, into a space

resulting from the temporary separation of the epidermis from the dermis by injection
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bl eb (3) has been cr.ea en epiderms (1) and dermis (2) by injection
of e.g., Bﬂid&tﬁ‘?lﬁ)ﬁ‘ YIBFI %%I ution, by means of a hypodermni c needl e and
syringe (6@019pn vi %’aﬁoth%?@sﬁ%ﬁ@h@? s&ﬁ%ﬂv&ﬁ@ﬁ%‘ﬁ%ﬁﬁ&ettﬁa@seﬂ&@ﬁﬂe pgbsdiment
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has a knot ( 91Ln1p an%h %ocﬁ%mt ﬁje%(ta’ Oss,lauid ccfump of cells into the skin.

[00020] Other advantages and a fuller appreciation of the specific attributes of this

invention will be gained upon an examination of the following detailed description of

preferred embodiments including the attached drawings, and appended claims.
[00021] DESCRIPTION OF THE DRAWINGS

[00022] Figure 1 is a cross-sectional sketch of the epidermis (1) and dermis (2). In
view A, a bleb (3) has been created between epidermis (1) and dermis (2) by injection
of e.g., a sodium hylauronate solution, by means of a hypodermic needle and syringe
(4). In view B, the bleb has been punctured with a sharp instrument e.g., a scalpel, (5)
and a clump of cells (6) mounted on the end of a wire (7) has been injected into the
bleb through the cut opening (8). Wire (7) has a knot (9) which helps to deposit cell
clump (6) in bleb (3). In view C, wire (7) has been partially pulled out of the incision
(8) so that the knot (9) in the wire is outside of the incision (8). The wire optionally can
be left in the wound for several days as a means of directing epidermal growth toward
the injected cells.

[00023] Figure 2 is a photomicrograph with original magnification of 14 X of a

structure-forming excipient (10) made from a crosslinked mixture of hyaluronic acid
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"injection of cells" or "aliquot of cells", as used herein, is any of the
fol | ow ng: :
[00026] DEFINITIONS
[00027] The term “inj.ection”, as used herein, is defined as any procedure utilizing

any device by any means to break, cut, breach, puncture or otherwise open the surface
of living human skin to deposit a substance into or beneath the skin. The steps of
breaking said skin and depositing said substance may be accomplished with the same
device or with different devices and may be performed simultaneously, separately in
rapid sequence, or after an interval of time between the two steps.

[00028] The term “cells” or “injection of cells” or “aliquot of cells”, as used herein,
is any of the following:

[00029] One or more clusters or clumps of cells of one or more types substantially
formed by the adhesion of individual cells to each other with or without the addition of
a structure-forming excipient (g.v.).

[00030] Clusters or clumps of cells substantially in spherical or bead-like shapes.

[00031] Clusters of cells in which two or more different types of cells are organized
in each cluster to provide a structure of two or more parts, each part being comprised
of primarily one type of cells.

[00032] The term “progenitor cell”, as used herein, is defined as any type of cell

that has the capacity to transform into a more highly specialized cell and/or recruit and
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formati ongqobmpl rf ght kghehahBIR 1B R STR A fRIliEN R Sénesist 020331 hdke,t erm
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non-liquid hetanes acdiimgs| ifvidig sresdbstaatigiiyvibatiquid afief beiag erddbe e meised
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general |y i §Vilpliviggjcells.aSEuetes-fosming pxpient alsqBicanssanyf sulistanpR thtt iz &alid by

ther aggr ol aoas Srbifer dERGIE A Ohil LSRR MRl B GlEL 2, "
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fluid. CreatyigihrRhig @ ctlapbula@ss, t BEMbEANGS or otherwise causing or facilitating the
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[00035] The term “bleb”, as used herein, is defined as a fluid filled space, pocket,

cavity, cell, or vesicle between the epidermis and the dermis of the skin created by

injection of a non-toxic, body-compatible fluid. Creation of a bleb, as the term is
intended herein, is a benign, temporary condition that causes substantially no
permanent damage to the overlying epidermis or underlying dermis ie., it is

atraumatic.
[00036] DETAILED DESCRIPTION OF THE INVENTION

[00037] The present invention comprises a method of inducing the development of
new hair follicles that will grow normal, cosmetically usefiil hair by injecting follicle
progenitor cells into a bleb in the skin where the growth of new hair is desired. Cells
that possess this follicle-inducing capacity can simply be injected into a bleb in the
skin e.g., with a hypodermic needle, as a suspension of cells ‘combined with a
structure-forming excipient, or as pre-formed clumps or agglomerates of cells without
a structure-forming excipient, or in combination with a structure-forming excipient that

