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SURFACE COATED Ve' | TH SUBSTANCE TO B>r APPLIED TO SKIN 5 This invention
rel ates twolgaRbeal delivery of substances into the skin, pafifisevhéniy by
di sruption of the stratum corneum and delivery of the substance to the
epi dermal | ayer beneath. BACKGROUND OF THE | NVENTI ON 10 Delivery of
subst ances to t REPLESAPR HAYIHH HRRATHYG SERIMCREATED HirdBIUBYTANEE RO PR ¢ B AEPEIO SKIN

i nvol ving n ringes to facilitate intradernial (ID),
i ntranuscul m@mmmwﬂﬂmmm bcut aneous (S C) injection. These
painful for The syl ect, reaupe be ke INgrEiTiaN I ai ned Wﬂmmmﬂmm and
of ten produce bi"g?d Ing. There have nore recently been efforts, 15
overcom e these di sadvant ages by use of devices which disrupt or abrade the
stratum corn .the.thin external, l,ayer o eratinized cel.ls apout .10-20
4Bt ok ani ds vgaismteyloclepiey ofhy Spar e S thddnsuthSifiny Ry
desir ed dsiioAN6EL tHeO strRBmERAGRH LRI 8EIVEHS of KHE sSbRSIRNGE tHeaBpilifiathl dhjdruse
through the epiderms to the derm s which contains bl ood vessels and

| ynphat ibegeatlor absorption and delivery of the substance throughout the
body. For topical 20 delivery of vaccines, the epiderms itself is a
particularly desirable target for drug delivery as it is rich in antigen
presenting cells. In conp@®ACGRGROMSDATF THE BOVENTIONT ewer anti gen
presenting cells. The stratum corneum and epiderm s do not contain nerves
or BPood vessels, so this method has the advantage of being essentially
pai nl ess and - i (VA to. t | . r a .e_ of
respondi ng téﬂ%ﬁggééigggﬁgméétgﬁ%ég@?gﬁﬁgﬁghﬁg%ggﬁéﬁéi3@%&% yﬁgﬁ g@@#@%s
and met hoadvihgr nebidiss uphd Ngringes gbr &cilitate oimendsinidr (ID)e iptramosalaef (IM) or
delivering substances to. the body. For exanple, breach of the stratum

cor neumSHRERTaREOUISCAVRISCHRR- pLhese Diefhogs ate Rainfghiorithe sybisshiregmiresthe shills.of at o
Car son, | n K1 na ' er,.

those. | Samgd praddiel BhFBhah BRANEE HichngFhAS 18 bRl i ool iR
canlbe ooaicesievwhdsh disalyamtageeby uskesf davites sibiclf dixrugdedd abedde (BO swdtumuoineum,
materials into the_ skin. The nethod_of. usi such devices involves |
“punct ur iy thimextermal faxgr PELF_ nizgd gells alayt tl{)]%e Hipj thickwhieh servedas thenfldesi on
of the ¢akedrRiRFHRACKer/BE fhel dsitdl GBGAASH HhE kiReRTARERhis! THERLbRbce
.Where it has been unexpectedly discovered that substances 'coated onto the
surfacecai thar difusdi threighrthei epiderpiote dlss dasniarwhide| ¢ontind bloodevastdleanidvel y
by lateral -1 w0 01/89622 PCI/USOLL1G121 abrasion _across. the skin surface
a hor © tRials S EIRRG. SUSIREBRET BRousBae THATRIALE e Boro Febdonthla Us
Pat ept  JeBRdy H89adcfRERNOEFAS D AN aPaftRiutlyCRENBIOTRYet IO @fﬁ%ﬁ@l:ivé??‘é@ifer,, i
little i s known about how to optim ze topical applicatron nethods to

achi eve s righf incjpeipgenapreserttinge edlsou dn dedmppagisgn,bibet Hernis qapniainsSiyyer antigen
optim zation.is. of rticular interest for .5 taopical nucleic i el i.very,
copect aPyotistoete. B AN ol BT olgBis oh Bl el et r il 455

