WO 03/ 051284 PCT/ US02/ 34504 METHOD AND DEVI CE FOR THE DELI VERY OF A
SUBSTANCE [ 0001] This application clainms priority to U S. Provi sional

pat ent apwbiosasizen nos. 60/ 330, 713, and 60/ 333,162 , fi lped/uSot/a45es 29,
2001 and Novenber 27, 2001 5 respectively, which are each hereby
incorporated by reference in their entirety. FIELD OF THE | NVENTI ON [ 0002]
The present invention relates to a nethod and device for abradi ng the skin.
More particularly, the invention is directed to a nmethod of abrading the
strat um cor neuMEBHOD AND BEMIGE, EOR THEBRERIVERYOFA SIBSBANEBR/i a ski n.
10 BACKGROUND OF THE | NVENTI ON [ 0003] Delivery of substances to the body

through the skin has typically been invasive, involving needles and
syringes to facilitate |ntra(1ermal (1.D, intramuscul ar aﬁll\/p or, .
subcut anel9881) sdhis paligatign. ¢ mﬁéserl%tﬁh@dy S Brodeﬁl?f%m @ apRlcalion; west |

require URRSSTL, Sarkd 6B B3I eMeh” Biohkd BeraAd a0l Ry BRA DS Bhepdi ng.

There have eén é ts to overéone these vant ages use of devices
whi ch Sabr mdgectihely swhialh are each heraby inchmpotdiedbyercf@emalin thedryeantira§. ker ati ni zed
cells about 10-20 mthick. The bioactive substance is delivered to the
exposed xﬁgmq Thi s techni que avoids the nerve net and
pl aces t i in close 20 proximty to blood vessels and
| ynphatics,_ f sorption and deljvery of the supstanc thr ut the
body. [ 004 For heopreaent lawéqnit%rrﬁiams Vot Sethed ap deps Jer fradi Pg§g?15 king 5

particul agjoYe AeaiIAD, the hPEdRh i88irdded B A th&hod Bf a’*&&dlgg et RENLdROuR R | S-
I n conparison, the dérmal layer below the 25 epiderm 3 contalns fewer

anti gen ppres®itx daliyeryairissmplng ofwesubstaece Yihekist r at um cor neum and epiderni s
do noltO contain nerves or blood vessels, so this nethod has the advantage of
bei ng-'essential ly painl ess and bl ood- free while giving access to the skin

| ayers caﬁA%l GR(t)Ul\fDe&gQH?é BQVERHII&% antigen. 1 WO 03/051284 PCT/ US02/ 34504

[0003] Delivery of substances to the body through the skin has typically been invasive,

involving needles and syringes to facilitate intradermal (ID), intramuscular (IM) or

subcutaneous (SC) injection. These methods are painful for the subject, require the skills
15  of a trained practitioner and often produce bleeding. There have been efforts to overcome

these disadvantages by use of devices which abrade the stratum corneum, the thin external

layer of keratinized cells about 10-20 pm thick. The bioactive substance is delivered to the

exposed viable epidermis.

[0004] This technique avoids the nerve net and places the bioactive substance in close
20  proximity to blood vessels and lymphatics for absorption and delivery of the substance

throughout the body.

[0005] For topical delivery of vaccines, the epidermis itself is a particularly desirable
target as it is rich in antigen presenting cells. In comparison, the dermal layer below the
25  epidermis contains fewer antigen presenting cells. Furthermore, the stratum corneum and
epidermis do not contain nerves or blood vessels, so this method has the advantage of
being essentially painless and blood-free while giving access to the skin layers capable of

responding to the antigen.



[ 0006] The prior art reports a variety of devices and nethods for

di srupting the stratum corneum for the purpose of delivering substances to
t he body.wbesosenrsnpl e, breach of the stratum corneum nayPoe/usohs«aved by
puncturing as taught in US Patent 5,679,647 to Carson, et al. This patent
teaches that narrow di ameter tines, such as those found on 5 devices used

for t Ubegﬁbﬁd&gs Slmg;})ritg ﬁﬁ?ﬁﬁ%ﬁ'ﬁﬁ 2 arRh0¥F deR e an® A3 tHRSs ;f&aélﬁgpt%é fhe stratum

pol ynucl eot | I gonucl eoti dés and used for delivery of such

mat er i al sormenm fonthespirpose T delregringcsubstanags tmtheshod. dewexamaple,rhredched the
puncturing the skin with.the tin resulting ip intr tane | pjection
of the coMPE SoREtTaY b Geptied by RSl ing asclayel 19575 TR E7d 4T o
5, 879, 32 arand V31 Path@ batdnt 3e4oidS Zhdt aaelow BlaBRERI thigs! ARhSAsI dbsTFaManatm by
cutting. SUMVARY OF THE | NVENTI ON [ 0008] The present invention is directed

to a Aet Hsdicanuseddor Bibercalin skin dehtnand #Hlergyiepts, candbegeateg ayith palyruclsptidene
stratum corneum of .t,he skin., ~[he i i i .urt her, djJ.ec t hod
of obt i Ay el Rl o SR OE LOR ipaehll WIF I Wi 1RE rdindy B

such as aisingf $4gh devipEinislo edpurRlringo@a tskint Witlp tghtirieh eeiirpdi@dnai@aredud he
stratum cor neum [30009] Substances to be delivered particularly include

bi oact i venigeiben efiibesoatedwbetanssg 20 phar naceuti cal agents, medi canents,
vaccines and the |ike. Substances nmay be in solid or liquid form depending
on formul ati on and delivery nethod. They can be delivered, inter alia, in
t he flor m[000Hr y D Wdens ,5,098/987; $IH Rhican$,879132pensd Aifs Patend 3c96dat88. te&th t abl e
formul ations, are famliar to those.of skill in the art. Particularly

pr ef er r e FREBINEARE FF AU SPeHm YNNG,y t he nethods of the invention include
vacci nes, allergens and gene therapeutic 25 agents. [0010] One aspect of
the invention is directed to a nethod and device for preparing a delivery

site on the skdiiPARBISRE Eetiongry of a pharmaceutical agent through

the stratum corneum of t(lfle skinto a sufficient depth where the

phar maceuhh&a! ent can. be .. 30 _absarbed and, utjlj b . 12 VO

031 0512640 (3% PrsBliny Brsety s ABPRER °F » 280t b E8Hesr WP e ot

targgts sidng gasticuliely, viey dtrabim cammeumest Bdkin. The invention is further directed to a
method of obtaining a sample or for the delivery of a substance into the skin, such as a

drug or pharmaceutical agent, through the abraded area on the stratum corneum.

[0009] Substances to be delivered particularly include bioactive substances, including
20  pharmaceutical agents, medicaments, vaccines and the like. Substances may be in solid or
liquid form, depending on formulation and delivery method. They can be delivered, inter
alia, in the form of dry powders, gels, solutions, suspensions, and creams. Suitable
formulations are familiar to those of skill in the art. Particularly preferred medicaments for
delivery by the methods of the invention include vaccines, allergens and gene therapeutic

25  agents.

[0010] One aspect of the invention is directed to a method and device for preparing a
delivery site on the skin to enhance the delivery of a pharmaceutical agent through the
stratum corneum of the skin to a sufficient depth where the pharmaceutical agent can be

30  absorbed and utilized by the body.



gene therapeutic agents. In the case of vaccines (both genetic and
conventional), the skin is an attractive delivery site due to the high
concent r awoan/osf2sant i gen presenting cells (APC) and APC pcaaisoysess4 f ound
within this tissue, especially the epidermal Langerhan's 5 cells (LC).
Several gene therapeutic agents are designed for the treatnent of skin

di sor der sogkf N PLAAR SRRk of MERTive itgBUGR FRREverd! diofkcfliel Liery of
the therapeutic agent to the affected skin gl ssue is desirable. In

addi t i on, gepkitheraprutis agerds.am tht tcasecofi waecinay (poth génstic gud eonventriapd) thaskigent s,

oL 15 SHERIGLABLELELA, U ROTHEURG, B RaBEM B A

10 "bi or e@d©rshd PO PrCuRBrsdfoliMeWARBRUhICH RIS Spdriay thE cFiabmbe UarRirHAy's
absorbed Into the systemc circulation via the papillary derms. In other
cases,S di¢edlet(L40ceSevaspl gene theeariene mgents s adseigned fagdhr treatmene ofyskimemi ¢
circulatign i,s dgsir f . a n f disorders distant fromthe
ok e i Sk L IREEs b EabdeP S S GG E R e UbE Meraes R "Che
papi | | ar yagdat @i the affeetéDKiR fisstods pestiablet Thadeifioh oskip i agke sn attraefiveodrgnd

m cr oabrader device to abrade the  skin in conjunction with the delivery of
a bi oact i P& 260b therpentic agrnts, @f ghigh thenencofed proiein 1o profgios éire agtbve, Sitdfri no

i ds. . ; LAt . i, t
act ds. TRkt OF7 WALT MESinPERLl AR QEIPeLYPeRllESed (cll RS as |

di scove at nuclerc acids ex I't enhanc gene ex st on an

an enifancédor2dctominpneduceppa nbaapantic hprowxp mdsde dap et mpidlyMabsorbdie intartke
del i vered si rmlt.agjggusl wi th ., abrasion of the stratum corn? m Simlarly,
al | er gensSYaeMiG eraationyi the papliarxAsimis, Inoffiensasss JieGHAFCESSHT HSTRHNG BF ous

i mune r egRAPSRIC ARt & ke sternalcihlagbIg) dEEobleNfhr tHRAQGTent P diQPde3d I N
one preferred enbodi nent, t'he present invention conprises a m croabrader

for del i vd&istanigframsthe skiancle suph casehesystemic distingioa dende ascothplished tiradgng
facet, to,which an, abrading surface having an arrangenent of

mi cor opr ot PESPIHEY S8 MShave at | east one scraping edge is attached, nounted
or intsegral wth, and a handle attachnment facet, to which a handle or

ot her grasping device is attached, nounted, or integral with. By "abrading
30 surfac@glzls nErRreseRbinyeptioncroyides a methadeand fnisepapedendevige tg %Eﬁdieﬁ@ethe

process ofy;afy %%ix&{&ﬁg% ;'\;Ii't(fll HALAN P 6F £BIALAS B EnceS el Ry Bt 53t RiNEE) them

and surroundin
nucleic acids, amino acids, amino acid derivatives, peptides or polypeptides. It has been

discovered that nucleic acids exhibit enhanced gene expression and produce an enhanced
20 immune response to the expressed protein when they are delivered simultaneously with
abrasion of the stratum corneum. Similarly, allergens delivered simultaneously with
abrasion produce a more vigorous immune response than conventional allergen testing

methods.

25 [0013] In one preferred embodiment, the present invention comprises a microabrader
for delivering a substance into the skin having a base with an abrading facet, to which an
abrading surface having an arrangement of microprotrusions that have at least one scraping
edge is attached, mounted or integral with, and a handle attachment facet, to which a
handle or other grasping device is attached, mounted, or integral with. By "abrading

30 surface" is meant the surface that is presented to the skin during the process of abrasion,

including microprotrusions, surface area between them and surrounding surface.



3 WD 03/051284 PCT/ US02/ 34504 [0014] The present invention also involves a
nmet hod for delivering a substance to the skin conprising the novenent of
t he m cr owbreadsnsdevi ce across an area of the skin to predaasotsssnows of
sufficient depth to allow the substance, which is adm nistered prior to,
Si rrultaneously with, or follow ng the abrasion of the skin, to be taken up

by the 5 ﬂet ey &@Qn? ﬁiv@nt'uﬁi/ ﬁEo IROIVES ASe@bd HOEJIRERDNE sTbGARRRE ARET

devi ce | e passes of devi ce across the skin can result in
progr esswkai yordpeag tlfelmpmmant roftthe nuémoabradetredee'bp acadss g arep dethievakaty taf a

S bstance a desire th w . oE T W N

10 0015 Prefis arans PEs LAY Float iR RaROEE ‘A B S PETPr ed

embodi Mengm{RAEEhsIY With eorl%lnma stheleabrasiod OF the ke eior Bel tgEROEp MBNthdT a

m croabrader. 15 [ 017 &; i S a transparent per spective view of the
ggarts,

m cr o&br auedet@mmeﬂeskm ayey. Aofah@lpxrsent Fmgtpslpra#ﬁrrglwye mpiiiple pagsed 9k

secti onal VI ew of the gloabra devi ce .of, H ure 3
is a side ?/ SWC%PCIP Pe thgbsr gld?ar?gregsjug{; %ré’g{eﬁmv;n?’ de a fﬁéé‘)@s le\iﬁlec%?%? llleré'l’}gur es
1 A 1 Bald&in@delivély 6 substandei to a@lesidedsdepiiewith 11{ e3Rkin. Figure 4 is a
perspective view of the abrading surface in the enbodi nent of Figure 3. 25
[0021] Figure 4A is a cross sectional side view of the abrader surface.

[0022] Figure %S?gg)—gﬁg\ﬁemmg ﬂwtnbésabrader surface of the enbodi nent

of Figure 3. lgure 6 1s a perspective viewin partial cross
sectilon of abraded furrows of skin. 4 WO 03/051284 PCT/ US02/ 34504 [0024]

Figure 7 illustrates |evels, of ort acfivity.in skin obtained with
the  var i100LSTny diigie 14cks an GlavRigE M vpo e Bk e PbotaprEired SRpPUmEnt 5 [ 0025]
Figure 8 illustrates reporter gene activity in skin obtained by varying the

nunber
[0016] Figure 1B is a side view of a preferred embodiment of a microabrader.

15 [0017] Figure 2A is a transparent perspective view of the microabrader device of

Figures 1A and 1B.
[0018] Figure 2B is a cross sectional view of the microabrader device of Figure 1B.

20 [0019] Figure 3 is a side view of the abrading surface the microabrader device of

Figures 1A, 1B, 2A, and 2B on the skin of a subject.
[0020] Figure 4 is a perspective view of the abrading surface in the embodiment of
Figure 3.
25
[0021]  Figure 4A is a cross sectional side view of the abrader surface.

[0022] Figure S is a bottom view of the abrader surface of the embodiment of Figure 3.

30 [0023] Figure 6 is a perspective view in partial cross section of abraded furrows of skin.



of abrasions as described in Exanple 2. [0026] Figure 9 illustrates
reporter gene activity in skin obtained by varying the fornulation of the
nucl ei c awopd3msdss he del i very protocol as described in Exaoplusos34500 [ 0027]
Figure 10 illustrates the serum anti body response follow ng delivery of
plasm d DNA encoding Hepatitis B Surface Antigen (HBsAg) as described in
Exanple 4. [0028] Figure 11 illustrates nean |uciferase activity ( SEM in
skin sanples fromrats 15 treated with a reporter gene using Mantoux-style
i nj ecti onfodBghniRigere (GlspateAlevels| @fs treporter cgemnaetdﬂity ar slay obtairiedewithvint i on
(Goup 2A),. a tine devic ressed agai nst _ski scratched across an
area of aWﬁ‘PB%P%?‘%Pﬁ/‘Yl@eg%&XWt?‘@I% ge@mExaéanpﬁe devi ce pressed agai nst

skin and noved across an area of approximately 1 cn2 (G oup 4A), a tine
device pressed against skin and renoved (G oup 5A), plasmd DNA directly
appl i éd i [9025]oplFagure 3Gilhssratastrepartee getesactidlity ki skif Chtained & )varyiiDhe nufibgur e 12

shows ski eactionsg after. | i ion of histam ne and abrading the skin
of weanin ‘E}%faﬁ?n&@? 3cﬁg?d13§9to’$a@piﬁa%'roneedl e array of the invention (Group 1
B), atine device scratched once across an area of approximately 0.06cn®

(G oup 288 a tine device 25 scratched nultiple tinmes to produce a
scrat ched 0&2@a dtigerpp? dlsteatas| seportempeneGaeliipty3B) skin obtained dew ivewing dks ed

2920 1t e D e LGB S OBy (Bloc SPRINALRYRy BUIBALS, 1. © are

replrcatesng is acon tamne wa ©Wi t hout

abr asjigon. [0030] Figure 13 shows displays the relative area of tissue

swel I'ing for each group 30 shown in Fi gure 12 after subtractrng t he
B

swel | i ng m&aur&@ﬁﬁé%ggmdhq P HI AOEDRdY regronsg doliquang delivery phplasmid

hi st am n 0 15 conpare

Trans Epi der rrg? %é ss %ﬁ@fgﬁ?ﬁg%ﬂg?@&{%ﬁ&ﬁgﬁg % ea ir%g‘nt wth

plastic and silicon mcroabraders. [0032] Fi gure 16 illustrates reporter

gene acti vi in.skin. follown DNA enco

Pepor tor B e iBuneetesieabhoiiGiet aptipBufl Shih o stoGesper T et 7

conmpayses {dgdSKlith @ rRPdrkd? Qe LEBP MER0bLARWhRetiSiEtdcMBgYe A6rddPAA), plastic
microneedle array of the invention (Group 2A), a tine device pressed against skin and
scratched across an area of approximately 0.06 cm?* (Group 3A), a tine device pressed
against skin and moved across an area of approximately 1cm? (Group 4A), a tine device

pressed against skin and removed (Group 5A), plasmid DNA directly applied in droplet
20  form to the shaved skin (Group 6A).

[0029]  Figure 12 shows skin reactions after application of histamine and abrading the
skin of weaning pigs using a plastic microneedle array of the invention (Group 1B), a tine
device scratched once across an area of approximately 0.06cm? (Group 2B), a tine device
25  scratched multiple times to produce a scratched area of approximately 1 cm? (Group 3B), a
time device pressed against the skin and removed (Group 4B). For each group, numbers 1-

5 are replicates and "C" is a control to which histamine was applied without abrasion.

[0030] Figure 13 shows displays the relative area of tissue swelling for each group
30 shown in Figure 12 after subtracting the swelling measurements observed from use of the

device only without histamine.



pl asm d encodi ng HBsAg using plastic and silicon m croabraders. 10 [0034]
Figure 18 illustrates the serum anti body response foll ow ng adm nistration
of DNA pweswiosizencodi ng i nfl uenza hemaggl utinin (HA) , nakedspt/asnd d.
[0035] Figure 19 illustrates the serum anti body response foll ow ng
adm ni stration of DNA plasm d encodi ng i nfluenza hemagglutinin (HA)
pl asm d adj . [ i - r i body
respons epllpg?}]ovm Nn%&g% ilﬁn'la‘énig(]i fvé)? ﬁkﬁéait gﬁ%p?ggﬁlhgél%&gg%g% Pﬁgﬁﬁﬂm@%&p HA,
fol | owed fojlowdpstdatmentivtith plisticend ndicon wagregbraden$.| uenza virus. 20 [0037]
Figure 21 illustrates the serum anti body response following primng with
pl asm d DNA encodi ng i nfluenza HA plus adjuvant, foll owed by boosting with
whol e i n@y@s2)vatggureNblingimtes\bpotter cERORBIVitY i UER f8Rowink WeliVAY B pldfider um
anti body response follow ng adni nistration of 25 inactrvated virus vaccine
for rdbi ONA engeding @0ggYrteFeener usinEpladticgad siicer mi¢reakyadarsn ant i body response
followng admnistration of HBsAg via the delivery protocols as described
in Exanple 11 a. 30 [0040] Figure 24 illustrates the T-cell proliferative
response fpos3jowi Figuradii fdrbpdred tHenseffm aiBAY: reSpoie A311Obihg Edt1iREr]/ d1SORIA34504
[00411 Figure 25 il lustrates the cellular inmmune response to a nel anonma
vacci ne xgmd@acqsyngaHBaﬁérfemgr@lpstw@siéﬂl.comewelmi@ssm PTI ON OF THE
| NVENTI ON 5 [ 00421 The present invention is directed to a device and to a
met hod for abrading the stratum corneumto enhance the adm nistering of a
subst Ence[00B4joudtigiireel 8silluatrates der seeurm andbodiheesphiise foflowingaddneinistrafi@iDéBl As
used herein, the term"abrade" refers to. r ving at | egst a portion of the
10 st r at uRNéoRlawRitheperding E’ézat}}?@“aﬁ%lﬁ‘ﬂ%'é‘tf%t’ﬁa%?d Rlﬁ“émgki n wthout causing
excessive skin irritation or conprom sing the skin's barrier to infectious
agents. This is in contrast to

[0035] Figure 19 illustrates the serum antibody response following administration of

DNA plasmid encoding influenza hemagglutinin (HA) , plasmid plus adjuvant.

15
[0036] Figure 20 illustrates the serum antibody response following priming with naked
plasmid DNA encoding influenza HA, followed by boosting with whole inactivated

influenza virus.

20 [0037] Figure 21 illustrates the serum antibody response following priming with
plasmid DNA encoding influenza HA plus adjuvant, followed by boosting with whole

inactivated influenza virus.

[0038]  Figure 22 illustrates the serum antibody response following administration of

25 inactivated virus vaccine for rabies virus.

