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relates to topical delivery of substances into the skin, particularly by
di sruption of t he PSLICARORTATHAVRARFDRIGEH UERAQEONTLLOV I TH NGB SUBSE angieA ero. inhe SKIN
epi dermal | ayer beneath. BACKGROUND OF THE | NVENTI ON 10 Delivery of
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of the d 'hé substance to the exposed epiderms. The substance can
then diffuse through the epiderms to the derm s which contains bl ood
vessel s and |ynphatics for absorption and delivery of the substance
t hroughout the body. For togl cal 20 delivery of vaccines, the epiderms

itself is a particularly deBACKGFROUALYOF Tk IVENHEON very as it is

rich 1ion antigen presenting cells. I n corrpari son, the derm s contains

fewer-"antigen presenting cells. The stratum corneum and epiderm s do not

contai n nervespglivedy QFtsteas&isSio theObddy SurdBithad bes hhecpiudnt Bas pfvasive,
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taught in US Patent 5,679, Car son et al. This patent feaches that
narr oM di @reetomne my:seed;lsacsmntagwbst thgsd d&uucﬂjwbmheﬂmmptets abseld thestratum comeun,
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i s in contanaften diffuse through the epidermis to the dermis which contains blood vesscls and

lymphatics for absorption and delivery of the substance throughout the body. For topical

20 delivery of vaccines, the epidermis itself is a particularly desirable target for drug delivery as it
is rich in antigen presenting cells. In comparison, the dermis contains fewer antigen
presenting cells. The stratum comeum 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.

25 The prior art reports a vanety of devices and methods for disrupting the stratum
corneum for the purpose of delivering substances to the body. For example, breach of the
stratum comeum may be achieved by puncturing as taught in US Patent 5,679,647 to Carson,
et al. This patent teaches that narrow diameter tynes, such as those found on devices used for
tuberculin skin tests and allergy tests, can be coated with polynucleotides and used for delivery

30  of such materials into the skin. The method of using such devices involves puncturing the skin
with the tynes resulting in intracutaneous injection of the coated substance. This is in contrast

to the present invention, where it has been unexpectedly discovered that substances coated

onto the surface of narrow diameter micro-protrusions are delivered more effectively by lateral
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gene expression and produce an enhanced i mmune response to the expressed
protein when they are delivered sinmultaneously wth abrasion of the

stratum corneum Simlarly, |- i aneously with
abr asi on produce a nore vi goﬁt}m%ngﬁlfgg%mﬁﬁmﬁ conventi onal
allergen testing 20 nethods. DESCRI PTION OF THE DRAWNGS Fig. 1

illustrates | evels of gene expression obtained with the various nucleic
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enbanced immune response to the expressed protein when they are delivered simultaneously
with abrasion of the stratum comeum. Similarly, allergens delivered simultaneously with
abrasion produce a more vigorous immune response than conventional allergen testing

20  methods.
DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates levels of gene expression obtained with the varous 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.



30 Fig. 4 wblwsbgrates the anti body response follow ng topi cabtdgbivaey of
plasm d DNA as described in Exanple 4. 2 WO 01/89622 PCT/ US01/ 16121
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25 found that nucleic acid preparations nay al so be coated on_the
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20  substance-coated abrading device is applied to the skin at the site of the reconstituting liquid.

It is then moved or rubbed reciprocally over the skin so that the substance becomes dissolved

in the reconstituting liquid on the surface of the skin and is delivered simuitaneously with

abrasion. Altematively, a reconstituting liquid may be contained in the abrading device and

released to dissolve the substance as the device is applied to the skin for abrasion. It has been

25  found that nucleic acid preparations may also be coated on the abrading device in the form of a

gel, although the improvement in gene expression is not as significant as in certain other
embodiments of the invention.