t her api @6 .this'méthod hhe g ﬂ:lvahtla%e 50 HleingOstpantially Y4006 tad BIesdrade Wdilet @pingal
adm nistration is to abrade the skin prior to application of the vaccine.
However 2c¢ass fpsthe oy 1peencapaile & easpending ouhe avtigen. del i very of nucl eic aci ds
and,pepti des -qr. y | des h.oa 2r g I r - 1. Gl a re
ef f Fgaci ous \}h%g nﬁ?ﬁeﬁg%ésotq%i i}é{ﬁ?tg gfeﬁ%\bgérse%uﬁale?}o%l @5?&%&@’“?%% ﬂgahﬂg

abr asi orornSUiMMBRYhéOpurpbe bN\WEINEHOR sibstarpee seife badye nFoo ex iy, teschopt thei zed
met hods for topical delivery of_ substances, 15 particularlg nucl ei ¢ aci ds,

am no aciadm eHmen Mmaypehshicysd by gunctyrdng pgeushiin iy Uaent 2.885647 to Gagoheen
di scover, t lsel | Whi C i : uce
o oo oy T PR BB SRy BT TR SR T 1DRRPG 80iER%:R1 BE

" del i ver dubeséuiml skartests shd alldr g teatsy cesi tercoated twWith i yratcleotider andlused Kirmdelingrlyy,

al | ens delivered.sinul tanequsly. w,th abrasio roducge a nore.Vvigoraus
ane” Pl sihetSiAR e DR AR DYt of ySE PebetrBeon REenpiE e R o
OF THE BRAMBGReEr@ultihg ih iMPdciahesus igéetich & the 8hfed XilsBnse. OThio b M ddadawi t h
the various nucleic acid 25 delivery protocols tested in Exanple 1. Fig. 2
i |1 ust r &0 dke properit Snentiganwhenepi bes been vixpeetedyslisopaesed rthatt substangas egoal

abr asi ONRito the surface of narrow diameter micro-protrusions are delivered more effectively by lateral
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as described in Exanple 2. Fig. 3 illustrates |evels of gene expression
obt ai ned by varying the fornulation of the ' nucleic acid and the delivery
protocol @g {ARSEHI bed in Exanple 3. 30 Fig. 4 illustrates gheyanhiRedy
response follow ng topical delivery of plasm d DNA as described in Exanple
4. -2 VWO 01/ 89(22 DETAI LED DESCRI PTI ON OF THE | NVENTI ON PCT/ USO1/ 16121
The t eambrasjonastwn thaskin sedadecmtien thaafter purtcaurthigs riup tHatsmt S{006/987pUSePatéyer s
of the in, for e hy rapin r.ruhlbing, resulting in an area of

di srupt 3@@@@9& e ﬁggpn%%mt P4ARS tehch breashing dhe SHauRY ﬁegmnngy LR,
producesiofichar Girffe HOWASWh AR hol 6o SRR HIcARAS b achioye
undi srupted stratum corneum bet ween the hol es. According to the methods of
t he i nveffidian and whifdaaivne debeari bashinuaitei Sualt bptitharatoh sanfqantéslaiotepspiardes
or polypeptides. are .appl.ied to the skin_sjmnultaneously w.th rasion rather
© hanS borheal sielein e Bl tdesia it vy e st 8RR anils
abr aded gbnt OnbRBiesKi Ml Wb efeghfi@NhBelidet RABFhYRY Y suldde@BR! inBtholi O K itdhitdli ch
has been previously abraded. gTh| s method results 1n1nproved delivery and
r esponsedasisioativarietd slradothe-skbr prséran applhtdtioataf dine vadeines Uewenee.cit hayniye
delivered into the. skin | .phar paceuti cal |l y .accept abl e .f or but . a

M aut 0 e Brporialydpiuh el B BrE pF B g 0 R PUBP OISO TR S | s
appl i ed al1iergbhe i8Kintbraneffiendbirfdi Mgred @FficaBions WheM fHeV @Hbdinck Ubedtlivered
reC|8LocaIIy over the skin and the 15 substance. It is preferred that the
m nilfumsindisneowsly wish abiagient o produce the desired result be used.