[0039] Figure 23 illustrates the serum antibody response following administration of

HBsAg via the delivery protocols as described in Example 11a.

30 [0040] Figure 24 illustrates the T-cell proliferative response following administration of

HbsAg.



"puncturing” which produces discrete holes through the stratum corneumwth
areas of undisrupted stratum corneum between the holes. 15 [00441 The

m cr oabr awlero3of128he i nvention is a device capabl e of abraacmgsohessskin to
attain this result. In preferred enbodi nents, the device is capabl e of
abrading the skin thereby penetrating the stratum corneum w t hout piercing

the strat Q““gﬂ gﬁps 39 mategrtﬁéeéeﬁlﬁgrqmen?e@ onsk "§ @ﬁélﬁ@&ﬁf%&c:ﬂé SO

i ncl udes ¢ anount of a substance e delivere is my be
i ncl uded, erfcodedebyaarpddenoviral seqteiser voi r t hat |s an integral or 20 detachabl e
part of the m croabrader, or nmay be coated on the delivery surface of the
m croabrader. By an "effective anmount” of a substance is intended to nean
an amount that wll elicit a desired response in a subject, including, but

not |im tpdTAPLEBDESCRIPTOSNI OF TNV ENTIONUNonodul atory response in the
case of an allergen or vaccine, or anot her ther apeuti c or diagnostic

response. 25 [00451 As used herein, "penetrating" refers to enteri] ng t he

strat Um c9R82m wWhenpsasent grestioniscdirastedtte|adevifengriorhmethod ot abrading dfn and
entering étflxhﬂntc&%e&}glt@%ﬁgaﬂxcé ﬁ%éeald&mlﬁt};mﬁénﬁ F 3 siRta é&?tlﬁ@l}/ I{[tﬂ?tstr%tﬁﬁtco% ace

stratum corneum can not be conplete rate eln

of the unefht ykingf h pyeant.of the skin. Piercing, on the other hand, refers to
30 passing through the stratum corneum conpletely and entering into the

adj acent layers below the stratumcorneum 7 WO 03/051284 PCT/ US02/ 34504

[ 0046] Thmﬁg r oRbaddelerdRViHe e "ASdd RN tPRemovilEL RYGD b&hxhﬁl\(ﬁ’ tRe

uni que | ogi cal advahtage in the delivery of vaccines wth
pot ent( al stofturh cormeami tagnérkase thapeimebdity of thecslin wathest céﬂsmgp@we&sr\at sko'n of

the mul ti Ie mcro rotrusi ons intp tt)he stra% 5 corneumis su% est ﬂ
havi o antEGGY B CoPPioESg e SEBR SaReler MRFRR SEES T Thisgnt PRkt o
fromthe #gintuRhge thhogbaﬁde@%&mete sloteelth@wgﬂ thD ERathMadbraemh MatEarRgd be
|nflarmator(g response hese "penetration" effects can cause damage to a

vari ety ofndissipted staaiemeeineumahetweasthe belesir e, causi ng t he appearance of
pol ynmor phonucl ear neutrophils (PMN) and nmacrophages as well as the rel ease
of IL1, tunor necrosis factor (TNF) and ot her

15 [0044] The microabrader of the invention is a device capable of abrading the skin to

attain this result. In preferred embodiments, the device is capable of abrading the skin
thereby penetrating the stratum corneum without piercing the stratum corneum. In one
preferred embodiment, the microabrader also includes an effective amount of a substance
to be delivered. This may be included, for example, in a reservoir that is an integral or

20  detachable part of the microabrader, or may be coated on the delivery surface of the
microabrader. By an "effective amount" of a substance is intended to mean an amount that
will elicit a desired response in a subject, including, but not limited to, an
immunostimulatory or immunomodulatory response in the case of an allergen or vaccine,
or another therapeutic or diagnostic response.

25
[0045] As used herein, "penetrating” refers to entering the stratum corneum without
passing completely through the stratum cormneum and entering into the adjacent layers.
This is not to say that that the stratum corneum can not be completely penetrated to reveal
the interface of the underlying layer of the skin. Piercing, on the other hand, refers to

30 passing through the stratum corneum completely and entering into the adjacent layers

below the stratum corneum.



10 agents, which can |ead to a nunber of other imunol ogical responses. The
soluble stinulatory factors influence the proliferation of |ynphocytes and
are cent rnab oBosizke i mmune response to vaccines. |n additipomUusSoheses f act ors
i nfluence the mgration and activation of resident antigen presenting
cells including Langerhan's cells and dendritic cells. The m croabrader of
the present invention is valuable in pronoting significant 15 i mmune
response to a vaccine in the abraded area. The small grooves and furrows
created [0946]nhe Hicc nopoatradesi devieg rafy thev érventien drbkeliededarte ahavee abetigesed t o

i th i.l abil | of. the. ' ti for.int ti i.t h
ot 1 gon. prBSwi kit ltyantate Jf s AV BF YRt oL e ot SR Bt Bk b e
absence ofacaiba%lifRtaFal@dNTIY Senefrasbnust tAd mdl el ictopadkioss intdtheQ84tiin The

m croprotrusion array of the invention is believed to nagnify several -fold
t he t B vicomenm jissuggsved enbrengiamadievast-ike samslajory pbtest ~ dihe a'penaingtien”

needl esti ¢ck. Th m gr.o er facilitate h cCi

i m’runogenri%%?({nfle §§O%n&8dﬁlﬁ&§ﬁ? -Tllcgogx&l&‘&ns?%l nzs é@ﬁﬁ%’&aﬁb gﬁsth%g 8[ Sgﬁ%lf %uée

pri mary biaflaingiatdy e@péise e Thede ‘tpehettdtion” effedtsi inm@ubd@aniRite aangietytad cdidd | very
of drugs, vaccines and gene .therapeutic agents reside in the outernopst

| ayer of aMeelplpaehifesture, capdpg the appearancerfd pebymarphanugieacasrironkits (PN}

| ayers of i ! nar al.l ¥l £8 BV E S0t

dont ;11 €HREaERLREETLS WAALE B leale RS, REP Re S [Ruo PINEY A otper

st r atldm gegenisnathiohucan @adeoaa dwdeonof aitleer insolsicgice ragppasess Hak ooelubie
stratum 30. cqr neu therg i s essent [yesi stance to diffusj j nto

i.ally no on
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applied topically in the absence of abrasion or administered using standard needles.

20 [0047] The microprotrusion array of the invention is believed to magnify several-fold
the trivial or inconsequential immune stimulatory impact of a single needlestick. The
microabrader facilitates and enhances vaccine immunogenicity by an adjuvant-like

immune stimulation.

25 [0048] The primary barrier properties of the skin including the resistance to delivery of
drugs, vaccines and gene therapeutic agents reside in the outermost layer of the epidermis,
referred to as the stratum corneum. The inner layers of the epidermis generally include
three layers, commonly identified as the stratum granulosum, the stratum malpighii, and
the stratum germinativum. Once a drug or other substance appears below the stratum

30 comneum, there is essentially no resistance to diffusion into subsequent layers of the skin
and eventual uptake by cells or absorption by the body through the bloodstream or

lymphatic drainage.



[ 0050] Preferably, the device of the invention penetrates, but does not
pierce, the 10 stratum corneum The substance to be adm nistered using the
met hods oWotobiosizsaventi on may be applied to the skin priorcrasabs4od ng,

si mul t aneous wi th abradi ng, or post-abrading. According to one enbodi nent
of the methods of the invention, however, certain or specific bioactive
subst ances, including nucleic acids , allergens and |ive viral vaccines are
applied to the skin prior to or sinultaneously with abrasion rather than
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another embodiment of the method of the invention, however, certain or specific bioactive

substances, including virus-like particles and subunit proteins, are improved when such
20  substances are applied to pre-abraded skin. In other embodiments of the method of the
invention, however, certain or specific bioactive substances, including whole inactivated or
killed viruses, display similar efficacy whether applied to skin following abrasion or

simultaneously with abrasion.

25 [0051] The substance may be delivered into the skin in any pharmaceutically acceptable
form. In one embodiment the substance is applied to the skin and an abrading device is
then moved or rubbed reciprocally over the skin and the substance. It is preferred that the
minimum amount of abrasion to produce the desired result be used. Determination of the
appropriate amount of abrasion for a selected substance is within the ordinary skill in the

30 art. In another embodiment the substance may be applied in dry form to the abrading
surface of the delivery device prior to application. In this embodiment, a reconstituting

liquid is applied to the skin at the delivery site and the substance-coated abrading device is



5 to dissolve the substance as the device is applied to the skin for
abrasion. It has been found that certain substances, such as nucleic acid
pr epar at iwo3/0s2y4 al so be coated on the abrading device ipaTtuse2/84504n of a
gel. [00521 A nmethod for delivering a substance into the skin of a patient
includes the steps 10 of coating a patient's outer skin layer or a
nicroabr e i t i 0, S nd
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into theabﬁghggﬁgu§khﬂﬁg%ﬁﬁOthgépby i mprovi ng |ts medi ci nal effect. 20

[ 00531 As shown in Figures 1 B, 2A and 2B, m croabrader 2 includes base 4
onto which an abradlng surface 5 can be nDunted Alternatively, the
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applied to a subject by nmoving mcroabrader 2 across
thereby permitting medicament or other substance to enter the patlent After the initial

abrasion of the outer protective skin layer, the trailing and leading edges of microabrader 2
can rub the surface of the abraded area working the medicament or substance into the
abraded skin area thereby improving its medicinal effect.

20
[0053] As shown in Figures 1B, 2A and 2B, microabrader 2 includes base 4 onto which
an abrading surface 5 can be mounted. Alternatively, the abrading surface may be integral
with the base and fabricated as a single two-component part. Preferably, base 4 is a solid
molded piece. In one embodiment, base 4 is configured with a mushroom-like crown 4b

25  that curves upward and is truncated at the top. The top of base 4 is generally flat with
abrading surface 5 being mounted thereon or integral therewith. Alternatively, the
truncated top may have a recess for receiving abrading surface 5. In all embodiments,
abrading surface 5 includes a platform with an array of microprotrusions that extends
above the truncated top. In another embodiment of the microabrader, the handle, base and

30 abrading surface may be integral with one another and fabricated as a single three-

component device.
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subject's skin with enough pressure to enabl e abrading surface 5 to open
the outer protective skin or stratum corneum of the subject. The inward
pressur e WppBioedst o t he base causes m croabrader 2 to beprpmassesisont o t he
subject's skin. Accordingly, it is preferable 5 that the height of the

sl opi ng mushroom | i ke crown 4b be sufficient to prevent the applied
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M cr oabra spar ent materral, as shown in Figure 25
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shaft. Lower end 6b may include an impression 6d that serves as a thumb rest for a person
administering the substance and moving microabrader 2. In addition, protrusions 8 are
20  formed on the outside of handle 6 to assist a user in firmly gripping handle 6 when moving

the same against or across a patient’s skin.

[0056] As shown in the cross-section of Figure 1B in Figure 2B, lower end 6b may be
cylindrical. Microabrader 2 may be made of a transparent material, as shown in Figure
25 2A. Impressions 6d are disposed on both sides of the cylindrical lower end 6b to assist a
person using microabrader 2 to grip the same. That is, the movement of microabrader 2
can be provided by hand or fingers. The handle 6, as well as the base 4, of the
microabrader is preferably molded out of plastic or the like material. The microabrader 2
is preferably inexpensively manufactured so that the entire microabrader and abrading

30 surface can be disposed after its use on one patient.
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[ 0057] Abrading surface 5 is designed so that when m croabrader 2 is noved
across a patient's skin, the resultant abrasions penetrate the stratum
corneum wWbradsngs surface 5 mnay be coated with a nedi caneatr/usn2/sa3bst ance
desired to be delivered to the patient's viable epiderms. 5 [0058] In
order to achieve the desired abrasions, the m croabrader 2 should be noved

across a nent. i | £as i ' | B ed in
ot PG AT Qe £ RUHAES so TS o ool 2, D000
accor di ngpatientt ¢kin, ke rasultant @babioas perdiatemtti Lt comeusuhsbradiag studadees

absorbed nore effectively thereby allowi ng | ess of the 10 nedi cament or
subst anc ey bp&oatpd withya fpedic Qﬁtsu]%*‘taé‘l?grﬁieﬁfedc@aP? H@ll‘%‘?dafﬂ s Raliertte 5.

[ 0059] Abradh pgqsiyiface 5 may be coated with a substance desired to be
delivered to the patient. In one enbodi nent, the substance nay be a powder
di sposed on abrading surface 5. In another enbodi nent, the substance to be

del i vere be applied directly to,the .15 patient' s skin.priar to the
Sl 1 cat 0B8], o SRR ot i b iRsia, ARG mirTiatadiny WRblade My ebeo)
Ref er ri ngyct@s Fl Bitlefie’ $ skinh@ 184t IRRBT adRr pAiRMCskidk An&f bl RGrddBY e hitRatifE! udes

a substantially planar body or abrading surface support 12 having a
pl ural i t yigctios. nTle gipreoiraluddsignsofi the exicwabiiader dqcordinghto thetinvantionrehaldles of

t he support. The suppor enernal | as_a thickness, suffigient to allow

2t tachnertpe ediiimetERbe et 18 ankelol e e ER Cuf¥ i afoilb S i eby
al | owiong thédicHRt 6Esi{bRtahee mcupﬁﬁece@sd patiets skitoWcoating-hlgtidiag sdrfRe 52A and
2B. Alternatively, a differing handle or gripping device can be attached to

or be integral with the top surface of the abrading surface support 12.

fhe di menphis. Aprhdifio SarARIAHAN . S4dAGH 3 UPRRIke béifelly KRLMARRARING On
the |l engt’h Oof the mcroprotrusions, the nunber of mcroprotrusions in a
gi ven ar gatiamd Inunmeambodimeaft, thbeulstinst mag detagoloeler ddposed shabmdidgautfaee

patient. Typical]y, the abradi ng surface support 12 has a.surface area of
bbout 1 tD I mﬁerlww@}trgw Sglh%%ﬁenteﬁ%ese?eq&vwddﬁ%g? ﬁg&gqﬁr#lsﬁeﬁyém%rt 12
has 215 tsﬁ:éafti@ﬁtes iR it 1S RRULpplicti® aPmbPO8ddt ASmRPOWRdeP 2RO ERtidnr ¢ 4A

and m croprotrusions 14 project fromthe
skin.

[0060] Referring to Figure 3, the microabrader device 10 of the invention includes a
substantially planar body or abrading surface support 12 having a plurality of

20  microprotrusions 14 extending from the bottom surface of the support. The support
generally has a thickness sufficient to allow attachment of the surface to the base of the
microabrader device thereby allowing the device to be handled easily as shown in Figure
1B, 2A and 2B. Alternatively, a differing handle or gripping device can be attached to or
be integral with the top surface of the abrading surface support 12. The dimensions of the

25  abrading surface support 12 can vary depending on the length of the microprotrusions, the
number of microprotrusions in a given area and the amount of the substance to be
administered to the patient. Typically, the abrading surface support 12 has a surface area
of about 1 to 4 cm®. In preferred embodiments, the abrading surface support 12 has a
surface area of about 1 cm?,

30
[0061] As shown in Figures 3, 4, 4A and 5, the microprotrusions 14 project from the

surface of the abrading surface support 12 and are substantially perpendicular to the plane

12



surface of the abrading surface support 12 and are substantially

perpendi cular to the plane 12 WD 03/ 051284 PCT/ US02/ 34504 of the abrading
surface swppoewsizL. The microprotrusions in the illustratedrasbosisoent are
arranged in a plurality of rows and colums and are preferably spaced apart
a uniform distance. The microprotrusions 14 have a generally pyranm d shape
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tip 15 19dgsslofifhe amrpaqowswn%i‘* have praosit drle edgesicentighgys pritian adjgient ¢ he
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t he skin; trusions 1Is
t ot aIlOdepT}h: Bcramhgodnlgsam defu'reopr@anlemskhyonsmgdmetor atapezaidald sahping stfecd i p 18
preferab ets the sides

ly for def i har p e20\/\/nre|t
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support 1@1@quggnggﬁwﬁpﬁm@rByﬁbﬂgﬁdépraplng edge. In further enbodi nents,
the edge 20 can be slightly rounded to forma snooth transition fromthe

sides 16 to the tip 18. Preferably, the mcroprotrusmns are frustoconi cal

or frust m in sh cro ce 10 and the

ni cr opr o?@ﬁéﬂongﬁ?a{wcboé’r‘%ﬁﬁéon% agrﬁr erag’gy SFaLg e at l{néPP%;(k (ﬁ%{{erql@ fhe up
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suitable plastic materials include, for exanple, polyethylene,
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metal suc
said skin. The tip 18 preferably forms a well defined, sharp edge 20 where it meets the

sides 16. The edge 20 extends substantially parallel to the abrading surface support 12 and
20  defines a further scraping edge. In further embodiments, the edge 20 can be slightly
rounded to form a smooth transition from the sides 16 to the tip 18. Preferably, the

microprotrusions are frustoconical or frustopyramidal in shape.

[0063] The microabrader device 10 and the microprotrusions can be made from a
25  plastic material that is non-reactive with the substance being administered. A non-
inclusive list of suitable plastic materials include, for example, polyethylene,
polypropylene, polyamides, polystyrenes, polyesters, and polycarbonates as known in the
art. Alternatively, the microprotrusions can be made from a metal such as stainless steel,
tungsten steel, alloys of nickel, molybdenum, chromium, cobalt, titanium, and alloys
30 thereof, or other materials such as silicon, ceramics and glass polymers. Metal
microprotrusions can be manufactured using various techniques similar to

photolithographic etching of a silicon wafer or micromachining using a diamond tipped

13



tungsten steel, alloys of nickel, nolybdenum chrom um cobalt, titanium
and alloys 30 thereof, or other materials such as silicon, ceramcs and
gl ass polwomsmsi2bketal m croprotrusi ons can be manuf act ur @edTUsOZIBHSVAr | OUS
techniques simlar to photolithographic etching of a silicon wafer or

m cromachi ni ng using a dianond tipped 13 WO 03/051284 PCT/ US02/ 34504 m | |

as known iR, tﬂekﬁ‘&é\n{l Ci;x_llTl?ﬁe ! ro?ﬁf’tﬁl%&.n\%gﬁgﬁ&% 253 0,108 { RedlEd @s/ a5
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sel ected based on the particular substance being adm ni stered and the

t hi ckides shenébytineorpomatet ynrefsrameerm i n the | ocati on where the device is to be

applied. Preferably, the mcroprotrusions penetrate the 10 stratum corneum
substantially w thout piercing or passing through the stratum corneum The

i cr opr ot [DBE4]ONSTHeARnPAVAnde tHiEH@EN 0B fhd ehildPHHiruSiBls it kélcted Baéddabh ehe
m croprotrusions have a | ength of about 50 to 500 m crons. Preferably, the
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pl ane of the device. These shapes have particul ar advantages in _insuring
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m croprotrusions can hol I ow. 1 As shown 1n Figure 2 and 5, the
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perpendicular to the plane of the device. These shapes have particular advantages in
insuring that abrasion occurs to the desired depth. In preferred embodiments, the
microprotrusions are solid members. In alternative embodiments, the microprotrusions
can be hollow.
20
[0065] As shown in Figure 2 and 5, the microprotrusions are preferably spaced apart
uniformly in rows and columns to form an array for contacting the skin and penetrating the
stratum corneum during abrasion. The spacing between the microprotrusions can be
varied depending on the substance being administered either on the surface of the skin or
25  within the tissue of the skin. Typically, the rows of microprotrusions are spaced to
provide a density of about 2 to about 10 per millimeter (mm). Generally, the rows or
columns are spaced apart a distance substantially equal to the spacing of the
microprotrusions in the array to provide a microprotrusion density of about 4 to about 100
microprotrusions per mm?. In another embodiment, the microprotrusions may be arranged
30 in a circular pattern. In yet another embodiment, the microprotrusions may be arranged in
a random pattern. When arranged in columns and rows, the distance between the centers

of the microprotrusions is preferably at least twice the length of the microprotrusions. In
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25 within the tissue of the skin. Typically, the rows of mcroprotrusions
are spaced to provide a density of about 2 to about 10 per mllineter
(mm) . CerwpaBloyi2st he rows or colums are spaced apart a @GCINBOTBIS04
substantially equal to the spacing of the mcroprotrusions in the array to
provide a mcroprotrusion density of about 4 to about 100 m croprotrusions

per me. dd%p@?fé%ﬁ%n%ﬁ&ﬂﬂéﬂ{e&%’c%}i&t?ﬁceg%éég@a{ Bl l:ktﬁ{%é}?%f Y nf&opttARad ;80 |

n
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of the mcroprotrusions is twce the I'ength of the m croprotrusions 10

m crods. mcdeprotspa@isnean e egredtero thancthgddepth o the Skingthose gnetrugramat will

mul tiples of the length of the mcoprotrusions. In addition, as noted
above, t REDEGHE, guration of the m croprotrusions can be such, that the
hei ght to the 5 mcroprotrusions can be greater than the depth into the
skin those protrusions will penetrate. [0066] The flat. uPper surface of
t he frustl88efli calheofatfupper ypipeapd thel fryftecopisaber fiustemgamids! gesreprairusgiony t o

100, pref.er , 125 1<C I W . 10
0067] TS eaRriiaRt oo BRRRE) 2078, SR prTABY ISP AR el 10
m cr ad@br ader against the skin 28 of the patient in the desired | ocation.