Any device known in the art for disruption of the siratum corneum by abrasion can be

used in the methods of the invention. These include, for example, microelectromechanical

30 (MEMS) devices with amays of short microneedles or microprotrusions, sandpaper-iike

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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I't has been found that mninmal abrasion (as little as one
skin) is adsof weltkeown int theprtoduce an i nprovenent in nucleic acid delivery
to skin cells.. The a 0 _delivery and Expr_es_si on

nt. of nuclejc acid .
continues to ihBFEhEeE Rﬁqlg‘ﬁh%%l SHORASLEG RS olsrRess Querdhe skin) i aficient

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
commeonly 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, pcptideé 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 atlergenic
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invention. 5 EXAMPLE | DELIVERY OF PLASM D DNA USI NG A SOLI D M CRONEEDLE
ARRAY Pl asmi d IDNA ( Snylfanepesn@bragioni sk doliyary (A Bdad): Wilce afare shaged @nt the
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200 m silicon nicropgeetEreaatidys hANWOTRE DINXC sblativeias tieaepplied tdNA cm” site on
adm ni stration using the mcroneedl e array: 1) Sinmnultaneous_ abrasion_ and.

del i Méry (ABRdel): Hiecekinsuefashaud dhomicnraecdiaaaay wasr Blassduin sentastewith this

cLLPRers, ol ovd by o 0 36Uely, N At o IRYE ETHAD 0B E i
and the mi croneed| e s@fR@Y(tWoS pRlsaERedch deeEiR! ThietDINBhoSuticiowal ied@Ntoaditldry
noved laterally in alternating direction six tinmes across the skin
and the skin site was left uncovered unti! skin biopsies were recovered.
2) Pre-abrasion (preABR): After shaving as descnibed 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. Curnulative data

from two separate experiments are shown (n=6 for each group). The levels of luciferase gene
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but the r:Qf | at.eral,passes. of.the device acr t he skin surface
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m croneedl e array was repetitively pressed agai nst the skin (six tines)

to simulate pufle pseltsarilugthtebin Figr §. Eroisyadbohpprésentsithe rasondteo DNAingle
sol ution Jngustetlind n=3 for all groups except for “x12” and “x6” in which n=5. Increasing levels of
gene expression were attained with increasing numbers of passes of the microneedle array

across the skin surface. Mean levels of expression ranged from greater than 1,000- to 2,800-

20 fold above noABR. controls in groups treated by six or more abrasions. Mean responses
following 4, 2, or | pass of the device across the surface of the skin were about 300-, 200- and

30-fold above background, respectively. Mean levels of expression in the “puncture” group

were only 2-fold above background and were not significantly different from noABR controls.

These data demonstrate that the abrasion process is a critical component of topical

25  delivery of DNA into the skin. Increased levels of gene expression were attained by
ncreasing the number of abrasive passes of the abrader 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 microneedle array against the skin without lateral abrasion.
30
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repet i ti vePRYet B EBS, oy tharuriice 5 Ko die. Sloapd ol anosuis Sbrasion enbielivery.

or Nt e e B s 4 R el VPl R BEmnlrE 5B e Bl Befne

admi ni st exdednBterad Ibly ogima!thegonms | sbkdasion byd IdBlivety est degeribed dboby (“ABRdel gel”).
si mul t anegus abrasi on and del i very fé‘;,ABRdel liquid®) with six passes of

the ni cr oherienl @ppliapfier ofthediiud famylatian s Heabeengs Oé)ébr@ﬁlioséaofxﬁ cuded
In adl%' ti rll’[%otn@r%l. %Vﬁﬁlg siésy((]? Q:H‘H %%%oglgct@d Eg\fﬁjearé:te?ggp]fc%ﬁgﬁ (Jn& YePe mgyed as
Yy a nistere SI mu eous

surface o € m croneedl e array” an m tan

abr asi on @&Rekitskel inBxappd 1.her directly as a powder ("ABRdel powder") or
upon r-econstitution in PBS buffer at the tinme of application (ABRdel

powder / r econ ) Thei gespiie Grs SR A Gwas d6B ipbsh&wprespnfsl Bisi fegpane of a single
powder - coghed FfMadidt #tf 6k %@eﬁ%te@xbgﬁﬁents are shown, where n=6 for each group.