Determ nation of the appropriate anmount of abrasion for a sel ected
substance is within the ordinary skill in the art. In another enbodi nent

t he substance may be appli esUMMARY OBrrHE oNtvVRERTaONadI ng surface of the
delivery device prior to application. In this enbodi nent, a reconstituting
liquid is applied to the skin at the delivery site and the 20

subst ance-co i.ng. deyi i i t ki @at: i t he
Feconet i tut | A eraarAvpRidtEioR et Splalel Hecis 4P dbiod dBlivery Br Shbesee
ski 15 so paltRulailyeni®Eis heids, eanfic ks, sthit® alcid derivatives pepiduasdr galiypepddés. qlii d
on the surface of the skin and is, delivered sinmultaneously with abrasion.
"Al t er natey degn discpee dhat ncisiy apids srBibMagiigacdogeng FEYessieT: i RIAAER 38
devi ce . | I k i i to
the ski % %#cg(g r agllﬂgrrll%p ﬁ?ﬁ@stﬁgggﬂ%i%aﬁiﬁﬁc‘ﬁ%fmﬁg%Féeilﬁééﬁ%gﬁddﬁ %?lggﬂééro gg ons
may al saovitie alsrasibe dfahe tshratuab cadiicmy. dSwmitalyi mlielgens delimendd aingétanedaistyhwittyh
the inprovenent in gene expression is not as si gni ficant, as in certain

ot her  oBEEIORERISNER & FOTE RUBRDHD ADIARG YEERATER RATHGANYILCRR! allereeny testing

di shypt i,onQfs. t he stratum corneum by abrasion can be

DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates levels of gene expression obtained with the various nucleic acid
25  delivery protocols tested in Example 1.
Fig. 2 illustrates levels of gene expression obtained by varying the number of abrasions
as described in Example 2.
Fig. 3 illustrates levels of gene expression obtained by varying the formulation of the
nucleic acid and the delivery protocol as described in Example 3.
30 Fig. 4 illustrates the antibody response following topical delivery of plasmid DNA as

described in Example 4.



used in the nmethods of the invention. These include, for exanple,

m cr oel ect ronechani cal 30 (MEMS) devices with arrays of short m croneedl es
or m cropkd higseNs, sandpaper-like devices, scrapers and pEeyuké Ifﬁnllf t he
abr adi ng devi ce does not include a reservoir for containnent anJ I schar ge
of fluids fromthe device, the substance-containing liquid or the
reconstituting |iquid DETAIDEDIRSCRIPAITIQONQBITHEIINGENTEOSKi n prior to
abradi ng, for exanple from-3 WO 01/89@&22 PCT/ USUL/ 16121 a separate

di spenser or punp. However, reservoirs may be an integral part of the

abradi ng devi-gg e} PheAabibY” hOEsIaRELY Pbtbrsi 18 didubtidhl &k RO iy ilegy@H &WRH"EIEH, the
the d f rough the

. abrading surface of evice, for exanple via channels t

needl es for exymyle byisonpinger rvhtang; meauittzigsinwhiacda ehdisrupthé stravrr copngunb eThie én
such .needl es, or. pr.otrusioRs,,.0f Vi Ol 0US terjals n this 5 enbodi.pent,

. the Subeabanaisa B Bunstiny o Ao deRoiR TS e bE Sl BS SnUSH U t e
abr adi N8RV CenddRpted sHhBRLBGREurh betinSthé Mofdd! f RERrdihs % thPnRRHoaS 00 MOT

simul t aneously with abrasion. The abradi ng device may al so include neans

f or conting¢itiong sestances suchf asgeudleie agiddfased wacnitiestand cpeptides e polypéntides e
liquid, or.for controlling the amunt .of .substance or .reconstjtuting |iquid
deli ver etpid BT ok siordaneipBlSEN ¢tesiS wEbAOREnobeind BBPROLI wat b be
RNA or  Difadefihdkin. Menhabes, i the 30istR¥ Sk Gdtade@rifoSthet itk @athelr tHaBPdeE® passively
adm ni stration and for uptake and expression by cells. It nay be contained

in aOi ranpligééa gen ghich psdwae prayiousty absgdee Tied ingbipd deswlis &n impreved delivery
pol ynucl got i 1 q | . inthe art. The nucleic acid
Wil typﬁ@gfﬁéngﬁg%gﬁrﬁffeﬁgg)%lg?ngég% Igari)@lé(@:%u Ically acceptable formnulation