The m croabrader_is gently pressed aigai nst the skin and then noved over or
across t H80GHi n Thewethad pf preparinger deliskie siteentthe skincplaeasy he dnicroghragdsy v

dependi n gagaﬂlsf gﬁ:s??lz g@e&“ Sk 2Rtekt hhde dtge%fr%’cﬁ Ldéaté{)ﬁ.e THdehj e R¥r 19 Igérmay

delivery area de The di nensi ons Ivery site are selected to
acconpl i sresstdhegdindt eincigon medthet nzoveid exer eraacyosd e sidn.ndhe tengtheofsthb stralec e,

and the f of. the ,substance, bein eljvered. F anple, th livery
lte can dabbmisrortipdE F LY Bpendiiench e gedFdtre §ithe SERNERY fio, 86udy
General | Vthe BBV GfcaaRREReler TheSdidRySidnabPte &1iVerylshte ab@BléRE & fecbmPlish | N
sone enbodi nents of the invention, the m croabrader is noved to 20 produce

an abr adeifie sintead¢thvesulf ands ot yew deeendoiz apothe swbstamce; qindbibat foap00L it

substance, being delivered. For example, the delivery site can cover a large area for
treating a rash or a skin disease. Generally, the microabrader is moved about 2 to 15
centimeters (cm). In some embodiments of the invention, the microabrader is moved to

20  produce an abraded site having a surface area of about 4 cm” to about 300 cm”.

[0068] The microabrader is then lifted from the skin to expose the abraded area and a
suitable delivery device, patch or topical formulation may be applied to the abraded area.
Alternatively, the substance to be administered may be applied to the surface of the skin

25  either before, or simultaneously with abrasion.

[0069] The extent of the abrasion of the stratum corneum is dependent on the pressure
applied during movement and the number of repetitions with the microabrader. In one
embodiment, the microabrader is lifted from the skin after making the first pass and placed
30 back onto the starting position in substantially the same place and position. The
microabrader is then moved a second time in the same direction and for the same distance.

In another embodiment, the microabrader is moved repetitively across the same site in
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[0068] The m croabrader is then lifted fromthe skin to expose the abraded
area and a suitable delivery device, patch or topical fornulation nay be
appl i ed twotohesaks aded area. Alternatively, the substancecrasby34504

adm ni stered may be applied to the surface of the skin 25 either before,

or simultaneously with abrasion. [0069] The extent of the abrasion of the

stratum c i . r | j ] and
the. numbes e Ang Sy FRERh Wi Bl A o R AR AMhE TGP, oo
m cr oabr a@@aferdll, twé dedoferpasses e mkdewih tiermitedabreglet. he first pass and pl aced
30 back onto the starting position in substantially the same place and

position. The mcroabrader is then noved a second tinme in the sane

directi On[g@m f O fhARer B dHhSHENEE micrbbradPtdiR be QWM BERtand h¥h, in the
m croabrader 'is noved repetitively across the sanme site in 15 WO '03/051284
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swi ped bagk dadifdfs@bdtihcel Tht MBearin&@iRent bf @€ nhiefdabalY: ackdys 2hdikid 28 ilk6ne
pattern, a circular pattern, or in sonme other pattern for a tinme sufficient

to abradeditsqtion ranzavgprane akthmtissusup fermt erogees 30, sepacgiedbic peaknd’ de theskiy  of
the desir ol SHBSEARGE oI0SaddllS Bhc RNE BB Rt oMol S SRARE RHFLLASE Opfe LN

skin 28 i one on reno orm grooves 26,

separiat ecedpys P& adoSandi/the bl @ipSkS 6f thednieypt@aBwIdipievill®a Stibpingiri abkddingach
row of mcroprotrusions as shown in Figure 6. The 10 edges 20, .22 and the
bl unt ti pAelign ¢ reanpRyerA RATBPR Bf gstghen peraeRAdo SoraLa SHIONG OB fursdy atheskimct i on

to renov ' h co u r g Qr 1fu in
t he ski nera?lg{)ﬁééd ?‘{:asgﬁlggs?lrrt%l%aa%ﬁ?}fl ngﬂgc%qgtg%i(%?gq g’égré@‘mz/g‘ of 1{;hgeflr bl unt
ti ps 18 ahictdprotrusiarsdpr sotapa ahd nemdve seareafehatisbue et dotomeofahe glveves Zsue at

the bottom of the grooves 26 and aJlo themtaq remain open, there

A1 owi ng PHRIENbENAS BB oPen THEvYy ALOYRE (hh PebelsaD KL FHET Bif 59X eUbody.
Pr ef grsabl gpsorphin HyChO D@y %éf@ﬁ%ly%4h@hﬁc@%ro%‘d§i5h§ 18%e bPRGHRIH lenRBNEI r at e
the stratum cornedm and to form grooves 26 having sufficient depth to all ow

absor pt i grencfirate Hee studissmagocecuappid ¢ul far; gloovesh2é deving seliocwnt epth toradlesy ng
pain Of | ASEES S e\ SRRILE" ool oAb Gy oRLCUERBN Yaakilg BlROYES 20
unnecessary discomfort to the patient. Preferably, the grooves 26 do not pierce but can
extend through the stratum comeum. The edges 22 of the pyramid shaped
20  microprotrusions 14 form scraping edges that extend from the abrading surface support 12
to the tip 18. The edges 22 adjacent the abrading surface support 12 form scraping
surfaces between the microprotrusions which scrape and abrade the peaks 27 formed by
the skin between the grooves 26. The peaks 27 formed between the grooves generally are
abraded slightly.
25
[0071] In further embodiments, the microabrader can include a dried or lyophilized
pharmaceutical agent on the support or on or between the microprotrusions. The dried
pharmaceutical agent can be applied as a coating on the microprotrusions or in the valleys
between the microprotrusions. During abrasion of the skin, the pharmaceutical agent is
30 transferred to the abraded area of the skin. The microabrader can remain in place on the
abraded delivery site for a sufficient time to allow the pharmaceutical agent to pass

through the abraded delivery site into the epidermis. The microabrader can be attached to
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extend through the stratum corneum The edges 22 of the pyram d shaped 20
m croprotrusions 14 form scrapi ng edges that extend fromthe abrading
surface swpponsi2gL to the tip 18. The edges 22 adj acent tplaa/tsbz/aadbng
surface support 12 form scraping surfaces between the m croprotrusions
whi ch scrape and abrade the peaks 27 fornmed by the skin between the
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m croprotgyshens. During abrasion of the skin, the pharmaceutical agent is
30 transferred to the abraded area of the skin. The m croabrader can renain
in place on the abraded delivery site for a sufficient tine to allow the
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m croabrader. Preferably, the mcroabrader is attached to the abraded

del i very re¢anetitate theepiarmaarebijcal lgenibuhide thet hisgoabpadsr és attashedhéo thecdalivietal
agent is ri)tass' Veeléfl QE{|(i,V ueed vcvit O%'etGﬁ use a?f a di(l)rue ter Qr S0l vent .
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di stiflpl ectonrirRd iRk ressRloimntBats®hniintepialGan diehd mjcedbesiel BEvaekgh an opening in
the support to solubilize and reconstitute the pharmaceutical agent while

the m croabrader is attached to the delivery site. The solvent or diluent
can be inj ed ri N [ in a
Feservoi OB PRbGRLf, bt St SRR Gecobipdilo shh SRRy AR

Pr ef er ablhaye t hesubstandplipt unifirmndersgtle aimd f widvh.y I8 pac éartlap aeinbddinfent, mtlan
array and ., have a, sufstantially upiformlength and wi.dth. In a further
enbodi rrerff“,c“tﬂﬁ‘c‘-}fusﬁﬁnéaﬁﬁ? MaeliL: %ﬂ%tﬂmeewragﬁ ﬂ&i‘ﬁ sﬁ%ﬁa&er@@ frast r¥einehe
skin 3t dh{ [Rpmir HERiESpro¥AEi¥hd Bllows the substance to be deposited at different depths

in the skin and can increase the effectiveness of the delivery.

[0074] If the abrading device does not include a reservoir for containment and
discharge of fluids from the device, the substance-containing liquid or the reconstituting
20  liquid must be separately applied to the skin prior to or after abrading, for example from a
separate dispenser or pump. However, reservoirs may be an integral part of the abrading
device. Preferably the reservoir is in fluid communication with the abrading surface of the
device or skin, for example via channels through the needles or protrusions, or via
channels which exit the reservoir between such needles or protrusions, or via porous
25 materials, or adjacent to the abrading surface. In this embodiment, the substance or
reconstituting liquid is contained in the reservoir of the abrading device and is dispensed to
the skin surface prior to abrasion, simultaneously with abrasion, or after abrasion. The
abrading device may also include means for controlling the rate of delivery of the
substance or reconstituting liquid, or for controlling the amount of substance or
30  reconstituting liquid delivered. As an alternative, a patch, either dry or pre-moistened,
may be applied to the site subsequent to abrasion to facilitate reconstitution, or enhance

introduction or uptake of substances into the skin. In another embodiment, the patch may
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15 the length of the mcroprotrusions allows the substance to be deposited
at different depths in the skin and can increase the effectiveness of the
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substance-containing liquid or the reconstituting 20 liquid nust be
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improvement in nucleic acid delivery in experimental animal studies. Although all

abrasive passes over the skin may be in the same direction, it is preferred that the direction

20  be altered during abrasion. The most commonly used protocol for delivery of nucleic acid

vaccines today is IM injection, usually with additional response enhancers when the dose

is low. Determination of the appropriate dose of nucleic acid vaccine to be delivered using

the methods of the invention is within the ordinary skill in the art. However, it is an

advantage of the inventive methods that delivery of nucleic acid vaccines is more efficient

25 than IM delivery even without response enhancers, as evidenced by levels of gene

expression and stimulation of an immune response.

[0077] Amino acids, amino acid derivatives, peptides and polypeptides, particularly
allergens, may also be delivered topically according to the device and methods of the
30 invention. Allergens are conventionally delivered into the skin by intracutaneous puncture
using devices similar to the tuberculin tine test. However, it has been unexpectedly found

that an enhanced allergenic response can be obtained by simultaneous abrasion and
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conpositions, are also well known in the art. [0076] It has been found that
m ni mal abrasion (as little as one pass over the skin) is 15 sufficient to
produce amoiogpsiasenent in nucleic acid delivery to skin cecraSo¥ssoanount
of nucleic acid delivery and expression continues to increase with

i ncreasi ng nunbers of abrasive passes over the skin. Six abrasive passes
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si mul t aneous abrasi on and 18 WD 03/ 051284 PCT/ US02/ 34504 delivery. This
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for a kit including the microabrader device either in combination with or adapted to

integrate therewith, the substance to be delivered.
20
[0079] Kits and the like comprising the instrument of administration and the therapeutic
composition are well known in the art. However, the application of minimally invasive,
microabrader devices for the delivery of drugs and vaccines clearly present an immediate
need for coupling the device with the formulation to provide safe, efficacious, economic
25 and consistent means for administering formulations for enabling immunogenic or other

therapeutic responses.

[0080] The kit provided by the invention comprises at least one microabrader delivery
device having an abrading surface, wherein said abrading surface comprises
30  microprotrusions projecting from and arranged in patterns and wherein said
microprotrusions comprise at least one scraping edge. The microabrader delivery device

contained in the kit may be fully integrated, i.e. include a facet adapted to receive or
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the particul ar vaccine or other agent to be delivered and other factors

such as ease of 10 application and efficacy, as will be appreciated by
t hose of wRioBbsizgu the art. [0078] Typically, to adm ni st ePCrasel/ssoor ot her
medi cament using the present invention, a practitioner will renove the

appropriate volune froma vial sealed with a septa using a syringe, and
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medi canenmediezaelt may be sppplsdbinea that is packaged in a kit also comprising an

abrasion device. In this embodiment, the abrasion device is first used to treat the skin,

after which the patch is applied to the treated skin site.

20 [0081] In one particularly preferred embodiment, the kit of the invention comprises a
microabrader coated with an effective amount of the medicament or vaccine to be
administered. By an "effective amount" or "effective dosage" of a substance is intended to
mean an amount that will elicit a desired response in a subject, including, but not limited
to, an immunostimulatory response in the case of an allergen or vaccine, or other

25  therapeutic or diagnostic response.

[0082] To use a kit as envisioned by the instant invention the practitioner would break a
hermetic seal to provide access to the microabrader device and optionally, the vaccine or
immunogenic or therapeutic composition. The composition may be preloaded into a
30 reservoir contained in the microabrader device or a separate application device in any
suitable form, including but not limited to gel, paste, oil, emulsion, particle, nanoparticle,

microparticle, suspension or liquid, or coated on the microabrader device in a suitable

20



such as the handl e and facet being separately supplied. Such kits may, for
exanple, conprise nultiple attachabl e abrading surfaces and nultiple
vacci ne dweagesi2gsui table for nmass inocul ations, wth hanecagsansyshacet s
bei ng supplied separately (optionally in smaller nunbers). Alternatively,
the kit may contain one or nore conplete "one use" 10 m croabrader devices
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medi canment. In a particul arl referred nbodi nent, the kit al so contains
an ef f ectqfvt@? 36@&8@10& m§y$ﬁé§?ﬁﬁﬁ@d’ @Eeﬁéer'gr iSBWef:ﬁ‘fe,ze'gﬁ‘ﬁ{ii U Y 29t ai ned
in a reseeyfisinfdbid fdrfh. W aliBbLHcBhstR@dn RlediaOtlehssit?BA Rl sthiBdtivR&igRRks Lor
functionally attached to, the delivery device. Alternatively, the vaccine

or ot her topmwali swribants nfalcohd wiges) iieding)ncan gartedr béatrovidepat idegieed. i nThe ki t
al so conprising an br asi o vi.ce. .I.n this epbodi pent.. the ab ion

dev ce 1 Prestidfe Bany ey pdly 15 5 Ginaon' iy Be ARREHE Moot bR PESIORY | o
to the trigRbRheSHkabsasich siéf, bOUBHe ChkcOBL aRRElohded 8F pyecphted ehicRAbrader
enbodi nment, the kit of the invention conprises a mcroabrader coated with

an ef f ectdeyiseagasiyritut gfe abrasionestipcwiteaitt senaraje applisatiemolybe medisamiest er ed. By an
"effective anount” or "effective dosage" of a substance is intended to

mean an anmount that will elicit a desired response in a subject, including,
but not limted to, an immunostinulatory response in the case of an

al | erl@en EXA¥RIAH he, or other 25 therapeutic or diagnostic response.

[0082] To use a kit as envisioned by the instant invention the practitioner

woul d br e@RLBVEREOEPLASSER DN A ENODDINGAS REPFOR DER (GENE UISpEGrader devi ce
and opti onal llﬁéyx t he vacci ne or inmunogenic or therapeutic conposition. The

conposi t i MICRENBRABERIIZWEE i nt o a 30 reservoir contained in the

m croabrader device or a separate application device in any suitable form
i ncl udin n b?:g,t gel 1 Lan,. Raril el
nanopartﬁgﬁse%] %%%gar IC|@,5 ?&gpée)lﬁ%?foi gilrréfh{ ?]g]l:li (ISé 5% V%agata %ﬂgmcl)ﬁerte %eto

m cr oabr amhesthéteréed BALBYc anisdiby NIl igje2tion/d I0BinftofidiB 4ith@TstdddaR) RNH adedlitosmape.
The conposition may be separately packaged within tg((f kit package, for
exanpPe, 1 Ff syingss 8F v radmppigtered; topicallpusiag ey migrgahrpder flevicy cOMMIsEE) dke.

One or nDJb?ad?xﬁg tsnﬂ'?acg%ﬁtsiisltiﬁgeﬂf 500mm length silicon frustoconical microprojections, as

shown in Figure 4. The abrading surface was fitted onto a microabrader device, as

depicted in Figures 1 and 2.

20 [0084] Two protocols were used for DNA administration using the microabrader
device:

1) Simultaneous abrasion and delivery (ABRdel): Mice were shaved on the
caudal dorsum using electric clippers, followed by a No. 10 scalpel blade to
remove remaining hair. The DNA solution was then applied to a 1 cm? site

25 on the skin surface and the abrading surface of the microabrader device
was placed in contact with this solution and then the microabrader device
was moved laterally in alternating direction six times across the skin surface
(three passes in each direction). The DNA solution was left to air dry and

the skin site was left uncovered until skin biopsies were recovered.
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of the fornulation nmay be |yophilized, freeze-dried, spray freeze-dried, or
in any other reconstitutable form Various reconstitution nedia, cleansing
or di si nfwotosmeeizagents, or 5 topical steriliants (al cohol perpse?/3450di ne)
can further be provided if desired. The practitioner would then apply the
formulation to the skin of the patient either before or follow ng the

abrasi on st &P Of ippe_ggrgsigglfgrﬁggﬁb g\[/:tmg{ ﬁ%g@g R'deRirHER G, TPl AVS

device, carry t the abras separate application of the
medi cament. 10 EXAlri-EabladdBLYVER¢aOmoREASH & {BlAniENGBRIINGdeviRERORSERGENE

USI NG A M CROABRADER DEV| CE .[ 0083] .Pl asmi d DI}{A 35 encodi.ng f.irgefl

| uci ferase was ad miskinstughagesix &meaméghﬂm%a Eﬂé}%%ﬁ?%gésﬁv IP%Ff}h?gté"fo?/on or
ID injection with aqlﬁ%&?(ﬂg Ar dl"h%nglA]%ggkiSn% then Lspfad SiWer NBE abfiidedakin
adm ni stered topically using a m croabrader device conprising an abrading
surfage consi sti ng soffa@0Gwieft engt frysislaboen f r ust oconi cal m croproj ecti ons,

as shown in Figure 4. The abrading surface was fitted onto a mi croabrader
device, as depicted in Figures 1 and 2. 20 [0084] Two protocols were used

for DNA %ﬁﬁ%&d}i StAad E&Hrdi‘%rgﬂ)sﬁm% DNA @aReAd@FougtairdBllicBs obnicks Fesult@ipeous
abrasion ‘and ‘del ivery (ABRdel): Mce were shaved on the caudal dorsum
usi ng el diodm itice shavpygeprocess.odimaksavery shavgsl asjaboye dupaergnelgebraded wishbhee

remai ning hair. The DNA soluti 0 hen pli . i t he
ki sur BB AE SoMIES SOPF aReroNREP ke Hpbiadepicalig 5 he'1 OF

pl acqd i nihe@it Rt siddi dnbl 1éthtoaiS@lyut i on and then the m croabrader device was
noved laterally in alternating direction six times across the skin surface

(three passes in each direction). The DNA solution was left to air dry and

the skin bhdei "% diPhbubl GRURS St WereStdiRcRl RShEIMUPDRA GaRNRLAon21 WO

Tissue homogenates were analyzed for luciferase activity using a luminescence assay. All
samples were normalized for total protein content, as determined by a standard BCA
15 protein assay. Data were expressed as Relative Light Units (RLU) per mg of total protein
and results are shown in Figure 7 . Each symbol represents the response of a single mouse.
Cumulative data from two separate experiments are shown (n=6 for each group). The
levels of luciferase reporter gene activity attained following ABRdel were similar in
magnitude to needle-based IM and ID injections and significantly greater (p=0.02) than for

20  topical delivery onto pre-abraded or unabraded skin.

