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[0004] Hence, in principle, transdermal delivery provides for a method of
administering active agents that would otherwise need to be administered orally, by
hypodermic injection or by intravenous infusion. Transdermal delivery, when compared
to oral delivery, avoids the harsh environment of the digestive tract, bypasses
gastrointestinal drug metabolism, reduces first-pass effects, and avoids the possible

deactivation by digestive and liver enzymes.

[0005] The word “transdermal”, as used herein, is generic term that refers to delivery
of an active 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



system wi t hout substantial cutting or penetration of

the skin, such as cutting with asurgical knife or
w@2msosmss t he skin with a hypoderm ¢ needl e. PCT/US2004/035015

Transdermal agent delivery includes delivery via

passi ve diffusion as well as delivery based upon

external energy sources, such as electricity (e.qg.,
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[0009] Transdermal delivery offers significant advantages for vaccination, given the
function of the skin as an immune organ. Pathogens entering the skin are confronted
with a highly organized and diverse population of specialized cells capable of
eliminating microorganisms through a variety of mechanisms. Epidermal Langerhans

cells are potent antigen-presenting cells. Lymphocytes and dermal macrophages
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elimnating mcroorgani sns through a variety of
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therapeutics. Studies with plasmid DNA have clearly demonstrated that the delivery

efficiency can be significantly enhanced when ultrasound is employed.

[0013] There is, however, no published literature regarding in vivo intracellular

ultrasound delivery of protein-based vaccines into skin antigen-presenting cells (APC) that
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[0017] There also have been many techniques and systems developed to mechanically
penetrate or disrupt the outermost skin layers thereby creating pathways into the skin in
order to enhance the amount of agent being transdermally delivered. Illustrative are skin
scarification devices, or scarifiers, which typically provide a plurality of tines or needles
that are applied to the skin to scratch or make small cuts in the area of application. The

vaccine is applied either topically on the skin, such as disclosed in U.S. Patent No.



scarification devices, or scarifiers, which typically
provide a plurality of tines or needles that are
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[0021] The disclosed systems further typically include a reservoir for holding the agent
and also a delivery system to transfer the agent from the reservoir through the stratum
corneum, such as by hollow tines of the device itself. One example of such a device is
disclosed in WO 93/17754, which has a liquid agent reservoir. The reservoir must,
however, be pressurized to force the liquid agent through the tiny tubular elements and

into the skin. Disadvantages of such devices include the added complication and
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frequenci es has, however, been shown to be of
[0026] 1In U.S. Pat. No. 5,733,572, an active system is disclosed that includes gas-filled
microspheres as topical and subcutaneous delivery vehicles. The microspheres are made
to encapsulate agents and are injected or otherwise administered to a patient. Ultrasonic

energy is then used to rupture the microspheres to release the agent.

[0027] The ultrasound applied to the microspheres has a frequency in the range of
0.5 MHz and 10 MHz. This range of frequencies has, however, been shown to be of
limited use in producing cavitation effects in skin cells, which are much larger than the

size of typical microspheres.



limted use in producing cavitation effects in skin
cells, which are nuch |arger than the size of typica
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m croprojections, a fornmulation having

[ nol ogi.cal l.y active agent; and an ultrasonic
[Oég@i gfglléa’a thgr ?lggcéﬁétﬁlf, p{gpqn?glggmoe to provide an ultrasound vaccine
delivery method and system that increases cellular uptake of DNA and polypeptide-based

vaccine.

SUMMARY OF THE INVENTION
[0034] In accordance with the above objects and those that will be mentioned and will
become apparent below, the delivery system for transdermally delivering an
immunologically active agent to a subject comprises a microprojection member having a

plurality of stratum corneum-piercing microprojections, a formulation having the



energy to said subject. [0035] In one enbodi nent of

the invention, the mcroprojection nenber has a
wormsopiusj ecti on density of at | east approxi mapEt/ysSzmo4/035015

m croprojections/cm2, nore preferably, in the range

of at Ieast approxi mately 200 - 2000
nﬁ%&% hegalons/g é FIOSG n on tﬁbodlqeqt of . the

'AVen Y AGHE 2B PN PO [ BTN e EnBapich Ay apply ultrasonic
emn@mopnapﬁthons adapted to pierce through the stratum

corneumto a depth of less than about 500 m croneters.

[0037] In one enbodinent, the mcroprojection nenber
[0035]C aR®hd efbRIE e bf BiE I@bmdnl 08 MiGb6]ectidn théfibed fhs a

ni ckel Iltanlun1allo¥ or_sinm|ar bi oconpati bl e
MICEQREPIPSLIOR densify 983t 1past approximalely 49 MiTORSAISEHANKISHE, Mere
prafefdbBP I0h€ fin OB A ‘Pdiﬁ%bfﬂoﬁnfé%l‘ﬁiﬂ’oll%@@i m#bpreifections/cm?.

non- conductive material, such as a pol yner.

Al ternatively, the nicroprojection menber can be

[0@9@t G oMé b RN oEAB W@ﬁtio\ﬁethgﬁﬁﬁ%r@jecn&qﬁan@é has

aryl ene. [0039] Suitable i munol ogically active

miggReiectiopnddaped tepiange hrengh thesirawmmeseumdn aidepth gfilsss than
abblf $096SicRRdRact eri a, protein-based vaccines,

pol ysacchari de- based vacci ne, and nucleic aci d- based

vaccines. [0040] Antigenic agents include, wthout
(903 {Im PG smboditpéngdhemicronreigctio member is cefissigied out of stainless

st&D i ARG Hadke OftafiOiaU R 8:SsimMribiReAPATIR rhgtgﬁals and
|'i poprot’ei ns. These subunit vaccines incl ude

Bordetella pertussis (reconbi nant DPT vacci ne -

10058 I1H bRk lernddvO ShbbdHhbin the b é& Q&Le%eglgner is consftructgd out of

reconbi nant), Coryneb acierlum (puri
a ﬁ(ét@ﬁﬁmqfiaﬁmpter@yﬂ@h@gap@lvmm s*ltemayuejprthﬁ wicropsejbetiont )

[
B R RN RN R SRR o
toxoid, Mprotein/peptides linked to tOX|ng subunlt

[06%{]r 'S%[té?ble Mmq r%tlo? J?ill IvteI %e‘% Cgrgtlg%%g ?geﬁn% of vac%s AN o

epi't opes, cys eas
inBudd Ylurses(ané baattrian ;awtenPbaseﬂ/acciﬁese p82$a061arlﬂe}bmﬂ) wmmte, and
nuci%gceacpdr eed a) ; Hepat itis Cvirus (reconbi nant -
resse F?S%e proteins and epitopes), Human
pap|IIOHHV|rus (Capsid protein, TA-GN reconbi nant
[0p40Jt intigérdc agedtsiiclidel withddPNmGhtionMrler3Qd tHeFo@HI prétsins,

p%fsp%:h? %0%?&%&,\)}1@5%&&6% gln(? Et E(fté{o}s ggsaerljs}g\lmgltg‘ychlmes
1n{:lﬁdd)ﬂcbrhﬁéﬁa]&h)lssisqucomﬁinhlﬁ DRTereE AL ha (e Clobteidium tetani
(purlfC tde{elcc?rlnblgalljnrt)f %%?yngtr)a?:ge(rellurrlll)d’lptlll\elenlag ?peurrllﬁgd qgc%Ln%?AaLé)des
Cytomegalovirus (glycoprotein subunit), Group A streptococcus (glycoprotein subunit,
glycoconjugate Group A polysaccharide with tetanus toxoid, M protein/peptides linked to
toxing subunit carriers, M protein, multivalent type-specific epitopes, cysteine protease,
C5a peptidase), Hepatitis B virus (recombinant Pre S1, Pre-S2, S, recombinant core
protein), Hepatitis C virus (recombinant — expressed surface proteins and epitopes),
Human papillomavirus (Capsid protein, TA-GN recombinant protein L2 and E7 [from
HPV-6], MEDI-501 recombinant VLP L1 from HPV-11, Quadrivalent recombinant BLP

L1 [from HPV-6], HPV-11, HPV-16, and HPV-18, LAMP-E7 [from HPV-16]),
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(gl ycoconjugate with tetanus toxoid), Pseudononas

aerugi nosa (synthetic peptides), Rubella virus
w@ spankigsi ¢ peptide), Streptococcus pneunoni aePCT/US2004/035015

(gl yconconjugate [1, 4, 5, 6B, 9N, 14, 18C, 19V, 23F]

conj ugated to neni ngococcal B OWP, gl ycoconjugate |4,

6B, 9V, 14 1 F, u t.o CRVILO7Y,
Lepe e gant e Gpurttiey badierih Sl . bgjSsera e
(gcyamdng@me dwﬂhoet@Rth&)?d), Pstiiddptonsyarugalosd @ythdtiipeptades),

r ot ei IIa zoster virus (subuni.t
e@% gﬁﬁ?Sdeéﬂ}%y Pe%ﬂﬁ*a) frmt?fecwapmwe éim%@%%gate [1,4,5,
6B I%DMImsamhaBFp@hJugéﬁ@Ment@b&cMIH OMFOElyB&Q) dﬁagata [4, 6B,
|nclude without limtati on, weakened or

9Ni Ay &5 19%.28R] %J%%é%%%%%.g%yegwnn@aatl’.lt435 3.9V U4, 18C,

1d1aepﬁi]lcbm§ga%dwb Ummgnn@ Rertel lphmfm (dubtace mP&Jtéu?s) Varicella
virus, and varicella zos? weakened or

Z%‘&E‘t"é’rsl(%?bu@& &hycgrrordisy éf"bVlb&mﬁb‘PlFr@% gosjugaty hpenolysraghgride).
tetani, corynebacteriumdiptheriae, group A
strept ococcus, |egionella pneunophila, neisseria

(ORI ghale iruses deaterirdnelsdeawitheyt Hodations weaksnesterddlied viruses,
SERSHTRIL 400 A SHORATR LR s B AL

rubeligiviraip laed varisellnzsster,wiveakhnadon kilied banteriageh as bagdetels,
pelﬂﬂgsll uglgstrnéﬁ'u&q@t%l J:(Jr ei)%térﬂl% dl&ljha’l §8+J]1§%tre gJB%CUS
eas e vacci ne, I es vaccl es v
legmnqbls prawnwiphdy, ncisssemh mnmg»tls,\mcxmlomenasmlginopmxtrapmowue,
t Rer b SIS vaccin eria

BNt oot B PG Rl YRR NBGE AT mi 1Sy e CC

include, without limtation, S|ngle stranded and

bIe nded nugl ei c. suc f.or exanmpl e

rof o P ond G et i Bfe Vﬁgﬁvespvﬁg*moaﬁwtlgawg RESHS
inbladd, efthalt liafifatidr, Cluahcdints QIW&QH@SS&:(VB%Q&), tabjeg@gdcine, measles

artificial chro ones §Y%(s ”annallan artlf|C|a
VaEHP D TS ECCIen PRHYEENF ég‘a SOt Kacgioe, hegptitisvacaiice
pelttReYA. vaddife, ahd @ip mfena hecinelcl ei ¢ acid can be up to

t housands of kllobases In addition, in certain

enbodi nents of the invention, the nuclelc acid can be

[omqpI\rcaacmustcemgnaﬁghwa@muﬁcl@&emth&& lif@Bkidm) sahga@@trmed
or nore chemi cal nodifications, such as, for exanpl e

answe%tﬁﬁétr@ém eglede %ﬁeﬁSe%qclégs for esarenle SHpaepilse GlErICERS lincar
plﬁgﬁﬁd DWA %bs‘fm@§ 'bgct&@dwglrtllf'éﬁischtr&ﬁoﬁﬁlgy?%% C}fea% Iaﬁlﬂ%m I gen

agai nst ‘whi ch 'the | nmune_ response
chzetensemen(Y AGs) i ammalise agificiishroppssmsscand KA molecules such as,

foP QLA RYNL I AR s?z%%ﬂf;ﬁ{é%‘ﬁéleé ad%bxﬁt?e 46 ?ﬁc@%@% §§lglé>§aste§‘.eln

vaccl né construct can
additioh,ud eertdin embodiments of the mventlon the nucleic acid can be coupled with a

proteinaceous agent or can include one or more chemical modifications, such as, for
example, phosphorothioate moieties. The encoding sequence of the nucleic acid
comprises the sequence of the antigen against which the immune response is desired. In
addition, in the case of DNA, promoter and polyadenylation sequences are also
incorporated in the vaccine construct. The antigen that can be encoded include all

antigenic components of infectious diseases, pathogens, as well as cancer antigens. The



anti geni c conponents of infectious diseases,

pat hogens, as well as cancer antigens. Thenucleic
waeiodesubus find application, for exanple, in REEUS2004/035015

fields of infectious diseases, cancers, allergies,

aut oi nmune, and inflammatory di seases. [0044] Suitable

I mune response augnenting adj uvants which, together
nugdeicacidshus Sind japlication, s exaneple i thensields ef ifrstigusclisepsss.
ca'nE’é?L ldﬂ@rF@L lamonumlm QRPRALEMEASty: dighdtgl num hydr oxi de;

al gal gfucan: b-glucan; cholera toxin B subunit;

CRL1005: ABA bl ock polyner w th nean val ues of x=8 and

0 )

Oglg y f%}ugg‘tﬁéor Eﬁr}lg%g%?bﬁke alu%_ﬂgﬁrng (aéslmpefn lﬂ&g}%@\%ﬁlth fht
vampla@@ttsgp@cmmsg d;e(va@me.mgludqaaélemyumhmmate gel; aluminum

I'O%III n%léal%l&ﬁéﬁ?a tcal mn%iynleRLlORS ABA block

pcﬁ)ahctr vathimdaawaluéne =8 -aB() y*ZOﬁ] grmimDidsulin: linear (unbranched) B-D(2-

> DALMY SEBaAty N e ey BLADAY-

ac@cyklﬁlﬁo%ﬁall—aﬁhm égl uwﬁ%mé cmfgpj mrﬁaﬁﬁ dlokﬁﬁ’ecg?ﬁrdnmmemalde

(O, Kie Lproding st @mp'@cfﬁnvl’r@ﬁb &'?‘&Hlm%i(ér(@l@%ﬁﬁhyp@ybil H-
mtz’(:i%“gﬁlg? uflliuf\m J‘ngngzo mTherTM N-ace Hglucoarvl_n)élt-lﬁ gﬁ%t?/l;muramyl -L-

Him 4, 5- c] qui nol”I ne-
Al@d])-éwﬁllpbmla-@b'cew@ﬁﬁ@m MHEIPE(liposontes 16:3H bisO19PNa — 3H,0

OREBLA ke B ek S B e bl £ (SR Haseon
4- alﬂmolaL.a-ﬂmlldthyl-HH 1hhdak5[4 MHMHG%SI ahe&@l iscﬂﬁ\l'd{ii@tn@i\lg
| eqt.i G con

vPEBSAbE S8t] AESp 198 udridemand hePBY SRR (rrogn e e

ac@@?ﬂdiaﬂﬁl LQﬁrebWBo{l%Mhﬁt éLHdMnt’en?léHk%{éN's Nges2 AUES 1895,
) ganma

A@Jﬁfa@fs‘faéioancluwmllk%lwplaot@eﬁ teh ast F §xagiplh SpCregntaining
%mc%oﬂgesc ‘H‘a&ﬁtldﬁsﬁ&len{ &Q&éhuén@e%@ocﬁ i io- @éul&tt}f‘y

ﬁglfasﬂ
I'nvention, the m Croprojection menb |u des a
lymp@d@mpawhkﬂs éL-d&dLan@- Y2 8i-15.dLdh &d@smr@mmmrfer@amd Nhe
oating formul ati ons
kaggﬁ' I‘E’%P{Kﬁ?{s%gﬁﬁ%gg gog%rfrsg%agl;? :‘:isoe(r‘clj menber to formsolid
coatings can conprise aqueous and non- aqueous
|
[06 Wlé 8&;& g.ﬂfod v Hﬁmé‘ nvlaxg%% Jne i rwgg%%tnﬁ%mcb% F inludes a
bibcoomaﬂhﬂabodmhgthaarsrdlseosedpn suspethd @dcroprofectiortshe carri er.
[0047] In one enbodi nent of the invention, the coating
formul ati ons include at | east one surfactant, which
[0046] IThe zuvting Esrimabitions applidiad etel iticropAYjdctitih Memaer to fidre, solid

noni oni C. . . .
coatings can comprise aqueous and non-aqueous formulations having at least one

immunologically active agent, which can be dissolved within a biocompatible carrier or

suspended within the carrier.

