System and Method for Transdermal Vaccine Delivery
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an agent across the skin layers. The word “transdermal” refers to delivery of an agent
(e.g., a therapeutic agent, such as a drug or an immunologically active agent, such as a
vaccine) through the skin to the local tissue or systemic circulatory system without
substantial cutting or penetration of the skin, such as cutting with a surgical knife or
piercing the skin with a hypodermic needle. Transdermal agent delivery includes
delivery via passive diffusion as well as delivery based upon external energy sources,
such as electricity (e.g., iontophoresis and electroporation) and ultrasound (e.g.,

phonophoresis).

[005] While active agents do diffuse across both the stratum corneum and the

epidermis, the rate of diffusion through the stratum corneum is often the limiting step.
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[009] It is further thought that non-replicating antigens (i.e., killed viruses, bacteria, an
subunit vaccines) enter the endosomal pathway of antigen presenting cells. The antigens
are processed and expressed on the cell surface in association with class Il MHC
molecules, leading to the activation of CD4" T cells. Experimental evidence indicates that

introduction of antigens exogenously induces little or no cell surface antigen expression



nol ecul es, leading to the activation of CD4 T cells.
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[019] It is another object of the present invention to provide a system and method for

transdermal vaccine delivery into skin antigen-presenting cells (“APC”).
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[026] In an alternative embodiment, the microprojection member is disposed proximate

the donor electrode of the iontophoresis device.

[027] The vaccine can include viruses and bacteria, protein-based vaccines,

polysaccharide-based vaccine, and nucleic acid-based vaccines.

[028] In one embodiment of the invention, the vaccine is a protein-based vaccine. In

such an embodiment, application of the iontophoresis energy to the electrodes preferably
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the i mupe response is desired. In ad i n

chramosoges (44 s):inappelian agfiipiah ghromarompes:ang &M@@!ﬁéwewuch

asPfofe@inpl, hﬂl@@( POk RDLH rﬁ;bl@w‘ééﬁ%hﬁ‘@e lﬁﬂﬂstltld'u'éaﬁ{ds ofi e
antigen that can be encoded include all antigenic

k”@B?Fﬁ% e rddtien. i ¢Rrabtagdiments @éﬂ@snvepmm tgameleicasidwen be
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augnent | ng uvants er w vacci ne
degippdi @ewdltmmnébmﬁw Q%DNAeprvmci@r arel foheileny&tioh sejuoneas are

uc
g IV
antigenic components of infectious diseases, pathogens, as well as cancer antigens. The
nucleic acids thus find application, for example, in the fields of infectious diseases,

cancers, allergies, autoimmune, and inflammatory diseases.

[036] Suitable immune response augmenting adjuvants which, together with the

vaccine antigen, can comprise the vaccine include aluminum phosphate gel; aluminum



pol ymer with nmean val ues of x=8 and y=205; gamm
inulin: linear (unbranched) b-D(2- >1)
w@oiops43ed of ur anoxyl - a- D- gl ucose; Gerbu adj uve@it/US2004/034924
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I nterferon regu g
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ennodimgfor npmurtd—xceglﬂmmz}eympﬁm&]s sudhens CI0-a8,i INeR M1 UL-as,i1DAS
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formul ati ons having at | east one vacci ne, which can be
[087]s $mh preterwed embodimelti of tlenpeniitn, ¢hedfammilg&ionaomptispanded

bisloblBh it BShfERELE Lispdedd Ph e GBFroREE MR O | onst

one surfact ant V\,hl ch can be zwitterionic, anphoteric,
[03¥t Thareating rﬁcbrmnlaﬁpnscnpphmtb thei igicropmjgetips esmbeadbd diorm solid

uI f
COL% ?ﬁ’%ﬁ‘gﬁ%? %(ﬁ}]%glﬁlaﬁg 98% a%Ué%%)efCch}l IOHS %an%(Tg I%S_?%/t] one
Vagaimgp mhl,qlncalhb@ahssdb/e(l WidALD) a bib@npatike mrtim orGtpetided &yithin the
Cagl%lrysor bat es such as Tween 20 and Tween 80, other
sor'bitan derivatives, such as sorbitan |aurate, and
al koxyl ated al cohols such as laureth-4. [040] In one

(0% b drlomesamtbodimenhet thainserttioo the tdating fomoelatiomstindmleaf lebdone
suﬁ%’tin@,%}ﬂalt cande E&}it{engnic, amphoteric, cationic, anionic, or nonionic,
comprises sodium lauroamphoacetate, sodium dodecyl sulfate (SDS), cetylpyridinium

chloride (CPC), dodecyltrimethyl ammonium chloride (TMAC), benzalkonium,

chloride, polysorbates such as Tween 20 and Tween 80, other sorbitan derivatives, such

as sorbitan laurate, and alkoxylated alcohols such as laureth-4.

[040] In one embodiment of the invention, the concentration of the surfactant is in the

range of approximately 0.001 - 2 wt. % of the coating solution formulation.



range of approximately 0.001 - 2 wt. % of the coating
solution forrmulation.[041] In a further enbodi nent of

w0 b@siomsent i on, the coating fornul ati ons i ncl UPET/ES2004/034924
| east one polyneric material or polyner that has
anphi philic properties, which can conprise wi t hout
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ethcﬁ@éth%l@elRﬂ&@SEﬂE@)s ad v?!elpﬁ lﬁ%ﬁ% y in the range of
apprOX|na nore preferably, in the
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[083 X U4l i@ Shek BRP&RMent2AE cbdtikg fdrRfulaiBsSinc b4 dfd’ﬂ)hf:hc polymer
SeElyeferred enbodlnent the concentration o

e §pmiths Plpwingesrup; molyhanyl glephally peigtethyieas P@ﬁe) goly@-
5tﬂ§lﬁh%th@éryﬁfé§’ TRKIARIG] pyrSidee); pcﬁﬁ:ﬂ’Mene éldrcﬁpafn@ mixtures

pre?era ly, he 'range of approxi natel
theyeof , spdHkenebymessat i ng fornulatlon [ 045] In another
enbodi nent of the invention, the coating formnul ations
[04AC [Tk 6l Breferiet @mBPMAhDIHR coehtrfion ofMhe Bidr6FHNiE SITHMESE the
wi;thout [im_ tation, human al bum n, bi oengi neered human
cogfing fRitprlatisgiis i the mAecotaepiaxingily &8 harh Mg Yacnere preferably, in
th@%n&@bﬁbbx@kﬁﬁtelﬁﬁ 08 23 @RvtPRIoY ﬁié'c%@d folRRAa¢RA1 NO aci ds,
sucrose, trehalose, nelezitose, raff nose and
stachyose. [046] Preferably, the concentratlon of the

(08210 d Aypllier gmBodizentiod thejipveptien. dhscorting ferauiations inshide & i n

bibddeh fpﬁ@flg arfér, @Hﬁﬁ exd éﬁ{p%lsé’ v@thbutﬁgm’t’éﬁlon HumB® b Bumin,
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biggngingered bppanpdb Uy, rﬁ@ﬂsﬁqtmc afld,cunp]lyaﬁwr%e afculr pelghistidine,

peRRAGIREate, (PBE amARLA RS, shO S B RB Snd1 b8 & fBnose and
stabil1'zi ng agént, which can conprise, W thout

stach@se-at i on, a non-reduci ng sugar, a pol ysaccharide, a
reduci ng sugar, or a DNase inhibitor.[048] In another

[0861D PUFEBAY, thé BshcERRtbRSf thO bbb ASiORR arrBF ke Ating
vasoconst rictor,
formulation is in the range of approximately 2 — 70 wt. %, more preferably, in the range

of approximately 5 — 50 wt. % of the coating formulation.

[047] In a further embodiment, the coating formulations include a stabilizing agent,
which can comprise, without limitation, a non-reducing sugar, a polysaccharide, a

reducing sugar, or a DNase inhibitor.



whi ch can conprise, without limtation, am dephrine,
caf am nol, cycl opentam ne, deoxyepi nephri ne,
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m dodri ne, naphazoline, nordefrin, octodrine,
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cent|1p01sterag greatefa t%an? cen%%gitsg d to contain the

[052] In one embodiment of the invention, the coating thickness is less than 25
microns, more preferably, less than 10 microns as measured from the microprojection

surface.

[053] In other embodiments of the invention, the formulation comprises a hydrogel

which can be incorporated into a gel pack. Preferably, the system further comprises an



hydrogel formul ation. [054] Correspondingly, in
certain enbodi nents of the invention, the hydroge

WO 20051044366 ons contain at | east one vacci ne or PCT/US2004/034924
i mmunol ogi cally active agent. Preferably, the agent
conprises one of the af orenenti oned vacci nes,
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the, 9@5@@}3@1&@,&] aelof Ehe(ggqgen(qugg}ed vaccines, including, without limitation,

Vlhﬁééjsragd YEGERY bf@élﬁ]—%sg@ucginess EOIQQQMMe-based vaccine, and nucleic

roxypropycel | ul ose (HPC), et hyl cellul ose (M),
Oﬁgbﬁsﬁﬁ(‘fﬁéﬂﬁ?ﬁl met hyl cel | ul ose (HEMO),

et hyl hydr oxyet hyl cel | ul ose (EHEC), carboxynet hyl
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hydr ogel formul ati ons preferably include one

[0S6r I8 prsfdrredWieBinfeai o iR AVdntibe r’clhef}flil}]ﬁmer@lm Edrhprises,

Catl onic, anionic, Or_nonionic,

bmiation, Brdrepethyleciliase GREC), hedrenropyimgihylesiiylose
mm))r hy‘l‘tﬁo:%%%ﬁﬁﬁ@liuﬁiéé (}mh@aﬁﬁ&atu%se %M@b um dodecyl

sul fate di nium chl ori HE
ey et Hylose RO o yey e (EIEEC),
captﬁﬂﬁﬂ!ethﬂmeﬂﬂbs )I gtﬂy(gﬁ’i?i M&@b?a{{/ eth?lléﬁ@oﬂ&’e)-r]y&ﬁﬁ@ 20

and” Tween 80, her” sor an de atives such
hysleptyethelmethacny lﬂt@% podyitet vialy kissglidanedangl derhoics  suc h as
| aureth-4. [059] In another enbodi nent, the hydroge
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havi ng I'ic properties, which can conpri se,
ZWWRB!PS amphﬁt@rwe padieniccamiqnig, eRONEEES vat i ves, such as
hydr oxyet hyl cel | ul ose (HEC),

[0537d TR ¥XPEREOALREN YV B8 idvehinethé Hitietant can comprlse sodlum
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lawy@mm%qtﬁng@pmod%} quprgggD%mPyrugmum chlorlde (&IE’C)
dﬁ%&&&lﬂ%ﬁﬁpé&ﬂﬁ%ﬁﬁhﬁi&ﬂdé ?ﬁ\@AéEﬂﬁ%lkoﬂﬁm"\@l‘llbrl&s polrs{sorbates

pl uroni cs. &‘ I'n a further enbodi frent of
such e hvees R0 anthd wWagt$lp giier sodriten deriviatives sudrasasprpitan laurate, and

alkoxylated alcohols such as laureth-4.

[059] In another embodiment, the hydrogel formulations include polymeric materials
or polymers having amphiphilic properties, which can comprise, without limitation,
cellulose derivatives, such as hydroxyethylcellulose (HEC), hydroxypropylethylcellulose
(HPMC), hydroxypropycellulose (HPC), methylcellulose (MC), hydroxyethylmethyl-
cellulose (HEMC), or ethylhydroxyethylcellulose (EHEC), as well as pluronics.
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| east one pat hway patency nodul ator, which can
conprise, without limtation, osnotic agents (e.g.,
w@owsm3ehl oride), zwitterionic compounds (e.gPCT/HNI0N0034924
acids), and anti inflamuatory agents, such as
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106§ i ieme gt Qs TS B#b s HG C RN i SEAR
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salisy(k.aneddanobitiae), daxtrid eyfatd sodiung afdhDRS! |

cycl opent am ne, deoxyepi nephrine, epi nephr i ne,

[Oéli %rpie??r?dﬂ%r e}nggcgﬁ?ﬂt%f 'tﬂé%nve S, ARIHy AR H ﬁel%m:{tioﬂﬁnclude at

I nhe OCtO rlne |preSS|n
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nly lepta 3’3100291?8]? anQ{oﬁ % l&ﬁ%aglr 'tpeﬁnazﬁl%%f %?&ﬁlg,r I ne,

ranazol’i ne,” tuam no
oxymatazmlne n@]omcmdmee&mdnplmmd, Cﬁiahnml,t Qzbbéntaminand t he

R R T T S
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cont ai ned, oconpat.i ble c t hat osed
A e R R e S T
tetlrzwﬁgaxﬁmine ftﬁh[ﬁud#b&fe{j faamRbhLptdne tjahmﬂ@azhs;dpfeesmamt i ng.

urt hernore, enbodi nents.that conprise the vaccine in
xylp “@%Pﬂ‘??gar@alhe@?’g‘&fe% 8y a hydrogel reservoir to

hydrat e and di ssolve the coating. [063] In accordance
[Om]t A codraing B invemtionpthe tvhtemm%di b@diﬂlverfed téebd qouivied orthe

cci ne nt a| ed.in h ,

RGeS ahs E9 Bk B P FUSRT o bRRHREbL""
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bot h I|v toth% atlent \

hypgsge M@@P@n ibiqgompatibly qoatiRe. Hup e@&%ﬁ‘r > gbedimgns thay

comprise the vaccine in a coating can also employ a hydrogel reservoir to hydrate and

dissolve the coating.

[063] In accordance with one embodiment of the methods of the invention, the
vaccine(s) (contained in the hydrogel formulation, disposed in the agent reservoir,
contained in the biocompatible coating on the microprojection member or both) is
delivered to the patient via the iontophoresis device as follows: the system discussed

above is placed in intimate contact with the patient skin, wherein the microprojections



above is placed in intimate contact with the patient
skin, wherein the mcroprojections 12pierce the

W@ Reoanusscor neum current is applied to the el PCr/DsINEE034924
and the vaccine is delivered. [064] In one enbodi nent,
the m croprojection nenber is integral with the

el ectrodes, and thus current is applied prior to,
picras R TR0 QRO Pk B e pskiseses apdibs Foqeipe is
deldfefr dance with a further preferred enbodi nent, the
coat ed nicroprojection menber is initially applied to
the patient's skin, preferabl a.an ac
064 ol Qugregroodimsat r*@mlerﬁar&eé%%ﬁyl% e W thesficirades,
an&’ﬂhu!i Hﬁre‘ﬁkis Rpp I PFEPY réheyvaebBieé MREehresGRABemmEaNt act s
the applied mcroprojection nenber. Also preferably,
t he appli.cator, is capabl.e

005 PP B PR A P SERP AR O L iecogrgction

mdMbef BRiBAIBCAph R taRIBIR ke tslskifg efefh@l}&flz{ a{ mmaetmppmmr,aﬁe
a patient with a power Ofsi astig Ies BFr cnR
10‘6‘1’Phﬁ¥eélls gpyies i dhen gpplied e die K. WherRyY e glg §SSS?1 Yess
coﬁt@é@ﬂhe laﬁpli%ﬁ nﬁ!:l%?lro]b@ﬁénVrﬁelﬁlE@Oﬁﬂﬁ%ﬁf@raﬁif 1RE aphliptbiciatdpable
and renoval he coat ed n1cropr01ect|on menber, the
of amlwﬁlé maigtiogrojRstjpromenber i gich g maaedy thh saifh @lﬁaﬁrméﬁtons
e %}Hk&xthé'@iaﬁnﬁ D& ndfofla RatR %ida§Rwel Haf leaktd.03N6ules per
Iment of the invention, after the iontophoresis
H@@ﬁmﬁémﬁgeﬁkmcéﬂm@hutM@n@éﬁﬂ@ﬁimée%kln a current in
the range of approximately 50 mA - 20 Ais applied
[O&ge in éh dHePRtPEEh A ih R ta e PdpPBSutibA D 1SRG @iStHerai]tedj ay.
In an alternative enbodi nent, after th
mlp@mowh@m membergibg icneophereps 4ewiks iniieR Alacadan; tbwat@ms%kﬁl
Ix@q%&£ﬁ?ﬂ§eh@d&hﬁeiange of approximately 0.5 V - 20 V
'S app ed over a tine period that ranges from seconds
day. [069] In one enbodi nent of the invention,
(08 érr onwhoéme@bﬁfdh%@@t@wf@éthﬁ OnEPREYS g#VigeHg placed on
thepl?fbckﬁfkt skth, § Kiient ir8e fadf I8 apPIORBIBIESORA VAOtRA s dpplied over
hieved Dy a sl ow ranping up of the applied electric
atnmwmrlpﬂdwt rgngepciom KO gerongls et At i ve enbodi ment,
starting fromthe target anperage or voltage, the
[o@ds]e% i %‘rna@oasihlsdd%&n ayfier tha IReHhEIeNA ISR s bladdd.on the
I'n another alternative enbodi nent, consecutive
pap@nt:sélgm; neeliaagjintherenge @ppiryingsly 0.5 V —20 Vis applied over 2

time period that ranges from 10 seconds to 1 day.

[069] In one embodiment of the invention, after the iontophoresis device is placed on
the patient’s skin, the target amperage or voltage is achieved by a slow ramping up of the

applied electric condition.

[070] In an alternative embodiment, starting from the target amperage or voltage, the

electrical conditions are ramped down over time.