such as a fl ullek subs@rte mhy bl delivetdl mabatskinlie any pharhiigeutioall@iaceepaibit. form,
Pharmaceutical |y acceptabl e pepti de and pol ypeptide fornulations for use in
the i nvebhtiadiguid ercsel dormylatianis peaferends Tnome sbediesat srmybaipreedh spplisddo shes o
wel | knoys, ifq thhe tﬁﬁ&in | devl2@Sis QEWIJOQ’EECB#II&BBGC{%E}H’E!MIEPB@I 38 skﬁ}s ahd thd ©
as one pass over the sﬁlr?) I's sufficient to produce an”i nprovenent in

nuclis ¢ atince! It veprefdriedstkatnthe elihBaun AmoanbeMdbrafiomnischredeceah dedftddesilver y
~and expression continues tg increase with increasing nunbers of abrasive

passes s adh ! §1@rrﬁ}:na§1>19< | ok they §PW@%§.§ SEOVUHE oﬁ@p@S@av@r teheelepigd pibstance 1s
| Mpr ovengphini the BHELE Cgkﬁﬂlﬂtgggtﬂl Vi dhotter @Htbo i:fll%rf %ﬂ?ﬁ%@ﬁanéé’ ﬁltaﬁ 'B%I ap’ﬁ‘lliéd1ﬁyg h

.al | abrasive passes oOver t n may be in the sanme directio
pr ef err edtyt fomn tdehaliabeding suifgceabf éhe detivery ndevader asiborio apéicatist dontin| y

used protoco). for delivery.of nucleic acid vaccinpes taoday j.s | M.jinjection,
usual |y BRI AT OBRUG JOBHCE aRRIHC I 15,5 i felivery Sl the
Det exo7i Nathk@AcboatdiCatRRIALBET IS B HBAE &f thB léﬁin?dt@h@fih@of’t‘ﬁ@ GEdRstitRtRE liquid.

delivered using the nethods of the invention is within the ordinary skill
in the altts thewweowved orirabbed regipradalneeey éheoskin ke thah thersubstencechdeontes thissalved

o hoot ok B BE A SE LS e B S VM Y
stimul atdipgsied. ARelndTWIS, 4 CRBAARRInSRANIINY B EdtfaindMiNtheabr s HeMed hyES,

pepti des and poggpe tides, particularly allergens, may al so be delivered
t opi cal | plegsedopdiissglvedhe subsirpehardide gevieeis applieditd ba skin) foeplyasign.afidhas been

Govi Bos. e ok AFILERER e B Aich oo e ok QAR BSRH AQUBE KB sl

unexpect ggl) yltfomghdhé haprovemenhangeat edpresspaniscnotas sighiXibdnt 896GA %certain other
PCT/ 11 S01/ 16121 regﬁ%nse can be obtai ned by sinultaneous abrasion and
del i ver yembagugenss gfihedaventitr e sensitive test and has the advantage that a

Tore casi |y dapLardg: FIESBPRES S LifrpRSF e A0%m SonBLOk AR TN 8
DEL| VERYusel iRltiSMethddbldf Wt MNeeAtiGOL Mhedd HRIDNEFr FexAMRIEY microelectromechanical
30 (MEMS) devices with arrays of short microneedles or microprotrusions, sandpaper-like
devices, scrapers and the like. 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 liquid must be separately applied to the skin prior to abrading, for example from
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Plasm d DNA (35 fig) encoding firefly licuferase was adm nistered to

anest hetized BALB/c mce by IMinjection or minjection with a standard 30
g needl e W@fjﬂl;w&% syringe, or 10 was adm nistered topical | gMgéRde1200 U, m
silicon mcroneedl e array. Two protocols were used for DNA adm nistration
using the mcroneedle array: 1) Sinmultaneous abrasion and delivery

(ABRdel h:sepdrere digpefsesirvaehmn Hok@vea uekatvoll msdynbeish fgteglab phrt iof thd hiapEing,
followed by a No. 10 scal pel bl ade to renove remaining halir. The

sol ut i ofieviess {Tiypicalhy ghe eagenveirals in dhpd spmEupication ovith diei abrading sedaceref e

m cr oneqql. | ' [ . .

at er al Foviee 5] Plarkfe s BAEAClERBh 68 pibdal SbuRObIL Fhif MRSt
passes kxit 6RE ReddivodC between stibk oblfies o Uirbusiovas or efih gopowdi matbiiglsandn tthie
skin site was |eft uncovered until skin biopsies re recovered, .