[0047] In one embodiment of the invention, the coating formulations include at least
one surfactant, which can be zwitterionic, amphoteric, cationic, anionic, or nonionic.
Examples of suitable surfactants include sodium lauroamphoacetate, sodium dodecyl
sulfate (SDS), cetylpyridinium chloride (CPC), dodecyltrimethyl ammonium chloride
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Exanpl es of suitable surfactants include sodi um

| aur oanphoacet at e, sodi um dodecyl sulfate (SDS)
weatoghpisi di ni um chl oride (CPC), dodecyl tri nmetkyl/UuS2004/035015

amoni um chl ori de( TMAC), benzal koni um chl ori de,

pol ysorbates such as Tween 20 and Tween 80, ot her

rhitan derivative such as sorbitan | aureate, and
(@3&5&5 nigme efest gﬂw%ges pulhag d weeny20 gngolaesen B offise
soRbTRA defRiile) buch RS sdrhivANAréite, ak Ak SYRERINMoRbIs QibhQb 1dubeh-
surfactant is in the range of approximately 0.001 - 2
4wt. %of the coating solution fornmulation. [0049] In a
further enbodi ment of the invention, the coating
ormul ati ons include at |east one polynerlc mat eri a
[0848]pdn PReemeadiiment aSthe inyReisni the eonseriprtior petbe swifictent ig infthe
raﬁge'm{abﬁ%xmyéﬂtetly@ B61 12 Rt t"/@Bf tH8¢oq E%L#ﬁt%%o%ﬁétl\éﬂt I ves,
such as hydroxyet hyl cel [ ul ose
hydroxypropylnethylcellulose ( HPMO)

[OE ‘gr Q% ¥ % (Ldﬁlfl C eI {hE"f’QLm (ﬁek}@%a(fﬁg lf&ln%?a%o“vgélude at

y roxyet Ul ose
least hyd Mn@)cymth‘y!ll Qeﬂ)dllm@fﬂ@t (IEI-E(D)upth preglerties,swhich can

W0 Q&Ll&lgut | nQ ?a? 1?%%&:59%?995 gﬁ%ﬂ %dréxy%thyn:eﬁﬂaseo n,

e doncentra

(Pkﬁﬁ)hlnxdmxlypmpﬁmmmlhdesa (HPMCBIlmdahb'yropycetlhﬂeser(ﬂnge, of
na 0.01 - 20 % eferabl , In the
m%ﬂcaﬁll © g@gé’ X firr%}’eé}fyjmf)twblﬁe”-u%fg%@e %f th ey coati ng.

etb)ﬂﬁbﬁﬂ:(}xyhﬁhyhélld]ﬂdme (EEBO)ds welhas pliidogiccoat i ng fornul ati ons
i nclude a hydrophilic polynmer selected fromthe
foll owi ng group: polyvinyl alcohol), poly(ethylene

[ooxo]dem onmwdanedﬂyﬁmeweﬁtwl fhetdredtiatiah 6f the polymer
E? (n- VIQ%@ é%rolldone) %olgeth | ene gl ycol and
PR R & ki WdP Jisernge of persoyimptgly .01 20
wiPE hithd RefeRIBROGH HE Ringe bMPpoRitaedly 0.08 LA0 vaf %lolfthe coating.
hydrophlllc polymer 1n the coating formulation is in

the range of approximately 0.01 - 20 wt. % nore

[0'5 ff % allibier emBodifent @B g@ati@lF f&ﬁlﬂ[aﬂ&ﬁsqﬁ&lﬁéeya I@d%hlhc:bglymer
% of the coating formulation. [0053] In anoth

Seéeﬁ!sé drorethe foblpwingeroumy pely (viswy| al@ml)cw(mhgleﬂwwmqbdhs
e Ak DRRTRRN R L By AT o) P G R BTBI riEres
thereofugheh likpsilymdrait anmi ¢ aci d, pol yaspartic acid,
pol yhi sti di ne, pentosan polysulfate, polyanino aci ds,
sucrose, trehal ose, nelezitose, raffinose and
[0852] c Hy @ peefdr@d Saibodmefite thalobrcentration obithe bpdropltiliopolphertimthe

cogln?g"f%FmtﬂEJi&' i€intfe f:aingé’ ofi alilprtle(lena?e(?)"?l Bbpg 20 wt. %, more preferably, in

the range of approximately 0.03 — 10 wt. % of the coating formulation.

[0053] In another embodiment of the invention, the coating formulations include a
biocompatible carrier, which can comprise, without limitation, human albumin,
bioengineered human albumin, polyglutamic acid, polyaspartic acid, polyhistidine,
pentosan polysulfate, polyamino acids, sucrose, trehalose, melezitose, raffinose and

stachyose.
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formulation is in the range of approximtely 2 - 70

w. % nore preferably, in the range of approximately
W®m200568045% . % of the coating fornulati on. [ O005B}T/US2084/035015

further enbodi ment, the coating fornulations include a

stabilizing agent, which can conprise, w thout

limtation, a non-reducing sugar, a polysaccharide, a

[00&4iu Frefegrably, the ppassriratian pPhihe Biocompptigis]carrier ivihe erating
foRARIAEIATE B the FEe 6LPhIRMAGY TU! )
0vasoconst ri ?:t og Sﬁﬁ coﬁ catm&co ﬁhtgg, mb&gﬁé{gﬁb@ in the range
off gppioxmatadyr 5 éﬁm@’pwﬂh@@oatmﬁmmion cycl opent ani ne,
deoxyepi nephri ne, epi nephrine, felypressin,
i ndanazol i ne, netizoline, mdodrine, naphazoline,
[068Y]ddf p ifyrthevernpadiimend, thocaatipg fosmillationsiyoiek hambilizing agent,
n
R R S TS B e paeer s eolrseliiidend e,
retiu;hugadmd)lﬁasohnhrhegort ramazol i ne, tuam nohept ane,
tymazol i ne, vasopressin, xylonetazoline and the
m xtures thereof. The nost preferred vasoconstrictors
[00fa]| Udencipir empbdimest, tha agdiiag (ﬁcbriﬂnlatloﬁsahcflmwaiﬁdgmhktﬂ&or
j .ndanazo Jretizao mazol i zol i ne,
R ot b e PR cofiagh Spfpentamire,
dsbﬁmﬁnplg.&tel @he@&nﬁeﬁ &1ypa@safﬁ Oifgdnazdtine, rmetilzﬁllr%mhdbﬁﬁﬁ’e
a n the range of  approx e 0.1 wm. %to
o Pordein g ST Bg; ORIy BEo o g caliisl ot

phehylbtRgnoldmyigd) ph@iyiprégagolamalel fiep Jﬁmwh@t ;bs@ﬁkﬁoeﬁmhuée at
Ieast one "pat hway patency ul at or whi ch can

tecRpproreline. fignarpline, FURRRTORERENE, tYBSFRINF Y a8RpEFHEiS, Ydorpetazoline

andIQRH Mm&&' tRErbSTe The AW Fr&TEdr QN aSocoRIRAMS qirﬁ;lt(d% efineptRik,N0
acids), and anti inflammtory agents, such as

napbazalis; kearabwleozolinmiadanaralingi meiapling samazoling, tvmazphinst one

o@%ia?&ln@%nd gg,lglgglthmghosphat e, hydrocort amat e _
hydrochl ori de, hydrocorti sone 21- phosphate di sodi um

salt, nethyl predni sol one -phosphate di sodi um salt,

h
[Og?fj y[IhQ Egﬁi@ﬁtﬁaﬁg? ggtgg %as%yﬁgfsrfgﬁ)g:@elﬁﬁgyeld ?elféralrl% in the range

amet hasone um e an n SO
of-agproximatel 0.4 odi ‘Gt Eat. %aﬁtue amtmg:oagul ants, such as
citric acid, citrate salts (e.g., sodium citrate),
dextrin sulfate sodium aspirin and EDTA. [0059] In a
[Oﬂiﬁ]t hleyetendﬁbdienﬁanﬂinmﬁt dfhiee invenginh ithmqoatul@foﬁoﬂhtilcng mclude at

les i aillon i.ncl udes S %’ Wghcit one arntlog,t ﬁn tt &h i
o ?1 "'bé’ SRSy MR ‘§‘ Eh MRER B FURRTEFY! ingtg PP Shotic

aganth oh.gi&?ﬁéqu(:ﬁmwideﬁ ewilierionic bcbxﬂpcmﬁdisr(a@g atnnrco aams);i hnd&nti-

. Eree radi cal s venger sucg ﬁ' cor dC

intflammatory agents, suc as methasone 21- osp e 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 and

prednisolone 21-succinate sodium salt, and anticoagulants, such as citric acid, citrate

salts (e.g., sodium citrate), dextrin sulfate sodium, aspirin and EDTA.

[0059] In a further embodiment of the invention, the coating formulation includes at

least one antioxidant, which can be sequestering such as sodium citrate, citric acid,
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acid, nethionine, sodiumascorbate, and the I|ike.
Presently preferred antioxidants include EDTA and
worbosmrsne. [ 0060] In certain enbodi nents of BREEUS2004/035015
i nvention, the viscosity of the coating fornmulation is
enhanced by adding low volatility counterions. In one
aodi nent ent. ha osiiyve charge at the
Eﬁﬁ?ﬁfﬁ*%fﬁa@fﬂﬁﬂ%ﬁ agafc gkt dtee vyl prabinerrs Seduesor
acﬁd) REHiSre, Sdtidh hstohalel 2 tBS liltee PedsedtWpréreirél sntiBKidsnts
Suitapl e acids.include maleic acid, malic acid,

"ﬁﬂp%ﬁPEAéB?HWﬂ¥%FWhrlc aci d, adeIC aci d, ci t raconic
acid, fumaric acid, glutarlc aci d, i taconi c aci d,
IutoI mesaconi ¢ acid, succinic acid, citramalic

Wﬁé‘%d In eeyiain pbadimentyiof thy inyensiomdheqviscopifycefithrgoating ¢
Rk Bbiort Eagady aHRS IR YARG R édﬁm%ﬁbx% Iﬁé&a&mo‘a Al%k,qihe

glutam c acid, carbonic acid,” sulfuric acid,
aaﬁnﬁy}p RoPsidveabpge af tho rmulation pié pn%hefv@frqswerehab@dg pamterion
rQbd a‘;r‘l%:ﬁq]am%% ¥4sP R)]‘;qbsdcﬁ&fc a@ﬁftzﬂ)ge m&gtnl&:rl@de%alelc acid
unterions rern the age has a positive charge at
m@lhfeadCb malpnistaciintagticardd, adlplcelaslt ciparenisfacidhfemaduatidrghdaric
aél it n?ccalcgi n@é/lh&l)g n‘rf'e déogésd&l dt Mcﬁ% Iag’ld cnl@zi%%%lc @xtag;o{ﬂ%r

coéunterion
acid, cinid acah Itm:adxdllyis: acni; bﬂhyﬂend@i}aﬂ’rmﬂtéﬁaacetlc aadJ adpartic a01d
s |tr ic.acid furl acid, maleic
oL BborBeid, sl S Sidtmobrtii€ 2ci 7 et hane
sulfonlc aC|d C|tr|c acid, succinic acid, glycolic

| .ql .onj id, Jacti
(OB ARG SR Sfrocet ¥ isePled 1 ot SnafeiP e of
coaﬁlledonsfwhé&hm the agend hasaCisiti®e acairgi at ﬂfe@@irrﬁildt@n PE dgd at least
a

t anoi ¢ aci.d, oni c ic acid,
Oﬁa?we cepiEriRndn LA i?ﬁdma aéf}aft itP em%ee Pﬁas heother eowr@n is
anl dcRICOIH Gnedf nfbre prog! @&%plemaﬁwm éélcEQﬁdﬂudteb'HJo@lﬂBJlé &cid,
acid, citric acid, aspartic acid, glutamc acid

hydrqbogpis a¢idaifric agidi wlfaﬁa acid. At e, ah?%ﬁb?raﬁ qcich beitzpie
subhidl acil ARGRAne SEIRS @A, c1t1'1c!"ac‘id" SudeRieRie g@@alc%ﬂit Slubdnic

t he |nvent|on t he anount counterlon shoul
acifh gluewppis acid Hacticsidgmalis aCtCh QYTHWE jagfd rfpigarispeics tartrqmlcsw%

fuﬁﬂh@gdlmgét%acfdhﬁroﬁﬁlﬁ@taﬁﬁ' ;Q:Htaﬂ&c L88 AHoshidaEidChalonic acid,

counterion is esent amounts necessary to
adip¢) @qublcmzaéortm@cld; hemugjeic peidsgdvfarioarid, fecoaigerstd, meghutod pH
t e
macqcacl ey S, ERAE aBor U, BRlahl (BB picifbal RS
mmi@@wﬂw@ngbmnmdkﬁpkbmnduto provi de adequate buffering
capacity.[0063] In another preferred enbodi nent, the
agent has a positive charge and the
[0062] Generally, in the noted embodiments of the invention, the amount of counterion

should neutralize the charge of the antigenic agent. In such embodiments, the counterion
or the mixture of counterion is present in amounts necessary to neutralize the charge
present on the agent at the pH of the formulation. Excess of counterion (as the free acid
or as a salt) can be added to the formulation in order to control pH and to provide

adequate buffering capacity.
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counterion is a viscosity-enhancing m xture of
counterions chosen fromthe group of citric acid,

W 2005/851465 aci d, malic acid, hydrochloric acid,P@t/ysmbi/a3s5015
acid, and acetic acid. Preferably, counterions are
added to the fornulation to achieve a viscosity in the
range ofabout 0 - 200 cp. [0064] In a preferred

(086 odn pather ptqf@mdwmbgélmeyt, thalagent harp Resive ehargarandghean
|

B A AR e AR S bl Ho R P,

cigis@cidctadaric qwidarrahdaad rhedmchiglqmndwglymlg:mrd arvbasetadasig.

I

Pt b ichih f A Tlhe eploh RRNBREYischll I ff o

ofabpwt 20gRY¢ceh.i c aci d, gluconic acid, glucuronic acid,
lactic acid, malic acid, pyruvic acid, tartaric acid,
tartronic acid, and fumaric acid. [0065] In another

[Opﬁéaf dn n ecbferddedibodinient, the v(somnityehhamnin'g Smmtertomsn@ aidid.

i ds, can defi ne S ti | east one
cBREAPBHER °F Rt BB Seokds e ebe BRI i atH ae TS oe
prbs}éldig A tdaktaink Gcalamlplitafahd/ g mehing gblﬂt kﬁlglhed ,thaﬁlabdiut(SO‘ﬁEblChhboﬂmg

u i c_aci eic. phosphqri c
P highe B et LT o e £k et seidhan iR B
suk 816 @tid Angdolie beiff i dhic@eid esThaebni®atid, & ticl hdi@Gh A1 atid, a
m xture of counterions wherein at | east one of the

PYCih s it tarie acld, tartiopiggoideand fpdicacid east one of the
counterion is a low volatility weak acid. [0067]
Anot her preferred enbodinent is directed to a m xture

| [0865]cém arather prederigd embpdimgnt theepunterpr is@fstropgacid (Sireeg acifiss

cahde Aefplel QY Ere%hgg ﬁnéjas%ne pﬁ%%wé?@l%noﬁ)oﬁttie EXMPEst s‘aEh is
a weak acid wt volatility. Volatile weak ac

s e oiochipasth, Rarobemist ackh biniaridasHlfic SR AL IGOLL
acgjo, Iﬂ'{g%l@acw kﬁésg%’r&%‘:ﬂt éngg}ﬁrsultfmafgtp%‘ﬂal}lé@ ngsgll? ?C aCl

I ng poi nt | ower an about 1 atm anp ‘es
of such acids include acetic acid, propionic acid,

[08@({]t %%kh%r %%i’egnealgrqbéd'ﬂ%erltiié(ﬁfecleg Qo6e§ x]m)!?{rg of 50%13 e¥10ns \leerem
IC counteriron IS present 1 n anbun
at rlﬂasttqnabf the coungeriposs 4 stnoag a¢id pigrkat prastsoma of thn Cblllmerlon is a low

e gent at the pH of the fornul ati on. Excess
Wﬁtﬁggﬁﬁ§afﬁon (as the free acid or as a salt) can be

added to the fornulation in order to control pH and to
RN AT ARG AT AR
atfdaer caBbf @€ Bbwhterions is a strong acid and at least one of the counterion is a
weak acid with high volatility. Volatile weak acid counterions present at least one pKa
higher than about 2 and a melting point lower than about 50°C or a boiling point lower
than about 170°C at P,,. Examples of such acids include acetic acid, propionic acid,

pentanoic acid and the like.