13



12 hours, using the above electrical conditions are
applied during the total duration of iontophoresis.
W Q002044306 met hods of the invention wherein thePOUHUS1006034924
is a protein-based vaccine, application of the
i ontophoresis energy to the electrodes preferably
[UﬁfOV|des in vivo intracellular deliver

of .th
1 obemrthsadlistnaliye en pRIMERLEPRIGUYE |pP\§%Sr1§5“3€ fipfjp! second to

12 FﬁBﬁFs AlsPizlRsadvy aieatite cdrditRnS it Bpitee A8id the tottldustibeas
to celldlar |oading of the vaccine epitopes onto class
iorieaborasiA present ati on nol ecul es in addition to class

IVHC/ HLA presentation nol ecules in a subject. Also
[0 efehalbis of dhelittdntibivheid tHeuaBdiad is b PEREIRBased Saccine,
produced in sajd subject. [073] q§gs of, the
applisglion 9idhe iRptopkaesiy smerey A G ﬁlécir@eamg%ﬁe RreYifigs in vivo
intPRALI STy 6f thE Bﬁtél@ﬁ&s&[’%&ﬁ§ IwheRB HBlYvelPofttheprotein-based
el ectrodes preferab %agrOV| des in vivo intracellular

vagfaile] m@rs;ﬂncﬁreaeh@nms delcallyias jaading phtke éa‘gﬁﬂ%ﬁ@ﬂ)ﬂwﬁ gnigf
cla[spﬂéflg»ﬁﬂﬁﬁ}?%ely o rﬂﬁedu‘ﬂats (?n a?dﬂitﬂ)n% gagnt MC/BelAl fredefiatish

xpression of the vaccine antigen encoded
mdjscutes én Dpukjegh calisppreteradly, eadlq*ﬁg apd hymeralrgenenseds aioducsd és
Saﬁggﬁ &l ass | MHC/ HLA presentation nolecules in
fion to class Il MHC/ HLA presentation nolecules in
a subject. Also preferably, a cellular and hunora
[073 s pomsodssoffhoiavendian whereiaithy wgripeise DM vageins: prpéipafion of

e g SRR RS PR Ol b bumcetlier
detivhranf thg ©NAwbased bansinrevhepba |délm\ter:sf oichs PN&-based wsring indhd
sk{éoﬁﬂ;)gsgﬁtir{“;%{egy %?&sttg %g‘lf(ﬁdr R nérQégloﬁ of {hla %F%'ilféfa%ﬁ%&%ncoded by the

e tnvention, as I ustra
DIéAwaa:qhwaylﬂ hepdihgaithegascirmegditopes whio clasy | MéICr/IéLérpme@@tlon

acte ner.al S I
(glf:c;él:lf;é g & oftho?leto c¢lass I{IX/{}L(?/{{E Vréseﬁ@& o Iﬁsﬁ@%ﬁ% {%ﬁ s%efé] Also
préteGolRE deliufr andsloimmmmsponsb isystduatd mrsaidfsugps. Altbwdiivelnt
Q? %glkynto horesuﬁ_qFV|ce for transdermally
Ondet 18P FGPASYBEEINE™ according to the invention;
[076] FIGURE 2 is a schematic illustration of a
further enbo@MEEDESCRéhTIDN@BﬁFhE@&AWIN@& ce for

BT TRb B Rh OGRL MaaBER B0 U o
paptiviitar dﬁcﬂlﬁticﬁmﬂ‘ tlexaefpral enfbodiments of the invention, as illustrated in the

accompanying drawings, and in which like referenced characters generally refer to the

same parts or elements throughout the views, and in which:

[075] FIGURE 1 is a schematic illustration of one embodiment of an jontophoresis

device for transdermally delivering a vaccine, according to the invention;

[076] FIGURE 2 is a schematic illustration of a further embodiment of an iontophoresis

device for transdermally delivering a vaccine, according to the invention;



m croprojection array; [078] FIGURE 4 is a perspective
view of the mcroprojection array shown in FI GURE 3
whawsgdes coat i ng deposited on the m croproj ecCDNS2004/034924
—according to the invention; [079] FIGURE 4Ais a
cross-sectional view of a single m croproj ection taken
along line 2A - 2A in Figure 4, accordlnq to the
[07 v EREUBE; 3 is e @espectivsuRew 51 # gorfionplyme sxaprlppkd  vi ew of
t|on array having an adhesi ve backi ng;
mFﬁgk?E&Bth ‘6 is a side sectional view of a retainer
haV|n8 a_m croprojection nenber di sposed thereln and
[0 Blg At FﬂiR@jR‘Ea‘PeliSBeCHV%@F‘gﬁ@@‘?an%VOK’FP&ﬁPQﬁ arpap shqvgy igiFIGRE
i dobsHsFA RdidfaY t6he Wifention;
> ﬁﬁ%&d&tﬁ% @g%egg?g?gﬁgﬂgggl bi ng t heggr esent
iLnvention in det is to be erstood that this

[0F A SHEUEE 4%15M°SF1S%“P% viey %arstnlg lampwé% 7t lgng line
2ABHAl h #ghre MBELRESe RthShbétbHy €s as such may, of
course vary. Thus, although a nunber of materials and
thods _simlar, or equivalent to those described
(OB o 6703 e S Ser TR e G dRERBIGHoR HED UBE Ap adhesive
bdcRieNtion, the preferred materials and nethods are
descri bed her ei n. [084] It is also to be understood

LG bl B AR st ape bt erenve By et R BIREH feber

sdd @B@in; sndnot i ntended to be limting. [085] Unless
efi ned othermﬁse all technical and scientific terns

R G5 BRec S PR ol AP SR P IE S ar 1o

whi ch the invention pertains. [086] Further, al
publication@ETﬁHﬂﬁhD@S@RHﬂH@NdeTHEdNV&@ﬂIGNS cited

1ORE o Do APROR RaPePuns P P R Pelyersogg g i
1an:11’th lig/not Himited e;cbarth:ulahy sxemeified maetinlomethatstoh etructures as
ended cl ai ns, lar for "a,. "an" and 'the"
sER BT B AP Pes A unhAn LR Bl afl mefad i or
edhiivelcat Rh&k lAedevib&herelin ttm, befusdd i@ Xl&l”mhcﬁlce oethepesmeinvention,

"an active ent" includes t nore such agents;
the preferred mater% s and methods are descngvod herel 9

[084] It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments of the invention only and is not intended to be

limiting.

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

the invention pertains.

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

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



reference to "a mcroprojection” includes two or nore

such mcroprojections and the like. Definitions [088]
wabh@spenss “transdermal ", as used herein, nmeansPCTIES2004/034924

delivery of an agent into and/or through the skin.

[089] The tern1"transdernal flux", as used herein,

t Th t
R Eph o 8 1o BB R O Bl bl B P B
“ayéihiteind GthePringhudé plud Faferedts Biesd he oiTeQlcaly aitaias ol ie
such as an antld%F whi ch

T@%pﬁ%ﬁéa%e G ﬁ?@ﬁ@%ﬁr%@ aptige Agent dRClvdes A ATaNere SbRgents;

réfidiente 361Md MicsdpesiediohNindMdés T PR el hitréphdiB&iohy £nd the
anount. Exanpl es of such agents include, wthout

kS nitation, viruses and bacteri a, pr ot ei n- based
vacci nes, polysaccharide-based vacci ne, and nucleic
aci d- based vacci nes. [ 09 Defilf@ibhd cul arly with regard to

n- bagsed vaccjnes and DNA vacci nes, iagntophoresis
@?‘ﬁfﬁ?&ﬁfﬁﬁfﬁ% TS 3 HSag RFEPin, meansihy felivery ofan pgeat iptas

amﬂﬁ¢Mﬁﬁ%jm@Smhn the case of protein-based vaccines,
this de very into skln presenting cells leads to

na eln based vacci_ne epitopes
G55 et el i e Riedneisi. REvS i s at Fesdornea or
ddliveyl ass |1 MHC/ HLA presentation nolecules in a
subject. Preferably, a cellular and hunnral response

' ced 09, ct to DNA vac
0981 POREEerin choathl st S VREE ma SR bR of pRES en vy
ccmﬁuluﬁg hleﬁtdﬁuﬁo(lbg@cﬁlli/ H&ﬁﬁfé agofip bﬁﬁﬁdg@[ﬁ @E}aﬁs{bﬁl dgﬂgﬁi ﬂ/?lcP r1]s
1 n. enco e DNA vacci oadihg O e
C%Pg%‘% 8?1%1%3?{ %’i’f{l grpgsesyon %@Qmm%g%mﬂ. on
inifRlRtdgiagy bﬂecﬁlﬁéj hihb@f. EQangdlesSoT sihdh alvEied ibifdd) mamemtatit@0n,
ol ecules i.n a subject. Also Bfeferabl , .a cellular

Vigises #g hartatie. w&%ﬁ%d VRCeHIeS PQlyERFharidehased (ypgoate; and nucleic

add-baedaddcely, only a cellular response is produced.
16[ 093] Suitable antigenic agents that can be used in
Wi thout |imtation,

105 R wilaSrt P BrBES! Kinesard DATRS P
ioﬁt@ﬁhd}‘&’iﬁ iSterddlyl (FOHAGGA 3b Uft&cellular delivery of the vaccine. In the
case of protein-based vaccines, this delivery into skin-presenting cells leads to cellular
loading of the protein-based vaccine epitopes onto class I MHC/HLA presentation
molecules in addition to class Il MHC/HLA presentation molecules in a subject.

Preferably, a cellular and humoral response is produced.

[092] With respect to DNA vaccines, delivery of the DNA-based vaccine into skin-
presenting cells leads to cellular expression of the vaccine antigen encoded by the DNA
vaccine and loading of the vaccine epitopes onto class I MHC/HLA presentation
molecules in addition to class II MHC/HLA presentation molecules in a subject. Also
preferably, a cellular and humoral response in produced in the subject. Alternatively,

only a cellular response is produced.



and | i poproteins. These subunit vaccines in include
Bordetella pertussis (reconbi nant PT vaccine -
wa@e®siudes ), Clostridiumtetani (purified, PCT/US2004/034924
reconbi nant), Corynebacterium diptheriae (purified,
reconbinant) CytonegaIOV|rus (glycoproteln subuni t),
rotein subynit

t
0G5 St R et ot S it e penlion i, withons
liha 01 antideps Bithd fafna@mptoﬁax& lbdllyﬁé&iﬁalﬁ@ d‘oﬁj&gﬁtss , SHER4Rd charides,
r r r I N nmu rva ecitic
o0 ipaspugins C PBPTRanbI S oS s BoIa B RSEIRSS (GesRinans DT
V&:c\/ﬂer%elﬂtﬂw (Ulbsltﬁcﬂﬁ& t&th8 (ﬁlrbﬁe&’ rcorbinasi), CEGRIBRLEAM

core protein), patitis C virus (recofbinant -

dipthsrias qwified F?%&’é’ll}ﬁfl@at (ertomeeglovires tyspraatyin st Group A

pf}%c%dg{cﬁiﬂ%&édﬂﬁ)t&f;@%ﬁ Q{Iéé%/ﬁiéﬁéate@g@\% 6)% : "?g}éﬁgﬁtw“h tetanus

toprofl, M protegvpaptiesilin] ect}@a*@mnwb@m capréess irbpretain, nBiltivalent type-

ié;cgf%m@pH Fﬁé Eﬂg tefﬂ€¥eo]c?a8% g'??g plﬁ%%?’rg{eﬁ? is Bl\ﬁrusl(ék@‘aﬁzant Pre
Shaltre-S2i &Irecmrbﬁramécqm protsiin),) Hephiilis@ Elrm&";(rqwembmgmttﬂ atpsssed

SLALLERESRL IS ol i 5 NG o PR TINOR
rf(csyihtnhmmr@elpé@tand &y, [fr@tnrrﬁm o) dEDIS5 0p mepombiniaaeVLP L1 from

PRI e o
18BLABAP-EZL ElfrOIﬂ_B{BV ]]@)Z Le%ﬁﬁélg@ﬁe;;\r?@hﬂae(qblihﬁéemwﬂﬂ SISJJIerace
PRl SRR Pl o gt SornnBlnie i Skt i Shedamghos
atrugiopaadsyeiingd peﬁviﬂéégplshﬁe?? ilﬂ&t(grnthétldé pléj)tlﬁé)USﬂﬂé’jitdcoccus

PR EBBe S ebra B L b ool Bad el 1OE 23k BRbarns

michiplgoidecal Bi @m}lﬁly&dcﬁhjhg’dté 0941 GBYRKEN ﬁgt QDF k2!3h’ﬂ @(ﬂxjugated to

C t onegal o Vi rus,
OB o604 ki S 1L okl £310 o i 8, CRM 970,
TYdpbhiina @ﬂﬂiuﬁﬁ%hﬁzﬁﬂe'h@oﬁl@ﬁfn@f vaM&ak ened vRls hlgdnﬁdglycoprotems)

bacteri a as bordetelTa pertussis, ostridium
apY ibip chelgiag (ropisrte Liponalrgshaisie) ae, group A
streptococcus, |egionella pneunophila, neisseria

[0%8Ni Whblei vikus or RSRYiE HERIRSwiBRLUShiIRADA, weakéRRLPRPES VSuses,
eunoni ae, treponema aII dun1 and vibrio chol er ae,

3 FIPEs VipHohepghis @%} hepatifinfb¥rusphurparieilomayiry.

rb¥Rd iakl &Mﬁ@élﬁ%@stem%n&i@ﬁ(ﬁleﬂ b MriI8Rh Gs BIRAL S
al sq have utility with the present invention

PETHEF B AsGidiuR tetrslconmpbactstivm diptieriae, gerueineteptocgass,

legioﬁgl?asﬁleﬁlﬁﬁﬂhﬁenelsrsé}?i RSniYAGAL, ?E‘eud&ﬁ@ﬁa% GSruiAss! ffeptococcus
munps_ vacci ne, chi cken pox vacci ne

pneumoniae, treponema pallidum, and vibrio cholerae, and mixtures thereof,

[095] A number of commercially available vaccines, which contain antigenic agents, also

have utility with the present invention including, without limitation, flu vaccines, Lyme

disease vaccine, rabies vaccine, measles vaccine, mumps vaccine, chicken pox vaccine,

small pox vaccine, hepatitis vaccine, pertussis vaccine, and diphtheria vaccine.
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smal | pox vaccine, hepatitis vaccine, pertussis
vacci ne, and di phtheria vaccine. 17[096] Vacci nes
W@ 09pi4ss61g nucl ei ¢ aci ds that can be del i ver eRICT/US2004/034924
according to the nethods of the invention, include,
wi thout limtation, single stranded and doubl estranded

i c. acids, such as, .for exapple, supercqile
(o415 aefine g RE ScIoR agifs HRAP d bRt Boflig Bibe,
mé&hdbdsfof Giedhveatio® mm&eﬁltﬁcﬁﬂﬁi&)tatlohaﬂﬁgle-ﬁfdnﬂéd a:ﬂdaiouble-
chr onosones YACS manmal i an art.i |C|al chr oposones;

Strawdmm!ew%@rl@sas & e¥praple, sprspeodsphpad DifNAmearplasmid

DSLAZEostidst bR teMAChBFiSiaPdhkdinoeNB AMR); tytast Qﬁlﬂi%ﬁﬂéiﬁmﬂcﬁsomes
Ki [ obases. In addition, in certain enbodi nents of the

(YAﬂﬁéﬁnar@ﬁahanaéhfmé caiomosnes; RN molsGpleR qug asHopexample,

mﬁN%t SHRARLE Qe ADABE a0 cHrPPL d;ﬂﬁ kthdl ©1nREEF 1GIobHRE. Bn addition, in
chem cal nodifications, such as, for exanple,

cephinspivoriotenisodths invsntien i nutlhis agid caribnepupted vetice of
prBt'éﬁ‘m&%% uelit i}fdtaﬁ irfoRiD bhS&Sndrb EnefCH §1S ﬁic%or\g hs%cl%t fogen

agal nst I MMuneé response IS es re
examglet plmaphdrethiohte npastiss.oTheBiooding ssawines ofzthel nuclelc acld

coly g)lrlggqﬁpy gﬁ%r{cg Qr @g g%ﬁ ggatn?sjé %hﬁtl ﬁ%td’ng'ﬁl% %{)gﬁsg % éleﬂreﬁh $

ccine ¢ can be‘"enco
additohyid ¢headabe efrﬂiNgeprpmotcoﬂp@mbraﬂwymhon sfqeetdenars also

1ncor8(|>raég T thE gettcc? ecgg ucaz'ts T\Px@ aliltlggn %h%fa DA%k egpodeg ?n%ﬁld? :Il:l']ﬁ

elrcacl
antipeni¢ cahbdmentt of mfeeﬁ&us@lmasﬂs $>etaems, as mﬂ as sanceﬂ ahtgeys.eBhe

t Oi , d t t abl

o R B SR R A b b P A b PR Py ©
caftdrs) atlé’lﬁiey,aﬂﬂjllrﬁﬁiuﬂé’,lhh(gﬁhﬂamﬁlaf(br}CdlmaﬁdsSe t he vacci ne

i ncl ude aluninun1phosphate gel ; aluninun1hydroxide
OB R BP0 Do Gt
vaycin aitiggad ream comprise fhe \}abcriﬁaeaincl(ldmdjﬁrammmqﬂ))sﬂblgﬁ(gﬂl- abathinum
oGt e S RE e Ty ioF e, Sl ek XA blook

oglﬁér@ﬂm mémBlale Pt £ a(n@yDB)S, g&hfB {Mh: linear (unbranched) B-D(2-

oct adecyl anmoni um chl ori de (DDA), zinc L-proline
>l9 aplyfigetapiranoxylZrDeglacey; Garby Qﬂ},wq@th(a,ce@/glucosamme-(B 1-4)-N-

acpﬁmnﬁﬁ%r%‘l?{?ﬂ—la ankfb Qgﬂtﬂ‘?ﬁ? (G a dﬂ#é_:tﬂﬁldll&faﬁe%rﬁ]rﬁomum

chMrai@éDy)lAmmmMproLmAbT\t @np@(ﬂlanmﬂ Emighipaelr(di(2-
RE
oy O kb2 bR i Rl el o

th@blﬂﬁﬁﬂnyl@A&lD i 84681a-dycarvl dipalenitate; MTP-PE liposomes:
Csal{logIG%19 a— . ZOW QI{/Iurametlll wac ?)Iur Ile-AlaejS Qﬂn %CH3, Pleuran;

B-glucan; QS-21; S-28463: 4-amino-a, a-dimethyl-1H-imidazo[4,5-c]quinoline-1-
ethanol; sclavo peptide: VQGEESNDK e HCI (IL-1B 163-171 peptide); and threonyl-
MDP (Termurtide™): N-acetyl muramyl-L-threonyl-D-isoglutamine, and interleukine
18, IL-2 IL-12, IL-~15, Adjuvants also include DNA oligonucleotides, such as, for

example, CpG containing oligonucleotides. In addition, nucleic acid sequences
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sclavo peptide: VQGEESNDK HA (IL-1 b 163-171

peptide); andthreonyl- MDP (Ternurtide(tm)): N-acetyl
worewoaydded - t hr eonyl - D-i sogl ut am ne, and i nt er | BORURE04/034924

18, IL-2 IL-12, IL-15, Adjuvants also include DNA

ol i gonucl eoti des, such as, for exanple, CpG containing

oli gonucl eotides. In addltlon nucl ei ¢ _aci d sequences
eneod madorrigniuse-rPariaipiy ympfipkinensugh py Fo b Ki A5 12 lh1 A L4,
1 16 %ﬁ?mé intgrférém 344 N*Ekaﬂp% B }e%ulﬂt’or}J slrérfﬂm ﬁ{%ﬁ]s can be used.

i nt eron, NF kappa B regulatory S|gna I ng

roteins can be used, ngS] The_ not ed vacci nes can

83 o Threnqter] vaseings canplse he n yjeps REMS, puch 2p g basesn avids
cﬁﬁgéﬁﬁ@na{aréé@‘}ﬁ%&féé 5l %ﬁéﬁltﬁﬁ“am&&ﬂﬁiaml&eﬁ’gr

ecul ar conpl exes or_pharmaceutically acceptable
pb@rrrxaseutlf:anytaqeqptabéq sops. Fwaidien, simpladesivegives pfdheaqtivg agents (such

288845 Stest%fsugrﬁld S eF;))s léﬂé tax%%%%{y%ydt%@z@r?& b0l FH) enz%ﬂésc be.,

are €asi H ‘enzynes, etc.
0b@b@mmﬂmvéd [099] As will be appreciated by one

having ordinary skill in the art, with few exceptions,
931 oy Mgy M@ﬂspgéimaf@cpw IS ha%gylldﬁ{aboml ¥R aklith wse
pot ency upo reezing and drying. preserve the

epeptonsyalamdidbrvantadiroge m@“iaiw’@ftyrlwélya«mwma@bméJreezmg
¥ l&ur{%e Tfog%é'gg}v%ttljleg&%ng{{ r?]d?@r it of 1€ aﬂ L&torbed

ati ons can proce as dIS osed I n
VERgoinej fsmﬂaionApf)thc dventdom, o not[eAf(trmIUhéynSD@n ke furtler, processed as

L o P er 28, 2
R o e B eed TS BT B
AdrﬂSllﬁ@csy"l ﬁl(adseﬂtelhbenzs 2&04heavhwhdec>s>tetsdyi irtchigporateaslrtey reflarence
I CC|ne nay be incorporated into the agent source,
'?EEHPVB FPEYand/ or coatings of this invention, and

that the use of the term"active agent" in no way
[@b()@n lide® behmdersteod fhat morediranrppe sacsing mayde incerpe igtodlpe

agenl{ g%urc servl) irs, agd/% m%k% of h?%ﬁl&e%ltlh Ffé %12&{1}%% cﬂ'%l"cgltm

o rca era mhen
“bdtive ugeael melolveay&lxcmmmmmse of tal drymae Such ectagegentaordirugs.
refers to the amount or rate of the imunologically

@ﬁ)tl:l Yie %91% nElOEh%?CQﬁg e%f&:%l%é EWn@t “Bfol gﬂﬂahﬂ/ giff&:tl‘ilgﬁate” shall be

des red 1 nmn ene |C|a res
uamulnml td vachime nsnamnmhmgioglahll}yacaw ageat aad egfers dnibike epedhtion

AR5 chY A9 P AR AR P e e,
impelbgiof ofteh eneficial ezsalg eTite aneadioat tha)nmuimobgiealﬂ)hmive agent
e(rjnep?éyreg gn the hydrogel formulations and coatings of the invention will be that amount
necessary to deliver an amount of the active agent needed to achieve the desired
immunological result. In practice, this will vary widely depending upon the particular
immunologically active agent being delivered, the site of delivery, and the dissolution

and release kinetics for delivery of the active agent into skin tissues.