EXAMPLE 2

CORRELATION OF DELIVERY WITH NUMBER OF ABRASIVE PASSES

[0087] Luciferase plasmid DNA (35 pg) was administered by ABRdel as described in
Example 1, but the number of lateral passes of the microabrader device across the skin
25  surface was varied (12, 10, 6, 4 and 2 times). In addition, after placing the DNA solution
on the surface of shaved but unabraded skin, the abrading surface of the microabrader
device was repetitively pressed against the skin (six times) to simulate puncture-mediated
delivery. Topical application of the DNA solution in the absence of abrasion (noABR)

was included as a control for possible DNA delivery through hair follicles or nicks. Skin

22



PCT/ US02/ 34504 2) Pre-abrasion (preABR): After shaving as descri bed above,
alcnk site was pre- abraded by lateral novenent of the m croabrader

devi ce acwogs/oshnes skin surface six tines with alternatingcdiusersdsoen (three
passes in each of two directions). The DNA solution was then spread over

t he abraded skin surface and left to air dry as above. [0085] As a control
for possible; N JehiWGE KollEhat 9 nRaitfer foBblidatioR Snf wetk sy EE 3 fukfRtasd M OM
t he shavin E)roceésﬁ?) anlémg | s were sh a\?edlggsl above b vlvjt V\Bl’g not abragsed W th
t he ni crastbityaedescehddor ExampBH).. The DNA sol ution was applied topically to
the 1 cn2 10 shaved skin site and left to air dry. [00861 In all groups,

ti ssue sanples were collected 24 hr. after DNA adm nistration. Tissue
honogenatggggjer errnaduts ark i’llﬁﬁtrzitétpinfﬁglﬁé% Fedch Sy inboligpRaerds the %@eﬁe%fcae
assay. All sanples were normalized for total protein content,

det er i nesinghy meuss, andiard (@Al g_rsupﬂr@tceptrfoa S%lEy . an@aﬁé” vxewbwbmpﬁeée@dasag

Rel ative L\ﬂht%ggqlﬁltes 8%U2 weren%ttgme lB(EI%EiSelIIl nonfumri)ers [8) a%sses a&fe ﬂ‘?ehovm

in Flguré Fepres r espons

Cunul at i vgicebabaadeF Gmlbd\@cﬁ)@@@ﬁeﬁhlﬁn@ﬁﬁ@éd rrwlé@ &JV@ISS(BfOMrés@reﬁ lfaﬁgedeaﬁhl
group). The levels of luciferase reporter gene activity attained foll ow ng
ABRdel wesreateyi than 4,000nto Z:8Qhfald gbovenafddi (cantsels éy eraups Heatedby §jXeet mers and

signific r 0 q

pr e- abr a?fm yong rad’%’g %E?%ﬂo‘%gg % r21 SN = A%ﬁi&@ g@“%ﬁ%ﬁ%ﬁ‘%ﬁw%‘ﬁ
NUVBHR O—'suﬁBcFéASf VE SRADSEeTe [2BOE 7300k, UZA0F emdsﬂ) fmllcaam')\cé BidRg{oBhd, gn)esmsively
adm ni stered by ABRdel as descrjbed i he n

| ateral pYeaesves OFﬁﬁ’r?ﬁS@Pdﬁ !c!’élflctl‘]@\r/l |g5<§1pa\e{ rSé’é‘iLyt %golié IQE‘?]V% %ﬁ%“%as
vari ed (1\gere e s@mﬁé ?Qiﬂ%exrehtnf?&)mowmﬁggﬁ&dlgn’ after placing the DNA

solution on the surface of shaved but unabraded skin, the abrading surface
of the m croabrader devi ce vvas repetitively pressed agai nst the skin (six

ti t t | t th
ona sl utPBTT kel dRGctfotoriets Jhalcing rinib ettt f e P Bl oo o 1 of
for passitbpigalldifivel§! dABNK ity B glamh Antrehsdd! 16€d1£6f B¢neNixplessioSkiere #fained

by increasing the number of abrasive passes of the microabrader device, although gene

expression was observed after even a single pass. In addition, laterally rubbing or
abrading the skin significantly increased nucleic acid delivery and gene expression as
compared to repetitively pressing the microabrader device against the skin without lateral

20  abrasion.

EXAMPLE 3

FORMULATION OF PLASMID DNA

[0090] Luciferase plasmid (35 pg) was administered as a liquid formulation by ID
injection or by simultaneous abrasion and delivery (“ABRdel liquid”) with six passes of
25  the microabrader device across the skin surface as described in Example 1. In addition, the
DNA was lyophilized to a powder and coated onto the surface of the abrading surface of
the microabrader device and administered by simultaneous abrasion and delivery either
directly as a powder (“ABRdel powder”) or upon reconstitution in PBS buffer at the time
of application (“ABRdel powder/recon”). Reconstitution was accomplished by placing the

30  powder-coated abrading surface in direct contact with a droplet of PBS on the surface of
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WO 03/ 051284 PCT/ US02/ 34504 biopsies (1 cn2) were collected 24 hr. after
application and were assayed for luciferase activity as described in
Exanpl e 1wo[03088B4 The results are illustrated in Figure 8PCEamsh2/34s0b0l
represents the response of a 5 single nouse, and n=3 for all groups except
for "x12" and "x6" in which n=5. Increasing |evels of gene expression were
attai ned t n n cr, [ i

across thee%s%llrlr’ gﬂ%??gegyhgmﬂ eei?eF (gf(pa?gsg?g/ﬁr}?nan&e% f"?gges{lrfg%\eéa gr

t han 1, OOficréabrateB@oviced dve&bralse mﬂéBRvnh)rﬂ)NAI dlsso’nvcgir ouPS% ragavsd gbly asd X or

more abrasi.ons. an r onse .
m cr oabr aEHNEEH _rm‘lwﬂa@gwsry ?Sh‘eesglill?‘iﬁl %@r" & (J;‘B}%ggeléﬂ?é) 200-

and 30-f 1&%%9{ X eT=Yol Ii4- the MB&dh H8S in
t he ' pung%“ﬂ)rl%@%grﬁeup V\erfgmggfthg-fo Eitlj’fl)golvet ebackgrcgg)\rfgibgansg}cn %’9?@ b

si gni 5 caintlugedias$ & sprimol. f SkimbiepsEBR! coi) mers collegG894 Thegter etailaam@mnﬂst rate

that the abrasion cess i.S critjc conponent of. 15 taopigcal delivery
of DA | oG ey ek R S Fite R 3ahls L The RGBT St il Ghrenbr bV EREG by
i ncreasi N@piebéntdhed@porde GHAMsATY Molas mBhtive Rt Fr6mAMsephte €RNdrRents

al though gene expression was observed after even a single pass. In

addi ti on, art shewm|where obifergeash greupr a¥imilgr lavelssiilncifirgnei expeassion yn theckimsed
nucl ei c I VE e n tii

nucl o1 bl B 4RV AESRENRCRALE A wESIPH Hlh ABERT b Bl

abr asigon. AEK&MHL:Ev&r/F@N@;%sOY\I%uEhASM@ dmiét B&Q@Q] oLglalcerfoa&ier-ﬁéaa@In d
(35 g) was admnistered as . a liquid formulation by I njection or 1%

si mul t anelBl4 Bihaw sROSHINtp8) fevdied 1pm chrérrqsrlamSérﬂftlwlltYhaqusz tha 88ABRof 25
the mcro e 1.
- addi 1 | arop FepUe RURARE i BEL B aer SaGrAmUERT) R iRy FATR

sur f ace ahednhepnatbl mdpmge s Thesecresuwfs detrfoastnite thedecadgitutievofcedgnidrm of the

adm ni stered by si nmul t apeous abrasjon. and iver ither directly as a
ponder (- HERBEA TSRIEF O SGRT RS ALRTRS ane GEluRD odpes Baronrte | me

of appl i Cﬁﬁlhﬁ%e()uﬁﬁﬁ‘i&bnpﬁﬂdgélfv'é?f@ﬂ a) hqﬁe%ﬂﬁﬁrhﬁwl orhidVRgs agemiaYes shed by
placing the 30 powder-coated abrading surface in direct contact wth a

dropl et ofonpBSciehapiisagen phihe nadthods, as an abrader device with a liquid-filled reservoir

could be pre-coated with the vaccine powder for reconstitution of the vaccine as it is

applied by abrasion.

EXAMPLE 4

20 ANTIBODY RESPONSE FOLLOWING DELIVERY OF DNA VACCINE FOR
HEPATITIS B VIA MICROABRADER DEVICE

[0091] Plasmid DNA encoding the Hepatitis B surface antigen (HBsAg) was
administered to anaesthetized BALB/c mice by IM or ID injection with a standard 30 g
needle and 1 cc syringe, or was administered using a microabrader device as described in
25  Example 1 according to the ABRdel protocol of Example 1. Mice were given a total of
three immunizations of 100 pg per dose. Serum samples were analyzed by ELISA for
antibodies to HBsAg (total Ig) 2-3 weeks following each immunization. DNA was applied
topically to shaven but unabraded (noABR) skin as control for possible delivery through

nicks or hair follicles. Data represent an anti-HBsAg titer, defined as the highest dilution
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23 WO 03/051284 PCT/ US02/ 34504 the skin, followed by sinultaneous abrasion
and delivery. Abrading surfaces of m croabrader devices were al so coated
wi t h DNA wogsobsred in 0. 5% agarose gel and adm ni stered IpgTdiSrub45aneous
abrasion and delivery as described above ("ABRdel gel"). Topi cal
application of the liquid formulation in the absence of abrasion (noABR)

vas 5 1 naeidetds sinfienitithe MbbalORANES of feabiTred Bt SHol€ Huabthrthd "

after application a wer e “assaye escribed in Exanple e results
are showsérnmribgrines! ffom Raivh, wymboinizedepcegsent s t he response of a single

nouse. Cunul ative data fromtwo separate experinents are shown, where n=6
for each group. Simlar levels of luciferase expression in the skin (about

20-30 fogdoﬁiov% RRABRenRicE pePSRLY Srd Sal)B& MRah Hit@§ hied@prefdaRdeds Hatqui d
and 10 ABRdel’ powder/recon groups. Al though neither direct delivery of gel

or powderindagire 80, vDrthairesponges o€ g dual micomdicatedas open pyrgedies  Ekpreswlts on

gl - basednigir at yomurarRRn o IR0 FEnes HARER R Bl st eBfne o

r esponse.thd AdRRiel ﬁ@bﬂcbﬁirﬂﬁé&%xbh?ts&uhh@{tibb@ﬁ e3pbdmdesiin VivoOfTha netgwithdy &f of
the wvaccine at the tinme of sinmultaneous abrasion and, deli ve% garoduces
resul ts coahzesaenses wereisgnifieantly greaserdpabLa sftenimpunigaiang &randgy than these d

formul ati. i V, f RrEhRiAd i.cat i
met hods, 1§§'uc§§mé reagérr ﬁ\ge@%g&\?\n thsqéndlalpdciw d-ﬂﬁ_})aeﬁgﬁleascgl?léoﬁg v %)E‘P(g Ige

pr e- doat adjesiiérs. thhaddides itiereppomdes infthe ABRaehgioup wdr@comsidetdbdy leaceariableas it
is applied hy abrasion, EXAVPLE 4 20 ANTI B SPONSE FOLL NG DELI VERY
OF DNA VAhey FHES‘deéeﬂéﬁAfPilWSlgBel‘%EheAS?@fléﬁéﬂﬁ%ﬁD jESEOD 3PYE-1 MFasHicE DA

encodi ng Jdfap gﬁé&;@ﬁﬁ&t%@ g\;efr%@,lamr%@ A@r@&eﬁgpoupaéomﬁgm B $Loefofgwi

anaest het1 ze C mce or IDinjection wth a standard 30 g
needl e an injectionyaridn¢f0 vin I sjediohni Noteblyd thesABRdal mpproadbwasi¢he tosti ce as

described jn .25 Exanple I. according to th AB@ ocpl .of le 1.
M ce. ver LRy En A VEgRe POV e RO RIFURI 0P onC0 Ar T UQBS § R3St 4G um
sanpligs WEBRJANBINERRrRY afebd tHA ihithuni2dioh Qdharel Qo MBS/ () Qithe 1B rodte3
weeks follow ng each i muni zation. DNA was applied )
and 50% (5/10) via ID injection. None of the animals administered plasmid DNA
topically in the absence of abrasion mounted a detectable antibody response. Further
characterization of the antibody isotypes revealed that administration of DNA vaccines
using the microabrader device according to the ABRdel protocol induces a similar mixed
20  response as standard needle-based IM and ID injections, consisting of both IgGl and
IgG2a. These results are in contrast to previously described epidermal vaccinations using
the gene gun, in which antibody responses consisted exclusively of IgG1 in the absence of
IgG2a (e.g., see McCluskie, MJ et al., Molecular Medicine 5:287, 1999). In addition,

delivery of plasmid DNA via microabraders induced potent cellular immune response, as

25  measured by antigen-specific cytotoxic T cell stimulation.

EXAMPLE 5

DELIVERY OF ALLERGENS VIA MICROABRADER DEVICE

[0093] Histamine dihydrochloride (2.5 mg) was administered to the skin of
anaesthetized swine by simultaneous abrasion and delivery using a microabrader device, as

30 described in Example 1 (ABRdel; 4 passes of the device across the skin surface). The

histamine was formulated either as a liquid or as a lyophilized powder, which was coated
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topically to shaven but unabraded (noABR) skin as control for possible
delivery through nicks or hair follicles. Data represent an anti-HBsAg
titer, deWwormeds2s4the highest dilution 24 WO 03/ 051284 PCPCUDEGEZ/345804 of a
serum sanpl e yi el di ng absorbance val ues at |east three tinmes above
background (serum obtained from naive, unimunized mce). [00921 A total

of "ten i BRI o MaOLPr HE'aBradilRl U7RHe ANEAROhAES iR Lick SRCERLOA B nbars S

in Figure e responses of individual mce indl cated as open
synbol s. théénreasfidpplcationi Fat eompaisoadhistainsie stlutom whs ped/asca dropdet watong t he
m cr oabr ader devi ge, accordi ng..to the ABRdel. protogcol induces strong serum
anti body eSS tbﬁsk}f”v’c‘}.lm%i%tehh _rt‘Y}H .Bftm.g'éﬁfg eygga%%s}glgce\gépecon ct
si gni fi capih higsQat &l arddPild 95 pahdite th&MAI Zkd @MSIike adiceddonsRRA dMesé
i nduced via either IM(the current standard for DNA-based vacci ne delivery)

and | B 10méta) 3¢tgi medles lof ladui tlength, simdar tos pommersidlly avadabipRrigeicegusrshinner e

consi der ahl | ess. var,i,abl t han t hos bserved foll ow ei.t her,, st.andar d
needl e- baf’glgggef’ﬁfsg%g'i giqja'cg tsgl.n %}%ﬁﬁv 5 &%q?%dsw t%\{tﬁlee r&l%cﬁ‘!?ag’éa |e9 T2t ﬁhghlgewer e
12, 160 f aiketgiactibigebvied dURe alsei®asadsthing3h ofdet toombiigor skiv eidtRamt do@tcand

4800 via IDinjection. Notably, the ABRdel approach was the nost effective
del i very thededcesotathsnithag thastiegimadi bigemigs; Adgtopal ropuoly ineludgd sian sites eat ed
via 15 A A t.er i i | ar ta.40%( 4/ 10)
Vi 5 the ThrreREh AEARERISHRRR b} 1Byl U HEAHLR 0P puRET S AN

adm niost enedlitgpédson inbdfiatet fiagmhdtyryi reatthensainskudivg eddnedsy asiebimgnadtled a
detectabl e anti bo%ly res]gonsti. Further characterization of the anti body

i sot ypes apesaanceptpdicalend 126t rati on of DNA vaccines using the

m cr oabrader device according to the ABRdel protocol induces a simlar

m xed 20 response as standard needl e-based IMand ID injections, consisting
of bot h |[§@4]andVigog@ dnflithmewry esadtiogs averei pbsered r ats skih osifss etvéadeds [with

descri bed .epi dernmal, vacci nations usin t he gene n, i iC ntibo
res ponseg‘lgg‘f‘@es‘f‘@&heeg’d?rﬁg T ‘i?rﬁeé’fcel gV ny&’r‘?glaa%tée%‘ﬁeéﬂ’&g U e e y
see NBO uakb®tisddl) RbredlbservA®Ph@osl e M £éd\6f HstdBine AR skir, Aviretlk tsiten,

delivery of plasm d DNA via m croabraders induced potent cellular inmune

r esponse, treated wish theadeuicedn e zhsenaseri-higamineidispdgyed ok wilyt redniess alopgntheat i on.

EXAMPLE 5path of abrasion in the complete absence of swelling. Similarly intense reactions were
observed with both liquid and reconstituted powder histamine formulations. Skin sites
treated with the histamine solution using the tine-like puncturing device also displayed

20  severe erythema and swelling, although the response was localized to the points of contact
of the tines and the immediate surrounding area. Skin sites treated topically with
histamine solution in the absence of abrasion or puncture were not inflamed and appeared

indistinguishable from normal, untreated skin.

25 [0095] Histamine dihydrochloride is used in the art as a model system for evaluation of
peptide and polypeptide allergens. These results indicate that the described protocol of
simultaneous abrasion and delivery can be effectively used for the topical administration
of allergens which are amino acids or amino acid derivatives, and predict similar results
for delivery of peptide or polypeptide allergens. Benefits of allergen delivery by

30  microabrasion compared to skin puncture include distribution of the substance to a wider
surface area of the skin, thus increasing the reactogenic site compared to the localized

distribution accomplished using puncture with tine-like devices. The increased area of
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DELI VERY OF ALLERGENS VI A M CROABRADER DEVI CE [ 00931 Hi st am ne

di hydrochloride (2.5 ng) was adm nistered to the skin of anaesthetized

swW ne by womaloseseous abrasi on and delivery using a m cro&omamser/3«devi ce, as
30 described in Exanple 1 (ABRdel; 4 passes of the device across the skin
surface). The histamne was fornulated either as a liquid or as a

| yophi | i . er j . . : (@AWY to
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was placed as a drople nto the surface of, the skin,. i di at el fter
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to punct yhgiihebedd fhd plighetdl NRHd k&, AENVGH eoHaing! RdtefcusR¥EVenti® & 34 ¢
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device or the tine- |ike puncturing device in the absence of histamne in
order to nonitor skin reactions due to the devices rather than the effects
of hi st amasmplds®i tional controls included skin sites treated with

hi stami ne topically in the absence of abrasion or puncture. Skin sites were
10 nonitored for inmediate inflamuatory reactions including redness,
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vviththeq.i tam ne sol uti on usjng the Ei e-like nct ur i devi ce al so
di spl ayoPToBe RIERL YYD AIVAR et ROV Bt R FneHe eX BT ssion QYer
| ocaljiszedhihed hbBBodOi T 8 REorlOsH: 3 texpOfimbits (Gré\§s B NEistaiiénd BIFRSNpALR was

surrounding area. Skin sites treated topically with histam ne solution in
t he abserdsévertd dpraasimberop! yarrdingremate & orlshire igsapnd thentesulppaetedd The

| ndi st nqlélguﬁtg%?lthee &go%g]Iilg)r(prg%lmen%n}h%%atthgtdthg lﬁ'sg of the present invention provides an

unexpected improvement in allergenic response over other methods.

20  Group A Experiments

[0097] In each of the experiments in this group, 20 pg of plasmid DNA encoding the
reporter gene, firefly luciferase, was administered in a total volume of 10 pl to Brown-
Norway rats. A 30 gauge needle with a l1cc syringe was used according to the Mantoux-
25  style injection technique whereby the needle is inserted parallel to the skin surface. to

deliver the injection intradermally.

[0098] In Group 2A, a microabrader device, as described in Example 1, except
substituting a plastic abrading surface for the silicon abrading surface, was used according
30  to the ABRdel protocol. The DNA solution was first applied in droplet form to the shaved
skin of the rats. The microabrader device was then positioned onto the DNA solution and

the skin. Thereafter, the microabrader device was used to simultaneously abrade the skin

27



25 [ 00951 Hi stam ne di hydrochloride is used in the art as a nodel system
for evaluation of peptide and pol ypeptide allergens. These results

i ndi cat e wbas/osize+ descri bed protocol of sinmultaneous abrasirarsozsdodel i very
can be effectively used for the topical admnistration of allergens which
are amno acids or amno acid derivatives, and predict simlar results for
delivery of ReRt: 82 DNAPHYREPLLKiHeE %'a%Eﬂi%ntﬁe sReNehd ficrehbraddedasdie el ivery
by 30 m croabrasi on conpared to skin puncture include distribution of the
subst ancdatemlly mé\ddrovesihe shinet tamesa(2gimeshaack ki alterndtng dincctiermsy aergsst dnearea

react ogen site co red to t eloa zeq strl t|o acco |ISh usi ng
punct ur e fo?ﬂl?f?’t“w&teﬁpze‘ & ce Cleﬁler a?gqh g% % (}ng4
PCT/ USO2/a34RR¢%. di stri bution, conbi ned wi t h better targetl ng of the hi ghly

i mrune-stimul atory epi der rral tissue may increase the sensitivity of
al l erden testing corrpared to current tine-based Skl n puncture testing

met hods. y{b@swgdd'lh'@ ﬁer @%d”ﬂc\t Qet%nsehgédlge g&% H‘&J to%fe§SE§ P‘N& the

capill ar s and pe nerve accord e Cut r ent
i nvent i orcatatog ﬁuﬂtbéte(ﬁfy-lt Co3sting 9% al dliwsda i of & wb@taﬁtaeﬂl@rndérttmal p@lhfearalemcﬁﬁst ing
met hods. Exanple 5B [0096] |In order to illustrate the dlfferences bet ween

the presewtanged/ R siesle Wil drmeternd appioxppaiely st m prewped i acerdance vith s,
P
atent Ngye %a@t%% %s?g%tb‘ﬁ%@@é 0589‘8‘7@9 B&%ﬁfe@t«ﬁ:e Va5 Fodaed &?{hﬁggwbﬂf@b&' [ st

set of experlnen ncodi ng t he uci f erase
r eporier sphnenissdipigthg verteds imo a 19yriiizoplef othemslumm ﬂmyesrsa:ttsalll_sw)suy;&namjs

nmet hods and the results noted. The results. of p A _experinents show
that the ais®f thesolytion hetwesarthe clygtened pintsd st?megs (Uﬁekbéeeeaawwmenem in
genetic expression over 15 other nethods. In a second set of experinents
(G oup B), histam ne di phosphate was delivered to a nunber of weanling
femal e YJPk6Mi r dnpGrgsp dAd thehtiner desidet wampxteesztd aphimst skiss ahd scrafch¢decr@soarp B

experiments show t hat tlh se P the sent |nven i on provides an
Cmexpeot ci RpRBTRRBIHE 0k Ter bk el inde BrarteREY SHEefioss © 98%: oup
A Expsri ngae ’rﬂ@&%lcewasqﬁ@ttdoilortg@teﬁmedﬂ l'ﬁ@ﬂ{cﬁ (o 917311;1%) & HYoRide 20 cehtét

pl asm d DNA encoding the reporter gene, firef | uci f erase, was
admi ni st ewidtlan area of aprapxigately@®06fmio | to Br ovvn-

[0101] In Group 4A, the tine device was pressed against skin and moved across an area
of approximately 1cm? being careful not to insert the tines so as to draw blood. The device
20 was moved along a length of 1 cm. Then, the device was removed from the skin and
pressed against the skin adjacent to the original treatment site. The device was again
moved along a length of 1 cm. This process was repeated until a full 1 cm? area of skin

was treated.