[0068] Preferably, the acidic counterion is present in amounts necessary to neutralize
the positive charge present on the antigenic agent at the pH of the formulation. Excess
of counterion (as the free acid or as a salt) can be added to the formulation in order to

control pH and to provide adequate buffering capacity.
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agent has a negative charge, the coating formul ation
further conprises a low volatility basic counter ion.
wQ 003031455 a preferred enbodi ment, the coati ngPCT/US2004/035015
formul ati on conprises a low volatility weak base
counterion. Low volatility weak bases present at | east
gne hasic pKa and a nelting point higher than about
(08693 dp vt %‘aﬁf empedipents of the W%’?tloﬂh%ﬁﬁ“%%é‘dt“’hflm@ gitigpnic
adexaiph ‘ﬂ@fT’a(ﬁfve SiiedL, 1R 26ink Teridf@oMRIMMET DAL 188 volatility
di et hanol am ne, tri et hanol am ne, tronetham ne,
mﬁ@ﬂﬁ%ﬂ@ﬂa%an1ne and gl ucosam ne. [0071] |n another
enbodi ment, the low volatility counterion conprises a

basic zwitterions presenting at |east one acidic pKa,
(09 dn ajpesderrediombopianent thgkgatig fommlasion comprises arfsey vaddtility

Qﬁ(sdage %ﬁteﬁo SLE ?cﬁ&tﬁ{ %QMaE&%r&%?"easg éﬁ-&isﬁ g(a and a

Exanmpl es o suc conmpounds i nc
mblylsg peint lightr thag iebdun 60°C @@ p2iling poipthigler ten aber cb’d@°ﬁmnt’asn.
I 0 Lron e

E)Eeprg)lées%}fvs%ﬂ b@% n{c'il}ﬁe ?rg)ﬁgétf:r‘ o%ﬁn ehg}r%{htaﬁogﬁmgg,gth%tgir%}a%ﬁe,
trcﬁmﬂmﬂues nm‘th}sglactanblaselsl glmlsamiee sodi um hydr oxi de,

pot assi um hydr oxi de, cal ci um hydroxi de, and nmagnesi um

hydr oxi de. [0073] O her preferred enbodi nents conprise
[097111‘ Xt anehaembadimentc the hdve volatiiBy caunipios corgpréseSi basitg

d b ith latility.. . .
O N R
nidERe o Pbagic pKAB adgreacahan thdndmtghoaidid pRA'S. YExaklip®s of such

vol at i |i ases present . at, | east one basic pKa | ower
CQTHPRA" Hﬁ%k?ﬁﬁéﬁﬁ I¥SIA% PR H&INBSi nt | ower than about 50C

or a boiling point lower than about 170C at P atm

mpl es of such bases i nclude ammoni a and nor phol i ne.
[096%37411 ygholhtes papedjments, éhedawe afility/cPWHEriM SoMPERes asHPng base

prodPREINY & 1A6CHRS HRE Kich® tRALUbbE 122 @xarh@ep&g@&ﬂ ya%esqhan&e
present on the antigenic a ent at of

sof migpdeaXidsn potass sty dexideogaitivn hydroxide aﬂ%@agmeé@nﬁa@@x&&
as a salt) can be added to the fornulation in order to
control pH and to provide adequate buffering capacity.
[0p 00 7 S)thermesferestampodineatscompiseg mistunufhapio aguniteticas a
I
o SRR oS M AR RS D E ViR, BB SuRBE,
comh@rlomveqwde@rstronm@asg aad 4 wgalqblasec:\klﬂekslsh velafilgy.s Highanlag bty

bar;%s r&in C?t E%t %n? Ea% Sﬁl&q \xer t!]zﬁl %o&tnarém} 9 mmltﬁ\ % it Bver than

sure
about 50°C or a boiling point lower than about 170°C at P, Examples of such bases

include ammonia and morpholine.

[0074] Preferably, the basic counterion is present in amounts necessary to neutralize
the negative charge present on the antigenic agent at the pH of the formulation. Excess
of counterion (as the free base or as a salt) can be added to the formulation in order to

control pH and to provide adequate buffering capacity.

[0075] Preferably, the coating formulations have a viscosity less than approximately

500 centipoise and greater than 3 centipoise.
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surface. [0077] In a further enbodi nent of the
invention, the fornulation conprises a hydrogel which
w@2ams5hbst4sncor porated into a gel pack. [0078] PCT/US2004/035015
Correspondingly, in certain enbodi nents of the
i nvention, the hydrogel fornulations contain at |east
one |nnunolo ically active agent. Preferabl t he
[09¢@ntIn ewb@&e% ﬁgthéf“"??ﬂ?"a%é eeatipa thidkies li/éésdh‘ﬁe?é
micRGs UAbrE Pre b1 D QRS tllldnmotnﬁgﬂof?{‘as ¥dab e Ro itk RREIPRSjERion
protein-based Vvaccines, polysaccharide-based vacci ne,
susfaee- nucl ei ¢ aci d- based vaccines. [0079] The hydroge
formul ati ons preferably conprise water-based hydrogel s
havi ng macronol ecul ar pol ynmeric networks. [0080] In a
[0p78f dn e &eithentroblidiment obthe irryentiany tn formulatipm eomyprispnahydrogel

. : ¢ limtation,
R M PR B o b P e

hydr oxypr opyl net hyl cel | ul ose (HPMC),
[Opyfg{ gogérg %pt%fﬁg{yhl*ﬁ cgr%fl? érl'lhlg ?elm?% l 1(1:1 t%h,otﬁg h)(J\r/g: el
foemhiyﬂndw dammy at Ihgdt o ﬁm:htmsbg(cEHEa’é)lye agenb @ryfamblyythe agent

co&r;grlafgs)oon% Bgf*ycwg)féf?,{?‘ﬁ? vg{.{%tgﬁs*g@ﬂ%{}%wglg!é%ﬁ &%iart]i%ll,evri]r%ses and

ba@&hy,(p’ﬂetvmrb)akedp&iédidldsQ@hﬁhcch&ﬁﬂé-ﬂ&kdﬁx@ﬁdlﬁé and A3&1] acidiBased

’ édrogel formul ati ons preferably include one

Va&HPSact ant, which can be zwitterionic, anphoteric,
cationic, anionic or nonionic. [0082] In one

enhodi of the inventjon, the surfactant can
[086Hprli @5@8&%‘6%%9 Bhlysewpese Wi hsdydegyts having

m&dtbihale&uldr Peri6 @étwloRr i di ni um chl ori de (CPC),
dodecyl trimet hyl ammoni um chl ori de (TMAC),

benzal koni um chl ori de, polysorbates, such as Tween 20

[0@8’61 Tne F!:f&%d e%G&heﬁﬁHf@ﬁénﬁ%nﬂ@ﬁ 't%aﬁo'l%?e? hc&%pnses,
sor |tan | aureate, and é at'ed al cohols such ‘as

withayt Bmfatipn] wsgqyeqhmlcdhéwsnéHE hbptPrempylmakylelidlosgel
s or polyners

e A A L

hqumdbylmethﬁwﬁmlp@r(HEwn ¢thdbydropeethylgeliutess (EHBEh as

I S .
cawyog&@étéglr%gv?& &b%®t€?l§§|ﬁﬂgco(}\%):(ethylene oxide), poly(2-
hykiyaky ethyiprethesry kkd) LHobge-v niRG)olidwee)harldgdirbuicese  (MO) ,

hydr oxyet hyl et hyl cel | ul ose (HEMC), or
et hyl hydr oxyet hyl cel | ul ose (EHEC), as wel |
[0081] The hydrogel formulations preferably include one surfactant, which can be

zwitterionic, amphoteric, cationic, anionic, or nonionic.

[0082] In one embodiment of the invention, the surfactant can comprise 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 laureate,

and alkoxylated alcohols such as laureth-4.
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as pluronics. [0084] In a further enbodi nent of the
i nvention, the hydrogel fornulations contain at | east
wo@e@spst4bivay pat ency nodul ator, which can conpP@CBES2004/035015
without limtation, osnotic agents (e.g., sodium
chloride), zwitterionic conpounds (e.g., am no acids),
8 anti infl armatoré. %gents such as bhet anet hasone
[09%Ho Jp ARgtther gmaetimanh & hydrogdl formeanensdndudsalsmfriganaterials

or;;a | KaMnghapR ﬂili@,prdbEQTeQQ\Qﬁctha:ﬁﬂE&nﬂYsgr\Oi@l}{HuPﬁﬂnﬁﬁlon
rocortisone 21- phosphate di sodi um salt

C%lpwleﬁw@a/ﬁﬁ ssmfb%ﬁélydrﬁhb%*mmlélom SES) ideoxypropyl-

m&ﬁyneaaluws@ dmpie) @.Q@rozﬂprwam@s@mpé)o memmc%mhsse (MC),
par anet hasone di 5odi um phosphate and predni sol one

hydeqxyethylgethylesylpge (HEMC), qﬁ&ly&wr%wgﬂpﬁh@e (EHER), asswell

asGldrbiifs, aci d, citrate salts (e.g., sodiumcitrate),
extrin sulfate sodi um and EDTA. [0085] In yet
anot her enbodi rent of the invention, the hydrogel

[O&ﬁé{] m'hll Qtfdrﬁlgserh%lirhlgﬁ O%F] kn%@r‘ﬁfonotﬂg hycﬁé%‘f ?J?r%hfah&ﬁ] ocrohtam at

h can conpri se,
lewaprmdiwam @?tetl@tm@mmrowbllch pan qonnbasmz\mlhoutéumtatlon osmotlc

ai%@t% Lenz‘é’t éoﬁ%fn Jhg?ﬁgﬁ‘?lalé@ﬁ lonit X&%&%&ﬂ? £ ?%Yn%eatc%)? larllcp Stiti-

azo rne
mﬂgmﬂnaxpelmgam rsech zd;éu@baymmamp Rt -phasphapdinadiinm isale triamcinolone

GRS 3B RO AR o 1
phoxphaetdisedinhi sai, mghﬁpmﬂmsﬂwnerm phpmwldisbhﬁmcdaa,m ne
R S B RS RGOSk b

prédiid Ak R DuccARapi@mShN, aal @nticph @imtsa@ueh lameimoadadi tifrete
there 008 f%fgl n.a further aspect of the

Sag%étgg%g Iug, o ERG ’rfjé’ﬁ{rg‘ sulfpfe sedipmiand EDIA- he cont ai ned in

a hydrogel fornulation in the gel pack and in a

bi oconpati bl e coati ng crfppl ied to the m croprojection
[0f%Hndr yetpogbariembadigisat Hdhe 'éYﬁﬁ‘BG‘P’ﬁ'PrhydB’fgeltfi%mﬂWﬁﬂcbﬁe

at 1da& ok VABEaBArRtof! e&Mh@necah%oﬁ r@ﬁ'h&u@hltnnﬁlon epinephrine,
m croproj ecti on menbe [00 8] In yet anot her

naghazelinentsirahygdrozplige méﬂnemlmeﬁnettzw@euqrfem@@bm @n@évlulr@e is
ox?ﬂ@ﬁﬁﬁﬂetﬁl@n&%llwg&ldeé %gclafd né\ngjcpﬁént Qd' ment  of

he |nvent|on sonlc eVIC urther i ncl udes
degxyepinepliring qwehrlrteofefmcqsmn,tladaeazoﬂlamslfe@zoluk, midodrirgoni c

naSﬁEEBﬁ’ﬁ’e, B(grggﬂihh&to%ihé,%?rﬁ&jeé‘sinq gy}in?e(:t‘ha'iglir}epghenylephrine,
phenylethanolamine, phenylpropanolamine, propylhexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin and

xylometazoline, and the mixtures thereof.

[0086] In a further aspect of the gel pack embodiments, the vaccine can be contained in
a hydrogel formulation in the gel pack and in a biocompatible coating applied to the

microprojection member.

[0087] In another embodiment of the invention, the ultrasonic device is adhered to the

microprojection member.
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m croproj ection nenber. Preferably, a doubl e-sided
adhesive layer is used to attach the ultrasonic device
wo eooshgi4emt chi ng |ayer. [0090] In currently predBUSEO4/035015
enbodi nents of the invention, the ultrasonic device
generates sound waves having a frequency at | east
approximately 20 kHz. [0091] In accordance with one
[@f%ﬁb dlnrv@h@m&er embodimens of thenveptinn, the koo fevikslis adbercd éo
ageM@egi ne (contained in the hydrogel formulation or
contai ned in the bioconpatible coating on the
m croproj ecti on nenber or both) can be acconplished by
f @l
O e R ot B PR e Rl Beludes o
mﬂutcéamdamt @bfrate tognefedfrultraseniererergyfram ehctwltcasemp demeto the
. n h v S
n;égg DL AR AR m?ambgy ) dglrng% glgga;%@eﬂsex &id Bl Fyoad@&l] the
ultrascanic @Ivtcertmdntlma@:hmgbwr ment, after appli catl on and
renoval of the nicroprojection menber, the ultrasonic
device is then placed on the patient's skin proxinate
[Q(]?G] phecurnemy paelfea‘ed; emb¢ddB@a] ofl the mneattiosthealradiniaiticof

nvent i on croprojection devj i.s. applied
ST RAO I YR by hephy 3 B e Ry 8o
vacci ne- contalnlng hydrogel fornulation is then placed
o 0 he applied mcr ection nber , er ein,
(et P abesgance SRR S BHTE P LS e, B drettion 0o v e
aVh&iRStdritdinddn tHay8iopeltfon ulio 6L EBnEyiRd U 8 bméoﬁlbﬁlble
m croprojections. The m croprojection nenber and

copting on the MIRFORTYSHER BgmAgPr Porl) Santbe aecomplished by dhe fo owmg

s@bﬁﬂﬁ%leﬁgﬁd@tl&aﬁlbﬁﬁér i$inklalP appli ke Batlehes ﬁécnf %Féf@rgbly via
ar ea In an alternative enbodi nent,

ag, P‘it\“’é%fo\‘{h‘?fe'ﬂé‘% IBirqPEOjpRtigseRicrenthe sipten cpmurap Ehff werasonic

dmlser@e{eehgﬁku OR PR HitlopRAC oPRSRBR! V- [0095] In
nbodi nent's the 1 nvention wherein the fornul ation

conprises a coating on the microprojection nenber, the

[(5319?1) fﬁfan,taft@rg%me eHngm%H Bﬁégpe&gﬁﬁq@%%\khoftt}@

J asoni c aevice occur$ pre € range of
MagpProjettingt re¢nybel, thewltrasonBGlewimis dfene)iacapqm e petientieskin

] J.e.C nmber, and more preferably, in the
pg%ﬁ%%p%?pgﬂk%%@aﬁ%tely 30 sec to min. [0096] In

enbodi nents of the invention wherein the fornul ati on
nsm.fti

U e Al T R B S S R
tqhe patieatds skin, the gel pack having a vaccine-containing hydrogel formulation is
then placed on top of the applied microprojection member, wherein the hydrogel
formulation migrates into and through the microslits in the stratum corneum produced by
the microprojections. The microprojection member and gel pack are then removed and

the ultrasonic device is placed on the patient’s skin proximate the effected area.

[0094] In an alternative embodiment, the ultrasonic device is placed on top of the

applied microprojection member-gel pack assembly.
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the range of approximately 5 mn to 24 h after
applying the mcroprojection nenber, and nore
weembesabd y, in the range of approxi mately m nPEDUK0M/035015
[0097] In enbodinents of the invention wherein the
formul ation conprises a hydrogel incorporated in a gel

k and a,coati on the cro i.on nmenpber, the
W@?@ 1§ Fmppdients pf ﬁ%ﬁ@varvtnn it %‘ﬁgw tigh $OmRryes @ coating
oriithé &ﬁ&@p’fb}éctﬁiﬁn\/rh&ﬁbe@ QH@:&%} &Tt@mmmgymmaorw &&%w& 13

approximately 5 sec to h after apply
ulFpsopis e F e RIcH S PrefRiply in thafﬂalgﬁeﬁa@pfﬂxgvaé?laényc toj3q nyip @fter
appBIEEthO ni RERE R JHEh &her, 30 MBFe dréfeAbl; inlt

P{Igre fer ablémljg t he noted enbod&man?isg, ofpét)%géﬁ%fventl on,
appFRximately 3éﬁeqtpdﬁ§iﬁ1t ting ultrasonic energy conprises

appl yi ng sound waves having a frequency in the range

of approximately 20 kHz to 10 MHz. More preferably,
[089]ndn ermbedimpaty PHge iventiog wéwein the farmalatiemepmmuises a hydrogel,
th}%?t@;g Qf(tH?i?lg %% LﬁQaél6H% h&g%gt e%ngao%nggﬁx%dagfdr?ﬁ%?&ably in
thg rﬁnemf &pnroxmmel}zﬁ apn &f 24  aftes ppplying the mitropoiretion membay

, . tv in th
orINRE bRRTAET) e Ml PEL R IR 0 0 At 2B ™ cre. "hor
preferably, energy having an intensity in the range of
(OB TR st ot M e o SihetforBF o muBiTR isee AR
inporpdratediin a/get pmkramé @ cbatiap snitetrhio®pioljdctios MBmbercthe s«gy of or
duyr.at i th f t
el U Hent spdfy P oo PRRAS Ssroe o Prs Tl i G e
of&@prokm"nam'lyw BltEB4 DES@Rlpd dﬁlﬂn@N\eQﬁcFaﬂEJJﬂﬁéﬁb \h¥nbed, &Qﬂﬂ&%
eature and. a ecome apparen
Prf{?@w ‘ff?l“geo a.l?gmém?te\r/%?i% ‘fm:ul ar descri Bltol on of

the preferred enbodi ments of the invention, as
illustrated in the acconpané n dr awi. ngs, and i n which

[OP?%le Prederablanin e naedresmbodimen arneyﬂ%ff@rstep@f {rARsMittipg
ulRaohie e@érﬁﬁl:(ﬁggﬁﬁ§aﬂpnﬁr%l&ﬂwa\kb ﬁa\}{ﬁgeé"ﬁequ@ﬁ@ ih ’Ehevf@dg@ Rt

[ 00102 isa schematic illustrati on of one
ap@r%aeﬁt% AP kHz tal G Milgs Maseprefesblys pound thaxesdiay ing @digiqeqacy in

VEKi ne, according to
thg%@ %%%E%?gn%l%%%%%}o FI GJ%rEeaenylﬁg}%g per spect ive view

of a portion of one exanple of a mcroprojection

[OIRTPHiso b HABAL infth G ddodinferRUr BRI ki, theepr t e

roproj ect |
transmitting ultrasonic energy comprises applymg energy having an intensity in the

range of approximately 0.01 W/cm? to 100 W/em®. More preferably, energy having an
intensity in the range of approximately 1 W/em? to 20 W/em? is employed.