[0102] The term “microprojections™, as used herein, refers to piercing elements which

are adapted to pierce or cut through the stratum corneum into the underlying epidermis
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i mmunol ogi cal result. In practice, this will vary

wi del y dependi ng upon the particul ar i nmunol ogically
wa@ewswersegent bei ng delivered, the site of del PUBDS2004/034924

and the dissolution and rel ease kinetics for delivery

of the active agent into skin tissues. [0102] The term

‘mcr 0] ec ns as used refer rci ng
IngP e o B8 e Rt ek ol oo iRl
miath@na$ hridrh o paaicoRtlaihoien.t he under | yi ng epldern1s

19Iayer or epidernis and derm s layers, of the skin

0 it sP oA e R b bidhs R BB R R MBS apdeneth
lebmheml(l)(lb)rtmctdme b efucthagnbbaiment Ehe Ipderdngelpmh ejtehdvie @projection

| e I an 1000 mi cr.on further
gl e ian SPRBRos0E Cor P A thheAt0 bas. i on
Ml(ﬁﬂ@bjgg%ﬁns Itﬁﬁ@aus/ Ihame Mﬂtuananmaawssrﬁmsomeé 60 ﬁh:iﬂlrc)’ns ras s
t han mecr ections t pl ca
MACTRIAERIQNS dPAY echr dn gzﬁf% &bﬁf)esa ugh ape 8%3 Vy 11%3
bIAH&H, PiRE, PufsHek, ARG cOMYinfeont Bereel i n di fferent shapes,
such as needl es, holl ow needl es, bl ades, pins,

nd. conhlnatlon t her eo 0104] The term
AP S SR ke easawa%h%%wenlm@éwgtﬁ 3y
nﬁ@ﬁ;ﬁ%@je@ﬁorﬁarﬁ&@bmpﬁﬂh@@b]uﬁhﬂt;&fﬂnﬁyroﬁl@jﬂaﬁd)lﬁlaﬂ@ng’td in an array for
ity of n1cropﬁgject|ons arran%Fd in an array

pl u
P‘ﬁ¥°é“r&:f f @tr*it‘ﬁ’é CQPYP L AT BHRAIRIFCLiPR eFDET G b TUEEH 8K iching
F@Jﬁ@l@iﬁg & plurdlRy bOmREhre¥ctRhEROME A si¥éN&Il B or bending the

altty of mcroprojections froma thin sheet and

mﬂ‘ifPHPﬁ@“%’ns oBepfdhs Rl the B B BB drcppiimirasion yeh asfhat
slﬁ)’ﬁ%‘]ﬁ Fe. 3t Hge ﬁh&@}gr fg;@tl(fnq{léﬂl@r EAIdcB B oBHOhoRS

that shown in Fig. he m croprojection menber can
MANRRSS, [jechfas birderniing orerrsmokh$ips hewing arieroproipetionsglasg an edge
of QERbP@e Qﬁlfgé bs & £1§seﬁtu{ pﬁsﬁﬁé}f IN&s, (§§ icﬁ? He?
~along an e of each o e strlp |sc sed in
ingorgorapgitbyrietergoce &, i680tIGH8, which is her eb

i ncorporated by reference in its entirety. [0105] The

[dl@S{TThe' t@Hﬁ %%bﬁérbs‘is”, afRedR8dn HEER g@nerél?)ft%rtﬁe &ﬁ%’r& aFhky
delivery of a therapeutlc agent (‘charged

thgrepprgicgaent (ehargadxensharged, Remgys thm@fm gﬁO%h @dmiy sufape(sch
a%sﬁ#f RSusiidfbra %PHa?llsWﬁ@&fi‘ﬂ{% defile reastyg;gagy gl a&ge

rvery i's at |éast partially In uce
aidppby barpivation efrrnelesticmoniiadt daislaown Awthie grt}dnmmphqrersis, an
ob{fxBhipor VR IRDEE. B RO G CH ARBRR (e BAEFRES,

i ons.
[0106] Electroosmosis, another type of electrotransport process involved in the

transdermal transport of uncharged or neutrally charged molecules (e.g., transdermal
sampling of glucose), involves the movement of a solvent with the agent through a

membrane under the influence of an electric field.

[0107] In many instances, more than one of the noted processes may be occurring

simultaneously to different extents. Accordingly, the term “iontophoresis” is given
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[0106] El ectroosnosis, another type of
el ectrotransport process involved in the transder nal

wao e@smpsd of uncharged or neutrally charged nedEUS1084034924
(e.g., transdermal sanpling of glucose), involves the
novenent of a solvent with the agent through a

membr ane under _the i nfluence of an elegtri¢ el d.
hqrejn ity Proadestapryiblsiatermetation, ipgpdudethselesidcally 1%4&‘@ C{rﬂst’«%@med

trﬁ{s 56 858 JeadBohe Qﬁar@&?&rlﬁlbﬁw%eﬁ' a@éﬂt t R RARMFs Yhek &, dééafcﬁés@ of
ents. Accordin erm"1 ont Ophor esis" 1s

thg |SWFﬁ°ZO?Fé1ﬁ@PIﬁ(SD bxw}éwbﬂmﬁntpwaﬂv being trapsppddat i on,

to include the electrically induced or enhanced

[0 0SB RASibal BfanserrhA FhkopRBRSIS Eb%feﬁﬁadlo@fcoﬂﬁ&h%ﬁﬂ&ﬂ B from

or m xtures thereof, regardless of the specific
MHRER-AMISI BVErab kA B, fsr?@Pléf‘g]efﬂ{ prp@ﬂ&&mapﬁapfw&eﬁ@igmg
b MMARES oedhys.[ ARQRivER), fomoﬁﬁlmt%l@efg% A8k R from milli volts to

I ont OphOI‘ eslis systema | ow const ant cur rent rangl ng
sevpighyqlisds epphiag Eor peplensed periodsrf time mipisg fiom Bpptes oxflayn The

ta e? Lﬁﬂ%ﬁ% cﬂ%lt%}sr?a@f al %%cﬁl@%g'bzg sIvPER R ®3 tHeQpplied

er nat ow const t vol tage rangl n%
elfecrtumccmdutiqn \Pdterr@tw@ys@amrrgaﬂrom tlettargétaummpiabe ewvoltage, the

elgétﬂl:aq Q%ﬂtl@%%&l&dﬁso%% rhth a;g@g dro@H%'V gunfler glme%agil Sgscofl&cutlve

amper or Vo tage may
plaoelsluemg (tilebgboae elbarical amdutmgs enp apipliet larimgoibk itatal detation of ¢

1onﬁ‘ggcl)rte519 nCol’ﬁelcEl etl%%e a é( elgft;ei‘&tl Eoﬁaﬁfong 91@ éijgt"?e(} t%rhgl% n as

erage o Fical” eondrti ons
“jahtephdresis am:@/d ﬂi‘be/wbow easndﬁtuma are,élift‘eeasm &bimvbe ylpctrlcal

c secutlv S
oGRS Pt Tl &5 fr S Skt oPafom Brgr i Bmegrpmaye por
formati@phasugh cdl mEablaget i vel y, the above el ectri cal
conditions are referred to herein as "iontophoresis

[nggt;?lﬁle tglgﬂl e(:?lec 1%8%)/%(1&0’”%' Jsleé) ﬁ] Sl"elral1 gg%ngrl @)Ll%g(sé]ﬁﬁeg {hg#gx%gs?ng

i“ons’ as appl i
calse@ ttrom[g@lla&trlccﬁeldsrfdr tetief pefods eftihe canrtempta'amlllyalbit@llmrﬂm cell

me li)rmt | %t%eicgﬁas begrédeﬁ(grgbgg AL di g eH:[:trlé gﬁgg}g%cmlyéue to an induced

trﬁlﬁﬁ&gibta&ﬁ@ofehﬁztl &XPs Ay teetitised 10 as tdlangpaimestilizaton.”
of . ti can te ora [

(0]
P@é@? it fl? a%mﬁﬂfa i% |S¥aterf%sﬁlmﬂé%e eds tranp X%lge??ﬂs
réA@SC inl RGtaBBiz&] fatebe tHelokder bf RE werdwetrtcal tedatnentittass.
Eleeiheg) Gt GpOMTHRRT F Ry Eh Eoneld R FABOYor GHaeE powe? uits
ufifs PRSI 'v&?‘%&{ @hiBroab nfilliGecefd)ltintBRubrsa Bl fidld strength greater

tranS|toré ypically, cells remain in a destabilized
thp 3 &G BT Mt angFadio FEqUeacyATASE? hap alsp Dresed for Cel

elebifipolRidh. ceases.

[0110] As indicated above, the present invention comprises a system and method for
transdermally delivering a vaccine to a patient. The system generally includes an
iontophoresis delivery device having a donor electrode, a counter electrode, and electric

circuitry for supplying iontophoresis energy to the electrodes, and a non-electroactive
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El ectrical fields for poration are conmonly generated
by capacitor discharge power units using pul ses of

WO 003084306t (mcro to mllisecond) tine courseP@mNtiS2004/034924
field strength greater than 50 V/cm Square wave and
radi o frequency pul ses have al so been used for ceI

m%rg@okg{i)@r{ 1?1%1111 é} hang% n_g]uréﬁz% ! s%a&ﬁ‘t cogne‘aglo 1§rb

nven em ana od for
rﬁmeBMwnmmbkmn&ﬁgﬂw&mmng a vaccine to a patlent. The
system general ly includes an iontophoresis delivery

[(glﬁé] g?fggﬁél & 3 In?ér)l/de}r Afeld a?rg @11’10“% s%f?éfﬁlattl 111L§{r§t‘fo : §pe,

icclr or sup
exameplgy iendopthbeesisldeditesabid san bﬁ’lldiedl 1mmréduec WIttb Hetpresent

e AL BB TR e st B8 B Mt Pbb Ro A
d{nﬁbrl] lzlk]:tr&tefaeselmbtg 1o & @uEﬂegﬂectfbd'amﬂelﬂbly tl #LeTl?]bsa ﬂ&l@bﬁm
BR335SR o S i

dpvies@rih oparaeont dfohe dekRt @0 Blioveh. fi rst to Fig. 1, the
iontophoresis devi ce 10a generally includes a donor

senbl d,a count ect
16y S HO8E B8 FRb S e PP S NPt piliom b Bumi TR o
uﬁéyﬂnmﬁhaﬁngamékaﬁaﬂandhﬂmﬂwhﬁmmemerse in any
particul ar device or in operation of the device 10

[(?‘1']9 h ikgt%ﬁl%%rem h&ev?ceq% ﬁ%gr @él%&e%’%h Iel%g’trl% %fr]cJﬂ;'gO tﬂ%rls 111?1e

separate shown in

cominUnihaidnn)gtfallhe e]eetmdle Iassainblm;s]lll aatl o4 amdmmblﬂe pmasr source 22,

%% % he iontophoresis device 10a further includes
8PP c circuit 20 that is in communication with

the el ectrode assenblies and and a suitabl e power

[Hdd]} Befeting becicto Fig lathoatereode. asfedibl]2 iRelfides midogoredecicodeol 3

the e %ect ode a

[ or
Pl e BB RGT AP OB LA ol acarted o
raceive thwtgent Tarmuldtien ggenhydregebfonailatid theseid dapioait dxchange

t. formul t on
meBE AR Soc RO e b FPUoRH Oy ettt MRt s vip g and
tiehions)eleandd 3 iihpirdldci; maﬂﬁimrgizeﬁ@ﬁ@ainﬁke@béb @td&ﬁﬁﬂﬁam}h@n
t nd .t he donor ectrode_ in or to
ofiFte BE0 et SBIRLRE PORPLOREB FIFGAGIeR.perah e fonc
edhefde idnyirend whdRg®Inof 1edtrog o) can be optional ly
i ntercal ated between the ionic

[0115] As illustrated in Fig. 1, the electrode assembly 14 includes a counter electrode 15
preferably disposed adjacent to a return reservoir 18. The return reservoir 18 is adapted to

receive a suitable electrolyte, such as a saline hydrogel, therein.

[0116] The donor and counter electrodes are preferably composed of electrically
conductive material, such as a metal. For example, the electrodes can be formed from a
metal foil, a metal screen, on metal deposited or painted on a suitable backing or by
calendaring, film evaporation, or by mixing the electrically conductive material in a

polymer binder matrix. Examples of suitable electrically conductive materials include,
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exchange nenbrane and the donor el ectrode 13. [0115]
As illustrated in Fig. 1, the electrode assenbly 14
WO p@bdsse a counter el ectrode 15 preferably di BEDESI04/034924
adjacent to a return reservoir 18. The return
reservoir is adapted to receive a suitable
el ectrolyte, such as a saline hydrogel, therein.
wilgout Bpnitriien, eeshert seapbite éllYﬂfae?imCePlé@ﬂ}“@H glatinyre, stinless sigph gold
anﬁqm&iﬁ dpgf erJnEfEt 4d lfo@édl aﬁo&o 'ﬂ{iléﬁ&du‘! EleftRIdE Eé@%e coﬁfﬁ%féd%?

metal . For e 'ectrodes can f or med
siliver mhichrigalsd elfsqudcheralcm lidizablee die C@ih041@919¢tr0éé pashe ed

PRSP B AL EARIEKL T, O Phygaen e o
conductive material in a polyner bi nder matrix.

[0 Ex@ngilvesis ofefertdd aybt ethennagials becansef dbrrdplizely v iy tal s

maluﬂ ahd %ﬂv&%\ﬁiotrlla? %trﬁréfeffk& 9%051%@ theGR0he aﬁféﬁhétf%n [‘reactlon

Ver, zinc num atinum stalnless
ocgotrnhgandhetcalhaciﬂ (MlmupeAﬁﬁrﬁl 8Ip. hlsmfhmeédﬂ@tbiwens whigh are
osed of silver, which is
I”gWﬁg“g g%?ﬁ%%ﬁg%fggﬁ?ﬁggX| zabl e. The cat hodi ¢
el ectrode can be conposed of car bon and

[0 &1 $cTheatoherrnd abimterrelepiroiitsiage difectheeonapriest todlee elgatrical gifcuit 20

anﬁ%%¥@&hw§hB%ﬁQS“E@Qn%&%%”Other met al s because of its
[lowtoxicity to mammals. Silver chloride is

preferred because the electrochen1cal reduction
[0 1 dQcTHedantephoussis degicat Oa fetherdneledes a microprojection member 30 that,

in %,ﬁg%?ﬁsd SHbodi qsdﬁP@sedk Iggy&l@%lee%derags@ﬁlbum As

are preval ent non-toxic to,
dipassed|is detpil balgy, the en@tommmﬁn@@bmﬁ@ﬂméldéﬂ Pb@é@ ofr e

mgzlrréﬁglte{;t}/ong gﬁ] ﬂoer%hﬁg t}}aegeobh[ﬁat %teeé’ﬂg téc? ;&Eé[' t‘ﬁé{ gffat\%ﬁ c@fﬂgum when

erel ectroa £l ve'
apipbind oyhpeatiesti (seeddg.i3de 10a further includes a
m croproj ection nenber 30 that, in a preferred

[0 ?g@oﬁn%fﬁl?ﬁ% EIO{VZS o #l gs PAR&d i Q%h r%ef Bgto?h&&tig @Afe 10b that can

I sScusse
bemrnplomdoyléun ihersconsrif dre prmntud‘@gtlgn phuillastiated lmFIg 2, the device

1dﬂ i %@ﬁt&’du‘i‘ﬁ# s%pnt% ag e RL1EYod stﬁgé\/ﬁ %I %1§t f' %thgﬁeee)@%ﬁﬁh%jat the

I'erce at'um cor neum
mmopre}ectlc(rsemnlb'argo i3 sepprate20npReher r | ng nowto Fig. 2,
there is shown a further iontophoresis device 10b that

[O‘i%\t[e@?ne?em}l %%gﬁn E(IP §n b ac?lﬁggl%a ggelgﬁﬁgpgﬁéﬁﬁ“es 12, 14 can

strate evice 10 Js
raagsﬁnmwblhtyl dnifgo shbome Z%Cm}; @utdmp@]g Vﬂ_lﬂ sangh &am abauirs ‘Qn o
abo’ut% Ergz.t he exception that the

[0122] According to the invention, the iontophoresis device 10b can be adhered to the
skin by means of an optional ion-conducting adhesive layer. Alternatively, or in
conjunction, the microprojections 34 can be configured as barbs to anchor the device to

the skin.
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m croprojection nenber 30 is a separate conponent. |

121] Cenerally, the conbined skin-contacting area of
web®@snisee assenblies 12, 14 can range from abpai/us2004@34924

to about 200 cnR, but typically will range from about

5 cn2 to about 50 cnﬁ [ 122] According to the

10b be .adh
P ol O GRS PR G P
r@tﬂveﬁjust?prﬁcﬁyceﬁpphédtttoardf dliel deeicy to the skim  Aldthativelyl the dewiéeel 0a or

rqj ec s .34 can be _.con ured as rbs to .
0 naR AhEed iU b B akrne s oDed o HaeHEE10a
C(ﬁfveﬂiﬂblaﬂﬂf 62d i eheiaklay diugablisdesdeicsd.r | ppabl e rel ease
liner that is renoved just prior to application of the

' to the skin ternati vel ce 10a o
i3 RSiet e iR Pl o e IBk b e i 5Y  Berdiniedione
meded ﬁyfoﬁﬁsletvhm thy gfblsérfﬂ atventg)nc Q‘B\imtrhl@? gi4ﬂ?1 Ri-l;l];ﬂtéd in

t ransder ma u el.i ver evi ces ef erri
mﬁ%wrpﬁctﬁngme%gergﬂér}%uqeé o GO G 47 HEVIRE BPIEIEY of
midr65roREMB Y] Phe HRFDRL;edibnk 04 Efé?e?al:)‘l\ﬂf Efledd B siUsRagNy a 90°

invention. As illustrated in

angle fropti) dieeti 3enwhishinethe soted ﬁ@b@ﬁg@gntanqmd@s epRniiged8.i on
array 32 having a plurality of mcroprojections 34.

[01h§] AtdraR fbl 186 Invetfon3the Bt £ @ be ﬁ&rﬁ&gte@tinto a dehvery
substantially a 90 angle fromthe shee whi ¢

Hle TOHGRS BRSbAEA et (neieeidbonsiom: #gSionsly poudsphesive 16
TP ER: Rk Ak ﬂaﬁ:httg fhel SR 3’8&' 198.5) ! B&hR Q&%Edlﬁl@nm nQ@roprOJectlons

i ncorporated into a delivery patch, includ |n2
3hareiemmgd by cichington purdhing a reralityed miergpraigetians 3 diomye thin
t
oIS FRISSAE B BRI I TARLY AR A0 87
34 are fornmed by etching or punching a plurality of
[Wé} e jcebedigest dAhg ingeptign.t mlwcapct@nmnb&h hasa
4
o R s e
pricfpyabiy; i Hie rernge Oﬁﬂfclp@pamr@@matgly 208 300 18 rdpagiections/om’.
PRFSGLAPTRL R Br GiR] @gg Qi @Fea#ﬂﬁ'&% VIR B LHER Bdokes is ot
m cr opr oj ections/c Y ange
leagt apgasmna&qbpi(bqpmﬁom zmi)less tR@Gbout 2000 openmgs/ cm?,
m croproj ections/cn. Preferably, the nunber of
(ADPEATGREED MOk ol 3l 3R ABRAES o
1) opicropg 0 g enibadigyent fie. microprojections 34 have a projection length of

less than 500 microns, more preferably, less than 250 microns. The microprojections 34

also preferably have a width and thickness of about 5 to 50 microns.

[0128] The microprojection member 30 can be manufactured from various metals, such
as stainless steel, titanium, nickel titanium alloys, or similar biocompatible materials.

Preferably, the microprojection member 30 is manufactured out of titanium.