Similar levels of luciferase expression in the skin (about 20-30 fold above noABR} were
20 observed for the ID injection, ABRdel liquid and ABRdel powder/recon groups. Although
neither direct delivery of gel or powder-coated DNA without reconstitution resulted in gene
expression statistically above the moABR control, responses following direct gel-based
delivery were about 2-10 fold higher than the mean control response. These results
demonstrate that reconstitution of a dry form of the vaccine at the time of simuitaneous
25  abrasion and delivery produces results comparable to simultaneous abrasion and delivery of a
liquid vaccine formulation. This has advantages for commercial application of the methods, as
an abrader device with a liquid-filled reservoir could be pre-coated with the vaccine powder

for reconstifution of the vaccine as it is applied by abrasion.



dropl et of BB5'6H%%Fhe surface of the skin, followed by simul tr@Tesis/iei2
abrasion and delivery. Mcroneedle arrays were also coated with DNA

di ssolved in 0.5% agarose gel and ad istered by sinultaneous abrasj
and delivery as described above ("ABR?@&“\&BLE)‘* Topi cal applicati nl'sggﬁﬂm'

the liquid f T i i ded 15
e ot Do) O SAIROD Y REN (RS A TORIERE S O 80 HRb ARt HNA ®

application and were assayed as described in Exanple 1. The results are
shown in Fig. } Eaﬁ]h synbol represents the response of a single nouse.
cumul ati ve dat & #5¥mIPNG eepding:the dlapatitinBriusface entigeaviiibsiie mews dtnihtered to
each geou | A Il s.of, |l uciferase.expression in the skin (about
2030 fol %“%?%gk%‘gw&e‘?“e‘%zﬁy JM4 oF JRIRi51ibp jth #gdaed 39ng nepfigernd 1 cc
liquid andyARRdedr pawdeitinRend GogeRsy viinkheumy aei | iciRLLYE"

of gel or powder-coated DNA witholtg}t ?Yeconrsgtituti ﬁ?rsggﬁflt Eéjdcl{d?#%%%gé&g eray
expr essi orfc&trdngsty ¢hg ABRAd pratewol nofABRawplt dol , Mies pens afivémld eWhNG®F three
di rect gel.- ﬁ&%g' el j were abQut 2-10 fold higher than the nmean
contr ol re"ggonsem%&éfsie/ﬁr%%mrt‘iosed WS 53aRles YRR aabesh &yi R ldSiAofer entibodies to
form of tIHbsacgbae Igf 213 rebkdTRolRiwisis Bkl ARRR a i . deliver

pr oduces resm@fg co @tar able to si ryylganeous a ratgtlﬁldnligﬁg ‘gg ?ﬁgl%%ieg#pl%al% to
| i qui d0vachavea Yuiravabraded fuoABRY shits am demtra] dge pofsible adeliverycib@bush nicks or hair

applicati of the nethods, as.. brader .deyice with a liquid-filled
reservoir (}@%@f‘?& @éltaprlﬁgzcé‘épita@&%'ﬁﬁs‘{l%‘ét%é%@??fgasp esk dfutioacisterum spmple
of the vacsdldige aBsdrbardc® vARRL HERaBMhARR AN PCT/ USQL/ 16121
EXAMPLE 4%6.4 C 2504 ANTI BODY RESPO{%%S%%O%JCH&%&@%%WM gAtve,
DNA Pl asnivdimpianiged odéglg t he Hepatitis B surface antigen (HosAg) was

adm nistered to 20 sthetized BALB/c mice by IMor IDinjection with a
standard 30 g Ae&Hfe® BIFJCE(P%W?%W?Wo?MgﬁédaMP?ﬂ Yieey ag reprsisented s bars in

usi ng18 2@goupe s, g0 hs Qbdpdnsis oo el G Ak aY; rgli L e ABRdel

protocol of Exanple 1. M Ce wer e given a t ot aﬁndg;%&t(ah%eggeﬁ %WEP%M iLOf reglts

100 g per infbease tUSérthen SBRp¢leproweot induaby zechdyeril SRtiodly aspéddedi®Siv® The
HosAg (tot a%nlfga 2= 3 \ﬁeeks foll ow ng each i nmmunzation. DNA was _applied

t opi cal Iy SRLRASH RO Pl PHEniTseRlrereater R<A45 cier immunizations 2i 4ide3)

delivery tHHnOMEE: NIGER] Ph dI@bf 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 toute 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).