25 [0102] In Group 5A, the tine device was pressed against skin being careful not to insert
the tines so deep as to draw blood. The device was not used to scratch the skin; rather, the

device was removed from the skin immediately after pressing against skin once.
[0103] In Group 6A, plasmid DNA was directly applied in droplet form to the shaved

30  skin of the rats. Using a pipette tip, the droplet was then spread evenly across a 1 cm? area

taking care not to scratch or abrade the skin.
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Norway rats. A 30 gauge needle with a | cc syringe was used according to
the Mantoux 25 style injection technique whereby the needle is inserted
paral | el wooshei2skin surface. to deliver the injection i rCcrasber/sesbdy.
[0098] In Group 2A, a mcroabrader device, as described in Exanple 1,
except substituting a plastic abrading surface for the silicon abrading

surface, [mﬂuseﬁwa&?&%ﬂﬂsﬁmﬁc&[@pﬂsﬂq &i€h éﬁﬁfé&%ni@é@tsaeg%(m@se@% @ﬁ}estﬁdspn was

first applied in droplet formto the shave skin o e rats.
m cr oabr atttiveryehomegemzed; hah ppesssed dorehicdenase a¢teviPNSipthet Lwnferase Assine

skin. Thereaft the.m croabrader devi used .tg sjimultaneously abrade
the ski n P ioaness Madaser Nido3p ssent Srd e n dhooBlamOHRot RSy n.
To abr adeoliB&ed bktweeh BRouPsC R ARSI BEIVIE W ELn R Rlizb AR Blal Yrdl@H@YnRYEN t he
skin 4 times (2 tinmes each in alternating directions) across an area of

appr 0Xi neisene/specimens @getemhined dytBEA mssayp(Pistree, lkockfoséit g and &9 expressed as
col | ected, f,or l.¥si.s [0099] . n &G s 3A, 4A and 5A, a tine device
(Geer L e&% Yteolﬁglgtsl,yl% se(rll%'l r),pef\l@,g Of(t:%fﬂa‘frggépnhunber GP-1) consisting of a
cluster of 6 substantially identical pointed elenments arranged in a circle

with a dianmeter of approximately 0.19 cmwas used_ in accordance with the
t eachi ngd08¥5]u, Sigyratldrdisays meargbicomse ¢ iein i §@8PIED abtamediftam thee

pl asm d [ i pRi tq ' 1( et e
Bl ati on PHATHsT deltle BF 1EVods B b didelifoctabGr Pl ser BRE) & Siflcald’

cl ustl®r dirr@raifitheMeah ebhwrifegas¢ tactings) whyy/ stooajgedtliatlye GedupolA af 00,08) RLW/@goup

3A, the tine device s pressed ain skipn, and scratched across,.an area
of appr oxXPSREE] Ysipe dg'gaﬁléfoaﬁfaﬁgr deved (rae: 245 aTpoertlicng ftf%sﬁdgéerag‘ep as
to draw ]a'étiPi('gy(?ﬁj exdib&l %H'%&%@%!ﬁ%%@?ﬂ@g th Cemedsh &iig%%sé%the(@negl?S

cm to provide a scratch ~an area of approximtely [0101] In
G oup 4A devives r¢snbiediaviitle tnax prremseth hugiHerase astvity andompareditatheotopicah ar ea

o 260" OBt TR 96 287 R 578 o RS 30 Bl 2
renovigd fochieh A€ a%liof pprbxiRiteSRI6cagai(Gedupt 18) sdihpardd i@ ¢2N R migh®hen
original l;[sgc(la 2)t g:?ar:}:h a?rll ;[u'%él o;'r Qp?prg)g\r/nlage(lay \ll\?rrslz % ?(;ur}]) 3A), and 61 RLU/mg when pressed
against skin without lateral movement (Group 5A). Topical application of the DNA
plasmid in the absence of a delivery device (Group 6A) also failed to induce significant
luciferase activity in skin (43 RLU/mg).
20
[0106] Thus, administration of plasmid DNA using a microabrader device and method
of delivery as described in the Application results in reporter gene activity at levels up to
32 times greater than those observed following delivery using a tine device and method of
delivery as described in U.S. Patent No. 3,289,670. Furthermore, delivery using the
25  microabrader device of the present invention results in reporter gene activity at levels up to
90 times greater than those observed following delivery using a tine device as described in
U.S. Patent No. 3,289,670 and pressed against the skin or following unassisted topical
application. In addition to the above, visual inspection after administration of the
substance by way of the method and device described in Group 3A-5A (tine device),
30 revealed a substantial amount of substance remained suspended between the cluster of
tines, whereas by contrast, the method and device of (Group 2A) appeared to retain

substantially less of the substance.
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noved along a length of 1 cm This process was repeated until a full 1 cnR
area of skin was treated. 25 [0102] In Goup 5A the tine device was
pressed ayeaiodmsi28ki n being careful not to insert the tinesTaAsZI®ESE as to
draw bl ood. The device was not used to scratch the skin; rather, the
device was renoved fromthe skin imedi ately after pressing agai nst skin
once. [0103] In Goup 6A, plasmd DNA was directly applied in droplet form
to the shaved 30 skin of the rats. Using a pipette tip, the droplet was

t hen spreglql0 evglﬁi a&lggg alcnk area taking care not to scratch or

abr ade t - /051284 PCT/ US02/ 34504 [ 0104] The area of skin
conprising each of the delivery sites was excised 24 hours post delivery,
honogeni zgglg7)andn ik &STSBE dxPErimbk iR @Reg@ahbl YO Y &Sh M6t Re/mhUgistgliRs e
Assay System (Promega, Mdison, W). To account for differéences in the

t ot al Sanudiphosphate (Sigme, St dlouesc MQ) $pdutwee( 06 mogipd histangingewas admipistared yo was
normal i zed far tot ql rotein.content in 5 tissue specinens as determ ned by
BCA assayW?aIBﬁEg ena ﬁg(%klfs F8P®L) and is expressed as Relative Light Units
(RLU) per ng of total protein. [0105] Figure 11 displays nean |uciferase
activity in skin sanples obtained fromthe rats treated using the devices
and net hd@%08ls dedoripdB, avgwabrader cﬁﬂyrcegqsmpc)rlbe&landmedtlm\@%rtm Gabup he
Mean. Lucjferas CtiVvit St est .in the oup- 1 .A at .10, 72 LU/ ng.
Del i very ‘{’Jselxﬂgn %ng “r’éscl%sgéfb\ﬁgigehrISt‘rc’ﬁe?@lgcsz)}uf@ovtvj% fé‘% 4R 1§é P éjg?ﬂl‘%[efgnflgo gﬂer ong
| uci f1®r asshaveriCikiiny of theipigse XCheSttradbrates devdtesas theB§RsidohédBito thehisRMifast ,
delivery using the tine devices resulted in little to no_ increase in

| uci f er aslugionjapd the skan angdrpsedder siyiliapeousbpatsede the ghinapd dglivaighe higemieg ase
activity ; - RL- g | i area
of appr oxl}q%;tth é%‘“o. g%fw?g[}o%%ﬁzt% Hﬁ%ﬂpggﬂﬁgﬁ dt%gﬁ:ftz{ga%aﬁ%%rlr%’%\gg\da&&g & t o
scrat ch atkirab @mesf(3 sipes @achimt dleynatiag@ire iomupac3dys, ancaneh eflappkdtimygteiyhbn.s
pressed against skin without |ateral novenent (G oup 5A). Topical

applicati‘oh-of the DNA plasmd in the absence of a delivery device (G oup
6A) alsso failed to induce significant luciferase activity in skin (43
RLU ng). 20

[0109] In Group 2B, a tine device as described in connection with the Group 3A-5A
experiments was used. The device was loaded with the histamine solution by dipping the
tines into a 10 puL. droplet of the solution that essentially suspended all of the solution
between the cluster of tines by capillary action. Using slight pressure, the loaded device
20  was then pressed against the shaved skin, being careful not to insert the tines so deep as to
draw blood. The device was then moved along a length of 1/8 inch (0.3175 cm) to provide

a scratch with an area of approximately 0.06cm?.

[0110] In Group 3B, a tine device as described in connection with the Group 3A — 5A
25  experiments was used. The tine device was pressed against the shaved skin and moved
across an area of approximately lcm? being careful not to insert the tines so deep as to
draw blood. The device was moved along a length of 1 cm. Then, the device was
removed from the skin and pressed against the skin adjacent to the original treatment site.
The device was again moved along a length of 1 cm. This process was repeated until a full

30 1 cm? area of skin was treated.
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[0106] Thus, adm nistration of plasm d DNA using a m croabrader device and
method of delivery as described in the Application results in reporter
gene act iwptog/os28d evel s up to 32 tines greater than thos@eCcohser/sssos
followi ng delivery using a tine device and nethod of delivery as described
in US. Patent No. 3,289,670. Furthernore, delivery using the 25

m croabr a@gy1jdevih &rolp 4BNE tiAE FRGIRE al BYLRbELT Edtdbition With kEPQF B3 ADERR
activity at levels up to 90 tinmes greater than those observed foll ow ng

del i very experigents wasasetke vitedingsledss ovasipaess¢hagainssskipgeimgtcaniful n®t 2885670 and
pressed ai.nst the skjin or fol i ng unassi sted topic application. In
D ¢ on 1 ipeso.dsg 3% I8l i Sed, PRV TR B} S R et o Bimgile, 26
subst anceddiiceWeas réthovdierrath tikodkimme@xte beafrte prostibe ddifist SkiapcdA- SA (tine
device), 30 reveal ed a substantial anobunt of substance renai ned suspended

bet we the cluster of tines, whereas by contrast, the nethod and device

90 031 05 AOEEHLCT GRS PurBipleti e BHARIASE L meBipls HerdribEy BN BRege 2
exper i menihdud thiduppligationf tHebhibtamineasoRitionmg/ M hi stami ne 5 di phosphat e

(Sigma, St. Louis, MO solution (100 ng/m histam ne) was adm nistered to
weanling femal e Yorkshire pigs. [0108] In Goup 1 B, a m croabrader device

as descri in t i i .
i st am et a5 S RSN B0 ol B 1 e ma SoEHRR AT NinkS BYF ot 1
of thd pibise swidilen skinrsitabwactaneaberddoertwaly thhé hopnositdllyontehe onpest bk widest am ne

solution and the skin .and used.to sinmulta usl .y abrade the skin and

del 1 ver (BN oy i FAECOT cisEe i P, AANEY (o rGRITR StronAItCROaBh ader
devi ce wWagifodheidhlctryMaN &QtitMRY of AR atki WasOmblid®y hdltiplyIRS RAGHHcA and
alternating directions) across an area of approximately 1-1.5 cnR. 15
[0109] | nheGizonte! mepsurementte Tgwiedad displaye pbotod efiskim resonense tihomesits indidate Gr oup

3A-5A experinments was used, The device . | oaded wi,t h,the histamne
Sl ot on 6T WRRkGorBF 41 Bitinihe 5Pk St tog BEERbrANC d o o B
essents al inyerfivaP@re@sl 18l Ireifitstifea gidatél ia@h of histamine-induced swelling than the

corresponding reactions induced by the tine device disclosed in U.S. Pat. No. 3,289,670
(Groups 2B-4B). Notably, while delivery of histamine with the microabrader device
resulted in significant skin reactions, control sites treated with the device alone were
completely clear at 20 min and showed no evidence of swelling or redness. In contrast, the
20  tine devices applied to the skin without histamine resulted in considerable swelling and
redness, making it difficult to distinguish effects of the device alone from the effects of the
histamine. Figure 13 displays the relative area of tissue swelling for each group obtained
after subtracting the swelling measurements observed from use of the device only without
histamine. The results indicate that the mean area of histamine-induced swelling is up to 4
25  times greater when administered using the microabrader device of the present invention
(Group 1B) as compared to the tine device of U.S. Patent No. 3,289,670 (Groups 2B-4B).
In addition to the above, visual inspection after administration of the substance by way of
the method and device described in (Group 2B-4B) (tine device), revealed a substantial
amount of substance remained suspended between the cluster of tines. In contrast, the

30 method and device of (Group 1B) appeared to retain substantially less of the substance.
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between the cluster of tines by capillary action. Using slight pressure,
the | oaded device 20 was then pressed agai nst the shaved skin, being
careful D BosI286ert the tines so deep as to draw bl oodPCThsodgssnLe was
t hen nmoved along a length of 1/8 inch (0.3175 cn) to provide a scratch
with an area of approximately 0.06cn2. [0110] In Goup 3B, a tine device as
descri bedgd gction with the Goup 3A - 5A 25 experinents was used.
The tine device was pressed agai nst the shaved skin and noved across an
area of aMPCROARRADER DEVICESCOMRRISENCG Plid$ THCOABRADIING BURFAGES so deep
as to draw bl ood. The device was noved along a length of 1 cm Then, the
device was renoved fromthe skin and pressed against the skin adjacent to
the ori gial4)t r eBleBAbr Skt Gescribbe MRYI-ER G SMREIRInTta ey eEMS)LRed h of
1 cm This process was repeated until a full 30 1 cn? area of skKin was
treat &d. Bethods 0B fabsicatg stmctpralisopregiss abraqdom] yrfaces fopupilige. Microsbradevi ce
as described in connectio it h.the u - ri nents. wa sed.
The t1 ne doires ofRENAE oLy Mhbdind fori Rk eer Lo RERL PR R BB E

tines so @R@RsasmpasiAlg silicbh abddingharfdeyiiseuding emset ofuR@thficdursCloat €3t btk
skin; rather, the  _device was renoved fromthe skin imediately after
pr essi ng Hghirarrodugibifityo nAdthoygh sughy plastia iabriding safacss MppeaReleehdvs ndmilerd

using th [ ' [ t he
i st o neeaar e ot RGP AR G B RERn HbbOeEy WP PRI e
swel [10ng @ipadfy imvinet es post treatnment. 10 The swollen skin sites were

nmeasured vertically and horizontally at the | ongest and w dest points of
the reaction using digital calipers. A though the reaction sites were not

of uni f oy YeonBler filoRihetdnit 8hks tRCuditGDIARIEIARIP et ERhMishg ¢ he
vertical and  horizontal measurenments. Figure 12 displays photos of skin

r eact i onsplastitabradmng susfatrdi cate that application of the histam ne solution
with the m croabrader device of the instant 15 invention (G oup 1 B)
results in a greater area of histam ne-induced swelling than the
correspondi ng reactions induced by the tine device disclosed in U S. Pat.
No. 31,52891;31@\8’11’1@1'26&)ups 2B-4B). Notably, while delivery of histamine with
t he m croabrader device

DISRUPTION OF SKIN BARRIER FUNCTION

[0116] The outer 10-20 um of skin, the stratum corneum layer, represents an effective
physical and chemical barrier. An intact stratum corneum prevents passive topical
absorption of vaccines and other drug substances into and across the skin. To compare the
20  efficacy of microabrader devices comprising plastic and silicon abrading surfaces in
disrupting this skin barrier, trans-epidermal water loss (TEWL) was measured on rat skin

following treatment with the microabrader devices, as described in Example 1.

[0117] The treatment process consisted of laterally passing the microabrader device a
25  variable number of times across a shaved section of the caudal dorsum of anaesthetized
animals. TEWL readings were made before treatment and after each passage of the
microabrader device using standard instrumentation (cyberDERM, Media, Pennsylvania).
A total of n=4 per group were evaluated. Figure 14 presents mean TEWL measurements

and standard errors.
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resulted in significant skin reactions, control sites treated with the
device alone were conpletely clear at 20 mn and showed no evi dence of
swel |'i ng wo iBesiness. In contrast, the 20 tine devi ces applPcadiShp34she skin
wi t hout histam ne resulted in considerable swelling and redness, naking it
difficult to distinguish effects of the device alone fromthe effects of
the histpfig)e. THeddbfts RBntinSRat@NRat the skif] RridtSuAdiRA RBIdidrlpRY 8o IWEMilang T or
each group obtained after subtracting the swelling neasurenents observed
f r om use extent hesing vinzoabrddgrswicompuisinghithst eplastie. afthesikieosulabadingdisvefaeest hat

t he nean area of .histam.ne:induced swelli.ng.is.up to 25 tipes . greater
when adni SIESTERREErRY 1 niE Whe Fettn P i doRypBatbe hele Bt bhERIERS on
(G oup 1Blr&s tiOdR bRl cdRinhéBtd inbrRastewith @dditiokhl Passeat Bath Mviced ,péH8rfo0

(G oups 2B-4B). In addition to the above, visual inspection after

adni nidst rigentisallpin disaipyng dinbaaeniegaless pf thenumher kbganed Wespnirastdetber i bed
in (Gou -4B), (tin ige), . r ng. j ubst ance
r emai nedqgﬁssp(e)ﬁ gd&%sefavc\glglé @geméﬁrﬁ-\éfcﬁtggw%t ?ﬁé@“@ hﬁ ?g%trﬁfagg#p}atd%fes éeoéj het hod
and devi aeothbrusky @idpndt Busappdacresset @ TEWIL iguthéd ammbed bfy phssss (data hbe
substance. 31 WO 03/051284 PCT/ US02/ 34504 EXAMPLE 6 M CROABRADER DEVI CES
COVPRI S| NSOPPEAST| C ABRADI NG SURFACES [0114] The prior art describes

M cro-El ectro Mechani cal Systens (MEMS)-based 5 nethods to fabricate
structurally precise abrading surfaces fromsilicon. M croabrader devices

c_orrprligsi lf)é]aS t"thCe rgilggo%gtiaﬁgn &el{/ricfeQQ&e?e Ql%/ fes a\{graaskmr?edﬁﬁsﬁ'éla%% 0 }’e étratum
m cr oabr er devices conprisitng silicon abradl ng surtaces | ncludl ng ease
of manuf awimyuen layemofcsig tskiarisl approgtinatelp rsotu ginbihidkey thaAltheneorgdpendity Rlyast i ¢

abradi ng surfaces appear to have simlar_ features as _the sil |§§fon, originals

it was nof Tehekia- whenetbelesshbgthugilicen gad miasks tadradine surfaces Mrre shfsetivey iy n
vivo. [01% : A : S gy Ut delel ]

devi ces g%%?qgeﬁ%g)lb%ﬁqug?@ %‘ﬁgﬁgg}é?‘%%‘q@%@? ace. Hldgd eti%hl/g{ﬁ%g%?h%ﬁ%%%gf}ﬁ}gﬂ OF
SKI N BARRIezRe FINGT ItaNsKif) hﬂlﬁ]coﬂ'ﬂilmedupéncr&&ezsaﬁlp addifiosH i passes [{Bigater &%;uma3

cor nell.%m Isalltxése E)ér cro% {tﬁ)%eorrllta'ls si%gleegié)?cgls \ellgove, identical results were obtained with the 2

device types.