[0129] According to the invention, the microprojection member 30 can also be

constructed out of a non-conductive material, such as a polymer. Alternatively, the
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[0127] As indicated, the mcroprojections 34

preferably have a projection length [ ess than 1000
wWOorR@soms66 | n one enbodi nent, the mi croprojectiPCBEUSH04/034924

have a projection length of |ess than 500 m crons,

nmore preferably, |ess than 250 microns. The

m cropr.ojections 34 al so referabl have a and
R G BB 5k o cal 3 Egnatucioa Barithgioh o
Pd¥ylefie@Pr Oj ecti on nenber can be manufactured from

vari ous netals such as stainless steel, titanium

ni ckel t ta n1a| or. simlar bio atl
ofafeieatdne B BF kaniar te BieRpBiecfimpbbran Hepiseblen-
e1é<sromnef(aet lsrseghrared from the dledhioddn 3 bPdnlddctd ;yfegr ding to

the invention, the m croprojection nenber can also

t ed t t |
["ggllyﬁ%?@f%ﬁ&w‘%?%P%a{ﬁ%ﬁ@e RSV e deenfor
inoledd) But @emobBmitebiogthe Wichibe divalvs&bin AUS tRawedt Nad. 6J08R196,

6ﬁ@ﬁ?§l&@%§9ﬁm¢% ﬁ'fﬂgj}%ﬂqr%}ﬁff S nﬁ%cﬁ Eerﬁané? theispijrety.

nonel ectroactive (i.e., is separated fromthe
[OéBﬂadltheldxalciébrbjycm méreledry thhtydas be ehPlbBedd with the present invention

i B Ob R Tt e et O e S i i etpnicet oy
mﬁﬁgigeras;ug iusiab eﬁgﬁg% Tibsr)é?Jnﬁld\ihP@bE Ad thh@smbbrs Q&El,otl&ng g Patent
r r
&@9@% Wﬁ@géﬁ wcwﬁ%aﬁg by TelpienGecher lﬁ @5%@53%6& her

m croproj ecti on nenbers that can be enpl oyed with the
[0p>_33§eéend>rdimg/mhe mventiva| the eloﬂ@ﬁdaﬁy actfverapad (1tey, vatdidu) ngae

n using .sil.i es or
G BF R i EeR G et dighors i LE ek esspmreir 16,
cdi’ielliﬂaﬁ (13 a@ﬁcﬁ:@iﬂpﬁtﬁiﬂe ?baﬁng Hat ﬁlaﬁspbkéd ob ﬂ&ﬁﬁic@%ﬁyec‘t‘ﬁh £Bmbé& 30
i ncor refe nce erein n its entirety
Or[ceat%?‘f Eﬁe}ﬁ &?%‘ydf%e Enylaicnand e bigagmpaiibie e‘@ﬂe& ly
active agent (i.e., vaccine) to be delivered can be
[0¢ B4} tRafereilg nowtth Eidiydhaged shban ra}mhlaﬂopmjecdmsme@e& 30matihg

ent reservyair, 16, nt ai ne a_.bi ocoppatj bl e
SIS RER A 1 i 6 SO B R b DRt Menber
indéhtiof, tI§©BbAIng8d chipAHAlly drikemBMePaRtr dabli ﬂ%ﬂréﬁrbﬁ&uﬁ@d For

t he, bj oconpat | bl e coatlng [0134] Referring nowt

exgngle, the copiie’5 @ndf Gk d %mﬁepaa%twe@efhedﬁlcmﬁ;@tww4 The

colan T o DR DpBES bIRE 0B 4tdr AR micRHEIEBoRS 34 are formed.
bi oconpati bl e coatlng 35. According to the invention,

[Oﬁé]Sg IAgg(?]Ed %%io tgeh ﬁq%gfn Ie %(l)a{tl)llqg gg cgnolg{apalpg 1ec§ to t}?eogggopgo?gc?lons
34 by a variety of known methods. Preferably, the coating is only applied to those
portions the microprojection member 30 or microprojections 34 that pierce the skin (e.g.,
tips 39).

[0136] One such coating method comprises dip-coating. Dip-coating can be described

as a means to coat the microprojections by partially or totally immersing the
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exanpl e, the coating 35 can be in a dry pattern

coating on the mcroprojections 34. The coating 35 can
wab®s/obseappl i ed before or after the m croproj BCL/US2NE4/034924

34 are fornmed. [0135] According to the invention, the

coating 35 can be applied to the nicroprojections 34

th t
obigions o indee FGOR RS0 B wheT b AR imsivy SRiobR T
is mﬁib&r to3fnio the Fo&timRB5ap eﬁltyltlwlﬁpsBQ off ﬂﬁtmlpﬂoﬁfc{y‘@tlbﬁ's@% Kin
(e.qg., tips 39). [0136] One such coating nethod

SR AT G A

cohm'tgahé%animﬁh&l Shglld:rl’ydllﬁlﬁﬁh@didaﬂn@BS ®ché ﬁpsns3933f thent 0 a
coati.n t' n. By use of a [

R disas St ThSopeterirersSd fiel oSS g casionat-

10009b 04 f{BuB. INeS 2662/@13205%), Which BRi@fpoestéd BNefosdhce h&dia 1y it
f.urther coating nmethod conprises roller coating, which

enlifi oys a rol | er coating nechani smthat sinilarly
limts the coating 35 to the tips 39 of the m croproj

[0838] iAGNdiscBdsed T dethid I the nateddppligativa) the distlssedirsltdr osaidgi n

o Ao o b ine o b ot lagad o s rppriestons

34h1aﬁﬁg Bkinfpidrifig eThé &r8doth crbSlseSlion A til 1B ieHpBEeLtion tif @batink is
hgg not ed ap | ication, the disclosed roller coating

trgfegn §igs é smooth coating that is not easily
dlslodged fromthe mcroproj ections 34 during skin

[0 3% MeicBg@lingloehsimmeitidncthe stersg@cfettivhs 04 cirf@rth&rdﬁdhﬁfeﬁjleans
tin

ct s further illustr
a1 e B g areE s Vo bTE o i 0 m Swich i Fgtares ot
shewib)l @Fsd Vaﬁ(n@ﬁghow?]tsmace'11'3@“@1@6%@0%0@6?&{sﬁﬂlldr%odlﬁcatlons,

receive and/ or enhance the volune of the coatin
Whetrihtheameads prqyidss Wedﬁqmareaqwawé@h@r&sfa@ﬁa\w of

co&lﬂ{ fag@eidep@@dari ties (not shown) or simlar
i fications, wherein the neans provi des |ncreased

face area, upon ch a ter, a t of c
[0 15:‘@51 ARothes ﬁ%}“tgé’&ethc%&ﬁt(ﬂm lﬂ%ﬁ‘edc o ﬂkj SHPER pﬁ%?nt
infedtiord 8o piided ¥Hiedly Bbdting N ALERJISE RPBe Biveititn, gﬁ@&%@ﬁng can

i nvention conprises spray coatijing. Accor %g to_the
enpoREe fIAAtian Phan sl HePasiAn aifhe fepEas compesEiono M e an
enfRHRRM, HUSRAISISEnSbn hiven LORbHIOGsi LIRSt D ’IN200! flcdhiss is

sprayed onto the microprojections 10 and then dried.

[0141] Pattern coating can also be employed to coat the microprojections 34. The
pattern coating can be applied using a dispensing system for positioning the deposited
liquid onto the microprojection surface. The quantity of the deposited liquid is
preferably in the range of 0.1 to 20 nanoliters/microprojection. Examples of suitable
precision-metered liquid dispensers are disclosed in U.S. Patent Nos. 5,916,524,
5,743,960; 5,741,554; and 5,738,728; which are fully incorporated by reference herein.
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enbodi nent, an aerosol suspension having a dropl et

size of about 10 to 200 picoliters is sprayed onto the
woR@sop3ed ections and then dried. [0141] Patt BPC€TUS2004/034924

coating can also be enployed to coat the m croproj

ections 34. The pattern coating can be applied using a

di spensing system for positioning the deposited |iqujd
[01¥a] dieteproteation gpaingdemiubrionuersalidionsisa alfaapeprlipd Being k

jet egzﬂgéf g?g%ll‘lé %7’8\% dFerBld& 2Rl A rEﬁ{ns élégﬁnﬁl mQthGQnélan;I. fhd

nan m Croproj ectio sui t ab
popnenmng in@ansehieh agehq:rqllu' chnttoHpseysse of ar @eQilrleﬁ*ﬂd)s@ﬂlet Fquid

o BN B DR Pl SRt it
knbver én the aPtGfaf bé Bied Nbicapplying the patem @ating efghis daventicat i ons
or solutions can also be applied using ink jet

[0 %4%3: mqh? g?t'scy sclg&gdligg %V\ghe%mbgali%egt &Qilé/ ﬁvéﬂtl%ﬁ Gle &afing

I Ona ve nmeans and positioni ng neans
fomﬂula:tinns :appjmdeeo ﬂielnyncmprw getibh mdmbgr A0ge fom sefid edasivgs dao
ensi. | . QM. .
COBP{IFR ?chugovﬂs aénu sntor f}q%erouss Fcfnm}ll%{rl&%ht&ﬁﬁg Q@lfzagsg érﬁefs llglfr)])lgé&zhﬁr active
agéreCfhord p}gijerdblwmwcmet Recadingtathe eventen tlfeo/laccampiay beg

coatln of this inventi 143
i R < ueeShay D e urhigel e bR
i nvention, the coatl ng formul ati ons appl ied to the
[0 1144<1 rﬁupbmjimmithminnambe,rthdz coafing forsolatichsqoefbiablydnabusls at least

equs d Jon-agL for in
on VPR oS el Bl P ROE R Rira RS B ARSailR M9
desnﬂbfe& ta binphipkhiliv aﬁx]ncnkeS Mema sbltmg)mo@nlahmg the waﬂtmg) agent ise
vaceci ne can. be dIS Y a _bhi oc at|
PR oy SrORE S SHRBRevs I dromieBic Gt S8 RpIGRuE bind to the
hy%@?blﬁib Elgbsh@tel ilvﬁléd thy ﬁﬁ?rbp’lﬁhc pdir&orc@fahe mgleﬁuﬂé By seih i caract
referably inc e east .one tt|n ent
Wilel Ptek ndSA rﬁiSHlt’tfﬁ%hﬁ?phOW&SWf%a 0 é@ﬁv@t %ﬂiéqs W‘ be
hydRpebbie @eouRS oLIND Weﬁhﬂg'ag@nt rfﬁél@l@gthlt Qfsceﬁﬁbl%rto &/eﬁ@lg by teolvent.
containing the wetting i.s applied t

Wﬁ@tag@s%bmeluéa BTG aSi.Wﬁ aﬁ%%fﬂ% BEﬁS?:““&rg&EPBE‘PMth he
rRE@&Ul e bind to the hydrophobic substrate, while the
hydr oph| lic port| on of the nolecule stays in cont act

a result, the h ophobi c..surf
[0} Ig@ﬁ%ﬁmh?%megf qf S Tmeeatian Wy %ﬂﬁl%r%b‘ﬂ%}%m & 'rsasaf’ne
subti@taNe tAdcBRIimA6 Me invenkibMahd durfitteR e tanbeerwierivict Angholyic,
the solvent. Wettin agents i ncl ude factants as

cafiR)ip, oG (O ARHaNipy 1¢srdy S‘gﬁaﬁfﬂnﬁﬁmﬁ}‘ S Bher ti es.
lauroamphoacetate, sodium dodecyl sulfate (SDS), cetylpyridinium chloride (CPC),

dodecyltrimethyl ammonium chloride (TMAC), benzalkonium, chloride, polysorbates
such as Tween 20 and Tween 80, other sorbitan derivatives such as sorbitan laurate, and
alkoxylated alcohols such as laureth-4. Most preferred surfactants include Tween 20,
Tween 80, and SDS.

[0146] Preferably, the concentration of the surfactant is in the range of approximately

0.001 - 2 wt. % of the coating solution formulation.
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[0145] In one enbodi nent of the invention, the coating
formul ations include at | east one surfactant.

waewondis3ng to the invention, the surfactant (s)PCHISI964/034924
zwitterionic, anphoteric, cationic, anionic, or
noni oni c. Exanpl es of surfactants include, sodium

(0183 1 BRI, SesRiaH: of POg iy T aBame TR TR e o
leaﬁrﬂﬂélﬁol-y‘iﬂeﬁh hdtdr Bhe of VMg thdd aﬁy@hﬂﬁqmlwpmp&ﬁssr Eflgémples of

ol ysorbates such as Tween 2q§§n Tween . 80, ot her
themt?ﬁ RokAneTe piclpdes Wibhous linHation, cellnlgsg dRIvALNGS.eh a3, n g

hycﬁ’b%?é@{}tl@élﬁ%s@t}@l@@}) h§dr§yﬁﬁop§§né@%e¢m@mé(m& preferred

surfactants include Tween ween 80, and SDS.
hydroxusppyeedleseabiPy). meibyledivkosh Yg) itgdrowsethyiaetbylpeliiase nt
n I . % of
S e S e
further enbodi ment of the invention, the coating
[01A8] A pra gnehpgiment pf dhe inentiong the Celi*Fémﬁ%}Oyﬁémeé’Oh‘HteéPﬁesaqmmg
amBPlpﬂlﬂ erﬁelgzi‘é ].Ingﬁ?ab"l’}“}ﬂl'ih@ﬂahéé &Fa @ﬂ%aﬁdlﬁ@ 01 Exarmpl B Smore

t he "'not ed mers i ncl ude, hout limtation,

pre€eifably} ingke rage «e/%appmégnatglm @malewgﬁd‘i/odzfy@tmqmgeﬁonm ia.
Ev#ﬂgﬂr 113%92[ %gtgc%?&n%{ QYR %é&l%@geﬁﬁgm}le ran e of

0X prop ose HPC nethylcellulose
amhpdnm%@eﬂﬁy+ﬁﬁ¢H&bﬁé&hgﬁm@émvHEWQy
ethylhydroxyethylcellulose ( EHEC) , as mell as

[019,92 Qi He a?ﬂ%é‘igﬂed b oﬁélﬁ‘a @haPp kil e the R, hoY%6wd Wetling

concentration o pol ymer presentlng
ageatp bandiei uspd seppiafsby o1 lé§0mblnﬁﬁ0@ﬁ erably in the range of
approximately 0.01 - 20 wt. % nore preferably, in the

[0 lrSEt‘ﬂ gﬁﬁzc&fdlr%RQ 'EMhV@?ﬁJ@ﬁ }fhfpedaﬁng folBuion¥ec® fukther if€lade ang
fornul ati on. Even nore pre eraly, t he concentration

hychfepbﬁ@ pakyoter-nBrefagely thediyiliepkifie elmerds sflechysidr o thedeliqwing
gro(l),tp1 po ﬁ%l alc/dhgfgt eﬁ'@l%ﬁé 84ad) %d@{ﬁ%&&@?yetﬁ%étﬁlcrﬁ&te)

reci one haV|n ordlnarﬁ
poMi&vaM pyrph@onnbuselyetber eng glgccdg@%mw@raﬁtha@o Jad hke polymers

AsSERRUELELY i 1?1&16 aﬂ he HB%@?&&/BQJ? mo&é%%esm;cdai%por ding to the

i'nventt on, e coating ations can further
|nclude a hydrophilic poIX Preferably the
[015y1d (T lsphdenirgisinyaditic hygraphi lé@?]é@ef indhg eqsting Brmplfionys
ol t
PR R Blo R L 0 P S AR e i the ranee
of pyprokinttae .03 pdiOyvet mféhsecogmyg:@nmdmnm ey et preferablyf the

cox%]eqltljaﬁ& ﬁﬂé ngﬁﬁg‘ agent is in the range of approximately 0.1 — 5 wt. % of the

coating formulation.

[0152] According to the invention, the coating formulations can further include a
biocompatible carrier, such as those disclosed in Co-Pending U.S. Application No.
10/127,108, which is incorporated by reference herein in its entirety. Examples of

suitable biocompatible carriers include human albumin, bioengineered human albumin,
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As i s well known in the art, the noted polyners

i ncrease viscosity. [0151] The concentration of the
whasopdssé i ¢ pol ymer in the coating fornmul ati oPCT/BES2004/034924

preferably in the range of approximately 0.01 - 20 wt.

% nore preferably, in the range of approximately 0.03

- 10 wt.. %of_ the coat forpul ati on. Even_nore
P?J}’éf‘@?’é%‘i“‘g}ﬁ WH@SP@HW&&A P‘gi/li“%tﬁ{% PgiesanBely subgteaRRivAMIng
adidls, butPose 2RGR109¢, nedMkt63el PRk afdl stachydge Wt . % of the

coatlng formul ati on. [0152] According to the

ention, the co for ations can fur L
R e e st ans BiecSi bl pioLn el hatiti fpggtlation is
pidfesa1P ﬁﬁﬁe taﬁig@@f aﬁkpfbiﬁrﬂ@ely 2S. 70APPYY, fidkd BBfeldly, in the range of
10/ 127, 108, i.s incorporated by reference herein

appRoNpateln P%W % ek dssPamedemationp Feennere drdelilp tee

cREAtHBbS of e WetfcRBom i AliRahe of*ablsa@ﬁaiafe%et@dmwof the
al bum n, 28pol yglutam c aci d, pol yaspartic acid

“ﬁ@ﬂ%ﬁﬁgwfﬂpﬁe pent osan polysulfate pol yami no aci ds,
sucrose, trehal ose, nelezitose, raff nose and

[ 5ACRYRSEng [AAS Blventtn, §:006LRE fRtnuRRoR cah & ther include a
bi gconpati ble carrier in the coating fornulation is

stpbibizipg a@nf» sheh asiikose disglesesin &preadingrb e Apphcatiopdlont . o
6675’Téﬁ5 Lo %ﬁ:‘h@pin}é@r brtel |E?( réf@x‘%ﬁ& Hefei RNt ViR, & x¥mples o0
% of t he coa? formul ati on. Even nore
SLbﬁablPéFaamzylg agerds ighide vithent lgnitasipn.tanongedudingugaieht i s
pél?sat‘:‘lf}%rlﬁ@'&gr@d&fng%egir,o&g ABNSe Ynnkior, 40 WM. % of the
coating f ornu athon. [ 0154] Accordlng to the
i nventi on, coating formul ati ons can further

[G1pe] Uefecoaﬂ%&% thei IEY%%M%% irethda 8 vesnseustntyy spdss hose
dis@lodeR i €queﬁcﬁn,§v'USS A%H!:dtﬁ:ﬁtl\jog N oPd9 4,688 bl 60/583i3133 WokiGare

is |ncorporate y reference ereln inits entlrety
inpgrppsfeddyaelesnre biseia i thalsientirgly n ds sefdpils inj the hajerbCo-Pending

Ai%ﬁc'ﬁﬁb’ﬁs t ema%ﬁBﬁs‘ﬁ%to s 0RA 16 &HHGI mgedﬁié%%l\%gnd after application

pol ysacchari a reduci ng sugar, or a
0r|l 2] mbmtommecp@l@@]nbﬂih @refoued vagecoostricthes inatwdenbut ore rxoahrmted

o M PR SRR M B AR SRR, s

ind@fag3lie5 @6tizide 80id6drines Bphazeling howlefin odtodrpor atipstiy,

e rejn .- entlr-et Set ar.th in
bt EPER MRSty MR o B AL e R SRl lBRAL €1 o1
priopylhsedrihg pmﬂb&gﬁbdrﬁiee’edah}@rdiuﬁnmgaraambhaé tteaminoheptane,

o GRGEPe i PGB B ey RS TR, Thfotpiefiea

vasoconstrictors include epinephrine, naphazoline, tetrahydrozoline indanazoline,

metizoline, tramazoline, tymazoline, oxymetazoline and xylometazoline.

[0156] The concentration of the vasoconstrictor, if employed, is preferably in the range

of approximately 0.1 wt. % to 10 wt. % of the coating.