has substantially dissolved or degraded during a period of time while said cells were
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[ 00038] In ferr enbodi nent ., the present inventi,.on conprises a hair
follicle @%@ﬁesi S%S}Et hod ﬁtlﬁear%enﬁ%ceg{get%n%?afse k%&fd&’é‘]‘rﬂ%&) provi di ng
follicle pfouganitor cgl|s fhmany Beopatuest dulls intb@bll chlsess; [ 00040] b)
culturing the grogenitor cells to increase their nunber; [00041] c) formng

the cul tur Pl s i o cerdating ashleb ot thomberfcedf the darmpiagng epidspmss of the

interface of the der.pm.s, and_epi derm . > i t a.site where one or
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provided in step (a), above, are preferably obtained fromthe biopsied hair
follicles of a live human subject. The patient supplying the biopsy of hair

follicles nefera : Y t joLectl
cells in S[OZ);())B'?E) . H?\A%vfgpﬁlis? @gﬁgﬁgl&ﬁm’g&tﬁ%@eino?%? c( ésaﬁgg%fl ebgl%g r?lglp'ned
from organ datesigedrirah e bioghied dual fllislkeetofes IHeahumin alibjeet. Thhe patedtd be
feasible since follicle pro enltg{l cel|s aégahlinom to be "imune

privileged" PRI Hetbiontrdreiain folliflecisarrelrsatiy s e PESeR Whoskecdvesoihgan
donor folliclifrcuoM G B81s§38RE'(B). | Mowever, it is possible that follicles could be obtained

from organ donors or other individuals, whether dead or alive. This would be feasible

since follicle progenitor cells are known to be “immune privileged” and are not
normally rejected as foreign tissue. Use of organ donor fbllicles would be especially
desired in certain hair-loss conditions where none of the patient’s remaining follicles is
suitable for biopsy or if the patient is not concerned about duplicating the quality or
color of his or her existing hair.

[00045] Progenitor cells, suitable for use in the method of the present invention, are
located in hair follicle structures such as the dermal papilla, the dermal sheath, and the
bulge area. It is contemplated that other cells, not generally considered to be
progenitor cells, also could be harvested from the biopsy specimen, cultured, and
injected into the human subject with the culture of progenitor cells. For example, it
may be useful to include epidermal stem cells to facilitate a more rapid induction of
follicle neogenesis. Improvements in the methods of culturing progenitor cells useful
in the present invention are anticipated. The capacity of cells to induce hair follicle
neogenesis also may be improved with the use of growth factors, conditioned media,
genetically engineered cells, and the addition of various adjuvants and active agents.

[00046] Regarding step (b), above, it is generally believed that repeated culturing of
follicle progenitor cells can lead to loss of follicle induction capacity. Thus there may

be a limit to the number of cells that can be obtained from the culture of the structure
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capacity. Thus there may limt to the nunber of | s" that can
obt ai ned f r arellshier cmmluiﬁ@y(ﬂﬂe mmf§pm@1bud@emp5dmndmom@1 mea(lﬁlmg(isl%ted

PCT/ USO2/02643 7- d f h i ndi vi dua llicle. Ho f
severely balRf %ﬂ%t?’f’eéﬁ%dl f‘g‘gpfe)‘%g’éﬁe}a Séﬁ\flﬁong%tpa\f %dstll}'gtilgaﬁeéﬁ‘\?,ﬁ\é‘e’%ﬁlgpg; gf
follicles gdcmr/] hai r dibatc)wagy beaReempletdoy a tlghbeRliFasa R be exhyRdON to

continue the hair restoration process in stages until the desired result is
achi eved. Thulustensr ogwnbe oforwed | omhissbstaniadlyt Fshividhaleselpr s;gsenmsums byell)s may

“"be used in steps a .. \br eoy nti.ci pat.ed. chni ques
can be deve‘?lntgg%s‘dﬁa?%’ ogﬂg' aé‘(@?“l i acteﬁ%ﬁ t’f"ﬁﬁf‘?‘lg OTHUNE CREPIT I@ CH@%‘E& ﬂ‘r‘?
capacity of d(euktfor £feric®dt me HOVin@XATRE ProddndetT aiifichire-FOREIna ek dipttay slcpped
conditioned nedia during repeated passaging of the cells. Stch | nprovenent s

are cont errplth@fealebgﬁllts rt@cm%h@renh% ﬁ@qhoﬂthe{ eud4lat the egxcipigntnigysubgtantially
acconpl i Shedq feﬁ%ﬂg%la%u a{tﬁk’%qf@élh%%%@&ﬁd&ﬁ@ Wl &g May be formed

from subst an VI suspensi on encapsul ation; (2)
addi ng to[@d@as}:el | s Refatidieg step (8 raprafpred aheine rfor cfedling thd bilebgridhe cetlel | s