[00100] In another aspect, the methods of the invention preferably comprise

transmitting ultrasonic energy for a duration in the range of approximately 5 secto 1 h

and more preferably in the range of approximately 30 sec to 10 min.
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FI GURE 2 having a coating deposited on the

m croproj ections, according to the invention; [00105]
WOb@BERE43A i s a cross-sectional view of a singP@r/US2004/035015

m croprojection taken along line 3A - 3A in Figure 3,

according to the invention [00106] FIGURE 4 is a side

sectional view of a n1cro ection nenber having an

adhesi ve backlﬁ‘FgI Pﬁﬂ:@ﬂ) g HE PRAWINGSe secti onal

(0D BOV] FlurtRer @itk ahaéh'td%@s RilBeEorAPARhRAT fr N tHEEDMRH ing and
di sposed therein; [00108] FIGURE 6 is_a perspective

P RRGeulptdeserintign Aethe §W&md iembegimeptgobthe [@9@@9} asp|leyyreed in

the h&omPar iy PAGH P ERSIRSAHidMEe Vi 6 Qb cﬁa}sct raéfep&, the
a gel pack of a mcroprojection system IGUR

%mw§m§wné%ﬁw@§é@0w§w§ﬁb@vwweavdémwbﬂ1one enbodlnent of

a mcroprojection assenbly that is enployed in

conjunction with the gel pack shown in FIGURE 7;
HiJFﬁ)@lGﬂJREIl(EJREthhts'C idlugteatigpelcane mbodimantaff agraosduesr for an

%%%%&F AR Pyl Rﬂ%ﬁn‘fi’%ﬂ# ??ac%{"% ﬁ&f#%ﬁ“&é?@ﬁ i
the present |nvent|on|n et ai it is to be
[ggﬁ)? %Ecl%ﬁptzh% e%%lve AUT ‘("){ e;?orh?n cﬂ’%ne F)haga)gee

mmnmmhaxmmnsn$a-such may, of course, vary. Thus,

al t hough a nunber of materials, nmethods and

formul ations, simlar or equivalent to those described
[0ercdi FIGCRR 3lea pasgstciive idve ofthaglidreigojeétidnieenitiee Siydn in

' ti0 t he erre er.ials, nethods and
LR LN Gl Bhi et b PR IS o B g s
ih@enfien;under st ood that the term nol ogy used herein is

for the purpose of describing particular enbodi nents
of the invention only and is not intended to be

[00 105} IFRQURE GALid 4 LrobiteRtsnati@bwided snﬁél@ HiWor8jecdr taken along line
technical and scientific terns used herein have the

YaméA v bigritg, accorneteeinmtetst ood by one havi ng
ordinary skill in the art to which

[00106] FIGURE 4 is a side sectional view of a microprojection member having an

adhesive backing;

[00107] FIGURE 5 is a side sectional view of a retainer having a microprojection member

disposed therein;
[00108] FIGURE 6 is a perspective view of the retainer shown in FIGURE 5;

[00109] FIGURE 7 is an exploded perspective view of one embodiment of a gel pack of a

microprojection system;

[00110] FIGURE 8 is an exploded perspective view of one embodiment of a
microprojection assembly that is employed in conjunction with the gel pack shown in

FIGURE 7; and
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the invention pertains. [00115] Further, al

publ i cations, patents and patent applications cited
whegosiosi4ssvhet her supra or infra, are hereby  PCT/US2004/035015

i ncorporated by reference in their entirety. [00116]

Finally, as used in this specification and the

| al s si.nqul.ar for .a, "an" .and 't he"

(G ET FAGORE T M brspFuty ¥ g s eociBim o mifiBigeicgion
sydieat at es ot herwi se. Thus, for exanple, reference to
"an active agent" includes two or nore such agents;

reference to "a mcroprojection” includes two or nore

such ni cr oppBTATIED n@selwpmblﬂ OF kEE Imgil\{]m@i\zo ns
7]. The term "transder na as. use erei n, neans
10ppE2T ieFors drsgrBIE i PG erioey i dRiRibt s i Bieiogd St fis
mf/é}moh Gk llﬂ[tecﬁ%ﬁfaﬁféhﬁrly 1ed mQRAAS I methsils befdMulations as
"transder mal as used herein, neans the rate of

such Ba%.dd camgpe, a@M Jévsyal[t@@&fw]wnrm of waigrialgesthodsand 55

forA®@akidh sBhilar of 8Ju8VaFent & Hoe Q@Rﬁﬁé& He?é?n Qhn PR L8 %0 @F ractxce
m xture Cont a| ning an i nmunol Og| cal y active agen

ofghe pigwAt inventien thesprafsrrahmpigess, mashads andsforrwations amfdescnbed

hdrdih0gering a beneficial inmmune response when
adn1n|stered in an i mmunol ogically effective anount.

Exanpl es of such agents include, without limtation,
[00] BUdeis akspep Braumdensioad that the tsrminblegie tsed Aiersimis &or the purpose of
as [ sed

o AR Al S OR el VBT L0 o R B,

lihéingised in the present i nvention include, MAthout
[imtation, antlgens in the formof proteins,

(0Pt RAER AT o RER o LR REEA st it RE¥in have he
safde mebehief hacqnendnis snders(doe b whd mﬁh{g dolfifary 8kidliim the-art to which
thacellular% Clostridiumtetani (purified,
¥ DIGHSM RS Cor ynebact eri um di pt heri ae (purified,
reconbi nant), Cytonegal ovirus (glycoprotein subunit),
[oausgu [FuRhe d1BRibCHIRS) §aténﬁb ymmfeat &plcatidhdidlict herein, whether
cqQconj ugat e G oup ysaccharide with t et anus
s”? 6&6 ra, R}iegF l—’:l‘q‘fPi?Qﬁ’fq g’égefﬂeﬁ‘?@e‘ﬂ they eptiseting subuni t
carrlers M protein, multivalent type-specific

[0@ﬂl6ﬂ q’ﬂﬁﬂy, a8 Yisddah 0 @E&Fmﬁ ané%rﬂ@a;gﬁﬁ&édmﬁg thd GRANdr L1 S
reCOI’TbI nant Pre reconbi nant

foglaﬁ“@ ‘5\"0?'@9 Tihe” 1pséwtglqrplsre@re{ptsmggss the corftcnt clearly dictates

otherwise. Thus, for example, reference to “an active agent” includes two or more such

agents; reference to “a microprojection” includes two or more such microprojections and
the like.

Definitions
[00117] The term “transdermal”, as used herein, means the delivery of an agent into

and/or through the skin for local or systemic therapy.

[00118] The term “transdermal flux”, as used herein, means the rate of transdermal

delivery.
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(reconbi nant - expressed surface proteins and

epi topes), Human papillomavirus (Capsid protein, TA-G\
WO eweobi4ssant protein L2 and E7 [from HPV-6], MADI/USHA4/035015

reconbi nant VLP LI from HPV-1 , Quadri val ent

reconbi nant BLP LI [from HPV-6], HPV-1 , HPV- 16, and

HPV- 1 LAMP-E7 [from HPV-16]), Legionella pneunophila

[PP] Thetrmavaceingaps v hereis, 'fﬁf%‘t teiarfpmpag@tiensefimagter or mixture

cHﬁthnfh%'aB 'Iﬂﬁﬁﬂél%%ﬁ%@ﬂé&@ﬁt%r Wh ident ?&cﬂ'?ik' §n hiigeh, Ci})hlch is

Pseudononas aerugi nosa (synthetic peptides), Rubel
cgpablecof (riggetinga benefieipk imamne responspwhervadmisisteied imeni ae
1&194@{&18@&9@ HRANR aLn]ount4 Ex?mrﬂ@?of sadh ag%ﬁ S 1&%\3 withbut %Flﬁltion,

conj ugated to neni ngococca ycoconj ugat e
viBses 9N batteria g @einitgised @gcﬁylescmﬁ:fsag:barectt -hasedORIIAY, and nucleic

te [1, 4, 5, 6B, 9V, 14, 18C, 19F, 23F]
aggﬁﬁggegg)ta&é&?o CRM 970, Treponema pallidum (surface

|'i poproteins), Varicella zoster virus (subunit,
[go I28pb Bultalbm ansgqnlcaa'gdnt‘sfltﬁat ¢can belisddein g presomt]iongatien mclude
us ,or bact

w1{h8}x o 1¥a§%§,§aﬁ %eltn(s:l er? the {‘ antnl o% ]'otem aRéelﬁsgachgrldektfqnf ugates
OvlgdSSaGﬂiSrldeS,lmlh 11p6proty:tn@nﬁ@tﬁh subuhit ucinbepaluié BSrdaeHa paiissis

R s DT 455 eatTR, PR R T b B e appinant)
dwyﬁeba‘cteawrrﬁdipthet% (paifitef retdnébiar) | OR6msgal dWirs tdlyodbiobsin
t et ani ynebact eri l1m di pt.heri ae,

A
suBYnLh (CER R c‘%&%"ﬂ“&?f’%ﬁ& YRR HE R g'é)%gfg‘i?‘%@rqrﬁ‘m A

pOB/SdcolHride Svith Re@iid e RRM ?ﬁfeﬁﬂieﬂﬁ’@s@ linRdd't8 | Blh}rﬁt camers, M
pneunoni ae, tre onenma Un] and vibrio c

Pé‘ﬁ%l“wﬂ“%f‘tﬁl% t-‘rtPﬁéP%?(‘ﬁc epftem 2ypteine piigses: Cop P%ﬁ’ﬁ%? éieaﬁtvtys B

vﬂr\éé‘{réc%mb%a){ﬂ% IS 'I‘ G%e-SOS, 9&0% oAt Bredftbe @S HepaREKNifus
also have utility with t present i nvention

(ieﬁ@v%qqﬁg,exnm%wfaw pﬁOtems pRhePiPPes) iR pegillomgyeus (Capsid
pﬁjdtéﬁ PR CReLEbRBinar ﬁ@téﬁ LY %%E’ﬁﬁron{"ﬁpﬁ l 6‘? SMEE? ) PRcombinant

s vacci ne, chicken pox vacci ne, O0X vaccl ne,

ltfrvméil’\)/abb@@drl‘f?éqnt wseninyaBEPd, Tham {61, -4, HPV-
| :
$266'HI- 18, 0ARBLE MR APT- 167 R ceMpiUifiloBhifa BEASK bacterial

that can accor G th
siinfiace prdteim), Neisggria deeningitidho(glycbdomjugate mmh tetanus toxoid),

PSR LEARHEY, AN Ao YBL B S S ARHP SISl Bl AR

Suc
SpieptseniccuspNéymaosnglysonchajogae [1ak, Sa6Bj IN,ddal 8G hpvasEFpnes

cp o HRp Sl Bl QP! ol BIRERO TS oty 40 et 1185 TR P
cﬁgngaeedammlgwd focmi]egm Ik 408, 6tBI;19VnLuc;I1m: Cl9RC13F] catjudaeed
nds o n certain .
L RRMorE SRR fviqhim, BRARE porrig e, Vitifale zhfler Gl Blyfmit
gbRufbRts)VaidV ibrip lchbleiad B 8jak&e AFdlysaccharide).

[00121] Whole virus or bacteria include, without limitation, weakened or killed viruses,
such as cytomegalo virus, hepatitis B virus, hepatitis C virus, human papillomavirus,
rubella virus, and varicella zoster, weakened or killed bacteria, such as bordetella

pertussis, clostridium tetani, corynebacterium diptheriae, group A streptococcus,
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or can include one or nore chem cal nodifications,

such as, for exanple, phosphorothioate noieties. The
weewsdsngs sequence of the nucleic acid conpri SBST/UR®04/035015

sequence of the antigen agai nst which the inmune

response is desi red. In addition, in the case of DNA

pronpter and F yadenyl ati gn seguences are al so

IegiensHa Breymegh “Q‘f?@”%ﬂé}efé}{‘%s EHHLRRRNE acrygiBos3ntiegigRoccus

ph8ddontaRNrd}Rn&RE SRS, AR VB0 aldiera) b KnfreCREROMENT S
of infectious diseases, pathogens, as well as cancer

antigens. The nucleic acids thus find application, for

[60920P A &umibBr SR8 mbdeRliflf QfildbRfvacdine u\§h19ﬁ SSrfatfy antigenic agents
cancers, allergies, autoinmune, and i1 nflammtory

alfo bavestdity ViDthe presentiinvantion inglvding withaw dimyjtion dlvesaeding,
?melél\/s@&re%aw}{e biek QAL R erﬁea\ﬁfe% Oaa:eﬁ@ @SS VAECiAL Lhig&ih pox

an conprise the vaccine Inc al um num phdsphat
vgesiine, sthallhdoxuasdinadl hepatidevaceing pertupsio vageinepang| diggharia vaccine.
chol era toxin B subunit; CRL1005: ABA bl ock pol ynmer
w th nean val ues of x=8 and y=205; gamma i nsulin:
[OOIQé]aVac(qmb cemprise) nUble[O(aZids tib) cqnchieydélﬁ\(md(a‘ccmthXq/ﬂhe methods

< d
olf _R'Z vuct%c’ eiqcﬁ%e ultq%u I1_m1 t10n ﬁmg%(_:s?ﬁaxg < an ne %@B@néecp nucleic

mur’a

adiidmsudhyds, ftdr exat@dzbe sgpleanmm)lasmm: DNQN’ lidear p[BBIA)d, DIXA NG smids;

g S el rop TRt (6 Gty i heink RS CHAGHH ne:

mannidian énttilrr)ual d:‘ﬁ-raﬁ&stoyﬂeghuﬁ BAIA mylkeulesaaeh ys, rfcmfeaamble,hARHA

Iﬂ%%% ucleno;_lac& {mq%re%lp i, pal n%!igog'ﬁ(qobases In dcjltlcguolsnocryretam

eM6diMehits bf Ak anhtdnNthdatiticic E’él@ Winabe: colipled WaRA prddinatdous agent
S-28463; 4-am no-a,

oRcadi IRE YR |opmors hapisplmedifisaignsy gich ae for examalsol -

V n 1
S AODRAS PR, bl ok Lk

seAveRaHAT the-apHgeseayinsthidichy IRMBACARsPOREA b demr@r |Te additien, in the
cgs% of b2 pldmiotéand bol}gienﬁgﬂldﬁvs@&ueﬁcé|a§e°al§onﬁédéﬁjtﬁat% the

gonucleotldes such for exa ontalnlng
vwngmm@we@ﬂ@ @atigen thas eaty heieppaded: U’@luéP all mtlg@mg eefuponeats of

@E&%gé &‘ilgeé%[ ﬁﬁﬁ%gﬁko ?sr \%lt‘als%n‘i’cre}’anlt%g}f%h ik Hﬁéeé HGBs @s find

I'L-4
appicetidne fasmxanaplel inthie fissia oBsinfestjedsalisoasps, sargqqesl. alhmles

agﬁr%rﬁ% San%qﬂﬂgﬁm%%%se[zs%glzs] The noted vacci nes can

e’In various-forns, such as free bases, acids,
charged or uncharged nnlecules conponents of

[@?&gg&lé&lret g'ng )r(ees;?%fs)é a har{:’rggta%ut}vhgtgfvh cH,e oge Eu)er W hethe
vaganrtaatigenyicdn comprise the vaccine include aluminum phosphate gel; aluminum
hydroxide; algal glucan: B-glucan; cholera toxin B subunit; CRL1005: ABA block
polymer with mean values of x=8 and y=205; gamma insulin: linear (unbranched) B-D(2-
>1) polyfructofuranoxyl-a.-D-glucose; Gerbu adjuvant: N-acetylglucosamine-(f§ 1-4)-N-
acetylmuramyl-L-alanyl-D-glutamine (GMDP), dimethyl dioctadecylammonium chloride
(DDA), zinc L-proline salt complex (Zn-Pro-8); Imiquimod (1-(2-methypropyl)-1H-
imidazo[4,5-c]quinolin-4-amine; ImmTher™: N-acetylglucoaminyl-N-acetylmuramyl-L-

Ala-D-isoGlu-L-Ala-glycerol dipalmitate; MTP-PE liposomes: CsoH;0sNsO19PNa — 3H,0
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as ethers, esters, amdes, etc.), which are easily
hydrol yzed at body pH, enzynes, etc., can be enpl oyed.