follicles.wOat/azepresent an anti-HbsAg titer, defined as tiher/bsghasii
dilution of a serum sanple vyielding absorbance values at |east three

ti mes above background (serum obtained from naive, unimmunized m qg)ﬂ (A004
total of ten nmice per group were anab¥A8ELBBan titers are represent ecf’ as

bars in 15 Figure 4, wth., f 4 ndi Vi l..m ce indicated as
open synbols. The results 1{)%@?%;%%@@?@&%%&3%& ocol induces
strong serum anti body responses in vivo. The magnitude of such responses
were significantly greater p<0.05 after inmmunizations 2 and 3) than
t hose i nduced Histaméiet fydiovhloride @ur nentwst adrdaisdertd rio DNA-didrs edl anaesthatized

delivery) and |I.D inj ections, In addition, the respanses follow ng ABRdel
wer e tonsiVaertabiifuttaacouy ghragionendsloriveny UsHissn 2h4BY YHE0% slidomraguetiemsray,

st andard - Ly £6Gt4 up e Lters.af e

i zaf eergd 87 19 phe R (AR s MR thb WBUEe BEHES i SESourPouhy
| M i nj ebistaming Ws 460811 xtea elthed 3] acléqui® 0r as\olyabhylizeti powiiBRABIchap Ry @atdd Has
the nost effective delivery route tollowi ng two inmmunizations; 100%
(10/ 10) #fc smfasalod the szicwanay andpRerdstitube B walze disetlaonehe i at the time of
I mmuni zat i gns.. conpared 1o 40% (4110) vi.a the .M r.oute and 50% 25 (5£10)
Va1 | APRRRrel TRbAa et Mok coliifn v e ) SRR B et pe
in the aRsensntheARERSIHR WBHDhaPhaliBeESGEahe pRidtd O dYnth@SPRR $8s solution
Further characterization of the antibody isotypes revealed that ABRdel

i nduces and usad tapunsteesthe ekiporides Gwedikaddeire consétideof doueenietal BAgchepdies of 1
I njections, .consisting of both. |l gd l,g&Ra. These results are j.n .
cont r ast TR ISR TRET Y SRUSBF Y AP IEEr AT YRt ch AUTEBR L HoEn b fhent e
gun, in WhiCheaNttod WiBOtHeCBRONSES 608! SheUkePhtahNe dbvRE hHF absbobder
absence of IgiXa (e.g., see McCluskie, Mi"et at., Mol eéecular Medicine
5:287, 19983mine8n\idder fBasR2toPETinUSRItHEE 1dE BXitivPidyicesTiaMeCAharDid ViR OF

TSPt L L 0 ki 8
del i ver yfuiﬂ/&l%g{ A AOEISIP IpunEIRe. S Bt ST HRRCBRIRORA RY. infiedIfS GhiiBhatdly
npl e el; passes o e devi ce across e skin surface). The

hi st am necavtions mchdlireg rednesist $venllims awd the gppeirance af a svbeylophioflarced powder
whi ch was Coat\?i%og)% ?nﬂammatory reactions were observed at skin sites treated with histamine via
the solid microneedle array. Severe erythema and swelling (up to 2 mm of raised tissue) were
20  observed across the entire area of histamine treated skin, whereas sites treated with the device
in the absence of histamine displayed only mild redness along the path of abrason in the
complete absence of swelling. Stmilarly intense reactions were observed with both liquid and
reconstituted powder histamine formulations. Skin sites treated with the histamine solution
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

-9



t he surfacév%P”FWéznicroarray and reconstituted in water dirdcFU§toRizhe
skin at the tine of application. For conparison, histam ne solutioq@qﬁfzm&

| d | h f. f 10 th in, . i di.at el ft
25065 a5, AP L B LS, St T e
used to pubgt pienidewikithne-hRé FelvBe- ITHEEn0R A ED I%I? 'cﬁ&tﬁguﬁ(f)%lsgb nf% tv.zlilth