[0120] Histological analyses of stratum corneum disruption and penetration of
fluorescent beads in pigs revealed similar results when comparing silicon and plastic
20  abrading surfaces. In this example, a solution of fluorescent beads was applied to a skin
site that was pre-treated by 2 lateral passes of the microabrader device. After topical
application of the bead solution, the device was cleaned in alcohol, dried then placed in
contact with the bead solution on the skin surface and rubbed across the skin an additional
2 times. Histologic analysis of recovered application sites revealed a similar pattern and
25  extent of stratum corneum disruption and bead distribution following delivery via the
silicon and plastic abrading surfaces. Beads were present across the surface of the treated

skin sites and showed evidence of epidermal penetration.
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physi cal and chem cal barrier. An intact stratum corneum prevents passive
topi cal absorption of vaccines and other drug substances into and across
t he ski n.woososizpare the 20 efficacy of mcroabrader devi @EIT/USORPISISI NY
plastic and silicon abrading surfaces in disrupting this skin barrier,
trans-epidermal water |oss (TEW) was neasured on rat skin follow ng
treatnenHﬁ%%bBH&gé%nicroabrader devi ces, as described in Exanple 1. [0117]
The treat ss consisted of laterally passing the m croabrader
device a j.ahl Lnes V. Cl i t he cauda
dorsum ofDéﬁye@kg%ﬁﬂﬂﬁre@gb 6?@@%&3%@%&@2\ %t?@?g%t& eat nent
and aftergeRgh passage of the m croabrader device using standard

i nstrunmentation (cyberDERM Media, Pennsylvania). A total of n=4 per group
were evaljggegd. Fragnid ®NA ecRingnths répaer JENY. firsfBSIuEieradel §as adiflinstaad ey d
errors. 30 32 WD 03/051284 PCT/ US02/ 34504 [ 01181 The results denonstrate
that ©he MIEE psingrmicerabradse deasesi omprisingpplagtic or silieqnmahirading sutfages (higurgy

m croabr g‘éﬁr STHR O bt bEShEL G c%?(ﬂn% é$ kl&]oﬁB%QE loRoP 'a'{ HAGABed i in

Signific i'ncreases I n were obser v ow ng a sin pass each
devi ce dtxangde the\ ®kdlfand ;cgoasﬁﬂaﬂw@dlasmld DNAewaeadmmistael@l irt ISJph{/olpmss es.
Bot h devi ces erforqgﬂgS |dent|cally i rup i ng thl% %iler regardl ess
of the niriirlvmelided Ha njpqiionqyith sfapdar P ¢ and 3yaidee pndiIRRI@b aPRILRROIHE t he

m cro- ar G LRI GitRSuthiodaith ﬁ’h'fl:réeib?ac{é‘r 9&@@@%1%@%& b& @oup). t 00t hbrush) did

not cause an increase in TEW wth this nunber of passes (data not shown).
10 [QB1l91 The m croabrader devices were also tested in a swine nodel. The
outer stratum corneum | ayer of pig skin is approximately 5-10 mthicker
t han t he [0D22]esplirediedgitd dyr@onstiate Cieit rﬁicirombrdﬂenetchﬂ;bmlsg tixo plast¢e |abemiingand

pl astic abradi ng surfaces mer ffectlv S ting this barrier,
resul ti ngW ceé.agmrr/@gfﬁ%twﬁ aligpryf mlﬁi Q?\Q% reshiting dn sigpy lcewe‘evegwﬁ ce

101052, el RS epuki i SIRAE18E Ay NSl G
resul t s wecavioRtpdasmad DA via He @icrobradee compasing a plastic abrading surface was
15  140-times greater than controls administered DNA topically without aid of a microabrader
device. Administration via the microabraders comprising a silicon abrading surface
resulted in similar high expression with mean activity approximately 100-times that of
controls. Higher levels of luciferase activity were observed in both microabrader groups

compared to standard needle-based ID injection (mean RLU/mg: plastic abrading surface,
20  43,688; silicon abrading surface, 31,034; ID injection, 2,214; Topical, 313).

[0123]  Overall, the results demonstrate that microabraders comprising plastic abrading
surfaces are at least as effective as microabraders comprising silicon abrading surfaces in
the delivery and expression of plasmid DNA. In addition, microabrader devices are more
25  effective than the standard needle in delivering plasmid DNA to skin, resulting in greater

levels of gene expression.

34



[01201 Hi stol ogi cal anal yses of stratum corneum disruption and penetration
of fluorescent beads in pigs revealed simlar results when conparing
silicon awo oploseBi c 20 abradi ng surfaces. In this exanpl epca/sot/stsoon of
fluorescent beads was applied to a skin site that was pre-treated by 2

| at eral passes of the m croabrader device. After topical application of

t he beadmw g} t he device was cleaned in alcohol, dried then placed in
cont act f (E)cead solution on the skin surface and rubbed across the

skin an addi ti I ti H.stologic anal ysis of recovered application
sites rej%gﬁ'lé’@qﬁn’?QFnﬁN&Ugitqghn and 25 extent of stratum conmeum di sruption
and bead distrihution follow ng.delivyery via,t sihicon and plastic

abr adi ng [Q%ﬁ‘#]acgfil.e (%aaarsesﬂg‘lflge"gp&%en!@%ars org'spl?tﬂee Put 148 E %nrﬁlep rte?eené?ded

skin sit Qﬂbrx%nﬁiitﬁ hRGulRY beleihee fRim apiepatitdet PENEEE ai=30per cFdupOnthdiiize?84
PCT/ US02/ 34504 EXAMPLE 6b DELI VERY AND EXPRESSI ON OF PLASM D DNA ENCODI NG A

REPORTER acaENmg| i91the |same amethadpagadesseibed iy Examplee hopxaspt Yepg migfoabrader

| uci f erasg,: I N . } usi ng m croabrader devices

conpri si r?gvﬁ%\%én%é{%@ @@%gar?&g%?ésl r?gg'surfaces (Figure 16). The

adm ni stration protocol was according to the ABRdel protocol as described

in Example 1. A total of 37.5 g of paked plasm d, DNA was administered in
25 | vol U] cdibereuds drmpiists thes rfl%ﬁf%ﬁ?ﬁf@ﬁ TR S HIERe AOHSNE WrRies

m cr oabr gagéeiﬁg %Zé\f?l?!é a?ﬁ{:bl?s)é ?ha% H%éé Qlélrc %ﬂg‘;ﬁ.ﬁg‘i’g@[“o %%EZS]IH%C@?S I g c ee%t}\cst rate
t hat 16i crioabmadesponsariigwe niy)t h¥erpmasttibodaititadi mduceduvih dwdls nsicwabmdyr
effective, in the delivery of plasmd resyl ti i n significant |evels of
ocal | zedelERR VEBEERGHR HoBkIUEe BUPBNERES nertaneredaDr Bl sty i n
the groumno Eigﬁi%'cxﬁtr}gsﬁéh%%%&e DR rvddafolIBRing tepRabippHestichAARRd ShseBcefofdrast i €
abradi ng surtface was 15 140-tines greater than controls adm ni stered DNA

t opi cal | ynigiqaheader dévices fdemonsteatingtihaidbe devies iané metend off e magsephinypatiame

m cr oabr ade@?%f?%{%g{l sing. & s |l icon abrading surface resulted in simlar

hi gh exprés NRRRAECt i vity approximately 100-tines that of
15

EXAMPLE 7:
ANTIBODY RESPONSE FOLLOWING DELIVERY OF DNA VACCINE FOR
INFLUENZA WITHOUT ADDED ADJUVANT VIA MICROABRADER DEVICE

20 [0126] To further investigate the utility of delivering DNA vaccines by the device and
method of the present invention, Brown-Norway rats were immunized with plasmid DNA
encoding influenza virus hemagglutinin (HA) from strain A/PR/8/34 (plasmid provided by
Dr. Harriet Robinson, Emory University School of Medicine, Atlanta, GA). Rats (n=3 per
group) were immunized three times (days 0, 21 and 42) with plasmid DNA in PBS

25  solution (50ug per rat in 50ul volume). Vaccine was administered using a microabrader
device comprising a plastic abrading surface as described in Example 6, and according to
the ABRdel protocol, as described in Example 1. Alternatively, the vaccine was injected
ID or IM using needles. As a negative control, DNA was applied topically to shaved, but
otherwise untreated skin. Sera were collected at weeks 3, 5, 8 and 11 and analyzed for the

30 presence of influenza-specific antibodies by ELISA. Briefly, microtiter wells (Nalge

Nunc, Rochester, NY) were coated with 0.1pg of whole inactivated influenza virus
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controls. Hi gher levels of luciferase activity were observed in both

m cr oabrader groups conpared to standard needl e-based ID injection (nean
RLU ng: pwessiosi2abr adi ng surface, 20 43,688; silicon abradirrnugsozsusbace,
31,034; IDinjection, 2,214; Topical, 313). [0123] Overall, the results
denonstrate that m croabraders conprising plastic abrading surfaces are at

| east as @fp@R)i4 Rl RIVEAPATANS ROARFrahith, SCT) CRBmAk: a4l FE SURRBCes in
the delivery and expression of plasmd DNA. |In addition, mcroabrader

devi ces dlecking forA%r af BECCi mePBHhahust e skiramoidl, platessllees inqublated wathi segal

lasmid DNA.t in, i NG, t | s, of i 34 WD
Da7 05128 Sk RIS ssRTa" ERARRU Ao D IRRL Moy tRatioR PAGHIGE TOPaR il da o
present ediordd FhdisH EpekOxid@® IcBnjRbittd eshtRfat aldG Ne-ar aghim NG obiteEE NBREEchal ong

with the results obtained froma separate set of mce (n=3 per group)
i mrunidzeBirBingbasr dilpdor d0tmim atahke fl omere gberd devalopgd using plestrpte
except uskhg.mgr Ea deui conpr.L.sl astic abradin rface.
(0125 TREEE uF SRRARED, arbsPRan R bR, GLaT e R T B T

abr adi ng Suntifegsate sdadenTeedd, ®IP| N€)as those conprising silicon abrading
surfaces in inducing antigen-specific 10 i nmune responses (Figure 17).
Serum anti body titers induced via both m croabrader devices were stronger

than tho j-adu t diq1e - d H0j S;
S ni 11 caol Moa iot bl AIERE L DAEAFRAS Mt BB alMoipl RERROM manly |
abseri@e dbllamingrdetivegbofatéed péasmid DNVe vaodhe atal thg rhiestabtader denices earanak

met hod of the present .inventi.o ahl es_tapical inmmunization. 15 EXAMPLE
7: ANTI BéB?“&E%ﬁ@Q@E‘ MEW@%&‘EFW&%@QI URPACCI NE FOR | NFLUENZA
W THOUT ADDED ADJUVANT VI A M CROABRADER DEVI CE 20 [0126] To further

investigate the utility of delivering DNA vacci nes by the device and
met hod ofEXAMBIte®ent invention, Brown-Norway rats were inmmunized with

plasm d DNBODY RESPONSE FOLLOWING DELIVERY OF DNA VACCINE FOR
15 INFLUENZA WITH ADDED ADJUVANT VIA MICROABRADER DEVICE

[0128] To further investigate delivery of adjuvanted genetic vaccines by the device and
method of the present invention, the influenza HA-encoding plasmid DNA described in
Example 7 was prepared using the MPL + TDM Ribi adjuvant system (RIBI
20  Immunochemicals, Hamilton, MT) according to the manufacturer’s instructions. Rats
(n=3 per group) were immunized and analyzed for influenza-specific serum antibody as
described in Example 7. The results (Figure 19) demonstrate that serum antibody
responses induced following delivery of adjuvanted plasmid DNA vaccine via the
microabrader devices are stronger and quicker to develop than those induced by ID or IM

25  injection.
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encodi ng influenza virus hemagglutinin (HA) fromstrain A/APR/8/34 (plasmd
provided by Dr. Harriet Robinson, Enory University School of Medicine,
At | ant a, w@)o3/oRass (n=3 per group) were imuni zed three tcrasS0f/BlEYs 0, 21
and 42) with plasmd DNA in PBS 25 solution (509 per rat in 501 volune).
Vacci ne was adm ni stered using a m croabrader device conprising a plastic
abr adi ng I—?)é“vﬁi%@s described in Exanple 6, and according to the ABRdel
protocol, ‘as described in Exanple 1. Alternatively, the vaccine was

i nj ect ed ANDIRODYNRESPONSRE€HIIWING REhBR Y F CRRIMBIBOOBIK’ was appl i ed

weeks. 3, BT e Sttt ARBERGOR TS AE AR A A PRt oot 1

anti bodi gsgPyciELI SA. Briefly, mcrotiter wells (Nal ge Nunc, Rochester,
were coated wth 0.1 g of whole inactivated influenza virus 35 WO 03/051284
PCT/ US02/ 34504 (A/ PR/ 8/ 34; Charles River SPAFAS, North Franklin, CT)

over ni ght 4C., Afte | geki for lhr at 37 Cin PBS pl.us 5% skimmlKk,
ol at 65 w0 BRI Cufh 2tceBly RHAGER SpeBiatioyapBiat % plmertus Rigieed ifidRe 57
Plates wempy tis'g suahedtpine-bosshesprofvaulaairas thd inftial Fpfimeng aginfiliRAE6eXi dase
conjugated anti-rat 1gG H+L chain (Southern Biotech, 5 Birm ngham AL) for
30 nin atang7secongesy \ibpestarse smpiape diffraent ueicrige TUSsey bkemunalogy éf%é%,AEt.

Loui s, AV I 0)..: r e | seTM
ol at e r ol IREI0E AROR"PR HERER, Jup MR Pt bl £ BBl NS ARon sie 27

t hat 19er uncant ifbidslyed &sponabsquerdulsmdt with & cdubonit ngotda, i iMavtivatell vialseor

pl asm d DNA vacci ne via the njcroabrader eﬂevi ces are as Bgé)%)n or _stronger

than t hostciorRfluDB Byepargtiop. | Lpiinysstigats eliesoiml the dangg elde
o LG AT R bl LIEA M b PRI 1
genetic viaﬂﬁémesirbs_y(ﬂigmed@y!(@éPRM@ To0oth Sdpltvoburpe eSBBS).1 (Kiaustabtained he
0 e g, 1 A5Gk, BPRRCRIR 53500 R0, e SRR Sl SRELSS
Ham 11500, e ffl) iRGACEAUAY D aMRRUEAOh Wit laRided SAcbiBldgO RS a Hiine-boost”
strategy using microabrader devices results in the stimulation of immune responses at
levels that are at least as strong as those induced by ID or IM injection.
In a similar experiment, following the use of vaccine with adjuvant, rats from Example 8
were boosted at week 11 with whole inactivated influenza virus as described above. The
20  results (Figure 21) indicate a similar booster effect in all groups. It was only after this
boost that the immune response in the IM group was comparable to that induced by the
microabrader. Thus, administration of vaccines according to a “prime-boost” strategy
including adjuvants using microabrader devices results in the stimulation of immune

responses at levels that are at least as strong as those induced by ID or IM injection.

25
EXAMPLE 10
ANTIBODY RESPONSE FOLLOWING DELIVERY OF RABIES VACCINE VIA
MICROABRADER DEVICE

30

[0130] Rats were immunized at days 0, 7 and 21 with 25 pl rabies vaccine (Aventis

Imovax). Vaccine was administered using a microabrader device comprising a plastic
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(n=3 per group) were inmuni zed and anal yzed for influenza-specific serum
anti body as described in Exanple 7. The results (Figure 19) denonstrate

t hat ser woanwsiaedy responses i nduced foll ow ng deliveryPpofi/usdy/suwsent ed

pl asm d DNA vaccine via the mcroabrader devices are stronger and qui cker
to devel op than those induced by IDor IM 25 injection. 36 WO 03/051284

PCT/ US02/ s¢faiily SVt descAbd mﬁﬁ&BO&JﬁEa&%@Md\@t}@EMeVﬁEXB@: rotocol
" PRI ME- BOOST" ~ | NFLUENZA VACCI NE W THOUT ADDED ADJUVANT VI'A M BRADER

DEVI CE 5 qrothe 9ABRdeleprotacol afedescopedd i dxemple ﬂonA&smaba@M, thsr vasginer wes
di seases,; 'In ect%d"igl &glMlﬂs\ré'%Jheged Qe &éja%% %}R% co% OOS%@H%%‘%@Q@W ein

the initi secon

differ entshu\%dc bﬁt&)th‘érm&ﬁltr(ehtﬁﬁblﬂﬁl mys (B@ﬁ@youpéxpére lﬁix(Lﬂa)zed 26d6,187%and21200) .
For exanpl e, one may sion of the 10 vaccine

fol | owed ¥ya yem&@%fe@ﬁ%d%éas@mdrﬁ% a;lnéeaﬂiv%edp%#@ mesengmek 1ahigs-6eRAUiG us or
vector ed %&E@B@ihg%&’maﬂ@ P gs%Eh&aisScxﬂe hHififioh %B%’gg% ‘é‘%v'(ﬁﬁve t hod

of the present invéntion, rats from Exanple 7 were at wee 1 with
whol e i nd€4riseat €khe restltudRigarey R2udefbnggratee ti)rabiedV/eRriAdgd ahGBglyi titebOl

vol unme of. PBS) Vi rus, abt ai ned arl e North Franklin,
CT.) The ipdsst el aefied S WO%%%%P Gotet rompered B Q1 thatyingpgsd O¥rhus,

adm ni str; dfew&h OBy \12¢ GhA$RrAGnE Rt Y3 P BwePér ARTPBQSINe cortfafibRIM Weldd
m cr oabr ader deV|ces results in the stinulation of i nmmune responses at

| evelld t lwhieaed batinjectamt Furthermong siwilahlsselsiafdesnedsdh yereDobservel] fonjbetit i on.

1 om Exarrods St TEm0 ARl 36 REAPK RPeR sntBairatihe Dl ietsd 2o

Virus as sigoeielbisd ualeaed skif FailedCo lifdiiek taSsigrtfi@ink Cespdnsel TG Ainforabyaderd ar
booster effect in all groups. It was only after this boost that the i mune

r esponse qnablenepical gelivasy vifs nestiprdairal vacainest anch glaadardbipiectable vaccine

o1 030 Al S THRSELALALERL LBMpAIbAHT RERBRA SRS \RoreonBEhiTRaPOost”

15 wvaccines formulated for injection. In addition, for a whole inactivated virus vaccine
preparation, the method of delivery with a microabrader device does not appear to have an

effect on the strength of the immune response.

EXAMPLE 11a
20 ANTIBODY AND T CELL RESPONSES FOLLOWING DELIVERY OF HEPATITIS B
VACCINE VIA MICROABRADER DEVICE

[0131] In another experiment, Hepatitis B surface antigen (HBsAg) protein subunit
vaccine was administered to BALB/c mice by the following delivery routes:
25 D Intramuscular (IM) injection using standard needle
2) Intradermal (ID) injection using standard needle
3) Microabrader as described in Example 1 used according to the “preABR”
method as described in Example 1.
4) Microabrader as described in Example 1 used according to the “ABRdel”
30 method as described in Example 1.
5) Topical application to shaved skin directly (no abrader was used; labeled

“Topical” in Figure 23)
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i ncludi ng adj uvants using m croabrader devices results in the stinulation
of imune responses at levels that are at | east as strong as those induced
by 1 D or wblodnfesti on. 25 EXAMPLE 10 ANTI BODY RESPONSE FOPCOWShEBHBEL | VERY
OF RABI ES VACCINE VIA M CROABRADER DEVI CE 30 [0130] Rats were immuni zed at
days 0, 7 and 21 with 25 pl rabies vaccine (Aventis Inobvax). Vacci ne was
adm ni stered using a m croabrader device conprising a plastic 37 WD

03/ 051284 PCT/ US02/ 34504 abradi ng surface as described in Exanple 6, and
accor di ngl0i32lei tAldanimuds (574 ABREIMG) treeived GrimnymiZatiRgs [Cagh eansistng ofdOpg

descri bed 1 2at ] v . i i nj ec I M
usi ng neglé‘)%ﬁ ﬁ{sg‘p Lﬁlﬁegg@:—%’g{%@hg royg?ﬁn l %wég%gp%ﬁ‘)ggét g%’?%‘%'ﬁa;ﬁg?%%eg{]aved,
but ot hergivae atitHer e df $id BxpeRadent (1dey/ ¢ff, alf)))andr& d2TouMicedveré biY, asly and
d21. 5 Sera were cqllected at dO, d7, d21 and d35 Igggﬂg{lgi%zed for the

presence ¥RLyzedfastoyecsrectic sspim BoHbedy tiersny FRLS AWst¥nctheocus
| nhi bi ti %sﬁ&s(@}'gu?é 5)%&3?1'3%&5 $hdt¥redfmenfINBAS midrBBbrads Wel Re (eghlgg{ ﬁ)glon%)

denonstrate that” rabi‘es neutralizing antibody titers induce W ng
del i very wmshumgzatioar dalibadieresporsesi@l heepte ABRpgroep were tsteaifidandy geghtdrythan

injection, By d21 gnd persisting out tq d35, .however, titers becane
conpar abl e QrERBEAInE VEry HvERke deBGNTeR) QhsEIva. iN FLIF  HEIEAD PRIl §7PHBY ThY el s

of res pomﬁs%ma@_&b%?&%é fn@hicddob praRiARE Ofvitdlahé ViilcYoabridd elevRBAWRS €ABR
Topi cal appflication of the vaccine to shaved but otherw se untreated skin

fail dd t ocammueabée to tagobservedripllowmgodisest IMhersID iijentionbyitid e rssandendatsiedle.
t opi cal livery of inactivated. viryal ci nes. and, st.andard .i nj ect abl

vatcine Tok: dn RomtAe e i obRinel 30 bERie e (SIS LradibAqer
devi ces WHBEAE BV sittult@iddus Idbrasasit an® defiOsriu AR RdElf elicited] £0hdaR®r: rdsponse.

addition, for a whole inactivated virus vaccine preparation, the nmethod of
del i very Thushthe most appeenaiate mgthpdcef dRiverihsiing pyemabrademdspacesependseét on

the strengih irpﬁar{, & tflé%@ 6t SRRRALS & beRdMVELE %l:bs%g represents a subunit vaccine

15  consisting of protein monomers that self-assemble into virus-like particles. The results
depicted in Example 11 demonstrate that this class of vaccine is best administered by pre-
treatment with the microabrader, although significant responses could also still be induced

via the “simultaneous abrasion and delivery” method.