WO OdiAsiHsit is to be understood that nore thanP@NES2004/035015
vacci ne may be incorporated into the agent source,
reservoirs, and/or coatings of this invention, and
that the use of the term"active agent” in no wa

S EDubfeametide: iNas-Nr-k-ida-BrGlin @z Blehraac-glueara @St 13 Si8463:
g—ﬁM%-aﬂ L-g?ﬂ%lgl-l -ﬁn1&&“%5-@%1@1&9{69]@&{1%0}3,s?lg\g)t Sﬁe}ég%ed

anount ol ogi ca ective rat
WQGEESNDeaHE ! (Thd Pviad-di7 heeptile)aand threamdiMDP ¢ Bdrinyrtiale ™) -

agent and.refers .t he anmount,.or rate qf t

RRRT R PBEL bR R Pisve B et @ irdfiat s
Ad]jiuw}nai eﬁsoLihc&udiﬂSNA%ﬁfgérfﬁEl&ﬁ@e@,g;hd} aspfor e;lfhlnﬁﬁd’,l €pGoftaining
resul t. The anmpunt of the. imunol ogic active agent
R isioidrin 1§ AU RIS AET S FATATS RS r Bomviorsagry
liyA@hokines BlidhQid TW1 B ILIEILE MRIL-asquat [INSCessa4 ttdrRrddShdder
an anoun’ of the active agent needed to achieve the
kpens B aepuiatom AigNY R PEAtCIPERTIE Usadn practice, this will
vary w dely dependi ng upon the particul ar

I nmunol ogi cal |y active agent being delivered, the site
199179 Tihg 8pigd vagsincs $a9 o8 i Yariounfoany snebl as fise bisenaeidas
é[hg{ﬁ% g}' ﬁﬁ%ﬁirﬁe%ok&ﬁ@s?@&rﬁﬁbﬁerﬁg@ﬂﬁoléﬂﬂép cSkplexdsiop SUES.

e

1. term"mcroprojections”, as used herein,
phafragegutical ipacsertatiesadts e Ferhes simplederiyptévea ghibe eetive@gents (such

z@ieﬁ{efsees?crrs,%lhtidets ré'i@};'%c“&?e caki >HF81 & . E V4 H@s etc.,
sl %%rﬁ?%ﬁ%hg ﬁh m s

underfyi ng epi der ayer, Or ‘ep

¢anypeemployéd.t he skin of a living animal, particularly a
mammal and nore particularly a human. [ 00129] In one
enbodi nent of the invention, the piercing elenents
186126] at ip tooheagidemiood thagmbreltizmont awing @0 baiircomgosated intodhe
<5¥h s eSO e S TG e RaY b B2 & e term
‘arefeaigai!’ in, nd vessexthdes tRSse 10 ovcosrsnord bveh active agents or drugs.
m croprojections typically have a width and thickness
of about 5 to 50 microns. The m croprojections may be
[fooraT dhi Ferdhi“biotugioatly effafies amsustoradiongdl e stfeckiod ta@n, as

needl es, bl ades, pins, punches, and conbi natj ons
‘tsﬁ‘zgf‘éﬁf‘z meagg %@d]acér"r?és ?%F'm’“rwf%f"a@\‘ e f‘geé‘hafﬁje’ﬁ%é*r‘@ theyg
disRt feeionthe gﬁmﬁﬁ(ﬂb%i&allﬁ](&ﬁmta@&ltﬂﬁéﬁe@ EOSRInURE brl iRTiate the
rray. conprising a plurality of mcroproj.ections, .
%F?%%@M“Pﬁg'én“%ﬁbﬁvﬁfc@ realﬂlﬁ resgroppet dherimmunplogicalastive
ageft eMpldye@ frth€Ridréle| TR RliofsaRd Q&tiﬁ%’s{d’f@lﬂ: iRVen@be WiING: R4t

punching a plurality of mcroprojections froma thin
agpuiat negergary & ¢Rliver aramosnniity acHee 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.

[00128] 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
layer, or epidermis and dermis layers, of the skin of a living animal, particularly a

mammal and more particularly a human.
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m croproj ections out of the plane of the sheet to form
a configuration, such as that shown in Fig. 2. The
wor@soprej ecti on menber can al so be formed i n BCTES2004/035015

known manners, such as by forming one or nore strips
having nicroprojections al ong an edge of each of the

StLr as disclosed in U S Patent No. 6,050, 988,

LA} 28E 7 %nerférrb@réwnh%féhwwa‘t“@a, the Piprsing elesteatsihave 3 projection
@d’%‘tﬂ le§ tHan f@@ IddibnsThe atrekHes embﬂ(ﬁrﬁ@}ﬁ QHé"]Stercﬁ@q:lements have a

trasonic" as used hEFEIn refers to ultrasonic

RipicEoN deneth afdess than SO0 BnGrefy. moremerferably ylesatteane? 5P micraugele
BRfo ﬁ?o]J&eHQﬁsQ%xl:élM Haldh tidtd\nd ¢ ﬁlcmlsi KBNS tb B0 tHi&Go Ry tThe

suc requenci es are typical reater than
ralsfwmcﬁamsew rdfomag lwtffee@ shérzes Juol agmedieh dotlew needles,
0 AS | herein, generally

bé& Hg to g%e %@?F@ggﬁuﬁﬁﬂg§%ﬁerapeutic agent
(charged uncharged, or m xtures thereof),

[8@(351( Gi‘Hl: %'I'Ijn y‘m?(:réﬁﬁff %%tfb% ménrl{epu gshus?d ?qu’/ﬁ egeHeraﬁ‘)? ﬁonglgt%g !a?

rdletopmecyom &‘rea(tcoh‘tpasmg palruralay dfymicrogrogeetomsrarmngteldn biy arkdyefor
a ul trasoni.c_ener i n.the
e R T
0A$uncﬂ1d1g(aqﬂleaillt& lobmécrofrbiectjpne fremta thin gkeet areinfolgitpedt dkhding the
0 nenbe or s

J {1
OB Eop ot T O T e e orte pBion P et
shbved BCHig. 2t e rBflerthiGer et fb h othBEknown
strat urhé cor nefunﬁ?lell?]l?gaﬁ]e un?erp?‘ﬁﬂm e T‘?él?m S fl;n;er

BN SHel # Y TarRing 8’P°rﬁr§“qr%1§}8P%h%{W§ ‘me’r%Fﬁt"RﬂStaﬂ%&H edge

dﬂ@éﬁhQﬁBt}flerlﬂ(é') angiabsBlin 0. PYERtING0E,050,9880 Ghfchlid Ber@it | ve
.agents. i001? I'n one enmbodi ment, the n1cropr01ect|ons
IpCREROTa{e Ry ‘ﬁﬁwfﬁﬁﬁéﬁﬂmﬂhat contains at |east one
vacci ne. Upon piercing the stratum corneum | ayer of
the skin, the vaCC|necontaln|n? coating is dissolved

&

[B913hbde ferms ‘Glirasaendz @ad 'ulirasenicT, as weed Aerdinesefaraioailiraspaie
»&Aveg a%uﬁms Aavindy Frchkhéaﬂ a%[)vefthyhmanaéaps 5@@?}@2& it. A Ois

he skin for vacti na I scussed I n
Wpélrl@pwn irpthe ext, saptpfréquandiesrareotypichlly greaterdimnaipprokinmtely

BRGH rasound (i.e., ultrasonic frequency or
mhveg%ﬂ$%£%pplled to the nmenber or the skin site in

whi ch the nmenber was applied via the uItrasonlc devi ce

t enba C
052 PAR ) MR MRS R s e
ofi bthemluln:chgmtc(clta@ésdmbdrgm arrmlxplrta;kbermf) partlcu]arly a vaccine,
tﬁ’rgtg%io elgogy éurfa s%d%\ésa S cl:nl %%%ouasqnem rane}/(?rcn%{lg erem e%shvery

is at least partially induced or aided by the application of ultrasonic energy in the form(s)

of high frequency sound waves and/or vibrations.

[00133] As indicated above, the present invention generally comprises (i) a
microprojection member (or system) having a plurality of microprojections (or array
thereof) that are adapted to pierce through the stratum corneum into the underlying
epidermis layer, or epidermis and dermis layers and (ii) an ultrasonic device for

transdermal delivery of biologically active agents.
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i munity. [00135] As is well known in the art, the
application of ultrasound is typically acconplished by
wore@s®sass a transducer. As is also well known PET/UR®04/035015
art, an ultrasound transducer produces ultrasound by

converting electrical energy into nechanical energy.
&g0136 Referring nowto Fig. 1 there is show a
[ At qne embpdimentathe GHCTgpProigRtiong Bays agopting thersep hatconigins

af Réist Bk Hikdihé nCpléieiY.g B siritdh SARuRTaydP 8L Skin, the vaccine-
accordance W th the present invention. As illustrated

cpriaiping coafing isissovash 8y bedyrfluid(igjeaselhuariflpidsiaad exteaseltylar fluids
S&:&% 'nﬁérstﬁﬁbhﬁd) arl?lqyl%éﬁ@ ml@l!he %g lﬁﬁ‘tv'a&lﬁaﬂﬁhll ﬂ% Biscutstd in
backi ng 14, Iive electro 5, plezoelectric
detai) Berain, %r algﬂwmeﬂ thel r@empmtnmmemrcwtrm@um@en ultigsonic
f
AR B R 65 08 Aot o
apiied viaj thmltr@soemsigvee tpoardongotiien Gtingsj ¢nthandeeyacome flux.

k %a%%glggezggt?ﬁ f&l?ndttﬁz}qiilre %giﬁ)ctagoxil r&ﬁult sggnc{ laﬁi%:sgﬁl te?ﬁlgr uptake
of pcdyﬂep&deebﬁse@%cm& aad MiNYe dactc meptodbest igernehxpratioreanid f r om
elecirlc shock, and is also covered by the matching
MRYAY- 18, whi ch i nproves the transnission of the
uItrasonic energy into the body [00139] Optionally,

t chi ayer is a dIS osabl

(RS EeDhoa e e BTt S wheshupd R
aC€RApHsHed bghwaeabfraheniduaas dy @ilsoand unlaemglethe aﬁcdﬁ L(lﬁ:‘as@und
6@% or the Ccro gkectlon nber or. the
trangdpcer produgegiigsqund PR ePGRIRE lsRirica) eﬂ%fﬁ?/ mt%es%hamce energy.
doubl e- si ded adhesi ve |s adhered to the matching |ayer

&glor every single use. [00140] As discussed in detai
(904 @i Referrige pawity Gignd E‘FEﬁdF 8]0@’@@1 sghematie Jlpsugiom;of ar pxsmplasy

trﬁmu@ek it for lah G1AaS S AN 8 khak SandhSEEH aé&raah@e Wih thePreent
(or the mcroprojection nenber, or the skin, depending

inygntidie As\dysepted Mlgglu thertiapslugerd @ gengnallytindudes 8 coaxial geble
1 fh%é&ﬁ?[ﬁ aé&xsﬁ@ﬂkdlﬁ& 13, Bac@l?] P kaﬁﬁﬁlqwe\é%cﬁ&ié%' {btelecmc

ching layer Is rep he di sposa
C@@abl%gwud@d elpgtiedsi Wend mtoy@g layef §-t her alternative
enbodi nent, the doubl e sided adhesive is an integra
part of the gel pack or the m croprojection nenber.
[Q00B74THe fAmt and beask fareseal thqﬂiﬁd-@ap@ pitzaeletydc bryftalcld apf  t he
tyg) c\éﬁt 9%&6%?@1@1233%& eglt hl nsuﬁeg@?)g 3 rﬂzéc*?hlltglrﬂgaitwo e-lnc]:{sroéj ‘ig ! ﬁg
that mpply’ltlnd dettiintadtagdhat causes the crystal 16 to vibrate.

[00138] The front electrode is earthed to protect the patient from electric shock, and is
also covered by the matching layer 18, which improves the transmission of the ultrasonic

energy into the body.
[00139] Optionally, the matching layer 18 is covered with a disposable double-sided

adhesive layer that further improves contact between the transducer 10 and the gel pack

(e.g., 60), or the microprojection member (e.g., 70), or the skin. According to the
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transducer and danpen the vibration of the crystal

(thereby reducing the spatial pulse length in pul sed
wabdosasiasmd transm ssion). [00142] Finally, theCcT/US2004/035015

acoustic insulator 13, which typically conprises cork

or rubber, prevents the ultrasound fron1passing into

the, plasti¢c housing 12. [.00143] As w | reci at ed
'“Wt'aﬁ IsppsE i klegsidedia *i'eS'iVﬁ istaqhergd to th‘?/‘é‘ﬁ{) g layer 13
pﬁ&@uﬁﬁg@gksw@nd hence, ultrasonic devices can be

enpl oyed within the scope of the invention to provide

the ultrasound or ultrasonic energy to enhance the

[0084071 Adifusbéd irl &Qalﬂlﬂenﬁ(f@lquhé‘lglc%bréjmloh AN SN pRBatioh Rfthe

ul trasoni ¢ device can éf wWth various

skil, ghedpanerfusert i0gmadhered éo §le aﬁld)agly éwsm@@prémmam@emh@, or the
skad) %@;Senfhlng%n tl'Besg'ﬁ&{l lcBigPMoh Bsel} $hd the ul{rﬁﬁ){lﬁd {é%atrP

one i ment a m-croprojection ne use
applieh Infae ab«?re@e/membﬁdﬁemts tha mapbing|laygs 1§ istrepdaded wﬁ:thghe 2,
dlgé])‘?aﬂ’fé @Jug[%rs%e%%ihégﬂe' ! ﬁ{ ;%?E ft?l‘@le} eﬁfélﬂé Fee odlmer%t, the double
croprojection array urality o
sidﬁdmdbpn@] gt inpgs Batt oflflmgqirpank@p ﬂ'@j rmcttopm]mti&ﬂfmember.
preferably extend at substantially a 90 angle fromthe
sheet 36, which in the noted enbodi nent includes
[06 b i AsgHuB@ted [iDPip4 btheAmclo fade ofyht crysthiel 6 abus atthiokbacking

N N T GO RGNT

traddlicei um:kildympmdhel dtbraldh eBthy eryktal 1 6(cHefubly Rgiuting tHeapartal
t In this enbodi nent, the
Pﬂlﬁed?'tgﬁ} 'BJpggf‘ig Bﬁg?ﬂn‘gfr%“ ;’%ﬁsﬁ’ﬁb by etching or punching a

plurality of mcroprojections 34 fron1a thin netal

.3 d bendi.ng . the mcro ctlons 34 out of
[05 @?Eﬁ'%ﬁé tE‘r aﬁ%@lcgng%%oréé wrls'm% wrrem@eseq%%r THihSY
prefentshife WIRYR0Ad B phlghhts mm@.h@ﬁwsm@ ipenber 30 has a

m croprojection density of at |east approximtely 10
m croprojections/cm2, nore preferably, in the range

[00f433tadeask aﬁ;ﬂ@&&%&l FRoR %v%@grmna%o%l in the art, various
m croproj ections/cm?2. Preférably, the nunber of

transduepis g8d henceyyirasonicalgvicescan Qmewipqu within thg serpe phthges

n
o s ASTALLABLE BRI NGB0 5

m croproj ections 34 preferably have a projection

[Opnﬁﬁ? tAQcJ)l%ﬁ] tb hl% '?m%ﬁgﬁ‘léme%t%gg‘nic !ia/%c%régn @h%%%l h \;arlgus

oproj e thﬂS Ve a projection eng
michegpnoj&0ion membonssnd systeens i efhencabhengehtefhm ﬂ%eﬁmru%ﬁ)w to an
L0 ctions.34 al so ferab ave
2, %e?g g { @own ewboii(lrr{feégg éfg fmlgrggroiecgoq lgelng r‘%ﬁ (,f TRE with I?he
present invention. As illustrated in Fig. 2, the microprojection member 30 includes a
microprojection array 32 having a plurality of microprojections 34. The
microprojections 34 preferably extend at substantially a 90° angle from the sheet 36,

which in the noted embodiment includes openings 38.

[00145] According to the invention, the sheet 36 may be incorporated into a delivery
patch, including a backing 40 for the sheet 36, and may additionally include adhesive 16

for adhering the patch to the skin (see Fig. 4). In this embodiment, the microprojections
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[00148] The m croprojection nenber 30 can be
manuf actured from various netals, such as stainless
W@ e@el31453 t ani um nickel titanium alloys, or sPET/S2004/035015
bi oconpati ble materials, such as polyneric material s.
Preferably, the nicroprojection menber 30 is
nanu%wgt red out of titanium_ [00149] According to the
v by fHngQrauBgling Rlbsalty obBeseprosetions 34 &loae hin
BaNShéd 86 ﬁdi K2 lin® theaniBRPrafRNSMSUINVELTRE SlhAdfitheSHER 38S
a polynmer. Alternatively, the mcroprojection nenber
can be coated with a non-conductive material, such as
[l@mj e6he dHOARA M (S APERIORShd ARrSFRGBAIS pldhber SHhshe
enpl oyed with the present Invention include, but are
TRISKOPI)aefiprdens ity of 4k keastmpprexicnagiilys E) miseaprajpetiongiem Patoent
d}%rab@ A% 1‘119 of Gt @204 (%ﬁ&(lﬂ @Oggéﬂ&)?tﬁrcr I’l? R{/&nz
|ncorPorate reference in their entire
Hreforably] th@nﬁebermf epasfigs peromitarea rﬁsrr@mhwrhm ageah petse,es is at
e vent ers
FEPIRRt) 10 bRGRLRAC Bha LLUERI LB 08 b TR
techni ques or by nol ding plastlc u5|ng et ched

R AR HE R RS D gl S BabLs

theer 906 miiaronst $n emﬁennl&utiync{nﬂ@ﬁaﬁﬁﬂcroﬁﬁgmﬂmm Ha®e & P@jection

ARAET b Mg SR Pl BB B e R i e
dnyx@pmmhorfsdmmsbmdfwblg ihsyeaseidthi did shigeksspAabout 8 $3&50/Mickons.