34 g needles of 1 rumlength, simlar to comrercially avallabl e device
used in deter Geseting of threghighly inoeme-gikiuatosi dpidermel gsstie ediyeidorshaid the Rensitivity

m croarra r the tyne-like puncturin evice in the absence of
i St o e ot dpe U ShBRATEIRD SRITHNG WP FGH SAEGTe aimg diedenstsr dnhddition,

t han the ; i l i L4 i.ncl.uded. skiin sites
troatad Wit R mpane SRaTe B E (ESR WREEhe CATHAD) Sods M Rttt £
Skin si t efsliveryecoumdidgicethe fonrrentnineetitaings ilikélyaoTHRL I0EsinvASAS k@ Sfer MHahUiRd:
redness, swellin nd the appearance of a wheal -and-flare. Vigorous
ianannaﬂ@FV@ﬁE§39ﬁbns were observed at skin sites treated with histanine
via the solid mcroneedle array. Severe erythenma and swelling (up to 2
nm of raised tissue) were 20 observed across the entire area of

hi stam ne treated skin, whereas sites treated wth the device in the
absence of histam ne displayed only mld redness along the path of
abrason in the conplete absence of swelling. Simlarly intense reactions
were observed with both liquid and reconstituted powder histam ne

formul ations. Skin sites treated with the histam ne solution wusing the
tyne-like puncturing device al so displayed severe erythema and swel ling,
al t hough 25 the response was | ocalized to the points of contact of the
tyres and the inmedi ate surrounding area. Skin sites treated topically
Wi th histam ne solution in the absence of abrasion or puncture were not

i nfl ammed and appeared indi stinguishable fromnormal, untreated skin.

Hi stam ne di hydrochloride is used in the art as a nodel system for

eval uation of peptide and pol ypeptide allergens. These results indicate
that the described protocol of 30 sinultaneous abrasion and delivery can
be effectively used for the topical admnistration of allergens which are
am no acids or amno acid derivatives, and predict simlar results for
delivery of peptide or polypeptide allergens. Benefits of allergen
delivery by m croabrasion conpared to skin puncture include distribution
of the substance to a w der surface area of the -9 WO 01/ 89622

PCT/ US01/ 16121 14 DEC 2004 skin, thus increasing the reactogenic site
conpared to the |l ocalized distribution acconplished
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using puncture wth tyne-like devices. The increased area of

distribution, conbined with better targeting of the highly

i mmune-stinulatory epidernmal tissue may increase the sensitivity OﬁéﬂEﬁzwg
all ergen testing conpared to current tyne-based skin puncture testing

met hods. In addition, 5 by targeting the shallow epidermal tissue above
the capillary beds and peripheral nerve net, delivery according to the
current |nve@%2ﬁa§is likely to be | ess invasive and safer than current
testing net 4 DEC 2004 CLAIM5S 1. A device for delivering a
substance into skin conprising an abrading surface coated with 5 the
substance and a reservoir for containing a reconstituting liquidin fluid
comuni cat i oh A dgvias fendelixgsing aisuptance mgg;gun comprisinganwbadingrsurfhcei coated with

cl'ai m 2 vihor P REPRA By 2If%%@gf"?%f%eﬁ?g?’%ﬁé‘aeﬁgéﬂﬁamﬁ@méﬁﬂ%é clipic”

devi ce of clwittimhé abdagingswfdche reservoir comunicates with the. abrading
surface via channels through protrusions on the abrading surface. 15 5.
The devi ce of cI aim1 wherein the reservoir comruni cates with the

abr adi ng sur : R “ﬁf&§ﬁﬁg adi ng
surface: if é’é‘{}%cog%o cﬁgl? ere hgﬁxﬁ%éﬁsgi;g?c\g%%&]g%ni cates with
t he abradl ng surface by rreans of a porous naterial between the reservoir
and the surfac evi ce, of . c 1 .wherejn the
substanc@Jb ?’dﬁ%ﬁ%‘?ﬁ(@ Eepé Whﬁ'r‘r"f% €5t Sffnc‘aﬁcﬂ%“ia € g ve, peptide
or pol ypepti de.

4. The device of claim | wherein the reservoir communicates with the abrading surface via

channels through protrusions on the abrading surface.

15 5. The device of claim 1 wherein the reservoir communicates with the abrading surface via

channels between protrusions on the abrading surface:

6. The device of claim 1 wherein the reservoir communicates with the abrading surface by
means of a porous material between the reservoir and the abrading surface.

20
7. The device of claim 1 wherein the substance is a nucleic acid, amino acid, amino acid

derivative, peptide or polypeptide.
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