[0157] In yet another embodiment of the invention, the coating formulations include at

least one “pathway patency modulator”, such as those disclosed in Co-Pending U.S.
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to, am dephrine, cafam nol, cycl opentam ne,
deoxyepi nephri ne, epinephrine, felypressin,
WO pabanaBed | ne, meti zoline, mdodrine, naphazol PCEDS2004/034924

nordefrin, octodrine, ornipressin, oxymnethazoline,
phenyl ephrine, phenyl et hanol am ne,

G hedri ne,
%?P%Loﬂé\?)g gg/?k (‘?H@ é’] tgvrhélc?rla 5 g:%f&ﬂ&é%? 'E)g 9&: %?%gn R entirety!
Am@ah iimthe noted Qorl%r&émg Appyctaunngtthezpalthwa@/ patedcyt rhedulators

] reo referre soconstric
pgﬁ)({lt o gl‘ic'rré%l i e p nns na%l;{ggiegli REpegsses e}t:/eiﬁ Véﬁy«ara tlﬁ:ec?osure
off tlﬁéq:aﬂ)mbls; memcmshls Zodniedén the s@atam ebineém by ylfé&ﬂlefolpﬂ@ecnon

nmet azol nd.x zolin
e OB of AN VRGOS BPTUROR matdeciihey bitatia,
opmefieigehisYe. g sddien clebgee)ind QWﬁfeﬂmlfm&ﬁﬂ)dﬁn@s &.2Mamifd dcRis).
10 wt. %f the coating. [0157] In yet another

Qf . th t , t
(3P ShERE Pant et Baoiliey” BERERED MIBu b RERTE ' SUon
Applittioa efurthadhdsded antivirfamberdy Bgentd, Sach 29WyRhdtiEaRbed -

.. 09/.950, 436, which is incorp eqd. by reference
PhgPLRR deﬂgﬁwa@ﬁfl?rpgwonwe% B RlsR RS e o
hmoaammﬁﬁmhlo@ae i Hyrocbifi€orie@l lpﬁ@sphaauge&mmmul ators

r or dimnish the skin's natural heali
n%]t %olqr}er é)élgsp&g@\;léw@iuﬁ)gsa{t*@etyl%ﬁ1@1@¥e 2t1 rﬂgccmaate
s&ﬁﬁrh\é@l‘f ' PaimefHasdrRHidoti find SHosmtel 8d bﬁ@m%&l&ﬂ:t M%u@@iﬁﬁ@ $88ium
t he n1cropr01ect|on menber array. Exanples of

sﬁﬁta Ay cpagbiRsy S B PRI, Fifele solés (o, S Gitrate), dextrin

shliei $hin®Rspifd BRd EBTAGENt s (e.g., sodium chloride),

and zmntterlonlc conmpounds (e.g., amno acids). [0158]
term gathmay pat ency npdul ator”, as defined in

(1351 CECPRRTH S ApShtn T GARAE P T oR A @ e dnctude 2 non-
agu¥olis édﬁ&dnﬁmﬁﬁreﬂqaﬁ&e%%ﬁyle&%ﬁoﬁio P%ﬁl@ﬁé él?&ﬂ’glﬁi B tike,
phosphate di sodi um sa trianci nol one ace
dyes. pieRISHSIRSTH A PsFracating ehancsrs, ereirienth el efherconyegtional
c&M?d&ﬁ@ ot pERRAGccuR B %Rﬁﬁ&t@ o3 Q8HMA d@@ic&s known in the art.
hyl pr edni sol one -phosphate di so un1s£

redni sol one 21-succi naate sodlun1salt
[Q}éblaéﬂ't%hﬁ%ﬂ’efoap%%‘?% iR alse baAdied te i cawing fermulations

as RHE aé hey 8o ﬁ&@ﬁ%e‘?ﬁhﬁf@ct AR GeBdatC QBB R M BPyisDUEN as
citric acid, citrate salts (e.g., sodiumcitrate),

chpsagtsrisiosefithegaating frmationsydthaphypige! ity pothe diied coating.
According to the invention, the coating formnulations

[018] BleSPably) Ghd dRtife foRAuBHE %h‘ﬁ: Sasoesnt 1ess&%fhp?1%x1mate1 500

et hanol , propyl ene glycol, ¥eth yl ene
cqthpglse and greater than 3 centipoise in order o effectively coat each mlcroprOJectlon

10. More preferably, the coating formulations have a viscosity in the range of

approximately 3 — 200 centipoise.

[0162] According to the invention, the desired coating thickness is dependent upon the

density of the microprojections per unit area of the sheet and the viscosity and
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dyes, pignments, inert fillers, perneation enhancers,
exci pi ents, and other conventional conponents of
w@basoeseut i cal products or transdermal devi ceBCROBAM4/034924
in the art. [0160] O her known fornulation additives
can al so be added to the coating fornulations as |ong
as they dg not adversely affect the necessar
ceRAeRtion oy ﬂ&r?@amgé@a@ml%mwﬁawedw&q %ﬁl%m@hog ¢hosen.
Pectarab9Otht e&aﬁg%b&egsﬁ@ thsd fAgn PhYRhGRlI i ntegrity of the
dried coati ng. 61] Preferably, the coating
Iatl have viscosity less than _approxi mately

[%I&é %&Oéén%lﬁ dhefoatipesthickiess isdess dip i2p Sierans. Mgt der
pFéIerﬁlSlgf SledsitN 30 HRAIns 88mBasiicAr R Mk ﬁﬁérb&ﬂj edtbn MHE&. Even
preferabl the coating formul ati ons have a_ viscosity
mage Plﬁ@?rfr‘bé)‘} dee RtingbickResistia e range of gpprexamaielyol toel0 microns.
[0162] According to the invention, the desired coating

[0 164T k@B Saséss afk@PROSEBthall PR abf)"l‘féddﬁﬁ §d)z{ti)iﬁ @rmul@ion is drled
nm crop rOJectlonséger unit area of the sheet and the

opiodbo@iaiprajserions d B Ry ¥piquaeans: dr a Prréeried gpbagiment of the

GRATRAS tHel BRte@ el 5 BYUribd B QA R EBRENE rl@&%ﬂ/er various
Preferabl the coating thickness is | ess than

OPRSFAHES ar[ddm?ﬁx lsveneandenser tawpt the copting &mu}@glon onto the
nﬁ@ﬂoﬁr‘@ §§ns' N ddRRRaliN AR c%éte@%%fn?a% caWBE Gedtt £ ﬁﬁfﬁ&é’d freeze

' ess than m crons d@s mneasur romthe mcr oj ection
dyied prrmilarEgabniqyey sep tekmonbihy watch §omabe ¢aaing. h i ckness
Is in the range of approximately 1 to 10 m crons.

[(Bl%jiﬁ]efeh{hgal&w 033856 aftd ¥,8br s%r&gé%afa 1&@1%%?&%%& Sth

t he coating fornu ation’is dried on
Rt ePerskiBprof fhsrisvenoythy mwr@nrQJeﬁfémmembeﬁ 3& isprefewpled

@E@l%ﬂ HER }et'cﬁflertrﬂlg 50/ %ﬁﬁésﬁ/@ tabls | € & Qé’stcﬁgem '&Qﬁfl 11§C6 ?endmg

dried in anbient room conditions. However, vario
U Srinslisationd¥o. AAA76,768 FubyNo.@083/803 357) behioks anqompmja‘tgd by

r%ggn&ggkﬁﬁﬁngg% .tion onto the m croprojections.

Ition coated nenber 5 can be heat ed,

hilized, freeze dried or simlar techniques used
(42601 ifeualagchnsipiios micremoiesngumtiong) in{BOBRARENE 4 ey
on (in
ol Bhem o e hpiln AL RIRHS R1E SABLLERIEM (e
nyisreprofpcaprewenber Idsipplied® the slim m‘i@ abhgpa@uspimamducbmasa

B AR Mg 03 OGRS bASTe Bk, AR SRR bty
refenghce eein ROG2MERH1357), which is i ncorporated by
reference herein inits entirety.

[0167] In other aspects of the invention, the vaccine is contained in a hydrogel
formulation. Preferably, the hydrogel formulation(s) contained in the donor reservoir 12
comprise water-based hydrogels, such as the hydrogel formulations disclosed in Co-
Pending Application No. 60/514,433, which is incorporated by reference herein in its

entirety.

[0168] As is well known in the art, hydrogels are macromolecular polymeric networks

that are swollen in water. Examples of suitable polymeric networks include, without
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[0166] After placenent of the m croprojection nenber

30 in the retainer ring 50, the m croprojection nmenber
wWaQse4appl i ed to the patient's skin. PreferabPgr/usives/034924

m croprojection nenber is applied to the skin using an

i npact applicator, such as disclosed in Co-Pending
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pcﬂﬂﬁﬁiyl sleohsd)t polyeastge bxﬁepg@y@rhyambetaﬁmtem@pwey) q@gJ(n-

ns di scl os endi ng Appllcatlon

mul
/pml%t ' ; anglyrnics eﬂm?sbaqe&fr@e palymﬁ{é? walsHals ateeelylose

delrﬁa‘dnie‘s‘ Eﬂésb bBky¥herd A B8 bbtAfmed i wiBiblis didRBrekdhtih B Qiffkdnt
r§w§1s are macronol ecul ar_ pol yneri ¢ networks that

aV&Fa@e chBhWrightiang theratiors syikis differegt sheelpgieal ;ﬁﬁlpyﬁ’@ﬁl c
net wor ks i nclude, wthout 31limtation,

[Oﬁwg r AxcyRfifpyto l@l&l 1|nﬂérfﬂi§ﬁl tﬁé'lliﬁa}ogel formulatlons also include one surfactant
r oxypr met hyl cel | ul ose

. ﬁyB/FES% ﬁ%‘%x‘% cPigingdat W@}ﬁw%@%}lrfé@w@b grdebe @pitferionic,
anipHERy@kibyik MRt diyd, 6Lhdrid s BB bf surfactants 1nclude sodium

t hyl hyd thyl cel | ul ose car boxynet
la@éﬁ%ah%gégt%%éwy %glﬁsb(l &&Sémqmlgyrldww e@pw{q (ERE)

dd&éc’cﬂ@ﬁneﬂ@@ hitfndn RMPSHRSRRY h t%eamﬁﬁrﬁ)chlowaé gfoMbljathes

rolidone), and Iuronlc he nost re er
Suﬁ% P%/Ti’ﬁ?qnczor?ﬁfi é’weam 80, ither sasbitan dssieatives whaﬁ: spelgtannge and

R oo H& a%%vﬁ‘ftﬂ 9d Nidt {\{Igfe&éa& %rwcgq{%%nd%og%%h )

ferent average nol ecul ar I ghts and thereftore
'ﬁéﬁm&&QHQﬁDSerent rheol ogi cal properties. [0169]
According to the invention, the hydrogel formulations

[0@1’03 (Préf@f‘a'o}ﬂrdﬁle ‘Bzgroééirff)ﬂﬁfleﬁféhs firthEr inc &S ﬂo'l}’?lge(i%gﬁsﬁ]ér als or

Accord |ng e Invention e surfactdnt(s) ca
PORXRars b%%l@ﬁr@phlﬁn%mpmm@s Ee@mpbﬁ pithe agtedpolpmers nnclude

wﬁ%f B tetionESAHRsE ael‘(i:\fat yeur gl%ﬁ é@fycﬁoﬂg’@qﬁb’fégﬁﬂ @i)iéfn

[ aur oarrphoacet at e, I um
hyémxypxppylmthyiqgﬂul@sﬁ @HM@) b@@yprmd@mgdsc fﬁ[l?@t taythylcellulose

OB S A 5 h R L e

‘W@b%hﬂHQMCﬁerivatlves such as sorbitan | aurate, and
al koxyl ated al cohol s such as laureth-4. Most preferred

[0 P FPRGL A Sthk REA ARt DA the 2Qrfacl ¥R £RofBrised NtwE0.001% and

2 wt. % of the hydrogel formulation. The concentration of the polymer that exhibits
amphiphilic properties is preferably in the range of approximately 0.5 — 40 wt. % of the

hydrogel formulation.

[0172] As indicated, according to at least one additional embodiment of the invention,
the invention, the hydrogel formulations contain at least one biologically active agent,

more preferably, a vaccine. Preferably, the vaccine comprises one of the aforementioned
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[0170] Preferably, the hydrogel fornulations further
i ncl ude polyneric materials or polyners having

waepisioptssé i ¢ properties. Exanples of the not edP@EDUSI084/634924
include, without Iimtation, cellul ose derivatives,

such as hydroxyethylcellulose (HEC)
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agemgisaitn agbethrR@BdsoNN 21 -PhbREd Gidddinm S trikehARBENE acdBi&: 21-
vacci ne. Preferably, t he vacci ne

f er abl
di [‘}WI;@%SQX?}&@W&’OC%@%{F by dipeirids idrosoyisens Heghosphate
didod it ) nctiy rB&ﬂioléﬂe@tIﬂJoh&late deo&M&es%u %tha&hﬁgdl&w 21-

roteln base vacCcCl nes, 3sacc arid ase vacCcCl ne
afg sodBing sal paramgdiazeng é@e ipaphogpbaty ayld PlﬁdlaSCﬂQnet?ﬂe r
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contain at |east one pat way patency ho ator
citgage)t desban snlis sodidan.iand EBIBendi ng U. S. Appllcatlon hb
09/ 950, 436, which is incorporated by reference herein

[01 73] AbSorIMd to@he/invertiohaBt By RedNA¥uRASRNGY alrs@ ?Hluﬁ& 2hdh-

include, without limtation, osmotic agents

aqusys kY i Bich awtharmlmqpmamh rropsdensceliredh polretylencgtyenband
theliited$es, pRfheARL 1'neﬂt ﬁilél@rﬂ.@n‘g @%Hée‘?‘ > £ H?lgntgsand other

etanetﬁasone - phosphat I'sodi um $a anci nol one
CO‘&‘@@FW Gempaneng @ olmecptigslpeduets Ohgr@mdc.romt davidegknown in
thdwgr ochl ori de, hydrocortisone -phosphate di sodi um

salt nmet hyl pr edni sol one - phosphat e di sodi um salt,

redni sol one 21- succinaate sodiumsalt,
[0 Héil gﬁ%ﬁm@sﬁ@wm perpig By Heglede ahl¢ass oaelmissesinsinietoR 1 -

SuBAICTRBEEn BRI SRl qnd@ﬂi@ ?ﬁﬁdu?f?ﬁgéﬁ ng pﬁHﬁég %ﬁlazohne

citric aCId, citrate sa
tetipbydrpzod ingindamerolige.dgtizpling tramEmipkpe, [tmmymegxoxmmmgna, 0

xyfoﬁl%tahcﬁgﬁ@ tah?&plntulfée AR %&clg&ﬁ{gﬂln?et 'cig&?epﬁx?ephghes,’ 0
i ncl
epinephrine, felypressm indanazoline, metizoline, midodrine, naphazoline, nordefrin,

octodrine, ornipressin, oxymethazoline, phenylephrine, phenylethanolamine,
phenylpropanolamine, propylhexedrine, pseudoephedrine, tetrahydrozoline, tramazoline,

tuaminoheptane, tymazoline, vasopressin and xylometazoline, and the mixtures thereof,

[0176] In accordance with one embodiment of the invention, the vaccine(s) (contained
in the hydrogeel formulation, disposed in the agent reservoir 16 or contained in the

biocompatible coating on the microprojection member 30 or both) is delivered to the
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aqueous sol vent, such as ethanol, isopropanol,
propyl ene glycol, polyethylene glycol and the |ike,
waly@s/o4psgment s, inert fillers, perneati on enhBC/ESRN4/034924
exci pi ents, and other conventional conponents of
pharmaceutical products or transdernal devices known
in the art. [0175] The hydrogel fornulatlo can
patfegf YiR@R lwqﬁ%rrh%eéwéi]@wp% e a5rbITated BRSP4 PO thosdivise
(e. %’ ? Shdeli Gh Bfithat dhiadi With the patitdeskinwihaRi the
ation, epinephrine, naphazoline, tetrahydrozoline
mlqrﬁH@W&E@mﬁ Meplerﬁ@thp SEHPREOMERENYAHPISFEEs o1 iha ARmpthkody may
be 1Y% @eﬁ)@hdlﬂgu hOPRRER's dihe ATHES Q’Wféﬁﬁoe geha nol
cyc tanlne deoxyepl nephrine, epinephrine,
dﬂﬁemwﬁgewgnnoﬂmmﬂ@ﬁaz@u¢MECOﬁﬁ¥mzol|ne m dodri ne,
naphazol i ne, nordefrin, octodrine, ornipressin,
[0 19)?}/ feidahdeNGith PREMY &%frécﬂ&nbd@i‘ﬂﬁa}‘l 822 Hﬁlfﬂﬁir@j%tfbﬁ member
phenyl propanol am ne, pro hexedri ne, pseudoephedri ne,
30 tSemwaHy apRlied|te the patignd m&@emw impagh ﬁPM@h’@waa’m such as
tha Mﬂ@i%&'d' if %0-15’&3?@ RES: Sz%%b]h@ﬁ%n)f%] ROy EZSY, WiRh i8Eorb&iBted by
m xtures thereo accordance W th one
refeneheschiensinin ig$ entingty. Aﬁermppbwtlom plethg mderprreiestjon(mepleaiafed
des'cpibécpﬁ (ﬁy 95 A%ﬁfc%’%m%& @05 19 Lh§9 %qgnt'opboltr&?s RIRL0a is
reservoir or al ned in the ’bidconpat e coatlng on
ap}ﬂteel omithe s, ofecdby dire alentiods as3@nigy 1D oerttjety the dadrbmrejeetbnt o
me %er§ patient via an iontophoresis device, such as
"*Ustrated in Figure 1, as follows: the device (e.g.,
10a) is placed in |nt|nate contact with the patient
[0158] Altewtativedy raftehepphivaion pnéd reswsvilonfghegnicpripeqiecsion member, as
def b, T R YRR o RolsE 58T G TR RO P
thepgtlaced bh shepragibwiseshineproximetedlopepre-trdated sreay r egi nen or
ot her factors, such as cosmetic. [0177] In accordance
0196} AL (EGGL L URBRTERL e 00Fs pecsdone
patjat s ehlln &cw’kann intharange digdach —appiA tsapplnedowvelaa:tmap@md that

g o aeg EABER <" ncor por ot ad by ref erence

herein inits entirety. After application of the
[01/80¢ Adtsrmafively, adisr the dbdee isatacerbercthp baient fiskin-apeiagerig the
[ / t e
00 U5mY 90 PR il LIEpL AN DR g R

contacts the m croprojection nenber 30.
[0181] According to the invention, after the device is placed on the patlent’s skin, the

target amperage or voltage can also be achieved by a slow ramping up of the applied

electric condition.

[0182] Alternatively, starting from the target amperage or voltage, the electrical

conditions can also be ramped down over time.

[0183] Alternatively, consecutive pulses lasting from 1 second to 12 hours using the

above electrical conditions are applied during the total duration of iontophoresis.
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[0178] Alternatively, after application and renoval of
the m croprojection nenber, as described in Co-Pending
wa\ppbioessé on No. 60/ 514, 387, the iontophoresi SPAEVRIE4/034924
10b is then placed on the patient's skin proxi mate the

pre-treated area. [0179] According to the invention,

after the device (10a or i.S, pl aced on the

patient's skin, a cur rent %gﬁhﬂﬁé range of 50 mA - 20
[O08Y]iThe ﬁpmwleg efatﬁ;ﬂe & diveiiRo pieiblcaflodeliRilled BNEE St fdrﬁ&’e tRarly

con 180 Al ternatively, after
unggsieg aﬂ@fﬁ?%%gﬁe B%Seflhlé‘ fiope firshuld otrbe can%arﬁda?@ ilmﬂhng the
schpthé MR i bl nferdly as BebhMllhsirafaRk k&flesoMBiveahdrbdre
period that ranges from10 seconds to 1 day. [0181]
According to the |nvent|ﬁ§( L}er the device is placed
on the patient's skin g%t anperage or voltage
[0C85) ThSexperidedtisedrd thyeffcSiraNé hadPd ey 6f DNAGNA the
§¥£I|ed Iectrlc condi tion. hglsz Alternatlvel
fPLAfieNIRPh AT eI QHeENE SYRIETIOR PP BIECRESERHFE, by thedelivered

DERheqt Iﬁicﬁ%'ro}égﬁkﬂi héRPG c6ABingd $&h BE idnddpRedsid Q%eqya%rused to
tinme, 83] Alternatively, consecutive Eu ses

ingrease Fl’r‘i‘@‘:qﬂr"é‘i‘ﬁ delivery oh BNAvantizepg expsession igthe heirless gviaea pig
(HRIPS C S i o psGRAGIrhic AP Roj @kin Qﬂ?ﬁj deﬁ%x? Wﬁ'a@&tl&h? JngtDNA

durati on of iontophoresis.
defiygry eiRHp P eOERHPRA by ighe-dprmad indgssiph esmgﬁmeréiomllhemdenmc

nebd18s, #d orl TR R &hﬁargrgwgs tRbRRI AP %ﬁ&@&ﬂéleg O}gcj?gnon

resent invention not be onS|dere
pulsesibrqualy ekastroaativp aeadireel¢atrpdestinssried into tie slgh ys lamwbecp imgrease

PR 35, RS LB PE BT OB o d o
of delivery of DNA and the effect of |ontthoreS|s on
[0H%n Sreupplr AN Aclelivgry bheodied mistopyeeesion puadwithdy awhe

lmQ&hbﬁggggeguébvﬁwggcroprOJectlon nmenber conbi ned with

an i1 ontophoresis device was used to increase
intracel lular delivery of DNA and gene expression in

[0td7eé Grenprd: d3NAdlslivery bp Pepted-aryoprapstion e llawkhiby
elé&r@ﬁ&ﬁfoﬁlaﬁﬁhé@ﬁ‘lrcﬁfgﬁ el 31@&%0?01!1\% 24| géédﬁﬂ\nta? eRBEo N

deli very group receiving I ntra-derma nj ection
posigvhepntidlavent i onal hypodermi ¢ needl es, and one
negati ve control group were studied. Application of

[0 488 PO TRYA QARlivery by coated microprojection array followed by cathodic
iontophoresis using a donor electrode assembly containing a HEC gel after removal of

the microprojection array.