(di scussed in detail below), contained in a
bi oconpati bl e coating that is disposed on the

[m 1aspmh@meﬁcsprgectrm i@besth @h be @idhafafte’d iffdnPRkbud Ketals,
%UT % for | at.i on (g t he bi oconpati bl e coating.
SpEPps T nlgss pleg ﬁltwywﬁow‘f tifgpiym aloys, ﬁw'@ll?rsblgqqmmn%{e
niEt&HaBPsRN 8EbdIAReEIRe al3 Q’r@@%ébﬂlgthghﬁ&r@@()}&@&{ héRGer36 is
that 1 nclude a bioconpatible coating 3 According to

rWWéﬁFHVQNPWSH“m¥%§~coatlng 35 can partially or

conpl etely cover each mcroprojection 34. For exanple,
the coating 35 can be in a dry pattern coating on the
[PR16PLAeesrding toghs ingantiombe minsenreiget®d nesarbenb @ eantsdso be

RSSOy 0t S LT L S

ngergpiojegti@bmermberigen bgyslaied with@ rtoheomduch‘@pn@tjn@d,t sugings [Bdylene.
by a variety of known nethods. Preferably, the coating
is only applied to those portions the m croprojection
[0 Bl MiG0Oprojectiinononplery thattcan hserBgloyddatithabe plesent mvéhien

if?clf\la@, t‘u‘? A ot Itlrlnfgesd tg,g tLé members disclosed in U.S. Patent Nos. 6,083,196,
6,050,988 and 6,091,975, which are incorporated by reference herein in their entirety.

[00151] Other microprojection members that can be employed with the present invention
include members formed by etching silicon using silicon chip etching techniques or by
molding plastic using etched micro-molds, such as the members disclosed U.S. Patent

No. 5,879,326, which is incorporated by reference herein in its entirety.
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[ 00155] One such coating nethod conprises dip-coating.

Di p-coating can be described as a neans to coat the
wor@soprej ecti ons by partially or totally i mepci/nsondess015

m croprojections 34 into a coating solution. By use of

a partial imersion technique, it is possible tolimt

he coating 35 to only the tips 39 of the
[03?11541 dAp‘i”Bidé%gttP ngms%tlorf @t?%‘é Tl G YR it i RECIRD ENBRY
deliveRl t&fte doflalned iftBahydigael f&ﬂmﬁliau&mk@y&i il algel pagk reservoir
coating nechanismthat simlarly limts the coating 35

(deSaU%SFﬂemﬁeBé bS'QWé;fcoﬁtﬁ@e‘i’ﬁ“&‘?j%OB]Pé@tlF eRréingthat ipKisppssel Pa fhe
PSrbj chlomeh’rfb@r 3Bordioftalned fchotthih ro@ﬁ’ RJHnﬁﬁhbrPﬁthQe
10/ 099, 604 (Pub. No. 2002/0132054), which is
mPﬁ@@Pﬂ@Fﬁﬁéﬂgby reference herein inits entirety.
[ 00157] As discussed in detail in the noted
a?gﬂlcatlon the disclosed roller coating nethod
(08¢ Vi Redagring evp ot e So heranig shomata misroprsiectiar membeti X) hadige d
mf&wjgaﬁnm@{hgﬂﬁah&qBl?&ﬂwgéblgb'&ftlﬂg3§k}\&opdu‘?%t%'tﬂ]@ The
snmoot'h cross-section o e mcroprojection1ip
ingengionrthe @Bting3 ¥ eantpasially bt epatplesle doweneaéh @nicr8pro[e0QdbBY. For
r ' [ t he. i
R e Bk 35 B L Blhere BTD FrRPRRUGELEAR 3 e
cogtim@ifcantalse by epplied befbret drefteraht mivgopBgectouchv @s formed
apertures (not shown), grooves (not shown), surface
irregularities (not shown) or simlar nodifications,
[0ah=t] eﬁicnondhg torderisveptioy ildesatingSs eas Bdapplied @ake ar ea upon

er a of co tin n_be deposited
et etons EPhE vERRA nSn FRB00Y RateRaR wECERBE ok
applitdhionhdsb porsicnyte ﬁhﬁcr%ﬂi&_;ecﬂfoﬁ&%hﬁ{bei‘ B/ & thicRIProjipid aBbat
oating. .According to the invention, spray
peé‘gtéatt%/?li‘ﬁ lgﬁﬁe'gn%??ééss formation of an aerosol
suspensi on of the coating conposition. In one
i ment, an aerosol suspension having a drop
0§32

Qe suptsigatinggnethed campsisesidip-goatiag. slawéangoqw@efiﬁﬁérlbed
as'¥i reda@PloUoBGhd ﬁmopaa@lctrohseay pemlm} or E&Qi&ﬁ%ewg ®EN

coating can al so be enployed t0 coat ) )
miGrRPFRIpTISpetd intrAscosting sphisiopaBy éwf@@aﬁﬁah@wﬁom@chmque it

is PORILIAE 1iH el SPR BRI e ayéigedﬁtﬁe%c%gﬁd éa'ne.gg 9t he

deposited |iquid onto tHe mcroprojection’surface.
quantity of the deposited liquid is preferably in the

0099 Rfth: cbadi QP& ST G AR AF L ABY
[ Exa%‘g} of gu‘%trg%P e pr cllgsfon- met le?’e‘%'?f%u@?fys a roller
coatngoememsn drag sihiilgdy beésithe godting 35 Rathe tips Modf.the
méro%%?ec?%ns 34. The roller coating method is disclosed in U.S. Application No.
10/099,604 (Pub. No. 2002/0132054), which is incorporated by reference herein in its

entirety.

[00157] As discussed in detail in the noted application, the disclosed roller coating
method provides a smooth coating that is not easily dislodged from the microprojections
34 during skin piercing. The smooth cross-section of the microprojection tip coating 35

is further illustrated in Fig. 3A.
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5,743, 960; 5,741,554; and 5,738,728; which are fully
i ncorporated by reference herein. [00161]
worb@soprej ecti on coating formul ati ons or sol ut PONBESIA41035015
al so be applied using ink jet technol ogy using known
sol enoi d val ve di spensers, optional fluid notive neans
and paositioning means which is generally controlled by
W@ﬁﬁ% digg Exhe frevetjon) He METeREPISEY QS P4 o4 [ pRATdRGigie means

aﬁﬁﬁ&ﬂ'@ Ir@@ive Ah @8R dnfighcR kreVolunt JIf LEDhting 3B suth Al Afektures (not
qui d di spensi ng technal ogy known in the art can be

Sbl%‘@a gr@q)veamﬂt WQ’Y@)’tSHgaCﬁaF?%‘ axitisH(RPS qli]@wa} orgsypidar modifications,
vHRMENhE ARand HOEERindSasd @Bt £k updR %fc‘ﬂ'ar?eatté? afhBént of
enbodi nent of the invention, the coating Tormnulations
C@ﬁ@%ﬂ@@bQ@ﬂpﬁ@dn1croprOJectlon menber 30 to formsolid
coati ngs can conpri se agueous and non-agueous
formul ati ons having at | east one vaccine. According to
[0HE9] Avether conting methadibaticar beemplpxeddyithémihe eebpaiof thie pregent

BT SSp bR b, Ao PRI BebitRaliicah o
eh¢amtasst foomgtion iof msa’sosah:dlsmgbepﬂ the cqatiog ecprmpd@a@edln one

[
G S R LRSI PG VAT e PO s
spragdduohéy themtidroprbjektions tl@bndthen dnetdi gens i n t he form of
proteins, polysaccharide conjugates, oligosaccharides,
and | i poproteins. These subunit vaccines include
[mnﬁd}emtehacqaeng tenSls® be empyed tanit thcwcgédmns 34. The
acellukar §Jos di um tanl & % d d
PR ST A AR O BB Ps LRGP ey B v s ippine fheidegpsice

nqela@nw tH@ﬂic}opr@}E&tME@lﬁc@V Théguably e mardep@itéu BalhdiRi t) ,
G ou itrepto occus cho rotein subunit
PEAfSTRY Ghihei gpaee Omage}rtvé RictRBTe g rAplop gfipiable

pmigmndnetwe@ n@ﬁl@ uabm&& hx@@l%ciokc{dkiﬁ@ $ PateNEI5 w@m t
nmul ti val ent type-specifi

n
5&6?196%5741(,59%18@# rﬁe73§»|7%8 &dich arefylly HisprPoEesldy, reﬁﬂ@ﬁ@ﬁ hergin,
B virus (reconbinant Pre SI, Pre-S2, S, reconbinant
core protein), Hepatitis C virus (reconbinant -

(0461 ke Miwapraisefiancoaiinedoeniaionner sopitivnprasplso g ppiticd using ink
I S o PPl Pl roe e TR AT R R heeny and

putifioring meammwHRY-ig gene@lla doritspl eyt use o€ mtieqilacnﬁelgLQtl@r liquid
F)
PRI Sy Y B SRSl U o
kbaren arthadrt sartfease for apiphiimg) the Netess@ating efithis myienticke s
(gl ycoconjugate with tetanus toxoid), Pseudonobnas

aer ugi nosa (synthetic peptides), Rubella virus
[@uiy2} Aetridicapdpictaiding tdhieeptbodioreatist tixniavenbion,ake coating

| yconcon ate [1. 4. . .
fcgrg’luYa%ons app e 3 1Llcfoprdjec%bn member 30 to form solid coatings can
comprise aqueous and non-aqueous formulations having at least one vaccine. According
to the invention, the vaccine can be dissolved within a biocompatible carrier or

suspended within the carrier.

[00163] The vaccine preferably includes, without limitation, viruses and bacteria,

protein-based vaccines, polysaccharide-based vaccine, and nucleic acid-based vaccines.
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6B, 9N, 14, 18C, 19V, 23F] conjugated to neni ngococca

B OW, glycoconjugate [4, 6B, 9V, 14, 18C, 19F, 23F]
waeonsogased to CRML97, gl ycoconjugate [1, 4, 5pPCBBS200M035015

14, 18C, 19F, 23F] conjugated to CRML970, Treponena

pallldun1(surface |'i poproteins), Varicella zoster

Vi rus g gl ycoproteins), and Vibrio chol erae

(BT SU TR 1 i el ot aons anise g U ol oy

pb@té"hf‘f‘ IpbBsdcbitdridel 8onjiiated ClizodabdHakiddsl £ 1lipdBrRBRETheRE subunit
killed viruses, such as c tonegalo virus, hepatitis B

VPPaings mcn@s&orqweélaeemswaérecmmﬁt PRPvaqcisgenacelipar), Clostridium

téthm ?;Ldrﬁ'leH | bdbibifiAd, @%héb@&tér"ﬂm? 9$¥h%f1ae NRAofbinant),
I'ed bacteria, such’as bordet el rtussis,

Cmt%%qgﬁiomr%ﬁrfgtyé@mﬁﬁem stbinjthdlraen 4 ﬁirQHWC@P?}lS lﬁ@lwcmeotelg pehypit,
I
AR SACTORGHE o SRLADRL Ly BUSTRROLY B DELARBHA e
t@m prlibearriars, &b pretaim npdtivaledtitype-spedifigiebitopss,chigities protease,
g ;Fﬂd’é{: rl%iaa&thseé Gls Vsﬁécgﬁﬂ;ﬁ%]t P°9§’f ‘P!r °§2”"s Fe%%ﬁi%&.{t%&'ey
i nes, i'ch conta I'C agents,

plrotcthl,l Hiepatipis Chonis (ﬂecqmlnmt 6n>$préS|SQd smefacm metsn,ns hiydepitopes),
I—Fun?’a%?%@ll&%g\mug F(‘C?Ps%blrgtemg'gg ?g{:]gﬁb%ngﬁggn@?qt%g g‘l‘ amF 7 frOér’l
HR—ypé]; MEDJ- 5Dacrenonﬁ>;napeVLIB| B & fromHR\GH MQuaandaleht petcbmbinant BLP

GBI IR VRS TSR DR L 5,

Ldgiohd! k- méu‘tﬁtﬂiﬂlﬂﬁi (puiied baxtenial wisfacespioding Neidseria me«ﬁxlrgmhd%s
i.near plasm d DNA,

er coi | asm d s
OB P e 1T SO Peye OB s Berapss (pist€ Pepacs),
Rawbtliaf Vi edynmbmcpﬁepﬁmrefn%hs priEBABREihé @glrycaﬁ&dnjuggte @1 4 5,
nps and RNA ecul es, such_as, for exa

h
6B, |47 RC.0Y o 23] cpPueARAP BlcBinGeopced BrDWB albcoeemugate [4, 6B,

9whqwa@0dﬁ)m3 icbRjagsasto dI{MED@’d%l é&snju$% ¢t 9'6B 9V, 14, 18C,
mbodi nents of the invention nuclei ¢ ‘acid can be

leB@éFb@wgﬁﬁd Y GRW@?% despenamanpditumgsuriasa liporepigine), Yamcella
Z8%ter LS (sGRRIR 6 ?&op%}gih;)' SRAVIBRS chofdtsedl cEifug a‘&fpoﬁ&l?gﬁ%}ﬁrlde)

phosphor ot hi oate noi eties. The encodi ng sequencé o
the nucleic acid conprises the sequence of the antlgen

[gfgg??ﬁthomu%? {]ﬁ‘h%teirimg@e,m%’ggﬂﬁﬁltdn%n qgez.ﬁﬁéc{f‘eg ‘or !(ﬁ]led viruses,

|on,|ntecase ronot er
syl ap sptemp e Viows, Bepgtidi e'susah@aatIlS@ viryse burpor EEpdiymanirashe

MREEVHS, SRNHEHRLoad S ARLEIENHIALEAR B STERNRT,

i nc geni ¢ conponen

pdrrtlsela,smstnquan tmxglerq:srynedslcmehm digshetiae)@erupahn !;tregemsccui he
nucl |c aci

Qe reoRie feterd BfuRY bR hes p e B Prelipptele
pﬁMnmmpnmiwpallnfuhﬁMﬂblﬁg/ckdﬂlesz&:as:&ﬁmxtures thereof.