for a period of tinme in vitro 1n the presence of a structure-formn

exci pi ent suUBlgction, is first to warm the skin with a hot compress to weaken the revermblegbond
between the epidermis and dermis, then to inject 1% (weight per volume) of e.g.,
hyaluronic acid, sodium salt, in phosphate buffered saline solution via a fine gauge
needle into the skin with the needle tip mintmally penetrating the skin. The advantage
of the hyaluronic acid is that its viscosity protects the delicate undersurface of the
epidermis from subsequent mechanical trauma, and its high molecular weight delays
the fluid resorption process. Other high viscosity materials such as polyethylene
glycol, chondroitin sulfate, dermatan sulfate, and other polysaccharides,
mucopolysaccharides, proteins, glycoproteins and similar polymers, natural and
synthetic, may be substituted for hyaluronic acid.

[00049] Regarding step (e), above, the number of clumps of cells or cell clusters
injected, the size of each cluster, and the volume and composition of the injection fluid
may need to be optimized to achieve the best results. The aliquot of cells injected in
step (e) of the method may be combined with a fluid that contains a structure-forming
excipient, such that the fluid is transformed into a solid at the injection site. This may
serve to protect most of the implanted cells from damage caused by post-traumatic
inflammation. With the cells temporarily surrounded by an artificial matrix, the

inflammation will be confined to the surface of the implant. Thus the more centrally



that the cells becone adherent to each other and that the excipient is
substantially dissolved and replaced with extra-cellular matrix produced by
the .cel | s [00048] Referencing step (d), a preferred neans for crgatinqgQshe
"bl eb, prveyozigoPg! ! injection, is first to warmthe skin paritsosolss
conpress to weaken the reversible bond between the epiderm s and derm s,
then to inject 1% (wei ght per vol une) o% e.g., hyaluronic acid, sodium
salt, in phosphate buffered saline solution via a fine gauge needle into

the skin with t dle tip_minimall trating the.skin. The ad
of “the hyal uitshie SaRavils bt Rutterted tid (BE FirRbnl detatiin e s in, - The%®
under surf acesghcthteforfilgdetdisnt i Ci?}eﬁ%%e@l{ﬁﬁhn_ﬂ@&'fi@m}ﬁ aécefafagxlé@m%? d'rl;'hé S

hi gh nol ecul ar wei ght delays the fluid Tesorption process.
vi scosity nasiewdtaresformity exsipient yealag Pesierablyl bioahsortahmidritsi solid ferm, fsacle that

dermat an sul fat e, .and, ot her, pol ysacchar.i des nmucopolysacchari.des, . proteins,
gl ycopr ot ei- n&S I s VJ’E\ a S{,f?}hea%fﬂ%‘%ffeaﬁ%ne‘ggh{%éPJie‘ét}“n% lﬁeabgorge‘?
substituted §egrthal uroni c acid. [00049] Regarding step (e), above, the

number of clunps of cells or cell clusters injected, the size of each
cluster, dA03He vol Ameexamglecefnressuch girueture-farming exeipisnt fsl injegtableagollagen t o

be optim zed, 40, achie t he Jbest .re t The aliquot of cells injected. in
step (e) of @?_’edeﬁ@t hbed‘%n tfées@(g%ﬁ’ ?ﬂ%gd} " \iﬂuﬁ péoﬁctﬁﬁoﬁ?gtwg%?ﬂ%i%@ 8&%“red
struct ur e- f OhfimBA fibeotlad &t injestéd!In blhdinit heicé bitcdssiislly todRGicRth® tbrivation 8f
solid at the injection site. This maé serve to protect nost of the

i mpl ant ed cef|¥ableoppageardlies dankal bl uliered- fibwblastsi elone rfurdmehsieentangoeh t he

cells tenporarily sury de wtifigial ' t Inf | tion wll-
be. cont i nea. fuetipn Sl PURCRSe 20 pley Bl pIPU et Fepat ot R O8s
JUL2005 WO @BEA 6N SonédSaE §e64dlag8n dxeidtmd qakl ®llagdd nheriproiethes
fromthis. transitory_ destructive tissue reaction, The K structure-formng

exci pi ent i sPioVEdedy gbinferstityhn thal cEdR sudpriyede cept petiondng and purviygd in vivo.

truct ure-f okl i.pl - l. by . i Nl | d
Form  suoh ¢ PR deSHE PLE Buplisied if n BRECLE LARINY, PLORRESHARME Culhuieindfad
t he i nj ecti oRibsoblests sfoabRatettousVvEissud Mpldistith)] An exmppicataf stadg’, Shieh

structure-form ng excipient is .injectable_collagen Zyder Col | agen
Aest heti cs, Regmyler %iﬁ%ﬁw& MAARBR EB‘H‘iﬂﬂa ,»%Ffl%%wm”we@vors S,"and
' Bauer E, in drch Otolaryngol Head Neck Surg 1989 Jul;115:837-44, the teachings of

which are incorporated herein.