Pr e- ibr S8PeHeHE dheiipstang rresdaliutge Aguidds e?l}t%axﬁbﬁeé?segﬂr Frtbe @rﬁ@n&as
pre 20 gby; i {IRVE 9% ThAERANrAmARARSS Mirfsion.
surface §Y1>€9f§l?dn§s 1#&%@]]% gér)ﬁa??wgfa%if?%ct i()(r)pﬁfa%%%r ere nagsses S|11£:|Q§telllcszhro OI}two
di rect i Ghs)abradieg Obitice ahay iatso imakide heeans pioe adnokingt the mater afl ddliwdcy ofsithef ace
and left to air dry as above., As control for possible DNA delivery ..

F hr ough Swlstance by et S G biishest B Giohne e bRt nEsBraive § e ybltiuing

ani mal s ;Weia&cRba¥gd as above but were not abraded with the mcroarray
(noABR). "The DNA solution was applied topically to the 1 cnR shaved skin

sit &0 and | ef Nucteicaaaidgdifoy nsd in thé inethodsipEthe tinestien srybeRNMor ONA] Toey sy 24

hr. after .DNA LN strati. ' h enat I d f .

ci £ er 2840 4BY POTRGHL Jefrh v b, iR B OGP At ARARE 208 XRgpEon by
nor mal i gk f er%g%élcoﬂfd?ﬂéﬂi i £9nhEePdctordsr B53s8MEl BLG Q]lljy?oesaﬁﬁ@&ﬁdas%ee
protein assay. hits (RLU) per ng of

Dat a were expressed as Relative Light Units _
total prpolyeigieatidd sueb @b tasplasmeidsasonknpwnpn ghe prt. Hehnuelaid efidrweih pwally behe

PN Sl W13 SRR S, IR AT SO SEPREERT
01/ 89 R20oMpd ISt GAL }mehew @6l OPhainiRLMEAlL) oddcahiblg Hephide! an\def)@l?pépﬁdbar
I n magni tude to needl e-based M and |ID injections and significantly greater
"(p=0. 02 Yormtdaiions fox vy Bathe dayenjieny inghdsng rasmulatigae dorollergrabecrerasitigas nare 5
EXAMPLE 26 well known in the art.
It has been found that minimal abrasion (as little as one pass over the skin) is sufficient
to produce an improvement in nucleic acid delivery to skin cells. The amount of nucleic acid
20  delivery and expression continues to increase with increasing numbers of abrasive passes over
the skin. Six abrasive passes or more gave the maximum improvement in nucleic acid
delivery in our experimental systems. Although all abrasive passes over the skin may be in the
same direction, it is preferred that the direction be altered during abrasion. The most
commonly used protocol for delivery of nucleic acid vaccines today is IM injection, usually
25  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 than IM delivery even without response enhancers, as
evidenced by levels of gene expression and stimulation of an immune response.
30 Amino acids, amino acid derivatives, peptides and polypeptides, particularly allergens,
may also be delivered topically according to the methods of the invention. Allergens are
conventionally delivered into the skin by intracutaneous puncture using devices similar to the

tuberculin tyne test. However, it has been unexpectedly found that an enhanced allergenic
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CORRELATI ON OF DELI VERYW TH NUMBER OF ABRASI VE PASSES Luci ferase plasm d
DNA (35 fig) was adm ni stered by ABRdel as described in Exanple 1, but the
nunber of wWedeogd, passes of the device across the skin surltéxﬁgsd/DyﬁA Maried
10 ( 12, 10, o, 4 and 2 tines). In addition, after placing sol ution
on the surface of shaved but unabraded skin, the m croneedl e array was
repeti t iregloysgpcas be dotagiaed dty Sﬂmltsﬂ@ons (ab'rwsidni avels elivergi rilliatpeoduces a more
punct ure-nedi at e er Top| application of the DNA solution jn the
absence SPSIRY 98 @ﬂ%&ﬁe@%&et £ BHRRY A JmRCICERitle Fespefise io i qonueniiqaal
del i ver yallte%' ﬁ'i!&lf'rrﬂ?'bre rh&ble Pﬁi t&QtedIsiESthe %kﬂ%d@b@ﬂﬁ'lﬁ%n$l$ncm) wer e
collected 24 hr. ter app atiron an re S assayed | uci f erase
activity as described in Exanple 1. The results are illustrated in Fig. 2.
Each synbol represents the response gl e nouse, and n=3 for all
grouas except for "x 12" and "x6" ﬁ%ﬁmﬁ I ncreasing | evel s of gene