20 EXAMPLE 11b
[0133] In another experiment, HBsAg protein subunit vaccine was administered to

BALB/c mice by the following delivery routes:

1) Intradermal (ID) injection using standard needle
25 2) Microabrader as described in Example 1 used according to the “preABR”
method as described in Example 1, except limiting the number of passes of
the microabrader device across the skin surface to two passes.
3) Microabrader as described in Example 1 used according to the “preABR”
method as described in Example 1, except limiting the number of passes of

30 the microabrader device across the skin surface to four passes.
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20 ANTI BODY AND T CELL RESPONSES FOLLOW NG DELI VERY OF HEPATITIS B VACCI NE
VI A M CROABRADER DEVI CE [0131] In another experinent, Hepatitis B surface
anti gen (WB4g5F128+ ot ei n subunit vacci ne was adm ni st er ed PCo/UBALBIS04 M ce by
the follow ng delivery routes: 25 1) Intranmuscular (IM injection using
standard needle 2) Intradermal (I1D) injection using standard needle 3)

M croabrader ag desicthdehder a&¥adtPbed in E§ﬁﬂ%l€ClC@§edl dtGordthgl tdethe PHRABIR”
met hod as described in Exanple 1. 4) M croabrader as described in Exanple 1

used according to tmethodyerigseribedip hlsd @pages @eiopetkitly Exanple 1. 5)

TTopi cal - in i gur dopas PGSBS Shioitedhy MY 25 T8 1R UL S
(n=4 per group) recabpies”2n Figme2fati ons, each consisting of 10g HbsAg

pl us 10g CpG contai ning oligonucl eotides as adjuvant. |munizations were
gi vendat the onset of the experinent ("day 0", d0) and at d21. Mce were

bl ed and aI y M ¢ IR89 Wit 1 A at
d21, d35 lald d56ﬁ(ﬂglj‘af!|1 s sul %F(Ig—'&g&ércgl 1‘{ emﬁlig??até tkt?g% tregtEﬂrirJéerlt W th
a mecr oablmgélp(tiemtmmngmgbmx:htomﬂes:aTen dayﬂpnsit:zimlnixmrizaﬁnn,u shmg:lg/cerlbs ponses in

the preABR group were si |catJy th the corre ver
weak respsaﬁgeaéwgwsw cflfd fipg rB’;S’i“bga e Nlgnd r?r?@mlﬁfﬁbcﬂ feof

response | pducetdR¥elr ®istd sﬁmmg W tda)it elifdt bR aMAseaiessutlQl htg yvagys1or
conparabl e to that observed followi ng direct IMor IDinjection with a

st andér d quted using aNenahérgial MTSebased assayt o t he results obtai ned for nucleic
acids (Exanple 1), delivery of HBsAg by simultaneous abrasion and delivery
(ABRdel) elicited a weaker response. Thus, the npbst appropriate nethod of

delivery [¢$35]9 Miker Ralltsad@gurdexd I%C@@néiﬁﬁ@t@dﬁilat ple-tréBmsht WithPambicroabratie type
of substance to be delivered. H represents a subunit vaccine 15

consi st i rigvise epalai@seionwﬁbwyﬁmléattqmatStg@ng eelkrpbifesati vigtrgsppnsessware lpbserved

par ticl esn a}iﬁglréﬁt t?éaE %. Wgﬁ %CC dg%éﬂ}a(:@é aémlllp%re]dltodxﬁe'}ry niﬁié. %t 1’?0 }CQB(;HSE hlll %h cl ass

of vaccine 1l dim i st er &
15  topical control group. The magmtude of response in the microabrader-treated groups were

greater at most doses than the corresponding responses observed following ID injection
with a standard needle. Strongest responses were observed following only 2 passes of the
device across skin. There was a minor drop in proliferative activity following 4 or 6
passes. Additional experiments showed a further drop with >6 passes of the device with a
20  complete loss of activity following 10 passes (data not shown). These results suggest that
there is an optimal number of passes of the device that must be determined to enable
topical immunization with a given vaccine. In addition, these results suggest that a mild
treatment protocol (as few as 2 passes) can in some cases be sufficient to disrupt the outer
skin barrier and enable topical immunization.
25
EXAMPLE 12
T CELL RESPONSE FOLLOWING DELIVERY OF ADENOVIRAL VECTORED
VACCINE FOR MELANOMA VIA MICROABRADER DEVICE

30 [0136] An adenovirus delivering DNA encoding gp100 (a melanoma tumor antigen),

was tested using microabraders, topical, and ID delivery, inter alia, in a mouse melanoma

model. The following experimental groups were investigated (n=8/group):
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treatment with the m croabrader, although significant responses could al so
still be induced via the "sinultaneous abrasion and delivery" nethod. 20
EXAVPLE Iwolm3joSm881 | n anot her experinent, HBsSAg protei n Paiyarsor/3dsacci ne
was admnistered to BALB/c mice by the follow ng delivery routes: 1)
Intradermal (1 D) injection using standard needle 25 2) M croabrader as
descri bed i my Bxaiialk ®nfly amedisResPVidi 8 “NBRARE prBfcRHBR’ dest®bdioR Bantjtsqr | bed
i n Exanpl e 1 except l'imting the nunber of passes of the m croabrader
devi ce across using microabmder dgyveces @s dmrlb%@@am})ﬂe M croabrader as descrl bed
i n Exanpl e u or " ABR' d Exanpl e
1, except b ‘jt§(1?er§l O%% @‘da R’gCt?ggas‘%é:gmgf en‘fi(gﬁrﬁ eglr%ﬂ‘zlp %’gbréﬁc}% devEde

acr oss the sklaalrrﬁmrsn‘eaemevtao tHied WA BRded e rotd8ol Vs (k& kd8th MXhMgRO2/, 3\4&% 4)
M croabrader as_described. in Exarrpl el used accor ding to the "preABR'

met ho@ as desdpichaliradgr gsvigep pedescriBehda@mpie toss skin). Topi caI
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"Topical" in &%ﬁ?g%gféﬂ@ %E)ei%c%laql grr??&na n %Sg(?e%gl?%éu Fecal l?/éﬁ 1

i mruni zati on wisirlg xﬂ{dg)alblmlégdthcws as HegribpGnddangilanl.ng ol i gonucl eotides. Ten
days post-i zat ] e cell suspensions were collect fram

dr ai ni ng |yw é’é‘a(IZfI‘_A’Iq)ZS‘| NACtPEds Yageins « £ACding yMmetgngma, gp,l,(agh@npg%n cated
doses of HBSAG minisldd I@fa()'tlﬁef %?EABK’ Viﬁ&o@&aﬁy rd%gcr?J Hefn E

cul ture using a conmercial MIS-based assay. [0 The results (Fi gurge 24)
denori$trat e thatcrcmbadtrwmns desictihedainrfixampddo t ader devi ce enabl es topi cal

i nmuni zati o roliferative resppnses re obs ed .in all
o ouns o baBL AdgORTal, (A BESpie e RetifE RRRRTE eliofar g 0F s Gt
response in t hRimiRisteRfd tkalBORishedHiP biherWiBunB@ttidtsule of response in the
m croabrader-treated groups were greater at nost doses than the

corr espondi A} Adenevnalddddhyestaredivacsinesnreding melanpma gp PP antigen

administered via ID injection using conventional needles.
15
[0137] A total of 2x10° adenovirus particles per mouse were administered. The gp100
specific cellular immune response was measured on day 30 following administration of the
vaccine by ELISPOT assay of splenic interferon-gamma producing cells. The results are
shown in Figure 25. Delivery using the microabraders according to the “ABRdel”
20  protocol (Group 2) produced a significant response compared to topical delivery (Group
5), although it was somewhat weaker than that produced via ID injection (group 6).
Notably, for this adenovirally-vectored vaccine, stronger cellular immune responses were
observed in the “ABRdel” group (Group 2) as compared to the “preABR” group (Group
4). These results are similar to those observed for plasmid DNA (see Example 1). Thus,
25  the most appropriate method of delivery using microabrader devices depends, at least in
part, on the type of substance to be delivered. The Ad2 vector represents a live virus. The
results depicted in Example 13 demonstrate that this class of vaccine is best administered
by simultaneous abrasion and delivefy, although detectable immune responses could also
be induced by the “preABR” method.
30
[0138]  Further description of suitable adenoviral vectors for use in vaccines can be

found, inter alia, in U.S. Pat. No. 5,882,877.
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with a standard needl e. Strongest responses were observed followng only 2
passes of the device across skin. There was a mnor drop in proliferative
activity wolodosizeg 4 or 6 passes. Additional experinentspsrawer3«od urt her
drop with >6 passes of the device with a 20 conplete |oss of activity

foll ow ng 10 passes (data not shown). These results suggest that there is
an opti mal nunber of passes of the device that nust be determ ned to enable
topi cal immunization with a given vaccine. In addition, these results
suggest tEXAMPIE 13 treatnent protocol (as few as 2 passes) can in sone

i zat BBV RO ¥R L i kR, OB RN R, Hgo TR
ADENOVI RAUNBNTOREAT C ICEOREA ROR RMEK ANGMIT (VR 6 AMRCROBRRADERCIDEVI CE 30 [ 0136]
An adenow rus delivering DNA encodi ng gpl OO (a nel anoma tunor antigen),

was t@&sted using mcroabraders, topical, and IDdellvery, inter alia, in a

(=8 or g Mo e DA GRS TR PR RSBl B2 0
[ o e oty et
gncodl Bg Heited, gtete l\é‘?ﬁa{%&FSC%{Bﬁ‘n%llg shs ;sgas[eﬁéhs,&gﬁéglp? gé‘bl as
escri e%lcg)@?ﬁ@ﬁ%g)l é'u‘ﬁ unzell! &l&ﬁaegg%rrﬂ&eY% ?e Ag%%e&%sgf ht@ﬁ%gce'sgf

Exanple 1 nly admni stere a the protoco
descriiobe cadditionsbadpivants,as demlagbétbwr oabr ader devices as described in Exanple

1. 4) Adenoviral (Ad2 vect o e e ng mel anona gpl GO antigen
admi ni stered VP®UPHe ! réPA(BR[“Spﬁ*ng @é‘“’ﬁé&'&‘?’i‘rﬂed in Exanple 1, using 10

Vect or ed vacci g ?i&%?a%%%ﬁ%%ég&ao%%@ b St ered topl cal y to
shaved but ot h@ronpSe Mictoabeaded “picABR” — rPA plus Alhydrogel (alum) adjuvant
Group 4: Microabader, “preABR” —- rPA plus CpG-oligonucleotide adjuvant
15 Group 5: Microabrader, “ABRdel” — rPA (no adjuvant)
Group 6: Microabrader, “ABRdel” — rPA plus Alhydrogel (alum) adjuvant
Group 7: Microabader, “ABRdel” — rPA plus CpG-oligonucleotide adjuvant
Group 8: Topical — rPA (no adjuvant)
Group 9: Topical —rPA plus Alhydrogel (alum) adjuvant

20 Group 10: Topical — rPA plus CpG-oligonucleotide adjuvant

[0140] Mice were immunized on d0, d21 and d42. Sera were collected and analyzed for
rPA-specific antibodies by ELISA at d21, d42 and d56. Results are summarized in Tables
1-3 below.

25
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6) Adenoviral (Ad2) vectored vaccine encodi ng nel anoma gp 100 antigen

adm nistered via ID injection using conventional needles. 15 [01371 A total
of 2x109 woenovi2Bus particles per nouse were adn ni st er ed PCThSogpds@0O
specific cellular imune response was neasured on day 30 follow ng

adm nistration of the vaccine by ELI SPOT assay of splenic interferon-gama
produci ngog#l]! s-Tabhe1s esntl-tEA atfm SHEYAy titefsi AU @ASdosPedfl Mftindix Uatdife)t he

m croabraders according to the "ABRdel" 20 protocol (Goup 2) produced a

si gni fi cahfery eSipdividuat@rpalsda=10 and meeniforgarh gep apaandiggteds) | al t hough it
was somewhat weaker than that produced via ID injection (group 6).

Not ably, for this adenovirally-vectored vaccine, stronger cellular inmune

r eSponsesciiir € 1) b 9@resrth) praadrEoreABBBRde! € hBRHSI 7) ABRGLI B) Tpicall §) TEHIPAS Wplcdi O t he
"preABR' QiamP fukd OUpne 4) awmhesSepd €SUlohes almmSi M@l twnd hosemobsespeed f or
plasm d DNA (seé0Exalpl e Kp0 Thu®, 255 he n¥8t appt oprishte nePhod ©P
del i very using ¥ crodgbradesd devis@es deffendsssoat [<east ¥ par®, onsthe type
of substance to<#9e dei veréd. Tk Ad2<5pect o50r epré&kent ssoa | i virvs. The
results depictedoi n BRanpl<e 13 d#®nonstifat e Bhat t<bi s ck#ss of50vaccehe i s
best adm ni stered byosi nu$t aned@s abr®@si on<send d&d | verdp, al tshough<so
detectabl e i mMmur® responsesd couke al s&s0 be smducesdd by tive " prse ABR'<spret hod.
30 [01381 Furtheio deseri pt2oon ofsosui t ol e adenovis@al ve®t ors<shor use in
vacci nes can be<sof oursd, i rber algoa, i rpoU. S.<sPat. <bo. 5:882, 8F7F. 41<5WD

03/ 051284 PCT/ US02/ 34504 BMAMPLES013 AMDI BOD¥0o RESRGNSE FOLLOWNSNG DHSsh VERY OF
RECOVBI NANT PRO#I N <sSUBUNBIT VARSI NE FOR ANBHRAX <8d A MkBROABRADER B&VI CE 5
[0139] In another experinent, mce were i mMmunized w th the reconbi nant

prot ect i \Mean < Pl | ys 55 Ris—< ged-by
Dr. Robert Urich at the United States Arny Medi cal

S ilBan 2.2 At hrae th o [N AS <5 0.\ O

_ Resech in Infectious
D seages [ﬁpﬁt}mlfa@e 2BAR fPa serum antibody titers at d42 (2 doses of anthrax vaccine).

Titers of individual animals (n=10) and mean for each group are indicated.

Group: 1) IM  2) preABR 3) preABR 4) preABR 5) ABRde! 6) ABRdel 7) ABRdel 8) Topical 9) Topical 10) Topical

Adjuvant: alum none alum CpG none alum CpG none alum CpG

51200 12800 g4 6400 6400 1600 6400 400 50 50

12800 12800 55600 25600 3200 6400 1600 <50 <50 <50

25600 12800 ;5600 12800 400 3200 3200 <50 <50 <50

3200 12800  g4q 6400 6400 6400 3200 <50 <50 <50

6400 6400  .5500 51200 6400 6400 12800 <50 3200 <50

25600 25600 G400 12800 1600 6400 6400 <50 <50 800

3200 12800 ;5600 25600 3200 12800 6400 <50 <50 <50
3200 1600 3200 25600 6400 3200 <50 <50 <50 6400

25600 6400 6400 102400 3200 6400 6400 12800 <50 <50

12800 25600 12800 12800 <50 3200
Mean: 17,422 11,680 15680 28160 4133 5867 6578 1,320 361 1,045
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m ce (n=10/group) were inmunized with 10g of rPA in the presence of absence
of 10 additional adjuvants as detailed below Goup 1. IM- rPA plus

Al hydr ogewo(absimd4 adj uvant Goup 2: M croabrader, "preABRCTASIEN5(NO0
adjuvant) G oup 3: Mcroabrader, "preABR' - rPA plus Al hydrogel (alum
adjuvant Goup 4: M croabader, "preABR' - rPA plus CpG oligonucl eotide

adj uvant [0143]G opid3: Mg ADERGRN ant] tiecks at d4PAS ([dBSesash wmak)va@l@%)p 6:

M croabrader, "ABRdel" - rPA pl us Al hy rogel (alum adjuvant Goup 7:

M cr oabadBifers ofNmeyidual animpjs (pF10) ags mesnifeforick Brypisgindifiatedant  Group 8:
Topical - rPA (no adjuvant) Goup 9: Topical - rPA plus Al hydrogel (alum
adj uvant 20 Group 10: Topical - rPA plus CpG ol igonucl eoti de adj uvant

[ 0140] M@&pWen@ami BiptbABRZS BreABR aflfteant 2)laBRaM 6)dBRue! 7PRERAEI\WEToPicA O) Thfdal Rfiropitul

anal yzed Ag@Vant Idtfw Speed i Glumnt i bpsli esnoby Elalu@A atcpel21, ndidld2 adeh dS56cpeResul ts
are summari zed Jsépo Talb®S sikoo3 babdow. 2840 42 23860 0325661 28r380’CT/ 24502/ 34604
[0141] Tabl e 1:s1A8t i2se6”A sRE0UM Abdoi baekdo t | bRbs ak126021 (do dosgp of amphr ax
vaccine). Tit ekgo Ofs1201di Ydssbualzoqdtt Mevbéao ( N7o24b) B Meagy f orie@ach eggooup are
i ndi cat ed. G owsgoo 1 h280dM 231260 €ABR003) sp#6e ABRi26) Ps1eddBR 230 ABRd®l 6) <s6\BRdel

7) ABRdel 8) TaopudalsiZ0 TenécCals13dd) Teddb CakssooAd]j1e4801t - <&l umagne alstim CpG
none al um CpG nene 2keddN Chrenod 0541502 0 <2660l <5 Qssb0 5051263 <50 <50 <50 6400
50<50<5050<50<4)7p 03505505126 <5500 0 <366 0<8{26000<51@5650<5f95<50 100 100
<50<50<50<50<50Q5add <2850 0<945600 s1Rfd<SQb0<8{dscd0<BEiEo0<39<50 400 12800
<50<50<50<50<50<50<26500<pf5600 s12fd <S5 Q24P <50<50<59760 <5566 0<5%ho 800

25600 25600 51200 204800 <50 6400
Mean: 54,400 30,720 37,120 71,680 32,711 44,800 69,120 2,885 806 3,610
5 (In cases where fewer than 10 values are given, animals died.)

[0144]  The results demonstrate that significant serum antibody titers are achieved using
microabraders to deliver a recombinant subunit vaccine for anthrax. Antibody titers
generated via delivery using microabraders are at least as strong as those generated via the
10  conventional route of IM injection. Topical administration without microabraders induces
a comparatively weak response in some animals. Similar to the results presented in
Example 1la, the “preABR” protocol induced greater immune responses than the
“ABRdel” protocol, after just 1 or 2 doses of vaccine (Tables 1 and 2). By the third dose,
however, titers were comparable among these groups (Table 3). Thus, the most
15  appropriate method of delivery using microabrader devices depends, at least in part, on the
type of substance to be delivered. rPA represents a subunit vaccine consisting of
recombinant protein. The results depicted in Tables 1-3 demonstrate that this class of
vaccine is best administered by pre-treatment with the microabrader, although significant
responses could also ultimately be induced via the “simultaneous abrasion and delivery”

20  method.