™ surfactants. These

[00051] Other structure-forming excipients include Pluronic
are poly(ethylene oxide-co-propylene oxide) water soluble polymers that can be
produced to have a critical solution temperature that coincides with body temperature.
Thus cell clumps could be suspended in a cold solution of Pluronic and then injected.
The injected liquid would then warm up and become a hydrogel, thereby stabilizing
the cell clumps into a matrix to help them survive the initial trauma of implantation.

[00052] Other thermally-reversible hydrogels are well known such as those based
on N-dimethylisopropylacrylamide. These polymers could be chemically modified to
bioabsorb with an appropriate degradation rate.

[00053] Other excipients capable of forming structure in situ post in vivo-injection
include various two-part cross-linkable liquid systems. In this case the injection device
would require two syringes connected to a double-barreled hypodermic needle. The
cell clumps would be suspended in one component, part A, (e.g. the one containing a
crosslinkable bioabsorbable polymer) and the other component, part B, would contain
the crosslinking agent. Polymers and crosslinkers can be chosen from a variety of

materials that are biocompatible and bioabsorbable. For example, part A could be



human fi broblasts and injected in athym c m ce successfully to induce the
formation of a viable space-filling inplant. Cultured fibroblast®$5ajysrié)s
"survi ved subcutaneous injection and were accepted as primary takes, but
under wenOcBA6¢38¢ nodul e necrosis when not conbi ned w t hWPEHES@H2Bgen

exci pient. The collagen matrix nmay have provided an interstitiumthat was
conducive to cell functioning and survittal in vivo. These results were
published in an article entitled, "Use of Injectable Cultured Human

Fi brobl ast's_fibfindiesnGutipaa®isould 56 teombil. ah@héreample EDART sEngRUIRtsudy’, by
Remm er D, Thomas JR Mazoujian_ G _ Pentland A, Schechtman K, Favors S, and
Bauer E,, i nWaAkldhboussfil yins cmbadimqat of she dnvenBon jghuman sepwy albyumipead

t eachi ngs of > [ 00051] Ot her structure-formng
exci pients i%?}%@ls?{ﬁgm EW@E@ gg’ﬂan%@.l&%hese are pol y(ethyl ene

oxi de- co- [joGHr ene OXétdaothisdtoptios dbti Heeugeoby aestractubafortidy becipiean e thet 0
have a critical solution tenperature that cgincides Wwth body tenperature.

Thus cel | cl WA 6 sliracBBringosseiiele nrpducecstielyspuvite debrediize #i thagpdnt hen
ted. | :
Uher eby st abits SRS dediute HPULE 4 N, S6 BB ARG RBRAVT Bobi SRy

initial trauwmfaoé aréﬁpfoambamumllanON5ﬂie dikegrowhenitidly ywnd aﬁm}stobéaehwmrogel S
are well known such as those based on N-dinethyli sopropéﬁacryl am de. These
pol ymers cout'd the readiation) ofytheis dlafyraly St - celWaRghBs le KTF e pespripalt &

degradation §@k@nibRI03IeoBdathd CAALRISAL? EAPA B larfiRblThAy ST T UCt ure i 0
situ post in vivo-imection include various two-part cross-linkable liquid
systens. [@005K] s ca%rtrémonmeeﬁtrﬂmbode,vm;&xcmeﬂt aisecemuthe encthwnl «fithe posent

‘connected to a double-b rrel ed oderm. c needl e. The ell_ clu | d be
suspended i TSR0 pBIFETTED yp%i}eeyeﬁ e g10uD FRBsising & n?%bagan:n& mmally-

crossli nkab'x%v&‘sﬂﬁ{sﬁ é&%‘%l? Q:%%ﬁ%ﬁ%r %Msflﬂ«?e Otﬂﬁéébsﬁfﬁﬁgl‘%n?b ”anmzr‘l)DU' d
contain the cross ng agent yners an Cross can be chosen
froma var| etrysshifikattat hydre@eis t ilatincgee, bivoodnpatiettie, angldsepdyshirdabl &id,For

exanpl e, part A coul d, be. UL, 2005 02/ 06039 /USOZ/ 264 - 9-
fibri nogen ag?éatﬁhr opdrogin ﬂﬁ@i’tq‘?%ﬁﬁflﬁ ‘FioPﬂlé/FaCéﬁ%ﬂP% gides,

i ngredi ents jBadns, Wogr&any%ti%y Jerhatige colRUmEN br Ofhet fiﬁodlﬂc\fzﬁfbfn' ONtteS
hunan serum ag buni n
apove.