[00166] Additional commercially available vaccines, which contain antigenic agents,
include, without limitation, flu vaccines, Lyme disease vaccine, rabies vaccine, measles
vaccine, mumps vaccine, chicken pox vaccine, small pox vaccine, hepatitis vaccine,

pertussis vaccine, and diptheria vaccine.
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[00168] Suitable i mune response augnenting adjuvants

whi ch, together with the vaccine antigen, can conprise
wo bwswsasi ne i ncl ude al um num phosphat e gel ; aPCms2003/035015

hydr oxi de; al gal glucan: b-glucan; cholera toxin B

subunit; CRL 1005: ABA bl ock polynmer with nmean val ues

of x=8 and y=205; gamma insulin: |inear (unbranched)

80 7 VaSCIl}CSﬁemyflwn&wm agiis,igqlude, withaup i dationcaipglgrstranded

aﬁdldb’l&‘lﬂé’lgtran%@lﬁ%tew AHCOSRM, R eﬁantblé séﬁerM@@bMLrﬂMrmJ linear
L- al an | ut am ne (GNDP hyl

Rigsed Qg’é\c 995311% haqteriad prtifeip rqnmzwes BALs)yepst eftifigial

&%ﬂos@ﬁ rfrﬁﬁlaﬁ)amdcml blggsq) es; and RNA molecules, such as,
- (2- net rop H m dazo 4 5-c¢| qui nol I n-4-am ne;

fpmmmele(m A, ﬂmcsmewlfgiewdanam k:an\beametothmndﬂyﬂ kilobgsgs. In

gaﬁﬁ%qbkﬁa&alﬂgﬂ)ogtr{%%theﬁ/h .Hﬁ ttlgetlﬁlclemmdpclfm Ibl: Q@Lﬁ)?mth a

pxtGniddpusi agéitapr BarGhelu®@Ghie;or ﬁ’loeanhamlcabngdlﬂcaamns QB®h23, for
i oo RRRR: Ruisups, e spegding srqusace ol fieusisioaci
®oIpE s tlmepﬂuede: of\mgﬁﬂgambﬁvhléﬁ the imiaudeG8spbride is desired. In
:and Terpurtide(t :  Naget vyl

RERahF e FRSONE S ARV bhhFenithss X, 2
id@rpdrte®inlthe dacgind honiktructAﬂhd.BmgérSthﬂlcsm bé erebdedicindDNG all

onucl eotid as, for exanpl e, CpG containi
PO e S b Ry B LS e e
Iﬁﬁl@i@dabidgtﬁuﬁ) find Applio&ioneGY bxatrpley irl tHEPEIOKbNBR SIS lisdses,
IL-18, 1L-2 IL-12, 1L-15, |L-4, lLIO ganma

PRRCEY ?léef%?ﬁ a‘&ﬂ'&”‘i\\‘ﬂ?a”p&‘&é“f@“}"é"dw #6355 si gnal i ng
proteins can be used.[00169] The noted vaccines can be

[0 68 P Li@dbTe hiREURE respoEE a@gﬁne‘nhﬁ@ad%&ﬁﬁ whithl f3eth&AfHIGE
or uncharged nol ecul es, conponents of nolecul ar

VeErtiA aKed, 6 GOHwFipRke u@qcmmc)'/uds@bl@m% p@selaﬁtq gel; aluminum
t h
hgwoséfaggarlgsﬁ L¥RLe Ipdg%aax acg}bnéa%oﬂﬁ B snﬁumc EE]L?O(%Q a%wnrngayc

este are easl
plolyairen With ewtam valbasahf xp&-lancbyﬂZj) ﬁ;@mrretlcsulm demal‘denlﬂarpdhogbeﬁdl)(}
t he . nve

017 di t 1
AHop SO Sfiedishy oy SRk v 2R EBRk e p 4 -
aﬁ@?lﬁ‘ture}niﬁﬂ -I- QarV}ﬂBJD glhtgﬁm (GM]DF)Edl&ﬁflTyl &‘tﬁ&tﬁdeﬁﬁlaﬁig@ﬁtu\%] ¢hidtide
Cri a 111 C ec en
BB i LAt s ok CaPebh TG msd [ a-Bethypoplr | o
iRidAYsIs QR I]tg}m&maumlhé b Thehre. méiertﬁglh@&hﬁnﬂrmy&@mﬁmmﬁb

nol ecul e nd to the hydr ophobi ¢ substrat’e,

Aivéﬂ—@@(ﬁliurlr Alpglyearedlingimitaies MDi-BE up@somemfsﬁ]ml\b@wmer 3H0
M B SR R AOIRE U 459 By
4t~dmmm1at-dlmgtlageﬁtlmldmb{ﬂﬁ@]qmncd;ms-d@ptandﬂt a:lavo pmﬂid:el ng by
\}(SlgElgﬁlI]Xl%rltHCl (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 encoding for immuno-regulatory
lymphokines such as IL-18, IL-2 IL-12, IL-15, IL-4, IL10, gamma interferon, and NF

kappa B regulatory signaling proteins can be used.
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Wetting agents include surfactants as well as polyners
presenting anphiphillic properties. [00171] In one
weodsdiment of the invention, the coating forneRIEUSNME035015
i nclude at | east one surfactant. According to the
invention, the surfactant(s) can be zwitterionic,
oteric, cationic, anionic¢c, or nonionic. Exanp

[031%)9& drhe Aeted yaeeines gan Redn Variaws thrns ustbasrims batest a&tdé charged
orSLﬁhGhdi‘gdeﬁ’(Q&Qﬂ/és orlpbAdes drRtdRculaf ESnYR IS bﬂﬁﬂ’éhﬂﬁe@tﬁﬂaﬁfl i de

(CPC), dodecyltrinmethyl ammoni um chl ori

agseRtabls sedfmi Kirthe Kimle éF'é“’aﬁb‘GF 9Ebe B%ﬂ"é%@lﬁc(ﬁucg@s Tihersnestees,
arRiaek, $3¢580hi&are Q4NG rhy&i@fy?écfd?@o&%ﬁﬁ}i ﬁﬂ%ﬁn\’e@h ?u&an b@%mgloyed.

sorbitan |aureate; and al koxyl’ated al co s such
| aureth-4. Most preferred surfactants include Tween

[03@70] %SﬂalrQQO tHANARve (§1 tl{eczzggt?ré]fo%u?eft%fléﬁhe rar gh%cludef at least

concentration of the Surfact I's In
ongpyatiing agente Ay iOwealDknownin e artQsverfing igeniscan gfnwgrazﬂ@ beit i on

dafsa‘w&f la?&rh&n?l]q{lcolg&l%?dles r‘?/ﬁen a ofuggﬁ c '{QH,? g# Fﬁgr\]’&ett Tig, ag@xﬁ is

I nventi on ornul atrons 1nc
apcphed oal tyd@phqumbarauanhedrydmhmgroumﬂ tmeasoleamlmd the

d
BRI SR o TR e Blorh 1 o8 EP BB sl BB
whily datox it d]l;elslde kHeUiydmphc(HﬂEﬁ)face of the substrate is not coated with

B BRATR DOt R3S ey e

Waitidp aganest inglhdeeduliidtaas Jisul/cQEes pbIyll¥ks)preseiiting amphiphillic
et hyl hydr oxyet hyl cel | ul ose (EHEC), as wel |l as
WBﬁﬁ%ﬁnlcs [00174] In one enbodi ment of the invention,
the concentration of the polymer presenting
1es is preferabl¥ in the range of

hi |
[OE%EEEP%I@M@{%&S&% the yyyengion, ths copbipg %m@kaa?r&uwu ¢4 leptie

orledDR At ARRFAN mﬁeelhyen@omhe suilfgctéMté LG/é’nq;e MierRRL | NY
fornul ation. Even nore preferab e concentratlon

anghoteRg, GaEenis, ﬁ@‘oa'ﬁe?ftnop@micn Ef(ﬁ’@pwsaq-fg@rf@tangﬁppqalgd@j Ak y
lalg*ogmpho'écéféte sqAifh dui]éac &%ﬂe'@ é)oééf}’igﬁ'ﬁcfilﬂﬂm CLQ)E&]? @PC?S

preC|ated one aV|n I nar
dqdmé/ltamethy W%F’@GhlﬁéﬂQ (H@Aﬁgénglk@alnmbehlmwdpolysorbates

sutsﬁ Raf e |2¥5 afd T{NQ% Wh%l’b@tﬁﬁ der[vggaez gllclfoé% gg%ﬂélplgwre&e

he I nvention e ¢oafing fornulations can
anld m&qouﬂeted\alhylwwhh by lewpﬂ)%/ rest prefesfed sarfdcantshieclude Tween

¥Qg8p§jg(§%@glyner is selected fromthe follow ng

group: po vinyl al cohol), poly(ethylene oxide),
pol y(2- hydr oxyet hyl net hacryl ate),

[00172] Preferably, the concentration of the surfactant is in the range of approximately

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

[00173] In a further embodiment of the invention, the coating formulations include at
least one polymeric material or polymer that has amphiphilic properties. Examples of
the noted polymers include, without limitation, cellulose derivatives, such as
hydroxyethylcellulose (HEC), hydroxypropylmethylcellulose (HPMC),
hydroxypropycellulose (HPC), methylcellulose (MC), hydroxyethylmethylcellulose
(HEMC), or ethylhydroxyethylcellulose (EHEC), as well as pluronics.
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pol y(n-vinyl pyrolidone), polyethylene glycol and
m xtures thereof, and like polyners. As is well known
WO moshe14s3 t, the not ed pol ymers increase Vi SCOBCT/YS2004/035015
[00177] The concentration of the hydrophilic polyner
in the coating fornulation is preferably in the range
approximately 0.01 - 20 wt. % nore preferably, in
[09%4] Iaﬁ@%efﬁ'?(’d&ﬂﬁi‘ @ﬁihﬁmvewnothesoncewtw of B gplyse
preQatindEnSHaFHIRY SHbpPites iﬁy.eféraisgnﬁ tii}rreiig%ro@%aiox.maeiy 0.01 -20
concentration of the wetting agent 1s in the range of
Whp{fb MG hrgfe@qb},y @ the range gﬁ app%xgipatqlhg 03 gah()wﬁg% of the coating
fohREIFOAE VR moi@&éf%&bwﬁﬁ%rweﬁwat&)e of thE W Hiﬁg%én?% in bilRe
coating formul ations “can further incl ug
rapgeRfgnprakingitady 843 e Ysefdhe epstingomeuletione| osed i n
Co-Pending U S. Application No. 10/127,108, which is
i ncorporated by reference herein inits entirety.
(08X B sesilld appredar by pir faving ordimars skilh o1 thel ert.fbemeated wetting
r. | bum n, polyglutamc
gghggm%lfsga ¥ Q& ﬁﬂg&ﬁ?wg%{ay%i sti di ne, pentosan
pol ysul fat e, poI yami no acids, sucrose, trehal ose

f f.i d t
AP0 S, PSRBTt O e
h)dﬂmhllmg)ofmeﬂuPiafdralﬂy ths hpdre;ﬂﬁ]ﬁqiﬂlynerﬁls deheeted dvgethe following

PR GBI rnehdrene S e RO SRl g
pcf]ji(hmiﬂy&ibyraﬁdonE){ @Glyetﬁ_f/lenmj&foeﬁr&hhy(turésl‘tﬁer&ﬁn @ fikejolyarfers.

I.n the range of approxi mately
A OW%fbtiigfﬂﬁg eted BRAEd RRY RS Wﬁiea%eiveﬁiowmsoi The

coatings of the invention can further include a
vasoconstrictor such as those disclosed in Co-Pending

(0018 Thssprceairation okl hydroptalivpdyrserdm thesoating formdationss ¢

préfefiblyif ‘ﬂ{eﬁgﬁ@to? gp;m!mﬁﬁ{e@f(ﬁ@lc—eﬂh@f 8} ri‘ndré‘pre&?dlfly, in the range
entirety. set forth i'n the noted Co- Pending

ofmppiowﬁitqlbﬂ 83 —tlAavt\ 496 B 88ating cf@rmulait@n uBean mese pesirakdy, the
comzél?rgﬁ(ﬂ'gotqw \kf&gné'l%nﬁg tfthe ?ela?g %@bio?ﬂ*ia%] bhe 5 wt. % of the

m cr opr oj ecti on hemnber. vasoconstrictors
cdatied forulationt are not |imi t ed to, am dephrine,

caf am nol , cycl opentam ne, deoxyepi nephri ne,

epinephrine, fel ypressin, indanazoline, netizoline,
(081 T80 dvcicordjngria fieamehtione thervoatihg forimulatioos aarfumier include a
big{?@ﬁgﬁ@? E%rﬁerl sgi)r(rl]}/%sgthgsae%(i)scfoFed’ in %h%:@ﬁgg@. I;A%plication No.
1 qmwdgibeheboeidrsnmuerpommmﬁ:l‘mdﬁ hemein irt it enéiteyyd r xaolplas ©f

m nohe t.ymazoline, va essin,
R C L R R R
podygditamnicedid, polyaspartic acid, polyhistidine, pentosan polysulfate, polyamino

acids, sucrose, trehalose, melezitose, raffinose and stachyose.

[00179] The concentration of the biocompatible carrier in the coating formulation is
preferably in the range of approximately 2 — 70 wt. %, more preferably, in the range of
approximately 5 — 50 wt. % of the coating formulation. Even more preferably, the
concentration of the wetting agent is in the range of approximately 10 — 40 wt. % of the

coating formulation.
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vasoconstrictors include epinephrine, naphazoli ne,
tetrahydr ozol i ne i ndanazol i ne, netizoline,
wo ec@sezabi ne, tynmazoline, oxynetazoline and  PCT/US2004/035015
xyl onet azol i ne. [00181] The concentration of the
vasoconstrictor, if enployed, is preferably in the
range of apprOX|nater 0.1 wt. %to 10 wt. % of the
[%&8] e cqacugls&f}hennwtlormmfwr alydela Masaeongfrictonsuch as
tllncﬁé/ Gi?élbg in &H %’en‘?cff:?# U@QAE@ chAIﬁ,(IJ) T@/6?14’,]&6L5qﬁ 68/ 1&,235‘39,' (’vhlch
pat a or such’as those
ach lsmm@dd bynre&ned@e hc,hemgn the® enw:pqzyl iAsatt forth Mahe noted Co-
ere
Pgr?c{ gggpéﬁ&?mon\é’i}hg Oz}iggongtfi&%l: RS e%ttgg?ﬁyol Ef%%&a %’g%ﬁg ((qj 1#}
apqziphummrl tbﬂmldrdsmmpfatoh\mynmatléafe;redmnéucto&ttﬂntsrspncﬂu@nbut(are
ngtI l%l?eld%o am1? rm ca arli]l%to Ll lopen e SpiieD Sy
preve e S5are of’ Y% ?P§ %%rﬁv\g‘{})}gyeooﬂne rd‘? S}P‘P‘ip ine,
félgfrmsﬂh mdartah@hr&t mhetizoiing afidvelving, ipHabe ing] wordydrinjcewiting)

oT TPt L2t PHLSE B PSR TE SRt pEeRp gpanolamine,

pEop§lihexedeihd, pedudegdphe@ing, @ity iRE610R] GarfR MR dfidoBeane,

am nQ aci ds 00183] The term " pat hwa enc
R e SRR PR A A
vﬁsw)edsd%@rctdrmbmd@@plmhhnd Rdphasonneé, éthah Sl iRe indldfd2o @,

bet apet hasone 21- phosphate di sodi um salt,

iefiPlife HORERNeaR Br G NG e a7l e pudierBepoling,
hydr ocortamat e hydrochl ori de, hydrocorti sone
hosphat e di sodi um salt, methy uprednisqlone )
Gﬁ ceatralaRn Qfihesvasqconsiaetery IfsmelnyFd o3 Ryafsrably in the range

ot’—épp?c%ﬁ&t@@@t 1Bws 98 UBWwi e, lof tHbAHg! hasone di sodi um
phosphat e”and predni sol one -succinate sodiumsalt, and

anti coagul ants, such as citric acid, citrate salts

. . f
3 g O BhThay AP ANEhTrp i BBy e
ldaptvoan ‘padinyayt fateneyomodulgor’ oyuplu hsthpse disc losdduid €v-Rending 8s8.
Agag@caﬂglrl N8xd9‘?%'6t436 Wl&hls gr%ga)lg?agﬂ.e}o%l{gf%}e%é H&Pein B 1‘t:s en?rety

umcltrate, citric ac
AS etttfyrltlemehdno'ucct G‘Jm—Pcndur@tAmcatunctha patbiyvay atenty edula@isc al
scayenger.s ascorhic acid t.hi oni ne odi um
PR BE APl Ton SR 3 hr PR PEB € aBfesits (iFeB e RECoHR
ofitht patiivalgrvr sni¢rodits fbem &dih Aheasnaturmbdoienni byehe nPdBGEction
certain e odi e of the invention, the viscqsity of
MERECTHRY ﬁbaw?ﬁé}t PR DR € e et igpludey a‘f*ﬁlfautc‘mva ion,
oMﬂd)t&talgbdti i, audiumrdhfide), drdl NigerRARQAMFBINdSs (4.8 Candige Adids).
has a positive charge at the formulation pH and the
Vi scosi ty-enhanci ng counterion conprises an

[00183] The term “pathway patency modulator,” as defined in the Co-Pending
Application, further includes anti-inflammatory agents, such as 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 and prednisolone 21-succinate sodium
salt, and anticoagulants, such as citric acid, citrate salts (e.g., sodium citrate), dextrin

sulfate sodium, aspirin and EDTA.
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acid having at |least two acidic pKas. Suitable acids
i nclude mal eic acid, malic acid, malonic acid,
WO 200551465 aci d, adi pic acid, citraconic acid, PCIH§1004/035015
acid, glutaric acid, itaconic acid, meglutol,
mesaconi ¢ acid, succinic acid, citramalic acid,
tartronic acid, citric acid, trlcarballyllc aC|d