[0189] Group 3A.: DNA delivery by coated microprojection array followed by cathodic
iontophoresis using a donor electrode assembly containing a DNA/HEC gel after

removal of the microprojection array.

[0190] Group 4: DNA delivery by coated microprojection array followed by cathodic
iontophoresis using a donor electrode assembly containing a HEC gel with the non-

electroactive microprojection member left in the skin.
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pul ses through el ectroacti ve needl e el ectrodes

inserted into the skin is known to increase gene
wezpsessson and was i ncluded in this experi mMenPCEHESH04/034924

positive control. [0186] G oup 1. DNA delivery by

coated m croprojection array w thout any iontophoresis

p t i : ! 2; del. ve by

O G RPN e R Wi Ehopli 2P GOl hel o'l
iogipplvrgsigpuning 4 dmoapletticeld assamblyglontindeaDNAGHEC gel with the

| IV 2dl.e arr el ectrode as a positive
no?gﬁeﬁréfa&ﬁffﬁgrg?l% %ﬁ%mﬁ?%@a’e F%ﬂ?y by coat ed
m croprojection array followed by cathodic
01 Cophp P N4 debivery by itondrmel igiettionde assenbl y
containing a HEC gel after renoval of the

[omﬁ@mﬁggﬁ&ge%d@giﬁay. [0189] Group 3A: DNA delivery
by "coat'ed m croprojection array foll owed by cathodic

i ont ophoresi s using a donor el ectrode assenbly
cont ai ni ng a DNA/ HEC Muprials anskMethpdsval of t he

[0194G MTRRI AifBich ﬁf&r@ﬂ'réj_@%ion[a%%er%%lgagéﬂb% ?(ﬁ%ﬂ&l}/sg& Hraftim

coated m croprojection array fol
MICKHRTOHTHORBRINS 2 p3) anglef dpiroximetelcl(’ tuide akoenfihy sheet and an
GOk G 29¢he M [ ORG LAY i
o m cr %g roje (t:‘??] gl E? me? ee}?kf %{%}R?%ﬁ? ﬁ%i %ﬁ%&ﬁgjgftﬁ‘&f?my of
65 GrigpPreisctipRgi caraideaely migroprojestimrhef e derighrof226 ayicrons. The

t Lc 1. £esi sing a donor
i A N R s S A
eagigniceipeejestomatad wdengilcoidp mjierons. on menber left in the
skin. [0192] G oup 5: DNA delivery by intra-dernal

Tecy [ 0 I, i N, rials.
0181 BEh 8 L o AR R BT lion
plagmida 8 ngPNA psearrayHot 4rrar 104§ ancc@hyg DNADer biranfori 035, Two

' Eectd n angl.e of a xiqmately 90
o b e R A R T I S e el
from @reBps Tk 3f BAst amsr4Zasecéit@Bh)ayiad6.a mi cr opr oj ecti on

density of 657 m croprojections/ cn2 and each

OO S A DB L0 er o
with4@® e anispapepjedtionansy adhwfeddmthe middie. For Groups 3 and 3A, the
system comprised an adhesive ring adhered to an adhesive backing ring (diameter 2.6
cm) with a 2 cm® microprojection array adhered in the middle. For Groups 4 and 4A, the
system comprised an adhesive backing ring (diameter 2.6 cm) with a 2 cm?
microprojection array adhered in the middle. For Groups 3, 3A, 4 and 4A, the
iontophoresis gels used for the anode and cathode assemblies not containing DNA were
350ul of'aqueous 0.15 M NaCl in 2% HEC (NATROSOL® 250 HHX PHARM,
HERCULES Int. Lim., Netherlands, determined molecular weight: Mw 1890000,

Mn 1050000). For the cathodes with DNA in the gel, the donor electrode assemblies
consisted of 350ul 20mM NaCl, 2% aqueous HEC gel proximate to the cathode and a

175pl, 3.6 mg/ml DNA, 25mM Gly-His, 0.2% Tween 20, 1.5% aqueous HEC gel
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each microprojection had a | ength of 600 m crons.

[0195] Both arrays were dry coated with a G een
wo-bwsneseent Protein (GFP) expression pl asnm d-PADURIP04/034924

DNA per array for array 1066 and 60 ng DNA per array

for 1035. Two animal groups from G oups 2, 3, , 4

and4A received array and two anji mal s from Goups 1, 2,
pr%ﬂmm\to the ga- Zhe pee galy wereaerasjed paboatippie gathapes mezpkyaRgs

(N 2, the system conprised an adhesi ve backi ng
(d| aneter 2.6 cm) with a 2 cn® mcroprOJ ectlon array
adhered in the mddle. For G oups and system

[0158 ke cquditions yepdder (e CPIrVﬁat%h@eéla e{eatr%mr%tmégﬂﬁéectrodes
webag KD Belséd, 100 Ain2 B hRéc. 22 8z CaBivied By @23{ &fé@dle array electrode

m croprojection array a adhered in th .
(6@0945@%%& mepedsnl intofbe skin pldfie mwrpﬁgwn&\ﬁraadﬁlew&éte The
diBAEKbddedr Y &Qﬂl%ﬁ%‘égérvg ngéae W@as% rgmci?i@ the length of the

mcroprOJectlon array adhered in the Fo
negdlesuyns 4anma Abe pulsp gengratontused wana BioRed Q@n@’u@r chjls ed

for the anode and cat hode assenblies not containing
[0 Tl’l\@foﬁto%ﬁgx@sls ) REMBOSR WRedlfdr %mgnplenzve@e/ & WA setting for

TROSOL(r) 25 HHX PHARM HERCULES Lim,
a todak ¢ 6P I gfgninyies elSrminigs ﬁﬁat@emltme)méngflﬂ and \yathogroietode
e
as bﬁ&i@%@ Qseml g@:ﬁ 1&%&%%? A Con pﬁl@atghl‘%? 58n B{I] ﬁ%sg&g}%}ﬂé

onor el ectrode assenb ste

indigagdld anpyg sl éwsllatmi@@gekg iR theeelastrode atsmntdmds@rd@rsaﬁua

M e R T G e
DQPEED phereeorsibpdode] . By 180,0mtsiusesi. c exchange nenbr ane
(Nafion(r)). [0197] The conditions used for the

At lg rodes
OBSIYRINER0Rh PR\ RS PRRS LA TS ehar oces
migrpprgjeption Hraye @tﬁr@amhp@yo tb¢ ek de a(rﬁmbetizebjfﬂ@’la lusiag an
. r n.arra
P80t 4 G 24 0 TS AR )
mlﬂt@g@jﬂﬁtm ame,cﬂdéened\m ﬂoasdl&srvmbacmmg\ms rbmnmdh Fof Gtdue 2,

. Y S, S. ul.se r at or
el v o S BBl e AT B S s
the( sk@) to clenfdlitierprisofithe deddies. Fbi Groepsainplds3 Aydreinaftér Avay

a t.ota X..m nut es 5 m.nut es
oo Rl heeSterdtey & Rn oty At HEahsr g o TpErng s
rerﬁ@x&dﬂ’@dm@th\ﬁﬁdl&:sﬁ&$ﬁgm eshtdcovinl i:}&tseiny Fot Gedupk 8, 3A, 4 and
4A?I? %oqltow?rrllg rtn9crc§pkr|o£ct?<}{1 applsc%% tl[Pegdonor electrode assembly was

applied to the adhesive ring (Groups 3 and 3A) or to the adhesive backing ring of the
microprojection array (Groups 4 and 4A). The electrical condition (EP or I0) was
applied immediately following DNA delivery by microprojection array, while all

animals remained under anesthesia.

[0200] The configuration of the microprojection array system and components thereof
are described in detail in U.S. Pat. Application No. 2002/0128599 and U.S. Provisional
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i ndi cated anounts of fornulated HEC gels into the

el ectrode assenbly reservoirs. The di stance (center)
wheddeerse@anode and cat hode was 3 cm An i ont opPOF/ES1084/034924
~ power supply, DOVED phoresor 11, Mdel No. PMLOO, was

used. [0199] Delivery of the DNA to the skin of HGPs

was as follows. Coated m croprojection arrays were
Applisptiane¥os. §0514.483 antkolht 14336 Eh%grmrqpfh%rm@%ese&heﬁgi an
derdilTRASS, IRRPALARLAS NE Q00D pisR9s L and 2, 1 minute after

array application, the mcroprojection array adhered

t he adhesive backl ng_was renmpved. For G ou

[02%%@&0311@1&37 uptakg ehlasgid PRty afier arcrwraleﬁr%r@ﬂr\df chyary B
deté?ﬁﬁrfw §y rﬁ%u%éﬂééxﬂr%%tﬁﬁe'eﬂéﬁea @@‘P tE‘intoﬁ tﬂehﬁle\IA' |

' ength” of the needles. For Goups 3

levepy eqvelarertwsamsrb pelymerase ehein 1eqction ﬁrlrﬁ%)c tq’r@rﬁia& (34&3?8 ) after
DN%CH%%&%Q fhﬁ %@QQ@ ShN¥RicDRHH P! ke PSbi¥RTes WePPWRHned from

eavi esive ring In contact wth the skin.
the Eenter GF @1,1 p@a’@neng gltesdintm derszl injeciignrsites landwitrpgted skin sites.

Broggslé;{e v?%% yle%v\%fs gkg)rl)r?cfﬁglér'z%gﬁ}i lﬂﬂl’Cl g@ﬁd Monﬁh { mewas

hesive ring (G oups
extacield G)g dre Stoatdgae RAdhegiavisondgit kA sglutdlnBNa™ RAePCR
errgni)réé g‘ﬁr arla t %rge d40?§§)®%f%%lgg %Stb)ej m%%aé@f)eT grg?ocol and first
strandmBNAatvedry gérardtedwsingg ONRroS&ARErsy Stblyld mTcP@b ki j(Scatageme

o ShB8D - THECRoRafi ur T BT T h hik PUpros B EER peyin

(Initsdegrosneb1@pNponent s thereof are described in det a||
in US. Pat. Application No 2002/ 0128599 and U. S.

Bl SRl PR SRR B0 M 08 A o

Int@eRAI S piimett5SCCOABGA A Grm CAT TG A200PSEXLIBEVS. 1] and a 3’

P22 EPB o] BRI 0 DA GRS YRS GELIRIE T femens

profifdas wérengp 839N@lasixifl) ©F $3 106p @fesdabe). end primersGrert msredtmthﬁ ug

t he NA | eyel by, reyer transcri pt.ase
ot hE S b B N e B LRSS PR i
40 sy%lds ¥LORCt iR 13iih 186 138 ssacmd If@leldmﬁﬂ dncsa o Ekdxension at

i opsi es were obtained f the cente
72y 350 R RO seactiomh P ReAral PRy §ehFItiap orosi ?Oééhe REgrgnee ofa

GFHHINERLPELIBK iigfbdt 88 13 BuRRSES. TS Mett®ll abt88s GFP expression in
honogeni zed by m ncing and short sonication. RNA was
a qualifatie rRANEs| ng the Stratagen RNA extraction Kit

(Absol utely RNA(tm RT-PCR
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Mniprep Kit (Stratagene 400800) according to the

manuf acturer's protocol,

and first strand cDNAs were

w@emenaed using the ProSTAR First strand RT- PER/KB1004/034924

(Stratagene Cat# 200420).
performed using an Invitrogen Kit:

(Invitr

exanpl e were as foll ows.

ogen 10572014).

| nt G@He Eﬂ_préssﬂfnl JTEIFPR i3

[ SEQ
L

pr O&P@mnwaear%%%lsbm ﬁl@ﬂcaémlg Lul%er%%lmﬁﬁls(ﬁzﬁ

m prine

1] and a

[ ozoz; P

A

3'

rt PCR reacti ons were
PCR Super m x
CR conditions for this
|ners used i ncluded an

NEI{HCPEAY | h&&?ﬁfoﬁewﬁlg DNA

rlrrer-

egenq Geecsssmlysrqeﬁnezl] = detsetable a@mi m the

rs were used wt
reaction. The P

5 ny total
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f t
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C formethad n g
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asmd In

itV
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bey
or e

rdal
T oT
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oCoandl mmhys+ er
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DR 1
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essi on nett
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nod

no nnnr\
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Coat ed
arry +

IIUI

ati vEH5d ATE 51 ¢
arr ay Cat hode ¢

Capd SRR 4
gel | #tay posit
I O 4/ 4 posi t

/4 pggltk

ive
ive 3A 4 Cq
ive 4 4 COc

PN Y - A W ]

\
4

-~ '2%4 positive

pat ed
at ed

4&I ay

te
arrjay

Gel Cat hode ge
TF

a2 Rt Ceb

h 8%13'5* LN

array

16 a8 osi i

ti v é4 positive

4

ID

None

none

4/4 positive

None

None

none

3/3 negative

[0203] The rtPCR assay provides a sensitive but relatively non-quantitative method to

determine gene expression on the mRNA level. As can be seen in Table 1, iontophoresis
following DNA delivery by microprojection array produced gene expression in HGP skin,
while delivery by microprojection alone did not result in detectable expression. This
example demonstrates that intracellular delivery of DNA by iontophoresis after delivery to
skin by microprojection array is feasible. Further, it demonstrates that electroporation

may not be required for gene transfer.
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5 4 I D None none 4/4 positive 6 3 None None none 3/3

negati ve [0203] The rt PCR assay provides a sensitive
wheaosHoeddad i vel y non-quantitati ve net hod to det BETURE04/034924

gene expression on the nRNA | evel. As can be seen in

Table 1, iontophoresis follow ng DNA delivery by

m croprojection array produced gene expression in HGP

skin, while delivery by m%@phﬁ ection al one did not

[Oic}ﬁim%fxen' ﬂ?ot@?ﬁ %c'éﬂ@é e ﬁélWe E}Q calﬂl'férﬁy,% | %ﬁﬁ\o%es are

nstrates t |ntrace | Ver
obagetl s tisrres setadion of the @hﬁlgcsroycur@vs idherclasy II MHC/HLA pathway

i =

IARBIFLER! BRI LSO o, S i oo v
deﬁmrec_gatmehd eyxnsdl (éaﬁr. wiz8 Exeeanpicen i2 pfddip O] mN%eHulpnbo% a4 mplicating
v GRS ShE RV as bk AP B SIS RaTpldit g T b fpeprice
va@d’hﬁd @iverp Bylniﬁrdprcﬁedtlbﬂ aﬂh)aﬁshdold‘gﬁﬁéﬁ-ﬂgérymﬁﬂ@d\m?jys@ﬁ gel

i t n ieved o

re gt BB et AP e I e P DAY REQ et gppgUgponses
to H@pamb BrvituBeuaidd @eifen FTH3AQYMOREh drd ifoaRekd. UNRE tigatmetS

repli cat [ n% vacci nes or DNA vaccines). In this

gr‘&?éﬁ‘ﬁleéau% ffoi nation of transdermal pol ypeptide
vacci ne delivery by mcroprojection array technol ogy
[OIIEI] Ggoughrly HIBaAg grodini-aydedihiogedrojecaravay (MA)\élivery (5 min
horesis to assis ntracellul ar delivery is

apglt‘ El? gme)y %aF%?B@R&%r§SITBr‘“1—%°H8P‘?rﬁ‘§1 B virus surface

antigen (HBsAg) protein are nonitored. N ne treatnent
[02060 Wosuped: EI—IBVAE pait@d-‘cos{t&ﬁﬁiﬁc}o;ﬁneup)n arrhiBddiyery (5 min apphcatlon

) I P 3o PR EmaRy of i euEB R

el ectroporation. [0206] Group 2: HBsAg protein-coat ed
[02ﬂ7¢ ICoqupdj: ¢dBsAR pmttnm-yoa:tal mmgrm(e&ioniarraﬁpqzﬂvie(ya(ﬁ ingn application

tinp Tl A g0 By v RELORRRE R s Gor R

mgmitet &iftrin teadkétl m cr opr o] ectlon array delivery (5 mn
application tine) followed by 1 5 m n iontophoresis

[o’TM}]s‘] Iqlct)upezl pplﬁ%ggx%?f)%%&t&? %1cr%§§g&9&n%g¥ 9011{)@5%2 gc%ngogfl&esis
with [dBoYy mptein inogel axserayir hfidriremedh] bf/the anicrophjectesi sray. The gel

reservoir is on the skin for 5 min prior to 15 min iontophoresis.

[0209] Group 4A: Application of uncoated microprojection array with HBsAg protein in
gel reservoir after removal of the microprojection array, no iontophoresis. The gel

reservoir is on the skin for 20 min.

[0210] Group 5: Aupplication of uncoated microprojection array followed by iontophoresis
with HBsAg protein in gel reservoir with the non-electroactive microprojection member

left in the skin. The gel reservoir is on the skin for 5 min prior to 15 min iontophoresis.
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with HBsAg protein in gel reservoir after renoval of

the mcroprojection array. The gel reservoir is on the
W@ RI08/084366 5 min prior to 15 min iontophoresis.PDRESDP4/034924

Group 4A: Application of uncoated m croprojection

array with HBsAg protein in gel reservoir after

renoval of the m croprojection array
[02 b t@pw P &5 iAppliqatien ggvnqoee% mplrroreeﬂqwntah &ith HBs Aggrotoin in
geltdlervbi? M]thé%&ueﬂec%roaéﬁzﬁ |rﬁ1%f)ﬂoj%@t1(9f mbHERABH the skin, no

m croproj ection array followed by iontophoresis wi'th
iopippimgesht ofhsigg! eperyeir lswéél@rakm for 4 win. t he

non-el ectroactive mcroprojection menber left in the

[O§ 1(2] "Groi&h@ IBAS BR8NV RI gl 1‘e§er@cﬂr fshgpiRkion SIEIQ rf0155 oW by
m n iontophoresis. 40[ 021 G oup 5

15AEH‘I1P@9PhQ§?ﬁ150f uncoated m croprojection ar ray W th
HBsAg protein in gel reservoir with the

[0D03)-GroB5 b A0 M AL ritkia iR BEl ¢8R ir MappBED&T silitefdr 20 ik, e
skin, no iontophoresis. The gel reservoir is on t he

ionfephPTeT 20 mi n. [0212] Goup 6: HBsAg protein in ge
reservoir is applied on skin for 5 mn followed by 15

min iontophoresis. [QddfialHmetidds HBSAg protei nin
gel reservoir is applled on skin for 20 mn,

ok P PERREr St iy ey Peoaf FapEtAg Pr@e“h@@ia‘lrgr FesgorND) per
2 élﬁt dmﬂﬁy , fagiged bWOHbI’)COBﬁf mathﬁdlﬂog]_yﬁﬁﬁlg&h I'aqucoug)ﬂinaulﬁﬁxdl

coplsitih AT PR BEAR RIS 20 TP PBEad T LAt 2592 me/mL

TW&hM. sucrose, 2 ng/nL HEC, and 2 ng/ni L Tween 20.
[0215] For G oups 1, the systemis conprised of an

' bagkj di ter, 2. i t .2 cn@
roff 33 oy U e it Snedlv Peirz (er 26 om)
with ®0 R’ BicrdprojebtioridiraytaliRersd fitthdniddles POPGENs2,0f, afdUA, the

adhesi ve ri adhered to an a hes backi r.ing..
SR orErissd g B guhesive ik S o575 beke Fing ageter

2.60RpHad a|2rb1ﬁ2|'iﬁcﬂ9pﬂﬁ’écﬁon ey eﬁl%@& tBe midd@) R Brodpds, 5 and
systemis, conprised of an adheS|ve back|g%%r|n?
with 3¢ om’

54 dheawéreerls soeprdfrﬁi oh prhgsive bachingiag gfismgt

mRARE 8 ion Arh P 8B &Gh 8he HRAICCOFEUGRUEs 2 B the iBRophoresis gels
i ontophoresis gels used for the anode assenblles are

usgé fvitheymode) arseablies 21653 onhefaqueays 946 MERaCl in 2% HEC
(NATROSOL® 250 HHX PHARM, HERCULES Int. Lim., Netherlands, Mw 1890000,

Mn 1050000). For Groups 4, 4A, 5, 5A, 6, and 6 A, the donor electrode assemblies
consists of 350pt 20mM NaCl, 2% aqueous HEC gel proximate to the anode and a
175pl, 20 mg/ml HbsAg protein, 25mM His-Glu, 0.2% Tween 20, 1.5% aqueous HEC
gel pH 5.2 proximate to the skin. The two gels are separated by an anionic exchange
membrane (Sybron). For groups 2, 3, 4, 5, and 6 the iontophoresis gels used for the
cathode assemblies are 350pl of aqueous 0.15 M NaCl in 2% HEC.