. expression “@ELWEI@YWPMASMWNQ@SH@G 'AUS’®ED§ MICRBSEEPLE ARRAY
m croneedl e array across the skin surface. Mean | evels of expression ranged

fromgreater than 1,000- to 2,800 20 fold above noABR control S in groups

treated by six or. ons e ses foll.ow n . Ss
et 0 0. o1 g, 2L ) BB RS RATERED o AR Sl
30-f ol d phppR AreHy N ngectroﬁ%@qgtlhj\é@dloh wivB antdn@i@l 30 PheAPHRP B LOByrirpe! be
“puncture” group were only 2- d "above background and were not

si griiOf i cwiast ac&nnmsterr@d meaﬂlwmnﬁ)al\sﬁ@ wmmlmp@ mivreacedld array.d éioh prateqods wirs

t he abramg? %ﬁ%e tatocrl b c§ rrg enEtlm{)f topical 25 delivery of DNA
into the kit LRGBS ?nﬁgﬂ &8si on were attained by

i ncreasi ng thy nunghuledealy abiavion PaslS aéhmy t(n@m[)adﬂrcedwwec griav@ﬂtdho‘tlw"
gene expression was observed after even a single pass. In ad

lateral |y rubbing éaudabdaﬁumgusw@elgkmﬁ Célpgws,f Oélamedjoy %Npeégélalhdcblé‘i%toam d

delivery and gene expressh 416" fUA QR stfhﬁf hedl% Sérfsit
m croneedl e array agai ns & ]% n oﬂéf Yatera -
Ol/ 89622 EXAVPLE 3tmbﬁﬂfh@\|alﬁ:ﬂfdlﬁhdib@eéﬁl Bré&AQ@b I}iﬁﬁe&’@iﬂ/ ddbtdt! BEh2this

solution and 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.
2) Pre-abrasion (preABR): After shaving as described above, a 1 cm? site was pre-
20 abraded by lateral movement of the microarray across the skin surface six times
with alternating direction (three passes in each of two directions). The DNA
solution was then spread over the abraded skin surface and left to air dry as
above.
As a control for possible DNA delivery through hair follicles or nicks resulting from
25  the shaving process, animals were shaved as above but were not abraded with the microarray
(noABR). The DNA solution was applied topically to the 1 cm? shaved skin site and left to air
dry.
In all groups, tissue samples were collected 24 hr. after DNA administration. Tissue
homogenates were analyzed for luciferase activity using a luminescence assay. All samples
30 were normalized for total protein content, as determined by a standard BCA protein assay.
Data were expressed as Relative Light Units (RLU) per mg of total protein and results are
shown in Fig. 1. 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 gene
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Luci ferase plasmd (35 fig) was admnistered as a liquid forrmulation by ID
injection or 5 by sinmultaneous abrasion and delivery ("ABRdel liquid') with
Si X passeqfidob m croneedl e device across the skin surf 85 1Ag:gr | bed
in Exanple 1. In addition, the DNA was |yophilized to a powder and coated
onto the surface of the mcroneedl e array and adm ni stered by sinultaneous
abr asi orxpieskicte hitaired/ fodiotieg AdBRdet tMeye similar pomdgwitude ABRdedle-paswddM pndIDupon
reconsti.tution in PBS buffer at the tj of . appl.i cati.on (ABRdel
bowger | eGP andos ERagHLD Eisaieh bralP et IHE VB, eRngre rbraded or
powder - gRata8e@dikiay i n direct contact with a droplet of PBS on the surface
of the skin, followed by sinultaneous abrasion and delivery. Mcroneedle
arrays were also coated with DNA dissolved in 0.5% agarose gel and
adm pi stered by sinultaneous abr asWﬂ ivery as described above