[00056] | A further option regarding materials implanted along with the injected cells
relates to methods for controlling the angle of hair shaft egress from the skin. It is well
known that the angle of hair varies on different regions of the scalp and that the
uniformity and controlled variation of these angles is important to the cosmetic
appearance of a full head of hair. Thus the present invention anticipates improvements
in cell implantation methods that facilitate control over the direction and angulation of
new hair shafts emerging from the skin due to follicle neogenesis.

[00057] One such approach, illustrated in Example 2, is to leave a fine stainless-
steel wire in the skin for several days, which causes epidermal down-growth. This
growth not only ensures epidermal cell interaction with the implanted follicle
progenitor cells, but also provides a tract to the surface of the skin that can serve as a
guide for follicle orientation and hair shaft angle control. Other such retained fibers
made of synthetic or natural bioabsorbable polymers also are anticipated to be
especialfy useful in this regard because removal would not be required.

[00058] The present invention is further illustrated in the following examples, which

should not be construed as limiting the scope of the present invention.



pol y(ethyl ene glycol)-disuccininmdyl succinate. [00054] Yet another option
for .the use of a structure-forming excipient is in the initial i2J3viUrle

reul turingoQbosiRbss to produce cell clunps with defined sigeraReh/edape. In
this situation it is desirable.to have a solid, highly porous excipient to

provide a high surface area for cell ?{)tachrrent As the cells grow,
multiply and attach to each other via the production of their natural
extra-cellular matrix, the structured excipient is substantially

bi oabsorbed and replaced with extra-cellular matrix material. [00055] For

reasons setogs91th abpygnpRNY PRYFdrAti6R of bis @dfjebfion Geviegt hod of the present
invention is preferably sel ected fromthe group consisting of. collagen,

thermal | y- reversible hydrogels, chemcally crossl | nked b| oabsor babl e

PO YT oy S eGSR o DECERRe U B HIARE"S gl e PRI L™

pol ysacchar |l§Biﬁn0r§U§19Rﬁ’1| s aaahaf iHdemad oPh GhAbpitesl b@ﬁ&ws@pmm TapdoRiale
derivative, copolymer, or other nodification of the above. [00056] A

further optitby ét}'amn off fream dhe &Ibclsm@ﬁhfede@m@n@pw&la@hm’@rcbssmqeécguéd Bel | s

relatesto t the of hair f s fr t he
ski n. Q'ﬁngfi pl%ﬂ qﬁ {lﬁ% ﬁ%l n%j'F g?&Lgl v} esg‘%g>l C{én% g%g'g%tm?tgéﬁ ons
of the scal Riestbdd By AL e Medbirieey, Brissh IodrH@ vy rhRtblyay, i1aD] 685-689 (1Ess,
angles is mrBortant to the cosmetic cghéarance of a full head of hair. Thus

the present W@ﬁhﬁn@ﬁ%ﬁ@mq@@mm@@ prafverefgrenagel | i npl ant ati on net hods

Lt 120 LOdLp contg ol muet 016 SR SEhas, a0 0ot el RO

shafts energin from e skind I'cl'é neogenesi s

approach, i |follstvpOge himdrEX aiildigeani, oflsedium h@mnatefanﬂd()@hﬁlﬂligrmsﬂfpb&ﬁie Wre
in the Skl n for several days, which causes epidermal down ow h. This

growth not oy Selainras déi?PHé@ i distidled W%?Teﬁoaéiakérwvﬂ]llﬂhfqﬁ% Of ﬁﬁ]uﬁﬁ’éle@m'
follicle pr I 14 @iak! t he
skin that cf.%gag%rgygﬁtés aijgmallggéf?’ %f)ol \(ﬂlyi}cl §%ﬁl| rf(gt [ %C?ll a%(é Sﬁ)gf F E) &%
angl e contr c(PLG@t)hare sioahd raaﬂ aiaved td |ab1mraclermmkemﬁges<yﬁ11®tbto 200 mieaingrald
bi oabsor babl e. pol yners al so are nt|C| at ed _t. ecial|ly useful in this
regard becal}‘é“é‘eaé%ﬁ%he Roielptinee “B‘@nrt%glﬂ“r W%B%%S?R?R%St?ﬁé?é gd IR &t i on
s further i) yplhategaddd kitealit AL AIRAPI R aeartBivolht cRpuh lfra%aﬁed
construed as linmting-the scope of the present | nventl on. 25 JUL2005
filament of O 0035-inch dlameter stainless steel wire and allowed to dry completely.
The PLGA particles are dissolved out with dichloromethane and the residual HA-
gelatin excipient crosslinked by soaking in a 0.1% (w/v) solution of 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) in a 90:10 (v/v) mixture of acetone and
water, respectively. The device is then rinsed with acetone and sterilized by soaking in
70% isopropanol/water and rinsed with sterile water. The cultured DP cells are added
to the device by scraping the confluent layer of cells off of the culture dish using the
exposed HA-gelatin excipient on the needle. The cell-seeded needle is then placed in a
flask of culture media and the cells transferred to the device are allowed to grow and