[0216] Iontophoresis conditions: 4 mA for a total of 60 mA x minutes (15 minutes

treatment time). Anode and cathode electrode assemblies are assembled immediately
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( NATROSOL(r) 250 HHX PHARM HERCULES Int. Lim,
Net her| ands, Mwv 1890000, ©Mh 1050000). For G oups 4,
W@ 2005844366A, 6, and 6 A, the donor el ectrode asRemnibbioes034924
consi sts of 350m 20vM Nad, 2% aqueous HEC gel
proxi mte to the anode and a 175 |, 20 rTg/m HosAg

rotel 25mM Hi % en, 20, 1. eQ E
PripE o 44 ‘;%até’nfi? E%?‘ép?“émﬁﬁg‘g Pafed "’PP%‘“FW% gte&:@é_lge%

in®aReEIsé e Byseﬂlﬁlyﬁteée%n@ meaiwe (coREH) rbamex{ é}waé e cathode is
For gr.oups 2, 5  and 6 the iont gt%hor esis gels

3 %@eénfleﬂwkfh?éeswowswpa@s@%%ghoa?serIé Afel dfo- BB dsused.
0.15 MNad in 2% HEC. [0216] |ontophoresis conditions:
[0417) HBYA gpro@inedeliodry GOhdiesy gliineuihig FHGRbskIH: [THaed

freatment tine Anode and cat hode e ct
B0 AT A SeAUR o Nt SA B eREp HIPs pgng an impact

apPREdtb1C Fot GRoup® 1 SKinThuls aﬁbﬁa‘i’@FI ShplatidhCihe RHlé6pbRAton array
anounts of formul at ed HECS s into the el ectrode
‘S

adgered fhihg adhesive baglking is 1emoved sFfueuns dehagd fApe Mjpeder array
ap%ﬁ@ﬂi%n and nﬁ@%ﬂ@%@tldnsan%y ‘ﬁaﬁermo 't&rhtdﬁé%mrb@&n% 1EN8 kemoved,

supply, or esor , M OO, 1s used.

leqving the adigsixg rlag &t @nﬁﬂca@rrh ﬁ@ﬁ&ﬂnta@d tbaudpm%@c@mer@éwr@bgls
p%l"g)’ao tﬁé%dhes&‘é?ﬁﬁgte oli“§ g!?%]@ Gl 5&% Iﬁ‘lglraﬂx gﬁ@au@ﬁ’ Rhd a%ﬂkor

o the flank of etized usi an inpact
elegiiole esserobly iFenplict ouihsadhesi®e backing eigg of the micrpprajgction array.

<GB 350, BO8CLGRARLALGSS WR0A BAYIREE sl
apﬁlimtinn af the releatrxcalwoathbm cHitd eertrichendition Gno pelﬁ)iimpplied

i IR Bl oA ST SRR it oL BT
alt dnémale mmmaiehelet aedthesissenbly is applied to the

adhesive ring. For groups 3, 5 and 5A, 5 mn after
i | , )

op A b 9006 Gkt B RSRETDL kb BBl
sagne rtlayl;meﬁbcrongrtmupa veeehfichir 8%, medsaredhsing ﬂnowB@s’%l"eAHS@LBiEﬁA

OBRHHER 0B PRl o Bt il D4R LG v
of(I0amld/mi ark @arlkesl aaﬁpxtsute/@” inffabtli 2t el y fol | ow ng HBsAg

protein delivery by mcroprojection array or gel,

[Oﬁyggcfeé@lalk ﬁnﬁé’f{;@ ato HELR R dURHS"s gﬁggsaie%?a:y% Hkﬁ%@@r activity:

ne responses two We oos
spéeplcelisatre arvestidrag)the ienesdwbtatningshereert foc amibody tmnsdeaetrmmation

RN oP i E AT e s ARECTEr R Sl
pdsitive bsllsdfy dntlgl‘m-cdakmer)triaBeaﬂs (Mwal N9 - hevdetermined by ELISPOT
assay after a five day in vitro re-stimulation with the HBsAg protein. A “positive”
response is scored when (i) mean number of cells in wells re-stimulated with HBsAg are
significantly (P<0.05, student’s t test) higher than in wells re-stimulated with ovalbumin
(Ova), an irrelevant antigen (ii) net number of spot forming cells (SFCs) (SFCs in wells
stimulated with HBsAg minus number of SFCs in wells stimulated with Ova) is 5 or
larger, and (iii) the ratio of mean number of SFCs in HBsAg wells to mean number of

SFCs in Ova wells is greater than 2.0.
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of 10 MU nm are marked as

[ 0219]

Cel | ul ar

"positive"

in Table 2.
responses are determ ned using a
wWaEsogase assay to predict CTL activity:

spl erCT/U81004034924

are harvested at the tine of obtaining the sera for
antibody titer determ nation and the nunber of gamma

interferon producing CD8 cells -
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(Dynal ,

NY)
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[0220] This example demonstrates that iontophoresis in combination with protein delivery

by microprojection array can result in humoral and cellular response to the polypeptide

vaccine. Delivery by microprojection alone results in generation of a humoral response,

while iontophoresis alone or passive permeation does not result in detectable immune

response. This example demonstrates that intracellular delivery of protein antigens by

iontophoresis after delivery to skin by microprojection array is feasible.

[0221] Without departing from the spirit and scope of this invention, one of ordinary skill

can make various changes and modifications to the invention to adapt it to various usages
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[0220] This exanpl e denonstrates that iontophoresis in
conbi nation with protein delivery b y mcroprojection
wW@ewap4sed result in hunoral and cell ul ar respPCEFES1004/034924
t he pol ypepti de vaccine. Delivery by m croprojection
alone results in generation of a hunoral response,
whi | e .i ontophqgresi s al one or passive perneation does
andsendidng) s spchy egt$haness RdoRECstoRs B SEPethicquiabnptd
infdRATANS bE afifhn thR a1l Ak SERbivileAde FH@lowaigciAmsPr Ot ei n
antigens by iontophoresis after delivery to skin by
m croprojection array is feasible. [0221] Wt hout
departing fromthe spirit and scope of this invention,
one of ordinary skill can make various changes and
nodi fications to the invention to adapt it to various
usages 43and conditions. As such, these changes and
nodi fications are properly, equitably, and intended to
be, within the full range of equival ence of foll ow ng
clainms. 44CLAIMS What is Cainmed is: . A systemfor
transdernmal |y delivering a vaccine, conprising: an
agent formul ation containing a vacci ne, said
formul ati on bei ng adapted for transdermal delivery; a
non- el ectroactive m croprojection nenber having a
plurality of stratum corneum piercing
m croproj ections; and an iontophoresis device having a
donor el ectrode, a counter el ectrode, electric
circuitry for supplying iontophoresis energy to the
el ectrodes, and a donor el ectrode assenbly incl uding
an el ectrolyte adapted and positioned to separate said
donor el ectrode from said mcroprojection nmenber. 2.
The systemof Claim1l, wherein said agent fornulation
conprises a bioconpatible coating disposed on said
m croproj ection nenber, said agent fornul ation being
formed froma coating formulation. 3. The system of
Caim1, wherein said mcroprojection nenber has a
m croprojection density of at |east approximtely
m croproj ections/cn2. 4. The systemof C aim 3,
wherein said m croprojection nmenber has a
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m croprojection density in the range of approxi mtely

200 - 2000 m croprojections/cn2. 5. The system of
W@Ek@s¥4B66 wher ei n said m croprojecti on nmenber PONP§108€634924

a material selected fromthe group consisting of

stainless steel, titanium and nickel titanium alloys.

6. The systemof Caim1l, wherein said mcroprojection
ClABMSr conprises a non-conductive material. 457. The

systemof Claim1l, wherein said vaccine conprises a
WMt €lafinddigsed vaccine. 8. The systemof Claim7,

wherein supply of said iontophoresis energy to said

el ectrodes provides in vivo intracellular delivery of

sai g, prohelbehaseeaniatmhMfdelMB@ a8, dosBlidivger y of

sai d protein-based vaccine into skin-presenting cells

| eads agant Esmulgtign conieining g vescingasal forailation hsigeagapted for

' .t.opes onto class MHC/ HLA presentation

tn%%%@%ﬂﬁggﬂ%’ addition to class Il MHC/ HLA presentation

ol ecwhetscirpactive miijrerrpject®n memebes hasingra plpralifyHif ghrggum

el .and noral response is produced in

(mﬁgﬁﬁﬂgugﬁggﬁghg%ﬁ&?ﬁg’gggten1of Claim 1, wherein said

v ac eh ietephoyesis slesicahdding axwoei abestrode, Tlgeuntgrelesirpdst elGitee m

., wherein .suppl f i.d_iont ' Ld
cgp 3 SuRu RSl 8 O PDSLERIS pEDPE Ll
asseaibdly DblAding@a ieteetrolydeardgitad andipdsitieded yeseparafe ssididdnddNbectrode

ine |eads.to ceklular expression of the vaccine

vacc .
fropm S BHCraRISHEP BY PHe DNA vacci ne and | oadi ng of

vacci ne epitopes onto class | IVHC/ HLA presentation

nol ecul es, in addition to ,class.||I HLA. present ati on

ol Soul odn Rt Bt L w5 fud aephlmblpptiBiegRpntett
bivdeaipatible dofiak ldithaded A daibd uii@bEtbjet mpndster, ssidagad deraahldtion

said subject. 13. The systemof Claim, wherein only a
being foppmedrrqma & Geafwg orlatiShuced in said subject. 14. The

systemof Claim1l, wherein said vaccine is selected

fromthe group consjisting of eruses,_meakqugﬁ

vi rdses, TP pYsEn of ¢laded, Wisain sald BICTQRIQIRRI8 dPGBLET RAsia,

mi&dplrcﬁgction density of at least approximately 10 microprojections/cm?,

4. The system of Claim 3, wherein said microprojection member has a

microprojection density in the range of approximately 200 - 2000 microprojections/cm?,
5. The system of Claim 1, wherein said microprojection member comprises a
material selected from the group consisting of stainless steel, titanium, and nickel titanium

alloys.

6. The system of Claim 1, wherein said microprojection member comprises a

non-conductive material.

45



bacteria, protein-based vaccines, polysacchari de-based
vacci ne, nucleic acid-based vacci nes, proteins,
wpoiogpasehar i de conjugates, oligosacchari des, PCT/US2004/034924
| i poproteins, Bordetella pertussis (reconbinant PT
vaccine - acellular), dostridiumtetani (purified,
reconbi nant), 46Corynebacterium di ptheri ae (purlfled
r ecolvbi nérﬁl?)syst@%%l\égw L oVherqia si¢) V3FC P CORISRS & DotAl-Pased
vietmep A streptococcus (glycoprotein subunit,
gl ycoconj ugate Group A pol ysaccharide wth t et anus
toxoid, Mprotein/peptides |inked to toxing subunit
car rg er s,k RIAL R bRCIall 7L hvadif %ﬁé)pi}yﬁ%ala @(ﬁﬁdﬁhbféms energy to sald
epi t opes, cysteine protease, eptidase), Hepati
el@mmﬁwov(ld@cza mbyp riagracelivlas dﬂlvewfeﬂa@mrotsn-bﬂ@édﬁ%ﬁlmwhereby
sa‘fcpﬁe?lvgé/%gg ﬁoté_ﬁ-ﬂé’steh tvhc,%mg ittth élﬁﬁ %s&ﬁi(ﬂg@élﬁa?atds to cellular
expressed sufface proteins an topesS), Human
IOp@pJg bf satrhvbﬂeusba(s@hmmde pritpes anto dtass GNHEGED Aoprasentation

combi nant

mEBAE] Pl BEf s N e Mo el RO
[from HPV- 6], HPV- : HPV- 16, and HPV-1 , LAI\/P E7
L;E?dgr :_Izl\{"h%% 6{% 8 g erglﬁé:é ar anc‘lel % or?i rﬁpoase is

producgd dcaiy suhree W th tetanus tox0|d), Pseudononas

aer ugi nosa (synthetic peptides), Rubella virus
(synthetic peptide), Streptococcus pneunoni ae
(9l yiwonc amg wgadre of Claind 1, WwheréiBsaid Maccihé corfiises 4 DWA Padtihe.
conj ugated to neni ngococcal B OW, glycoconjugate [4,
6B, 9V, 14, 18C, 19F, 23F] conjugated to CRML97,

gl ycaconjug @Sfﬁerﬁ laf Cl%lm 20, vaRrei®Mipp s said {ontobBbresie felgy to
conjugated to Tre onenajgallldun1(surfac

saiq ﬂ%@é?%ﬁrﬁ‘gsies ’VéifVP e@rapzﬂ% Seliyery,ofsaid INA pafsine, whereby said

déliv}é@QﬂE&lH NS Vaccie béaﬁ@to@éﬂ&l@{@@re@ﬁ&{ﬁﬂawa@cme antigen encoded
de), cytonegal o V|rus atitis B

pggglysacc ar i
bX/‘th A mespiaeiapd boading PF ¥RSCIng GRHORCHRAR ¢1p% ﬁﬁ‘ﬁﬁ%@A presentation
mBléE’uﬁlaJ i@ aMdifibP 1o MAL MOAHCAIZ L PlintatRR MR Glel B LEBJHSS! S,
G ostridiumtetani, corynebacteriumdiptheriae,” group
A streptococcus, Ieglonella pneunophi | a, nei sseri a

meni #gi t dh.s, 101

pneuoni a0y FaEUECRRASE, fIRkiin: BORRr nl ARRIEFARSHE s
preduceil iresyd dupieet. di sease vacci nes, rabi es vacci nes,

nmeasl es vacci nes, nmunps vaccines, chicken pox

vacci nes, small pox vaccines, hepatitus vaccines,

p e r ti¥ssi IheaptémesClathn pi.véreren vy e icelbiar resparise iscpradiicelbin
. %%tstranded nucl ei ¢ aci ds, doubl e-stranded nucl eic
act os, supercoi l ed plasm d DNA, |inear plasm d DNA,
cosn1ds bacterial artificial chronposonmes (BACs),

14.  The system of Claim 1, wherein said vaccine is selected from the group
consisting of viruses, weakened viruses, killed viruses, bacteria, weakened bacteria, killed
bacteria, protein-based vaccines, polysaccharide-based vaccine, nucleic acid-based
vaccines, proteins, polysaccharide conjugates, oligosaccharides, lipoproteins, Bordetella

pertussis (recombinant PT vaccine — acellular), Clostridium tetani (purified, recombinant),
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yeast artificial chronmosonmes (YACs), manmmali an

artificial chronosonmes, RNA nol ecul es, and nRNA. 15.
wab@seysstem of Claim 1, wherein said fornul at i PCT/US2004/034924

further conprises an inmune response augnenting

adj uvant selected fromthe group consisting of

I Iunlnu hydr oxj de,
Caiareryh Jfeieane b o6 TR iy poptein
subBAtbGRRK Apa}emabcc% tgpydaﬁ@fm@buﬁﬁ g@fzoesnﬁlgae Grup2S,

%anna inulin, linear, 47(unbranche

Blghatide WF@W&}&WQM M.r@q)talg/@ggtldegz;pl@g t%l@jxlpggﬁbumt carriers, M
prbﬁﬁ?hﬂllltﬁlaléﬁ 1513%1ffc ?uopes cysteme protease C5ap tldaseg , Hepatitis B

| -4)-N acet yl hurany | ut am ne

Vlms&@t:wybm@nt (551 &Hé’wﬁ&rﬁwﬁwmﬁp@ﬁ coreipeteip DEjapatitisiChdrus
(récoﬁfbﬁiahpt %}%sgep ;?Q%@f?t%n@?i 1t§%e's ]k-!qﬁmqﬁ g?ﬁﬁmﬂawrus &Capmd

prpmﬁrﬁér@Nﬁycougtn@nyp@teubb’hmdﬁl [from HPV-6], MEDI-501 recombinant

v 85 fiohi MUt Rubie GG br A 1R SRS prpvo, HPV-
IGVIancaI‘EVr Ide LPMB—BVlDfrOin a1 6),degionéli@Hprelueophala (pu@iied bacterial
suVeE B i) BRI ningiries (elspoconingpte nith pRI 9501 D ¢ avo
Pq@&qlnmqﬂles aevagﬁﬁsmmm pdpkitles), Hmbamwmz {sypthpti pipyide),

tide(t , |
st RoRes phEm R B aRh L 4. BN 018G 19 2371
copjugatéd}o medingocbécal B,OMPE,-glyzocdnfughte 4689V, [PNHSC 19F, 23F]
cuigRE S OB ycomituia: o hes. A, Y HoTiE 58 @ﬁimrwated
tofTRN €9 705 TrepOnemld Yl 15§ (Sirfé llﬁp&bt@ih%, V{M@{l@ bdbted aiTrﬁs (subunit,
Surtact an e

coati ng .for nul t|on i ncl ud
glgwf%ﬂgﬁf Vibrigie lge (Someer R yaa@mrfdgbtcmmes@o vitus,

he%@ﬂltﬁsq; efust hepRitihe vithg %Qmﬁxpﬁb%ilﬁﬁﬂaﬂﬂusofub‘é@éjhlﬂlﬁ‘ varicella zoster,
['aur oanmp hoacet at e, sodlun1dodecyl sul fat e (Sbs),

%@ﬁtt‘gllapwfv%ﬁrSn919?ﬁléiﬁmotﬁﬁaefecoe'mﬂ@cterwau@etme}ep SFOEM S|
st@%@&cﬂﬂé‘gmn@ﬂé Ql?eu(n-BMﬁg) nelggtnazlﬂlaﬂﬁ dél’cd@bseﬁﬁ%tﬂéﬂag eruginosa,

sorbates such as Tween Tween 80, sorbitan
st@eﬁop%“«tls Raggmonige, mepawmaaqa}hdtl@; Vlblll<k eholarag, 8 vadeinshdyme

digdask éa%&’iﬁ@st ljh'b‘des va&ined1fea 1¥§$a%9ih9§‘ %ﬁ g%ﬁ% neé’,"%ﬁ&?énﬂae?a' d

coatlng ornu ation |nc udes an’ a | IC.pO Yy ‘
vagginesT prpalbpast earioés, pratis Y& cinph perdissis sadcthes dithepiaivh¢odnes,

nLQféli&/e[Eﬁfs, giﬁglé—@ﬂr&%&& gquJiQ ggids, double-stranded nucleic acids, supercoiled

plasmid DNA, linear plasmid DNA, cosmids, bacterial artificial chromosomes (BACs),
yeast artificial chromosomes (YACs), mammalian artificial chromosomes, RNA

molecules, and mRNA.