~ ("ABRdel gel"). Topical applicatio fiquid fornmulation in the
absence of ahrERREMATTONBSF IVEISIVERY YeEd AOMBSER CROABRASIVEKP ASEEQPSi es (1
cm-) were collected 24 hr. after application and were assayed as descri bed
in Exanple 1. The results are shown in Fig. 3. Each synbol represents the

response of sinal e uUse. tive data fraom#t S Late experiments
are shown, \Aﬁé“?g&%‘q—‘% pﬁ%f‘mga%ﬁ;l‘gnk%i&g\js\”?ﬁ PEM q?fgfl\é\g%ﬁgg%fﬁgggm ed
expr essimample t,fnt sk AuhiB&Oosi 2R PAssed bl thrhdeveenRARRhKIR stiacebsay weldf or
the ID |£éect| on, ABRdel liquid and ABRdel powder/recon groups. Although

nei tlAer (§2.r18¢c, 4iand 2, Bmpslofin gddition, afshaleping dag PN ADIAUNGN orollte spdecsredshavgei on
el | N ot T
Feaponsdst PR SR ARG R b Bel SR s BRTYS b i e SRS B oix sieRle

t han t heo nranlaropincdlremesiisiesd elelivdies eTopsisall ipplidatioanst tad ®NAablution in the
reconstitution of a dré form of the vaccine atbﬂthe time of sinultaneous 25
p

abr asi orbegvae @érptrsiop (Bp OB e%as ivslyfed a3 rearelnios PeEsRlp RNALEYEHY REULEI on

and del ipvuer Wl O ' [ a ;

commer citay: tsjesdr sl SHFRChER (RETY VLS Qo 8 1o SaRr Ut AR ol e
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than those induced via either IM (the current standard for DNA-based vaccine delivery) and

ID injections. In addition, the responses following ABRdel were considerably less variable

20  than those observed following either standard needle-based injection route. Mean titers after
three immunizations were 12,160 for the ABRdel group, compared to 820 following IM
injection and 4800 via ID injection. Notably, the ABRdel approach was the most effective
delivery route following two immunizations; 100% (10/10) of animals treated via ABRdel
seroconverted after two immunizations, compared to 40% (4/10) via the IM route and 50%

25  (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 ABRdel induces a similar mixed response as standard needle-
based IM and ID injections, consisting of both IgG1 and IgG2a. These results are in contrast
to previously described intradermal vaccinations using the gene gun, in which antibody

30  responses consisted exclusively of IgGl in the absence of IgG2a (e.g., see McCluskie, MJ et

al., Molecular Medicine 5:287, 1999).



The method of Claim1 wherein the skin is abraded using a device conprising
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using the tyne-like puncturing device also displayed severe erythema and swelling, although

25  the response was localized to the points of contact of the tynes and the immediate surrounding

area. Skin sites treated topically with histamine solution in the absence of abrasion or
puncture were not inflammed and appeared indistinguishable from normal, untreated skin.

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

30  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 microabrasion

compared to skin puncture include distribution of the substance to a wider surface area of the
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The method of Claim 1 wherein the substance is a nucleic acid.

3. “The method of Claim 2 wherein the nucleic acid encodes an antigen.
4, The method of Claim 3 wherein expression of the antigen produces an immune
response.
10 5. The method of Claim 1 wherein the substance is an amino acid, amino acid derivative,
peptide or polypeptide.

The method of Claim 5 wherein the substance is an allergen.

6

7. The method of Claim 1 wherein the skin is abraded at least twice.

8 The method of Claim 7 wherein the skin is abraded at least six times.
9

15 The method of Claim 8 wherein the skin is abraded six to twelve times.
10.  The method of Claim 1 wherein the skin is abraded in alternating directions.
11.  The method of Claim 1 wherein the substance is applied to the skin in liquid form.
12.  The method of Claim 11 wherein the substance is applied to the skin from an abrading
device.
20 13.  The method of Claim 11 wherein the substance is applied to the skin prior to abrasion.
14.  The method of Claim 1 wherein a dry substance is reconstituted simultaneously with
abraston.
15.  The method of Claim 14 wherein the substance is a powder on an abrading surface of
an abrading device.
25 16. The method of Claim 15 wherein a reconstituting liquid is separately applied to the
skin prior to abrading.
17. The method of Claim 15 wherein a reconstituting liquid is applied to the skin
simultaneously with abrading.
18.  The method of Claim 1 wherein the skin is abraded using a device comprising a
30 microneedle array.
19. 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.
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