multiply for about one week, during which time the cells become attached to each

other as the HA-gelatin excipient is substantially degraded and dissolved.
[00062] Example 2: Injection of cultured cells.
[00063] A patch of bald scalp is first softened with warm water and anesthetized by

applying Emla™ lidocaine cream (Astra Pharmaceutical Products, Inc., Westborough,
MA 01581) and covering with Tegaderm™ dressing (3M, St. Paul, MN 55144) for



WD 02/ 060396 PCT/ US02/ 02633 -10- [00059] Exanple 1: Preparation of an

i njection device. [00060] A 4nm di aneter, fall-thickness skin puddhJbi Hpisy
"is'taken fromthe hair- bearing scalp on the back of the head of a

mal e- pat W} #2/0883%ness patient. The follicle bul bs are cuPCEUSOFPIEAT t he
follicles and the dernal papill'ae are dissected out. The dermal papilla
cells (DP cells) are expanded in cul turjig-according to the nmethods described
by A.G Messenger, British Journal of Dermatol ogy. 110, 685-689 (1984), the
t eachi ngs of avbitCcBO anfutddCOMROrREBdisheHei Wigtd £18h:ea88CEen [HRB64d WAtderbge of
the present invention as illustrated in Figure 4 is prepared as follows:
One hundred A3dprengnaks 4f sewéipinethypadiyno dwebirente 16Balenl™.i FhameacetUpitei ne

skin gelatin.are di ssplv j\_di.st ter ta ke 10 m|Liliteks

ol ut Pon ( HARHREREeRr PR R0 i ks I8 pUENEE whir T bl Qasighater A
pol y(d, | - | actiAeigote0d0iwad héelebmréds Ghhe a&R1taitB1S iAihen puavieeed Rith the
particle size range of 100 to 200 microns_and mxed with the HA-gelatin
solution to 5 eel elmmpkcopimniag mesdlepdetcabed parrea Entmplené. Thepnesdlens

18- gauge hyp I ed| i - r.ee in t ai ni knot t.ed
(i1 onons of PRk MRS follok o AHE RREUE Rl thal B BAkD0p8) HARL GEG0r
conpl etely. withdrdlaGhithahd heddes Tae €ndivafois \tesh withdratviuntll tHel ied iedhigae oand

the residual HA- gelatin excipient crosslinked by soaking in a 0.1% (w v)

sol ution of fhedHpFum: Vaung; r’@lﬁhwanf%&ﬁorﬁymg\@ér Kogpmpide themerpesdira @p: 10
(v/v) mxtur et , ter, pect.ivel y: i i ) fu Nsed
wth acet oneggﬁ%lagﬁéﬁfpz&zggqgi;\,@otgléiW]‘éﬁﬁn%?%ﬁ}? iL’r slépt)%-gg%%giﬁ/ @ er e%JrélgHIrli nsed
with steril edvatiag. anheengdvetl bedt DRiayellkter ao epradide tepidedmbh@radethi toevabd the
sscraping the_ confluent |ayer of cells off of the culture dish uslng t he
exposed HA- gérnakapwde%@élﬁ-phﬂéﬁtpl%hlebh@a%%alreét.edmthééwlp soddadltiplemeetipss phen

pl aced in o cbhask lmeld i echBibd andeldihe el dRpLerheko e devi ce

are allowed to grow an y for about one week, during ich time the
cel I s becd®80@t]t achekh dbwueeight wedkis grostaig)echien Hkogeteaisi af haxcfofiodestis icsmplete

substanti al | raded and dissol ved. [00062 | e 2: I njection of

Ul tured cel Fud AkOGHES] CoR DA TP GPCHHIT (8 S ROIevs ouisr R KT Wt m
water and angstheltis 86N andRRhnkikd1do BHE LM bikdpgai ne cream (Astra _
Phar maceuti cal” Products, Inc., Westborough, MA 01581) and covering with

Tegader nT"'[080&@"si ng P3ile the prepqulir,lvqmioﬁgmampw gen described and exemplified with
some specificity, those skilled in the art will appreciate the various modifications,
including variations, additions, and omissions, that may be made in what has been
described. Accordingly, it is intended that these modifications also be encompassed by
the present invention and that the scope of the present invention be limited solely by

the broadest interpretation that lawfully can be accorded to the appended claims.