15.  The system of Claim 1, wherein said formulation further comprises an
immune response augmenting adjuvant selected from the group consisting of aluminum
phosphate gel, aluminum hydroxide, alpha glucan, B-glucan, cholera toxin B subunit,

CRL1005, ABA block polymer with mean values of x=8 and y=205, gamma inulin, linear
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t he group consisting of cellulose derivatives,
hydr oxyet hyl cel | ul ose (HEC),
whyasoxppe opyl - met hyl cel | ul ose (HPMO) , PCT/US2004/034924
hydr oxypr opycel | ul ose (HPC), nethylcellul ose (M),
hydr oxyet hyl net hyl cel | ul ose (HEMJ),

et hyl héflr ox%gt hyl cel | ul ose (EHEC), and pl uronics. 20.
(urpranchy@yieR{Zr aokifrrp urggenyletB-gaase. Cissy adjjvan, N-

oL TS B3, BT TR Tl

dloaac&eylanmedluﬁfcmtnridb DDA umcdomslind saitgomplep HnyProk8)y |

| coh t hyl Ly(2- .
Hﬁgﬂﬁ%g% O Aar o SRR mips T TGRS
lg}lvﬁvbﬁlﬁin@ﬂﬂ-&la@’zﬁlﬂirarﬁﬂq, mldib%&ﬁuilh&lﬁ%%fcerol?&palﬁﬁﬁte MTP-
PEI\;themOf Claim?2, wherein said coatln%ﬁforrm ation

SORES Casfbpséle%w%%% ~ BHe) @&FT); Mpuramstide, Nge-Myrdt-Aa-BGin-

?"P[Eu?a%; Quhar §hRae3ah Ami0f atRatth L 191-RALYORS, 5- b uinoline-1-
ected fromthe group consisting of human album n,

etmngb ﬂ‘éﬁ\f@e@p@éﬁ i ST ] (Iéoll%/b@tﬂﬁémﬁmldab ithfeonyl-MDP

Y, |st| } ent 0s i

ysu‘{q ace ?Pluf‘a?.nnglg% tg eo% 1so,€él}1§ ine, {n%glﬁglf%% %8’ (IL-18),

ILmaILen ogs, IU-z&fIDlD,OlSHA&ihl@OIﬁIG&OﬂGGB,S@pG %talﬂ'hgoﬁgtﬁlhdmtm%s,
Claim?2 mher sai ting. formul ati on i ncludes a

e e T g PR P ID PSR P Bop cons! Sti ng
of a non- redu0|ng sugar, a polysaccharide a reducing
sugar, a a i hhj bitor . The_syst em of aim
2, Aer e&ﬂe SiF Sl thsrw oBHng et Heried laclmg esa

suvm&aagonstrictor. 26. The system of C aim 25, wherein
sai d vasoconstrictor is selected fromthe group
consi sting of epinephrine, naphazoli ne,

t et riahy dmag oY stdaoft RN EZ AnkRf: sameshffg&zlﬂt ¥8elected from the group
tramazol i ne,” tymazol i ne, oxynetazolin

coggiptinget sodinm duiroamtahgassisie preliuny é@ckeﬁylrs@llfate (SDS), cetylpyridinium
chﬁfc}fﬁile Q@F@} ﬁ%&ﬂtrlﬂ&ﬂ%%ﬁﬂdﬂﬁﬂhéﬂl&ﬁie (?m@%kﬂﬁomum chloride,

T el ypressin, I ndanazol 1 ne, netizol'i ne, "m dodri ne,

pohesptvates| sheheas Tieren 8P pichTwesnt &9 sarbitan d@i“fﬂ"ﬂp‘?sesgbltan laurate,
alﬁﬁémﬁ{d@%ﬁbm &4 Rbeny! ephrine, phenyl et hanol ami ne,
phén

propanol am ne, pr opyl hexedrine, pseudoephedrine,
t et rahydr ozol i ne, tramazoline, tuam noheptane,

ty nq%pl i Hie S}ysﬁ%'?@fr (?lghcﬁ f‘, v&%%in said coating formulation includes an
amphiphilic polymer.

19.  The system of Claim 18, wherein said amphiphilic polymer is selected from
the group consisting of cellulose derivatives, hydroxyethylcellulose (HEC),
hydroxypropyl-methylcellulose (HPMC), hydroxypropycellulose (HPC), methylcellulose
(MC), hydroxyethylmethylcellulose (HEMC), ethylhydroxyethylcellulose (EHEC), and

pluronics.
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xyl omet azol i ne. 4927. The systemof Caim 2, wherein

said coating formulation includes a pathway patency
wore@alases . 28. The system of C ai m 27, wherei PCHHEBI04/034924

pat hway patency nodul ator is selected fromthe group

consi sting of osnotic agents, sodium chloride,

zwi tterionic conpounds, am no acids, antl-lnflannatory

ager¥s, HEE aYRamnelClAd 2. prisesihsideogting arawpiicn ipcludes a
hyldbdpBiIRipa8hpe acet oni de 21-di sodi um phosphat e,

hydr ocortanate hydr ochl ori de, hydrocorti sone

- phosphat e di sodi um salt, nethyl predni sol one 21-

phosphat andissadi sreis@d 3o, V\Jﬁgﬂem@aﬁ ArbRAE 9G@mer is selected from
I5HRR

21-succi naate sodi um sal't, par anme one disodi um

th Eryyp ensisting PRy (sioy akeohok, Lmbi(ﬁbxlmwmem PobEl-t

I A

Y SN ek A . BBl
theigefi em of C ai m 2, wherein said coating fornul ation

has a viscosity | ess than approxi mately 500 centi poi se

and greater than 3 centipoise. 30. The system of C aim

2, \Mer eiThe systah cﬁfélaiirm@ whasimsaiddoatinpefosmibiletien intlades a
mmg gagan%'y 25 microns. . The systemof Caim,

SATG agent fornul ati on conprises a hydroge
and mhereln sai d system further |ncludes an agent

reservoi r. di sposed. adjacent said.donor electrode, sai
e T oduf VSR EEr A 26 SReeh Y HERE ISt Rat IR
frdim ‘ﬁfe@@ip coﬁastm'éhﬁ heiat £bugih, Kibagifecredhgh& Albwaihfbolyglutamic
dro %1 nacronole I?r po}ynerlc et wor k.
a alglﬁ nig ch g}iei,ﬁeg’@sa liaﬁe,spg @mino acids, sucrose,
tremarbﬁ@Me@ﬁweafafmkwﬁarsta@hmé work is selected fromthe
group consi sting of hydroxyethyl cel | ul ose (HEC),

hydr oxypr opyl net hyl cel | ul ose (HPMO),
hydrgxy prma@xyseélﬁ é‘ﬁ(%ﬁl 1, Hiedein ﬁﬁté&h@eﬁohﬁﬁlm itifdes a

hydr oxyet hyl et hyl cel | ul ose (H

St@%‘W%ﬁgﬂ?@ﬁ&?éﬁeﬁ ?P@éhq gPeReongi a nSEERIUBHE YHEEL Iy |
p&fsh&cﬂh@&ea%&%{&}lg sRQL, ¥¥d DPNa 1ﬁ1913{96r) pol y(et hyl ene

oxi de), pol y( hydr oxyet hyl nmet hacryl ate),
pol y(n-vi nyl pyrolldone) and pluronics. 34. The

Sys P% i Oﬁfhgsﬂtéfﬂ §19c1a1¥i41f Wefémsﬁkdjcog‘éﬁgg RARIalAChHIES 22

surfactant.
vasoconstrictor.

26.  The system of Claim 25, wherein said vasoconstrictor is selected from the
group consisting of epinephrine, naphazoline, tetrahydrozoline indanazoline, metizoline,
tramazoline, tymazoline, oxymetazoline, xylometazoline, amidephrine, cafaminol,
cyclopentamine, deoxyepinephrine, epinephrine, felypressin, indanazoline, metizoline,
midodrine, naphazoline, nordefrin, octodrine, ornipressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propylhexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin and

xylometazoline.
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35. The systemof Caim 34, wherein said surfactant is
sel ected fromthe group consisting of sodium
wo avsoa3phoacet at e, sodi um dodecyl sul fate (SDR)T/US2004/034924
cetyl pyridi nium chloride (CPC), dodecyltrinethyl
amoni um chl ori de (TMAC), benzal koni um chl ori de,
pol ysor bates, such as Tween 20 and Tween 80, sorbitan
derivatives, sorbitan |aurate, al koxylated al cohol s,
and ;17au I Gthd sykten86f CIAME2, St aimaf cdetidd rmdlatiMBEIBEdR a

dro el includes an anphiphilic polyner. 37. The
pa§€‘§a(y %"Q‘i‘li’ff"% wherein said anphi philic polyner

is sel ect ed fromthe group consisting of cellulose

deriyvati vg\ hydr oxyet h%/l cel | ul ose (HEC),

hydrdxy prl By?YSt%?WF@é? Wihetsin seidmmthyvay patency modulator is
st EH FNPIhE Eﬁb@lﬁ E&)ﬂéisﬁﬁ?oi(d's’l%@w a%ﬁfs haohifkl dhdrRR Exvitelonic

hydr oxyet hyl net hyl cel | ul ose

CORRRYNdty YRIBR peih piid-inflagimsasasy éﬂﬁﬁ@etaf’aﬂﬁlmﬁsmelﬁlmhoe@ategs
didd¥uns )!a?tt & MRnofdnd Lag@tcﬁﬂde Mgcﬁl%\gn ﬁ@ﬁ&a&y g{d?&%lxt]@}n?ﬁél udes

a pathway patency nodul ator emo ai m

hxeisvchwhlée diyArogeitispng 31 tphesphpta disediym st medtydpredrssome éd:t ed
p}foﬁﬂﬂtetdgﬁdﬁﬁrpééﬂ mody hﬁeﬁhﬁ&oﬁg 210%985431% A ssclggéa thétlsone

[ ori ZzZwmtteriohic co
digagliym phﬁsp@ﬁmredmyola@em swmbae mdunmafhommcqumdmpshatr& acid,

Clgﬁgggtmﬁ%&m& FR na&LtQEOdé ggahgo“ 21-di sodi um

phosphat'e, hydrdcor
hydrocorti sone - phosphat e d| sodi um sal t

x: %}éll Bi gﬁn; SO one % ON?‘ST‘%Q%{(FCO t‘él 'ﬂ%ﬂoc“ ha$ a viscosity

legsatharappioasmndy dﬁ)()s@dtlpbnewﬁd%waﬁt than peadipbiel one
-succi nate sodium salt, anticoagulants, citric acid,
citrate salts, sodiumcitrate, dextran sulfate sodium

an d 3EDTATh5§.}4;Q:m JiEaisyE tveetedf safd cdhtfgdibs a WHENBEsNesS #adl
TW}(%‘% %ncl udes a vasoconstrictor. 41. The system of
ap XY 20 WP n sai d vasoconstrictor is sel ected
fromthe group consisting of epinephrine, naphazoline,

tetrahydrozol i ne |ndanazoI|ne neti zol i ne,
trareazol i ﬁ%sys Fdvimnle Wh&Wﬂé‘i@ﬂtlf%maﬂm comprises a

hydgeIaRt adtei\Rid @Efbﬁ%lﬂ{e'r %lud@n%@hﬁ%servmr d1sgosed adjacent
1‘%\ cl opent am ne, deoxyepi nephrine, "epi nephrin
sa.

oppFredeiPde. saidhagenbienry debeingadapted forfeceive said hydrogel.

32.  The system of Claim 31, wherein said hydrogel comprises a

macromolecular polymeric network.

33.  The system of Claim 32, wherein said macromolecular polymeric network
is selected from the group consisting of hydroxyethylcellulose (HEC),
hydroxypropylmethylcellulose (HPMC), hydroxypropycellulose (HPC), methylcellulose
(MC), hydroxyethylmethylcellulose (HEMC), ethylhydroxyethylcellulose (EHEC),
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m dodri ne, naphazoline, nordefrin, octodrine,

or ni pressi n, oxynethazoline, phenyl ephrine,
w@b@agisshanol am ne, phenyl propanol am ne, PCT/US2004/034924

propyl hexedri ne, pseudoephedrine, tetrahydrozoline,

tramazol i ne, tuam noheptane, tymazoline, vasopressin

st.em.0 aim, erein
e R AR D s O e
hydoxyethymetipholas) solylewingy pyrdBdonthandplatodiesof Cl ai m 1,
further including an applicator having a contacting
surface, wherein said mcroprojection nenber is

r el edsablThe systunt efiClaiin SBiwhepaldiaidedge biicladds alsaifagdint.
and wherein said applicator, once activated, brings
said contacting surface into contact with said

M Cr33pr ojTae bysisin FRORRA 34, Whereahsar! SUBBASK: i§ RRkted Hofh the group
n1c.%£&ﬁ%§ctHon menber can strike a stratum corneum of
cs{5HRY o pepTpRbaeta sogfm deleeylputese S eastyiesidiniam
clbrid¥ (CPOR H@d&?kﬂirﬁ&hﬂ%ﬂﬁﬁfnidnﬂc}ﬁ&id@ (rMAGC 0B 8Kk Riuth &dBoride,
é4. A method tor transdermally delivering a vaccine to
PysOrfsfescich anbvesa 2A apd Ewuessr80ssarbjtaniderivativps seibitan laurate,

alRE:¥r&l AMbhaR, dndMupRhQ! esi s device having a donor
el ectrode, a counter electrode, electric circuitry for

suppl yi ng i ontophoresis energy to said el ectrodes, a

for myl at iTee sjsAel SEiRh B, YRERINGid B eI includes an am hiphilic
non-el ectroacti ve m croprojecti on nmeroer HaV|ng B
PYymeral i ty of stratum cor neum pi ercing
m croproj ections; placing said m croprojection nmenber
inintimte contact with a patient's skin, wherein the
m cridpr ojlée systenmsofTleinc ¥, sheminpaidiaerphiphil&tpolimeris selected from
- | yi.ng. i hor.esi ne to said
g A SRy o e RURE e Tl PR GURR B e, 3
hyfirey prophledetbf cellubtiser(HRMCY, by drbeypropyetludise gHP O netheesllulose

O, pRERS - AR (R, PRy oS TRt LHEC), and

plnehieasabl y nounted on said applicator by a retainer;
and activating said applicator to bring said
contacting surface into contact with said

M Cr38pr OTRE §yiseei STRITHIRY 3 1, WhéreiaRkaid hiBRBE indlitRE a pAh#ay patency
mg&ﬁ&gprojection menber strikes said

39.  The system of Claim 38, wherein said pathway patency modulator is
selected from the group consisting of osmotic agents, sodium chloride, zwitterionic
compounds, amino acids, anti-inflammatory agents, betamethasone 21-phosphate
disodium salt, triamcinolone acetonide 21-disodium phosphate, hydrocortamate
hydrochloride, hydrocortisone 21-phosphate disodium salt, methylprednisolone 21-
phosphate disodium salt, methylprednisolone 21-succinaate sodium salt, paramethasone
disodium phosphate, prednisolone 21-succinate sodium salt, anticoagulants, citric acid,

citrate salts, sodium citrate, dextran sulfate sodium, and EDTA.
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stratum corneum 46 The method of C aim 45, wherein
said step of activating said applicator causes said
WOorR@sop3ed ecti on menber to strike said strat unPCDUS®O034924
with a power of at least 0.05 joules per cnR of
m croprojection nenber in 10 mlliseconds or |ess. 47.
The method of Caim46, further conprising the step of
contacting said mcroprojection nmenber with said
i ontéphori@sisgstae uf Chirh 81, whpfirysafbiydrd @l h@IRNR 8Bkt onstrictor.
energy after activating said applicator. 48. The
nmet hod of C aim44, further including the step of
r enotli. ng Taisghtdth 6f ORIMOIE &ng&]!h M%colfﬁtﬁéfbﬁﬁgfiected from the
ient's str t corneun1 efore su ing s
PR b0 b enRing, ety e gidrcsaltes indhvasalina ametizoine,

trivh@dotihd) tyieiz6liné 6XyRMARbERE! kA ERITARE, ahﬁdegﬂrlﬁen ﬁlﬁl
Gfrtlon of said |ontophoreS|s devi ce dd

opentamine.de oxmgglp@hrerng@p@yr@pfebﬁ)r@ﬂp,pn@qnn@lme metizoline,
mld@ﬂhﬁ’ep Rapnesdi e SldRIcEYn, to&o@ﬁf’He orﬁig?é% ih %{gﬁle&x%? %g%ydeprl%ﬂne,

t¥1 a current in the ran r'oxi na
Phenzle cgqp@pe é’hﬁﬂ)’#ﬁfom?épia@l@leb pr Opjl‘ibeXpélm@ep&cﬁdoephedrme
teﬁﬁ%%bl‘iﬁt Bhidazblifk, Wakhi Repta a‘%ﬁ'ma%ﬁlnle-rﬁﬁ(gﬂ? f9d4of

daim44, wherein’sald step 0 rontophoresis
K@W@ﬂgym@% said el ectrodes conprises applying a voltage
in the range of approximately 0.5 V - 20 V over a tine
period in the range of approximately .0 mn to 1 day.
52. 4Phe be bistbmodf @hiai mmrelnmdmlcmp&atcﬁoﬂ aembBEis an integral

m%?gﬁﬁ%%gin@%ﬁgg%g|gvgased vaccine. 5 . The net hod of

erern- sard supply of said iontophoresis

energy to said electrodes provides in vivo
based vacci ne,

t I r. del f said rote
wher 3oy I el iRl R e B b ot R aa ey i ooplacting
surfadzeoWh&em-spmﬁmampnomucreﬂnblﬁbéreﬁfé&aiaelyfrﬁédntﬂtd% s}ai@%ﬁblﬂﬂtor by
t.ei n:based vacci ne epitopes onto class
%&"Hﬁ% egeé‘i Pt % ERPERA R PRSE GFbtednbrings saidl geptaceing pusfse jnto
colviacy/ vHI'.hﬁsam Iﬁﬁ:ﬁi’pt@édtl@ﬂ ni¥Rib&GH s@sh ol HarMeSMR 8@ micrefro; eHl@n
im53, wherein a cellular and hunoral
m%lml%eﬁ S 1l}esa stratum corneum of a patient with a power of at least 0.05 joules per

cm® of microprojection member in 10 milliseconds or less.

44. A method for transdermally delivering a vaccine to a subject, the method
comprising the steps of:

providing an iontophoresis device having a donor electrode, a counter electrode,
electric circuitry for supplying iontophoresis energy to said electrodes, a formulation
including a vaccine, and a non-electroactive microprojection member having a plurality of
stratum corneum-piercing microprojections;

placing said microprojection member in intimate contact with a patient’s skin,

wherein the microprojections pierce said patient’s stratum corneum: and
b
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produced in said subject. 55. The nethod of C aim 44,

wherein said vacci ne conprises a DNA vacci ne. 56. The
woretosoetsed Cl ai m 55, wherein said supply of saP@I/US2004/034924

i ontophoresis energy to said el ectrodes provides in

vivo intracellular delivery of said DNA vacci ne,

wher said delivery of said vacci ne leads to .
col 1 IRy REleiERuteYR e 3R Risghones Bramgermehcisiuer sy
vachise.DNA vacci ne and | oadi ng of vacci ne epitopes onto

class | MHC HLA presentation nolecules in addition to
class Il MHC/ HLA presentation nolecules in a subject.

57. 45he hat hethodbf Clagh o FitheMRNRNiY tRe §&)slog! ar _and
hunor al, .res oniﬁ? is produced in said subject. 58. The

met REYGPe & applicaier hayimg aspracting spnfaseavhereir prahhmécropgojection
mpih Bl o adaBlySidbuihtedl W) s@ﬁtapplf?:ﬁtor by a retainer; and
activating said applicator to bring said contacting surface into contact with said
microprojection member in such a manner that said microprojection member strikes said

stratum corneum.

46 The method of Claim 45, wherein said step of activating said applicator
causes said microprojection member to strike said stratum corneum with a power of at

least 0.05 joules per cm? of microprojection member in 10 milliseconds or less.

47.  The method of Claim 46, further comprising the step of contacting said
microprojection member with said iontophoresis device to supply said iontophoresis

energy after activating said applicator.

48.  The method of Claim 44, further including the step of removing said
microprojection member from said patient’s stratum corneum before supplying said

iontophoresis energy.

49.  The method of Claim 44, wherein said microprojection member is an

integral portion of said iontophoresis device.
50.  The method of Claim 44, wherein said step of supplying jiontophoresis

energy to said electrodes comprises applying a current in the range of approximately 50

RA ~20 mA over a time period in the range of approximately 1.0 min to 1 day.
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51.  The method of Claim 44, wherein said step of supplying iontophoresis
energy to said electrodes comprises applying a voltage in the range of approximately 0.5 V

— 20 V over a time period in the range of approximately 1.0 min to 1 day.

52.  The method of Claim 44, wherein said vaccine comprises a protein-based

vaccine.

53. The method of Claim 52, wherein said supply of said iontophoresis energy
to said electrodes provides i vivo intracellular delivery of said protein-based vaccine,
whereby said delivery of said protein-based vaccine into skin-presenting cells leads to
cellular loading of said protein-based vaccine epitopes onto class | MHC/HLA
presentation molecules in addition to class Il MHC/HLA presentation molecules in a

subject.

54.  The method of Claim 53, wherein a cellular and humoral response is

produced in said subject.

55. The method of Claim 44, wherein said vaccine comprises a DNA vaccine.

56.  The method of Claim 55, wherein said supply of said iontophoresis energy
to said electrodes provides in vivo intracellular delivery of said DNA vaccine, whereby
said delivery of said DNA vaccine leads to cellular expression of the vaccine antigen
encoded by the DNA vaccine and loading of vaccine epitopes onto class I MHC/HLA
presentation molecules in addition to class [ MHC/HLA presentation molecules in a

subject.

57.  The method of Claim 56, wherein a cellular and humoral response is

produced in said subject.

58.  The method of Claim 56, wherein a cellular response is produced in said

subject.
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