[0145]  Furthermore, the results demonstrate that the device and methods of the
invention are compatible with multiple types of vaccine adjuvants including, for example,

alum and CpG-containing oligonucleotides.
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<50<50<50200<50<50<50<50<50<50 <50<50100<50<50<50<50<50<50<50
<50<50<50<50<50<50<50<50<50<50 Mean: 10535305<50<505<50<50 5 [0142] Table 2:
Anti - r Pa weroa/osesd | body titers at d42 (2 doses of ant hraxpPecaasonados Titers
of individual animals (n=10) and nmean for each group are indicated. G oup:
1) IM2) preABR 3) preABR 4) preABR 5) ABRdel 6) ABRdel 7) ABRdel 8)

Topi cal 9) Topical 10) Topical Adjuvant: alum none alum CpG none al um CpG
none al um CpG 5120012800640064006400160064004005050 )
1280012800244 00 Bes0 3220116 40008810k 1kt oraBgoabraders and techniques of the present

;232882%ggggﬁ%&gﬁ%@%@gﬁg&gﬁg@%@g@g@@gi@g? Q/ariety of classes of vaccines and improve

6400640026065 1LiaG0aA00640 05 260P60 32 ROmadhtional delivery methods using a standard
2560025600640012800160064006400<50<50800

320012800E56032% 80T®E00128006400<50<50<50
3200160032002560064003200<50<50<506400
256006400640010240032006400640012800<50<50 12800256001280012800<503200
Mean: 17, 40P47), 6 8e:I&re R0 a8] pabuts tB3bhAERGroOiEdhBinoapdrhtdiiy Hirioe03/ 051284
PCT/ US02/ 34504 [0143] Table 3: Anti-rPa serumantibody titers at d42 (3
doses of anthrax vaccine). Titers of individual animals (n=10) and nean
for each group are indicated. Goup: 1) IM2) preABR 3) preABR 4) preABR 5)
ABRdel 6) ABRdel 7) ABRdel 8) Topical 9) Topical 10) Topical Adjuvant:

al um none al um CpG none al um CpG none al um CpG
25600512005120051200256002560025600128002003200
51200256005120051200256002560051200<5050<50
2560051200256002048002560010240025600<5016006400
256001280051200102400512005120051200<501600<50
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1024005120051200512002560025600102400<503200<50
51200256002560051200256002560051200<50<506400
512002560861208£282001280051200512003200100100 PCT/US02/34504
1024001280012800512005120051200256005040012800
2560025600512005120010240012800100800 256002560051200204800<506400
Mean: 54, 40030, 72037, 12071, 68032, 71144, 80069, 1202, 8858063, 610 5 (I n cases
where fewNHARSCIOIVERLY ar e given, aninmals died.) [0144] The results
denonstrate that significant serumantibody titers are achieved using
m cr oabr ader s Agnigesiabiader @r deliveripe rastbstangsunio skith saidBicFRADTASE FRTBRISING
Antibody titers generated via delivery using m croabraders are at | east as
strong asart hesligensuréiced wheseih heaill0 abodirentsucfaed caupresesf fudbeaiedt pon.
Topi cal admi nistration without m croabraders induces a conparatively weak
response fiGRAMEnRAl MBESprofusivh@tomprisifg ok acdt bc RERPRA! &lFeidnd foopaphe 1l a,
the "preABR' protocol induced greater immune responses than the "ABRdel"
pr ot ocol , t.er; hust IVE: [od ot} and 2). By the third
dose, 3 ho%g/lesgl,d dtbﬁ%er%%s u\%a?% aggrﬁrlgggggbtw\eé%armngoésﬁggeu%%?%cuegs (Tabl e 3). Thus,
t he nost 15 appropriate nethod of delivery using mcroabrader devices
depends, @t | episd midtogbrdder oOblairhe thityinehafcosphistanbeset coniyeisthel dnvabrating r PA
represents a subunit vaccine consisting of reconbinant protein. The
results ' i ; SRNGId Mrflihd@lrfdcbl S cl ass of vaccine is
best adn?ﬁ?gggggﬁagy£%$g?§?%g%ﬁgnt Q?th t he gicroabrader, al t hough
significant responses could also ultimtely be induced via the
"simul t ankous Tl ascosbradd cfetlainerdy that Xorthet trouprised b4bdndial atthment dacet he
results denonstrate that the device and nethods of the invention are
conpat i bl giMbleforiladchinb @ Had@e %o &fid aeci ne adj uvants including, for exanple,
al um and CpG contai ni ng ol i gonucl eoti des. 44 WO 03/ 051284 PCT/ US02/ 34504
[0146] These results denonstrate that m croabraders and techni ques of the
preselt  4.nvenThomieoaivider pOplaimal thies|figlkarycomprisesd khadleasthplets yntegrabvilk 9bs  of
vacci nes and i nprove

detachable from said base.

5. The microabrader of claim 2, wherein said abrading surface projects from said

abrading facet.

6. The microabrader of claim 3, wherein said handle attachment facet and said
15  abrading facet are disposed substantially parallel to one another on opposite sides of said

base.

7. The microabrader of claim 3, wherein said base comprises a smooth edge

connecting said abrading facet to said handle attachment facet.

8. The microabrader of claim 7, wherein said smooth edge forms an arc connecting

20  said abrading facet to said handle attachment facet.
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delivery in many cases as conpared to conventional delivery nethods using a
standard 5 needle and syringe. [0147] References and patents cited herein
are herebwoimosrpor ated by reference. 45 WD 03/051284 PCT/POSOX0Z4B04 WHAT
IS CLAIMED IS: 1. A microabrader for delivering a substance into skin, said
m croabrader conprising an abrading surface, wherein said abrading surface

conprises_frustoconical or _frustopyram dal, m cropfotrusions cqonptising at

| east one’scr aﬁ%’@“‘éﬁ%’éa‘%ﬁﬂ’f ﬁ[aﬂ]lget%ﬁbem §alflrag|Fﬁdé‘¥p ¢ tblf’ziﬂgszﬁ)n“?ﬁyfc% ar and
an effective amount of said substance. 2. The m croabrader of claim1 that
further cefipfirssdiameteraged sudbendls mifachment fagst ifgsubsieatalhueipidd af ¢ yesed ve or
integral with said abrading surface. 3. The m croabrader of claim2 that
further cdismetes@nd avinaeidlseidattondhiiemndter ia gedates thanasial defirsodiameteachi ng a handl e
to said base. 10 4. The m croabrader of claim2 that further conprises a
handl e that is integral with or detachable fromsaid base. 5. The

m cr oabr aker o?hf‘cmbfirﬁ’ﬁb%d%%‘?l@i’h4’s"éli‘eﬂeléB?‘&dﬁaﬁ‘g‘eé%’fefré’é’éb frojects fromsaid
abrading facet. 6. The m croabrader of claim3, wherein said handl e

tt f t and i i ) t i i.
s N R Rt R
m cr oabr ader of claim3 Wnerei({g .sai d base conprises a snooth edge

connect i nepatedivithsaid subslineeode deliveisiy handl e attachment facet. 8. The
m cr oabrader of claim 7, wherein said snooth edge fornms an arc connecting

20 sai d apy adi g, {acelo-ly SALGNARN:Ry 3HLARNTRRN AL i 46 HRL0% 051284

PCT/ US02/ 34504 rader o alm erern sald abradi ng facet
is substantially circular
13.  The microabrader of claim 1, wherein said microprotrusions are of a length

sufficient to penetrate into the stratum corneum layer of said skin.

10 14.  The microabrader of claim 1, wherein said microprotrusions comprise at least two

scraping edges.

15.  The microabrader of claim 1, wherein said microprotrusions comprise at least three

facets and wherein the intersection of any two of said facets forms a scraping edge.

16.  The microabrader of claim 1, wherein said microprotrusions have microprotrusion
15 bases and are constructed and arranged in a pattern such that the distance between the
centers of said microprotrusion bases is at least two times the length of said

microprotrusion.

17.  The microabrader of claim 1, wherein said microprotrusions are constructed and
arranged in said pattern such that the distance between the centers of said bases is at least

20  five times the length of said microprotrusion.

18.  The microabrader of claim 1, wherein the microprotrusions are arranged in a

pattern.
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of a first diameter, and said handle attachnent facet is substantially
circular of a second dianeter, and wherein said second dianeter is greater
t han sai dwbims@si2di aneter. 10. The m croabrader of clai m4pcaheoes4sosai d
handl e is renovable. 5 11. The m croabrader of claim1l, wherein said

m croprotrusions are at |least partially coated with said substance to be

i d substhnceTBicEsdiy bF DA Cthei AP Cupisan o p Slinds " 19

m croprotrusions are of a length sufficient to penetrate into the stratum

corneum | gyer pfe Snirbhosidelof dint 8, WHPeilsSH QAREAGEE citbuls! BlkBInl, Wherein

said mcroprotrusions conprise at | east tw scraping edges. 15. The

m croabrader of claiml, wherein said mcroprotrusions conprise at |east
three faczts ankk miessdiratet beclhint €8,3dckr¢inBaidpatiery i¢ aanddbmgmitemf acets forns a
scrapi ng edge. 16. The m croabrader of claim1l, wherein said

m croprotrusions have m croprotrusion 15 bases and are constructed and
arranged 2% a Phe réeraabyades afheleim A6, whstedhsad haseseinsait dNiSORIUFUSIHNS Aqi d

m croprotrusion bases is at |least two tines the length of said

m cr ofdr ot spasédoapartd forithealleycbaiwberashed midroprofusiods. wherei n sai d

m croprotrusions are constructed and arranged in said pattern such that

t he di stance between the_ centers of said bases is at |east . 20 five tcii nmes

the | engt$’-of 5B gusrratrady Atrdanph hayimng arseatingcphabioastiye Srbstangr fnqsal

wherein the microprotrusions are arranged in a pattern. 47 WO 03/051284
PCT/ US02/ 81&bng 99facThe i croabrader of claim 18 wherein said pattern
consists of rows and columms. 20. The m croabrader of claim 18, wherein

id patt [ [ I tt . 21.. The m croabrader .of claim 18,
wherein si-d phrcBroA0sadsr pElain baveasin oid pIoSFHEF SootABtAS ARASEE ai m 16,

wherein said bases of said mcroprotrusions are 5 spaced apart to form

val l eys bgg Wee'ﬁhéﬁ;&o '&fepefasmi,%%mia§aidzt&cmf§u@alaﬁ@eq§ra vakcifid. ai m 1

having a coating of a bioactive substance on sal

10 26. The microabrader of claim 23, wherein said bioactive substance 1s an allergen.

27.  The microabrader of claim 23, wherein said bioactive substance is a gene

therapeutic agent.

28. The microabrader of claim 1, wherein the length of said microprotrusions are

greater than the depth to which they penetrate into said skin.

15 29.  The microabrader of claim 1, wherein said microprotrusions are of a length
sufficient to penetrate through the stratum corneum layer of said skin when used to abrade

said skin.

30.  The microabrader of claim 1, wherein the length of said microprotrusions is from

about 5 to about 500 microns.

20 31.  The microabrader of claim 1, wherein the length of said microprotrusions is from

about 30 to about 300 microns.
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abradi ng surface. 24. The m croabrader of claim 23, wherein said bioactive
substance is a nedicanent. 25. The m croabrader of claim23, wherein said
bi oacti veweubssece is a vaccine. 10 26. The m croabr ader Pofi/ushzs450L£3,
wherein said bioactive substance is an allergen. 27. The m croabrader of
claim 23, wherein said bioactive substance is a gene therapeutic agent.

28. The m_croaprader of claiml, wherein.the | ength of. sai . .

mi cr opr ottusi gﬁée @icéoa%&dééptflaménw Ry S ﬁn$t€ Oaﬁ?lgﬁnltcﬁoé)§gtﬁgho@ts 1587 nt o
said skin. 15 29. The m croabrader of claim1, wherein said

i cr opr otabgyl Bhio akput 20 MICTASgt h  sufficient to penetrate through the
stratum corneum | ayer of said skin when used to abrade said skin. 30. The

m cr oabr agder claim1l1 ., wherejin,t t i.g.m i | S
from abOLan}'S { e BITPAbEMST & Slegrrlls} X %Bieg‘gale?ﬁ%}%%grs%gb% %gp%?&o Sl{&cﬁ%a{?ﬁ%ﬁ
wherein the |l ength of said mcroprotrusions is fromabout 30 to about 300
m crons. 34?8“\/@(%3/3@8‘?22@91@8‘9}18802/ 34504 32. The microabrader of claimi1,
wherein the length of said mcroprotrusions is fromabout 75 to about 250

m crons. N ] r - i : ek Bydehe id spgth of said
m cr o%r ot3r34gsi o—lrcl&ge rms?&%a(rgg%eg o(ir}%lmlbg)htg}gma%é%w%lgg?nucr orlls}.?l 5 34. The
m cr oabrader of claim 1 wherein said abrading surface is plastic. 35. The

m croabr agker OofhChrkrdabiadehef @hith baihereabsaddlbbigding shdae is siliséd.i con.  36. A
met hod for delivering a substance into skin conprising the steps of noving
a m croabrader across said skin to produce an abraded area, wherein said
m cr oabr atfer chmmthakior delivebnadisnstange inte skinghepabing kg denstifadi ng surface
conprises 10 frustoconi cal or frustopyram dal m croprotrusions that

conprise at |east one scraping edge ..projecting fromsaid abrading surface,

and appl yPRYNEaF JiSTRgLY ﬁrcécrtogs £ gﬂﬁa eBrogP‘ég.aHS .ra%?e A nggr%g S(:al“gati m 36

wherein said substance is applied prior to m croabrasion. .
microabrader comprises an abrading surface, wherein said abrading surface comprises

10 frustoconical or frustopyramidal microprotrusions that comprise at least one scraping edge

projecting from said abrading surface, and applying said substance to the abraded area.
37.  The method of claim 36 wherein said substance is applied prior to microabrasion.
38.  The method of claim 36 wherein said substance is applied during microabrasion.

39. The method of claim 36 wherein said substance is applied following

15  microabrasion.

40.  The method of claim 39, wherein said microprotrusions are at least partially coated

with said substance to be delivered.

41.  The method of claim 36, wherein said microprotrusions are of a length sufficient to

penetrate into the stratum corneum layer of said skin.

20 42. The method of claim 36, wherein said microprotrusions comprise at least two

scraping edges.
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38. The nethod of claim 36 wherein said substance is applied during

m croabrasion. 39. The nethod of claim 36 wherein said substance is

appl i ed fwbloamsnage 15 mi croabrasi on. 40. The net hod of cl 2CHUB92/348her ei n
said mcroprotrusions are at |least partially coated with said substance to
be delivered. 41. The nmethod of claim 36, wherein said mcroprotrusions are
of a length sufficient t enetrate into,.the stratum caorneum said
skin. 20 ‘L?z T Wgﬁﬁgao%flgl& g{s’mw greimn, pag SUSTOPLG SR rCoB{r}% >F &E?%aﬁg t}gltg)errpri se
at | east two scraping edges. 49 03/ 05 84&PCT[5802/34504 %ﬁ. The net hod
of cl ai mi3eets sk RFrAINdAe isHectiop PhERLRIRTSaiddATss Lams f SPARIE S0fF-ee facet s

and wherein the intersection of any two of said facets fornms a scraping

compr i se 41T alqigtiof RECSH B Wher R SA Tl Pl of; ARG ENRLRS AR

m croprotrusions have m croprotrusi on bases 5 and are constructed and

arranged 450 a PRihehod sEERint BeitwHeAdn d4id haiboprddeikivae RavechficesptbRiisiodbases ai d
m croprotrusion bases is at least two tines the length of said

m Cropr ot flisi.0 Qonsﬁ'gctea- Bgd il iPh pakéth ThdBshatMRE dRkdhcs Bl dth BRORRLE B Ons

are constructed a arranged In a pattern such that the distance between

h f idb i | f i .he .| f id
e ot o PTG Rl 5 b AR I Ao, o2

m croprotrusions are arranged in a uniform pattern. 48. The method of claim

45, wherejg) sajgl RasieRt 8F cBAind36] WheRIPhidS hGEpRidsisRAGes cBRAfctddOandr M
val | eys between said mcroprotrusions. 49. The nethod of claim 36 wherein

1 eys betu Cr Opr ot 7 U of i |
Sur ace. Sanedhd 1ERTHEER o HOATBh YRR AOER R PHT RS IR

nedi cament. 5 Thfho thod. of claim 36, wherein said m croabrader is npved

across s aﬁraesst%f: ILan sald microprotrusion.
10 47.  The method of claim 36, wherein said microprotrusions are arranged in a uniform
pattern.
48.  The method of claim 45, wherein said bases of said microprotrusions are spaced

apart to form valleys between said microprotrusions.

49. The method of claim 36 wherein said microabrader contains a bioactive substance

15  on said abrading surface.

50. The method of claim 49, wherein said bioactive substance is a medicament .

51. The method of claim 36, wherein said microabrader is moved across said skin at
least once.

52. The method of claim 36, wherein said microabrader is moved across said skin in

20  alternating directions.

53. The method of claim 36 wherein the substance delivered is a bioactive substance.
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| east once. 52. The nethod of claim 36, wherein said m croabrader is noved
across said skin in 20 alternating directions. 53. The nethod of claim 36
wherei n twe swbesance delivered is a bioactive substance. PEO/0AR/BZ0051284
PCT/ US02/ 34504 54. The nethod of claim53 wherein said substance is an

all ergen. 55. The nethod of claim53 wherein said substance is a gene

t herapeutjc agent. .56._.The thod. of .cl aim 53 wherein said substance is a
vacci ne. %‘7 %ﬁée’ﬁﬁtpﬂgaf%lfnn&ﬁ?’vﬂne@gl Wé?@ﬁﬁn%eaﬁsﬁn\?gﬁr&ﬁ’?fe conprises a live,
attenuated virus or 5 viral vector. 58. The nmethod of claim56 wherein said
vacci ne CoyTpr i5isSmafol BACKINY 3% GMleRin ddid §bStatitd 49 gerd theldpRufi®idend of claim
56 wherein said vaccine conprises an inactivated or killed bacterium 10
60. The nmethod of claim56 wherein said vacci ne conprises a nucleic acid.
61. The A hodllef methad of QeinnwhiE waerismidsubaocais aaddeihe.onal | y conpri ses a
protein or peptide encoded by said nucleic acid. 62. The nethod of claim
56 wherein said vaccine further conprises an adjuvant. 63. The nethod of

cl ai m 56 Wher el mathad PAEl8im a6 cigHHR s8id vacqng eomprases ailivenstignsefed 3195 PUs or
bacteria. 64. The nethod of claim56 wherein said vaccine conprises a

pol ysaccharal dectar  pol ysacchari de-conjugate. 65. The nethod of claimb56
wherein said vaccine conprises a protein or peptide. 66. The nethod of

claim 65 wherejn said vaccine further ¢ ri.ses an.adj uvant, 0 67 Ki t
SRRl VA AL A T T T R T S
PCT/ US02/ 34504 68. The kit of claim67 wherein the dosage is coated on the
surface ofirushe

59.  The method of claim 56 wherein said vaccine comprises an inactivated or killed
bacterium.

10 60. The method of claim 56 wherein said vaccine comprises a nucleic acid.
61.  The method of claim 56 wherein said vaccine additionally comprises a protein or

peptide encoded by said nucleic acid.

62.  The method of claim 56 wherein said vaccine further comprises an adjuvant.

63.  The method of claim 56 wherein said vaccine comprises a live, non-attenuated

15  wvirus or bacteria.

64. The method of claim 56 wherein said vaccine comprises a polysaccharide or

polysaccharide-conjugate.

65.  The method of claim 56 wherein said vaccine comprises a protein or peptide.
66.  The method of claim 65 wherein said vaccine further comprises an adjuvant.
20 67.  Akit comprising at least one microabrader according to claim 1.
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m croabrader. 69. The kit of claim67 wherein the dosage is contained in a
reservoir integrated with said mcroabrader. 5 70. The kit of claim®67
wherein twe odosege i s separately packaged within said kit PCTiusoAs4evi ce for
delivering a substance into skin conprising an abrading surface coated

wi th the substance and a reservoir containing a reconstituting liquid in

fluid icati ith t di f . (2. Th [ f im?71
uhr ei n' . At kg O PR | ENAn ey deree: oo il S0 BYGHEH 9T dRe

m croprotrusions. 73. The device of Claim71 wherein the substance is
coat ed orMCKAbIAEF-opr ot rusi ons. 74. The device of Caim 71 wherein the
reservoir conmuni cates wth the abrading surface via channels through

wher o 0% o0 GbeT SRR B ARRE: ectual i A Sl i@ o

channel s between m croprotrusions on the abrading surface. 76. The device
of O ai mspd MgEpdreE-he reservoir comunicates with the abrading surface by
means of a porous material between the reservoir and the abradi ng surface.

52 5 170. The kit of claim 67 wherein the dosage is separately packaged within said kit.

71. A device for delivering a substance into skin comprising an abrading surface
coated with the substance and a reservoir containing a reconstituting liquid in fluid

communication with the abrading surface.

72.  The device of Claim 71 wherein the abrading surface is an array comprising a

10  plurality of microprotrusions.
73.  The device of Claim 71 wherein the substance is coated on the microprotrusions.

74.  The device of Claim 71 wherein the reservoir communicates with the abrading

surface via channels through microprotrusions on the abrading surface.

75.  The device of Claim 71 wherein the reservoir communicates with the abrading

15  surface via channels between microprotrusions on the abrading surface.

76.  The device of Claim 71 wherein the reservoir communicates with the abrading

surface by means of a porous material between the reservoir and the abrading surface.
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