2 5 JUG 2005 WO 02/060396 PCT/ US02/ 02643 11- about 30 mnutes. The scalp is
then wi ped clean and then swabbed with 70% isopropanol. A sol uti odofUi 2005
‘sodi um hyal uronat e (Heal onTM Phar naci a- Upj ohn, Kal amazoo, M 49001) is
injected into the skin where hair gromh is desired after first warmng the
skin wth a hot conpress. The resultag bleb is then punctured with the DP
cell clunp-containing needl e descri bed“above in Exanple 1. The needle is

wi t hdrawn whil e holding the fine w CgAr®Sensure that the injected cell mass
is not wthdrawmm with the needle. The fine wire is then withdrawn until the
knot is outside of the puncture wound. The wire can be renoved to conpl ete

t he procedure i O ht h y git to
t he skin \Cj\”h %[eﬂga%%la%rl\ﬁ}agl#ﬂe{%rsepné&gn ? %ﬂﬁd’] Qﬁ%ut(?lug&(&#;dfop mﬁe%ﬂh o provi de
epi der mal agaombticatipyatada tvbsiclei defihabe thecddrinal afdi kit grineal ﬂ)iyehsoﬁ:tae sk created

on the scalp,and nultiple i ctions of cells can be nmade_ into each bleb to
achi eve t WéaaEWéBbJ%ﬁg iag P {Eﬁmhtetﬁf’ fellsito g{%@aﬁ])d‘l“ﬁ neBokAr Bllgpes: weeks post

i'njection, neogenesis of hair follicles is conplete and the patient can
begin to experience the growh of new, tissue-engineered hair that is
perfectl y 2nor mélellarhastérsl éormedafirorh dollinke ptogemitos c¢lls deaived fo@0b®Picdhaike t he

present en n has. now een descr.i bed. and ex |Ifled W

Cbect 11 of tF SHEueE T kTR (athe Ik RIch S BISEIeacY AiniehECy hrimad e

nodi fi cat igefsis andl BEIAEGHE S YIRS dkdt bPﬁ‘ﬁumﬁﬁighﬁér@'% as &feril BiceN$io BRt My be
made in what has been described. Accordingly, it is intended that these

nodi f i cat itopwdatsaevbbaiefidldtpassed by the present invention and that the
scope of the present invention be |imted solely by the broadest
interpretation that awfully can be accorded to the appended clainms. 2 5 JUL

2005 -123CLAI Nfae céll ch¥stedd bftBIstin Pfn Which WSstobQlitol 6418 ﬂibﬁﬁ@d‘hﬁe%orﬁ el
clusters for injecting, atraumatically, into a vesicle defined by the

der mal andm@ph@l@ﬁlﬁm&tldnaﬂwwﬂ@iustqii%ar@If@mnjegifloralntmrran subject so as to pernmit
the cells to grow to produce new hair follicles. 2. Cell clusters forned
fromfollicle progenitor cells derived from biopsied hair,

4, The cell clusters of claim 2 further comprising at least one additional type of

cell other than the follicle progenitor cells.

5. The cell clusters of claim 4 in which the additional type of cell is obtained

from the epidermis of the human patient.
6. The cell clusters of claim 2 further comprising a structure-forming excipient

7. The cell clusters of claim 6, wherein the structure-forming excipient is
selected from the group consisting of collagen, thermally-reversible hydrogels,
chemically crosslinkable polymers, in situ crosslinkable hydrogels, fibrinogen,
thrombin, dextrin, amylose, hyaluronic acid, gelatin, chondroitin sulfate, dermatan
sulfate, polysaccharides, mucopolysaccharides, proteins, glycoproteins, and any
derivative, copolymer, or other modification of these and other pharmaceutically

acceptable excipients.

8. The cell clusters of claim 6, wherein the structure-forming excipient is a

crosslinked mixture of hyaluronic acid and gelatin.



the cell clusters for injection into a bleb which is created at the
interface between the derm s and epiderm s of the skin of a human PRtjijenis
'so as to permt the cells to grow to produce new hair follicles. 3. The
cell clusters of claim2 in which the progenitor cells provided are fromthe
same hunman patient the cell clusters ggpe for injection into. 4. The cel
clusters of claim2 further conprising at |east one additional type of «cel
ot her tham.t he Thelckil elustepy sfatait rwieed the bldb. is Thencdddyl ineh-dsingl $njedtioal ai m 4 in
which the additional type of cell .is obtained fromthe epiderm s of the
human pat P&rft VISgOUSTRIUE) [Prenafrs 8id the wseaphsolutssr saested: &i9pY s gEPuR
struct ur e~fQr 319 LALEE . C er a| &%&{ in the
structur e-c ?ﬁﬁnﬁgoﬁé@?ﬁ%@% alesd ’ -Bsa’gl’eg@{léeng %l&gér%i tcﬁ(e)&{grPgﬂl? pg@gaﬁes’i st r?ga!nof

col | agen, stlfiee,naldl otherepwdysacdiiaeidby dmegpdlysaccledrieles, qgableinsc physsprotekabdne
polymers, jn. sit crossliqka&le gdrogels, fibrinogen, thronbin, dextrin,
anyl ose, BRI PgRmMers apyral gad synthett

Cchondroitin sulfate, dermatan sulfate,
pol ysacchari des, rnucopol ysacchari des, proteins, glycoproteins, and any
derivative, copolymer, or other nodification of these and ot her

phar maceutlDcal [The celt clpteasbdiecl@ncd, pilent the bieb i¥ ienwd|y intrardema igéctznai m 6,

wher ei n th? stfyctu e-forgiqgﬁgxgipient is a crosslinked m xture of
hyal ur oni & A&PYUGH AL $pgulp fixalteonates . 2005 -13 9. The cell clusters of claim

2, where the bleb is formed by intra-dermal injection of a viscous solution
prepared with the use of solutes selected fromthe group consisting of

hyal ur oni dlaci dhe pellychustays efelaghyciml whichdheleedl clustessudre aable, todker imgeicted

sul f at e, an o%heﬁ pol ysacchari des, mnucopol ysacchari des, proteins,

gl ycopr ot TREARE Y si mi | ar pol ynmers, natural and synthetic. 10. The cel
clusters of claim2, where the bleb is formed by intra-dermal injection of
a solution of sodium hyal uronate. 11. The cell clusters of claim2 in which
the cell dRust é¥ devite femihe intsctien phjceliured foldicler prageniios aelly comprising devi ce f or

the inj ecﬁlw&he%iccryeleaf’é,r § Bhlfgogfl Juﬁh%d%ﬂlgiaen;i)rggernit%F lcél?s c%?l[gi)ﬁeidsihqge fimen
at the tip of the hypodermic needle, and a means for ejecting said plug of cells after

injecting said needle into the skin.

13. A device of claim 12 in which the plug of cultured follicle progenitor cells is a

mixture of cells and a structure-forming excipient.

14. A device of claim 13 in which the cells are cultured dermal papilla cells and
the structure-forming excipient is a crosslinked mixture of hyaluronic acid and

gelatin.

15.  Cell clusters comprising follicle progenitor cells derived from biopsied hair
and a structure-forming excipient, the cell clusters for injection into a bleb which is
created at the interface between the dermis and epidermis of the skin of a human

patient so as to permit the cells to grow to produce new hair follicles.

16.  The.cell clusters of claim 15 in which the progenitor cells provided are from

the same human patient the cell clusters are for injection into.



hypoderm c needle, a plug of cultured follicle progenitor cells contained in
the.lunen at the tip of the hypodermic needle, and a means for ejlectilintdns
'said plug of cells after injecting said needle into the skin. 13. A device
of claim12 in which the plug of cultured follicle progenitor cells is a

m xture of cells and a structure-formpg excipient. 14. A device of claim13
in which the cells are cultured dermal 'papilla cells and the

st ruct ur e470r MRg ceX clulietNdf diginR1 5 et batkpaking ¥t 14 ofE aldidbik] @ffjecofaci d and
gelatin. 15. Cell clusters conprising follicle progenitor cells derived from
bi opsi ed Kell pthenthan thesfoligta Rrpgeritor g¢llfg exci pient, the cell clusters for
injection into a bleb which is created at the interface between the derms
and epiderms of the skin of a human patient so as to permt the cells to
grow t o pneducahsewll lehisters of kiatrh 9. inWhicH ke skfifioral tyleasfscellfis ©baiingd1l5 i n

whi ch the progenitor cells provided are from the sane human patient the
cel | cl ustiopsthgepidegpisiof thediuman naiey. 25 JUL1005 - 14 17. The cell clusters
of claim 15 further conprising at |east one additional type of cell other
than the follicle progenitor cells. 18. The cell clusters of claim17 in

whi ch t he 1addi Tihenedll tohtersf of elldimi 4 70lbtharaive dthe f staratirhdoepingeexvigientf t he
human patient. 19. The cell clusters of, claim 17 wherein the

st ruct ur eCPHPHHG Cé%l“blfeéiﬁ{llxngﬁﬁfgﬁ}’é‘é@mé 2e1dA0digellBd i xture of hyal uronic
acid and gel atin.