[09189] Lranathsanerabadisment o6 e inventiangthe seatiag fermulptipyy includes at least
dak BhtRRidan@&hi’h c&ﬁﬁebs‘é?lhe@teﬁﬁg QuchSid kbdiirh Citdeel ShericARA, EDTA
phosphorj ¢ aci d Anot her preferred enbodi ment
(Ftéylaliler@ﬁlﬁrele-t@t@afaetlv iagidh §r froe radingl sedvargers xich agassprbic acid,
RAMBRIRE SENEm WaBFBLd) atd YRe RLE TredAsy ;ﬂeﬂ%Héd di¥gidaRtafgfddt
the fornulation pH and at | east one of e counterion
BI¥Zppndau¢thioniagi ng at | east two acidic pKas The ot her
counterion is an acid with one or nore pKas. Exanples
of suitable acids include hydrochloric acid,
(08186 b br asrthin eanbodimentstof the imvention, the ivisaesity ofithie dpatimglferimulation
.AC] | u ci ne
12%{%%0&9 E? g@’d?.gg fo%. \%?atlﬂtyacglﬁngk’éﬁcghgcir} ‘#1 ! gmbgdl ng fh)?g{g%x}q %as a
pasitivk chgtgaabthi cﬁoramladpn pHuodithe mscosawedhanblag bblmtcamh«tpmprises an
alnﬂlhavmgl ﬁtlr%gdrsf {g%aa& acegm&ab r t a s mc 2d(élnba;lﬁlct, zziicrtglrngaﬁllc %md
n}ﬁﬁﬂmm cartaric dgid, @ﬂrplllmfmd; cﬂﬁd:cﬂh,lc amil ﬁmmatlcac':lkidglutadd: pdid; itaconic
raconlc a evul | cid utari.g acid,
P Besiital BRFROMR g s HeltesdieBE A i gt Seic

tidcak ] lylid dcid, 6th§lléh£ﬂ1alﬁﬁaatfdab§tlc&Glld;jaspﬂ'hblEc’:ldmg(Dutﬂﬁic@cxd carbonic
tricarball aci d and. ethyl enedi am netetraacetic

agid; YliureRrid E%Q*TB}P‘Q&WI"F‘} in the noted enbodi nents of

t he |nvent|on t he amount of counterion should
neutralize the charge of the antigenic agent. In such
[EHE8LA ARerPrefemed epipdinesnt rfirggted e WieRyireahgicing mixiure of

cBEHiHoRE Wﬁ&eln&hé"é’%ﬁﬂﬁ% a IpBsi ANERARS aRE RPR@hNor S and at least one
neutral i ze the charge present on the agent at the pH

06fhetcﬁ@t¢r&nnmrmcpcblﬁwnﬁ>@é teag 19 acidiei Ak e i T ofhgs cquateriph isen
aé@'v@th%e @F’m@respﬁag ) E%ﬁblgeof e ok As ldfad Q%d}ynlbl@# C%ldl n

order to control pH and DFOVIde adequa erln

hydrpbromig/acid 0itgeycid, rsuléln@talq@ir mple@fae\dr E@SMQ deiderenzeng helfomc
afid %Ethﬁ@%u@orﬁ@acﬂl c}fﬁc &h@ eQ:uf Eﬁrc&%%tae gfu 1& f‘c@}r om

VISCOSIty en anC|ng nlxture terio osen
gtuserogicaaid, lefticoictd; imeliaadidl pytuarctaandt tartam agid, tmﬂrcpmc &ad, diymaric

dr.o¢ ' ljc
YRR bty RSB RIS RS F  gi
cttacasdacdd; devalivc scd.sglatyrid avid, iteacon&rag(el méglaloh nies@0nic a2idD

refer

cRimelien g Shrin o aRGRICHoE b RER AL T tpehfifcacia and

ethylened1ammetetraacetlc acid.

[00187] Generally, in the noted embodiments of the invention, the amount of counterion
should neutralize the charge of the antigenic agent. In such embodiments, the counterion
or the mixture of counterion is present in amounts necessary to neutralize the charge
present on the agent at the pH of the formulation. Excess of counterion (as the free acid or
as a salt) can be added to the formulation in order to control pH and to provide e{dequate

buffering capacity.
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counterion such as a low volatility weak acid. Low

volatility weak acid counterions present at |east one
wa@edodiosi4pKa and a nelting point higher than abpct/uS®o4£035015

or a boiling point higher than about 170C at Pt

Exanpl es of such acids include citric acid, succinic

?Fiﬂ’ gléﬁollc acid, %Iuconlc aci d, Iucuronlc aci d,

[40488]; o anpther prafgiredembadiment ihe agent haga HOS‘ttV&rCP%ﬁgF andythe o
cuidrioR 1Y £vigtokith-erhafkif LHB&Ire 0Pl fteridRQR&ERhH b tﬁ@@ﬂohﬁ bf citric

preferred enbodi ment the counterion is a strong acid

a@é rertagic agid gualicasidy Bydreqhiqris e idselprabis avidli ang ageticlagids Preferably,
cORroRVRE addi@io AR FHnubtiofeAIREFSa Alcosideh tﬁé:llag%: (SJQB!MH 96

hydrochl oric acid, hydrobromc acid, nitric

¢ oni ¢ acid, sulfuric acid, nalelc aci d, phosphoric
acid, benzene sulfonic acid and nmet hane sul fonic acid.
[00191] Another preferred enbodinment is directed to a
(491 §Q]uine poffersesi ambdingams thehdscesity-cahancggsoumerondif at hadic

cQRHRGR Eﬁcﬂ%s h‘?ov@v@&tﬁ/\lﬁg @eﬂgé Fjd %‘3« \aotlzkthli% a{gglo%g%%nons

counterion ol ati
prasrnt itdeasponefagidiceK acmid cadmemBMpom hrghcreha:xmlboumﬁ 0&C ot x baiting

pg tlt h‘%&%f h%rrl Ial%‘u% z}flggagbag% al%;xam ?:s 8% Séjcg ]am?snlgc gg%ﬁt%lgztralglghs%c%mlc
acad \@akluamldj chtnlnc h¢1q,fglumi"cmtcl deidt lactiddeidaialie asie,glyrieid atid,
untq{l one pKa hi gher than about

ons .presen t

wfa%n%" t%@???ﬁﬂ 6%% Tn¥6ﬁ§§ than about 50 C or a

boi i ng point |ower than about 170C at Exanples of

i ncl ud tic acid r opi oni ¢ aci,d

BT G et reie B rapa e B opiesTB e s A rone idscan
baddfidb Casiesdhiig £ Meabtonp pES &Mer than aboAUDL Exel’iﬁﬂ&ﬁ&”@ﬁdh dcRis

ﬁ@ %f fhe positive charge present on
ing ?Mﬂ? aigefid: %otdfqhﬁﬁémﬁﬁc‘(éfnlﬁfﬁémﬁo%%fema@wsfﬁulfm%@%
m@leicGRINBIRIhINic @B, Beienk sBIPnRCicll MK nRthade S@fdnlc £aN be

added to the fornulation in order to control pH and to

provide adequate buffering capacity.[00194] In yet
[(mtl G ARTIRE PRI S mBhdilnkf: it BYRRLIOR mlﬁ@rreto'f EnBriods Wélﬁ at

the antigenic agent has a negative charge, the coating
lenss oRGIPTAhG esrunterion ferstronggnid and<at least one oighaedunteripn fseaslow
VAR @/Eal#&ﬁj. [00195] In a preferred enbodi nent, the

coating fornulation conprises a low volatility weak

base counterion. LOM/voIatiIity weak bases present at

5570 AP By M T8, B8 L8
leadt ofe of the counterions is a strong acid and at least one of the counterion is a weak
acid with high volatility. Volatile weak acid counterions present at least one pKa higher
than about 2 and a melting point lower than about 50°C or a boiling point lower than about
170°C at Pym. Examples of such acids include acetic acid, propionic acid, pentanoic acid
and the like.

[00193] Preferably, the acidic counterion is present in amounts necessary to neutralize the
positive charge present on the antigenic agent at the pH of the formulation. Excess of
counterion (as the free acid or as a salt) can be added to the formulation in order to control

pH and to provide adequate buffering capacity.
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Exanpl es of such bases incl ude nonoet hanol om ne,

di et hanol am ne, triethanol am ne, tronetham ne,
worediolpsgbiicam ne, and gl ucosani ne. [00196] | n BEDUR®N4/035015

enbodi nent, the low volatility counterion conprises a

basic zwitterions presenting at | east one acidic pKa,

Iea t two pasic wher ej n the nu er of
@ﬂg"“i&% ofer gmtfﬁ@@&%? oﬁﬁ Wventian. Rarisularly hareth qntigenic agent
Hak AnSgatifX Pl e the @batfi GHrnfuiiiBR BRAST dodfpridéhes 1BWSbiabliityDasic
IyS|ne and arginine. [00197] n yet other enbodi nents,

@Bqﬁﬂrvolatlllty counterion conprises a strong base
presenting at |east one pKa higher than about 12.
| es of such bases include sodi um hydroxi de,
[,96{935 i aprehiyied srubadimentathe coatina Jumylatisre comprisenmlgmasiaitty
W33! entedi B0 ]L%%] vogtn%r wllk®h &k hRderf F0R4 BRI ¥aSic pKa and a

corrprl se a m xture of basic counterions conpri SI ng
relfipgppinsdéghenthan abone K Cioas boiling pointduighgothan abaut §70°C at Pmm.

0 r

]ﬁﬁa"nz[eg %géu\gﬁ&%sgﬁﬂgglggm&ﬁ% l%ﬂ?lgﬁﬁde {ﬁ@thhr{b Anlr'iqg Fff«z}tﬁ&noﬂlﬂ@ne,

tyapieghaniing, yethytghwamiresawtglesosdandast one baS| c pKa | ower

than about 12 and a nelting point |ower than about 50C

or a boiling point |ower than about 170C at Patm

(B8 06D lreanotifer smbddilnergetbe ld\r\cmlment)ammnmhm ecmbr'rsmq)lbusici ne.
199 Pre t he. .ba Pres t. i

AP PR AT oreRBiORIR T B Ratihg e SO Gl e

rpmfbeeasﬂbamn pKhl'elsagﬂéatqu etain Cheagtber aftacidivepkald. dixainples of such

f or mul E of c(gnterlon (as the free base or

I

REPGUIEI M ”df‘gf‘f'“g'@e jﬁsd'eeda'i TE'AECf or mul ation in order to

control pH and to provide adequate buffering capacity.
ordin e i nventjon, the coatin

[F’@Pﬁ ?ants ?Pgdgp%s’ g}?dP‘M delatility Gppnighiea aaepei?geéﬁ?ng base

frésehtiraSt RhiiaRobKa ﬁigh@rtmncarbmt th E%mplé)sr&rgy&m@esgha@dél sodium

pal yet hyl enegl ycol . and the ||k dyes, gnents, inert

*fyf’{qxé’FsPOtaéé‘PWé’é(f’Wélﬁiee%‘F?&H'& é:rdgom@ex éﬁldplinéaﬂegwmetwaroestdﬁer

conventional conponents of pharnmaceutical products or
transdermal devices known in the art. [00201] O her
[RASRH Otlsr isferted smbadicnents germprésa s naikiies Pdagielguterions he

LikiRga SOSHEW 8 dndRSveaR bés@ Q\ch%w LOei oAﬂgxtnat?\%‘lsg csitb
i

ect the necessary sol ty and viscosit
cohrterans ol ugie astrorg baﬁn@d@o\maﬂ(rbgsefmrhmglavql@rﬁltlanldlgh tvelatility

&E@é%&é&é}lt at L& glrlé ﬁ%lc%fl(atlmerqﬁan%go&qgtahcpg melting point lower than

about 50°C or a boiling point lower than about 170°C at P,y,. Examples of such bases

include ammonia and morpholine.

[00199] Preferably, the basic counterion is present in amounts necessary to neutralize the
negative charge present on the antigenic agent at the pH of the formulation. Excess of
counterion (as the free base or as a salt) can be added to the formulation in order to control

pH and to provide adequate buffering capacity.

[00200] According to the invention, the coating formulations can also include a non-

aqueous solvent, such as ethanol, chloroform, ether, propylene glycol, polyethylene

38



[00202] Preferably, the coating formul ati ons have a
viscosity |l ess than approxi mately 500 centi poi se and
w@e@anersi han 3 centi poise in order to effectiRPel/ySmoa3so1s

each microprojection 10. Mrre preferably, the coating
formul ati ons have a viscosity in the range of

I OX] ely 3 -, 200 centipoise. [00203] According to
SR PRUER e tves, migmamsiipades 1[50 e g % coRIEE, xgipicnts, and
airgeosientionapeingofentsenmbinacaltichifRodic & P RERHER ] &RKepET
unit .area of the sheet and the viscosity and
KnoW@dMiMe At on of the coating conposition as well as
the coating nmethod chosen. Preferably, the coating
t hi cljjness is less than 50 mcrons. [00204] In one
9P Qs knowm forglationaslditiveesanalse be gdded e thegaatings
faHRulRbRs adPhEadhf & rﬁ@h&vers{e@sﬁt_‘eéthﬁ@ne@%sﬁ% %IEQi?i d
measured fromthe mcroprojection surface. Ever nore
Yitcasivreapiagterigtice octha eeatige fanmuketiernsanditke physicaldntegrity of e dried
Rpoxi mately 1 to 10 mcrons. [00205] In all cases,
after a coating has been applied, the coating
formulation is dried onto the microprojections 10 by

' : g [ the .
IS semep e oBufe ARG S0 A OBR ks Thas o
V6rentippisnand gHoatentban, 3 ceatipasesn beleporcéiectively cantckatiumi di ty

e r coat i fornmul ation onto
P RPIecRBE R ol bATRE Rl ot bRl B
rarzge o epnexdinew]y 3 -y2(ghichiiméd, freeze dried or simlar
techni ques used to renove the water fromthe coating.

[ 00206] Referring nowto Figs. 5 and 6, for storage
(60293} potardiag tathe {riventRacthe desire@ coutih ) thivkfess RORAENTRA updh the

he inyent.ion), the m croprojection er 30 is

P ol B SRbsslio et Bk g fbpet AP SEesyy dbhesi ve
coadeatraibn ofithedosihgicoRgoditiondetwdlllas the ctRmMBaNEJatHosen.
ﬁ?l gation No. .8{3/ 976, 762 (Pub. No. 2002/0091357),

1aply; e Fontige Huskapssds Ig5p thasr0rmeis8S-herein in its

entirety. [00207] After placenent of the

1 croprojection nenber 30 in the retainer ring 50, the
[@%ﬁbﬁ%%}eée'cbp@men%%épat% thigkngssis |esgithem?2 micrqras hemt ' s
pidfrably HEQTRIhAR nYicroh§18 MdaSdOPfoh &% ﬂlQFblggfﬁé@i%ﬁ sé@acés.ag](]en

applied to the skin using an inpact a I cat or,

mse priefsaabbs g coptingahbipksess indn the singapfrpproaimasely Migo 10 microns.
09/ 976, 798, which is incorporated by reference herein
inits entirety. [00208] Referring nowto Figs. 7 and
(80208 hinradl dasessafisnm ceatihg hastheen ariptied hrecjoatirtg formgstimesniried

onto the microprojections 10 by various means. In a preferred embodiment of the

invention, the coated member is dried in ambient room conditions. However, various
temperatures and humidity levels can be used to dry the coating formulation onto the
microprojections. Additionally, the coated member can be heated, lyophilized, freeze

dried or similar techniques used to remove the water from the coating.

[00206] Referring now to Figs. 5 and 6, for storage and application (in accordance with
one embodiment of the invention), the microprojection member 30 is preferably

suspended in a retainer ring 50 by adhesive tabs 31, as described in detail in Co-Pending

39



that can be enployed within the scope of the present
invention. As illustrated in Figs. 7 and 8, the system
w®osnsl4sties a gel pack 62 and a m croproj ect i BPET/US2004/035015
assenbly 70, having a mcroprojection nenber, such as
the m croprojection nenber 30 shown in Fig. 2. [00209]
According to the invention el pack 62 includes a
S Srlign o S aaTsain e bR Eis7 s sarporated by
réBRAMRIdin Rits@RERENY 66 that is adapted to receive a
predet erm ned anmount of a hydrogel fornul ation 68
therein. As illustrated in Fig. 7, the ring 64 further
[ombpﬂ%r FadReki Jf%erfﬁi@%l:o%eﬁoﬁ l?l@ﬁnbér%o% %9&§ﬂf%§%ethe

outer planar surface ring . Preferab
nbar@RrOﬁgtlwmberég i§ appliedye rthﬁa:aberé Stsbmt Heefmldy,dgfel

miGloP e@ﬁénolﬂc i;eQ%]rsOJpPhéq s élR:r Klr&sfn | pg’{l%f%gh@?émr L8 as

gel TUr t her a st eade
dispk?eqd igGotheading §.Sadipplieation dot (A T61M98y wikich i amverpofate¢dtey
ia a conventional adhesive. As
r%gllgréér%é}élsecf“nqgggt e& bel ow, the release liner 69 is
renmoved prior to appllcation of the gel pack 60 to the

or enaed) rojection as
FBB8H Rt PRARERR MG, BB BRI AR R Bponspsem
tlees sartiel eynpldyed m:thmdstcapeb@fctkd preseneinixnaoe As illgstiaedan&igs. 7

sipiar mc rojection array, 32. The nmicro | ect.ion
o34 BehEo R o er ek (B2 g Hresnaass £ AR 70 Rafhe o
midroprdf22t1ch mémibersach shth@mlicsoppdjedtion nidnlbeS30 shoed igRlg. pack
60 and m croprojection assenbly 70, as well as
addi ti onal enbodi nents thereof that can be enpl oyed
[00209] Acdoid@inS@AREInOéntioRShPESR PEIK62I iMIRTRE b BBusi{ptor SRk 64
forth in ﬁYo Pendi ng Application No. 60/514, 387, which
hpyng PETHA %ﬂf’@de Serr%‘?‘%‘i’ré’ﬁﬁ'é%@ Watis adapfed $0 reReivg ot y.
pEeQ@t@ﬁﬁLean?nduﬂ%itaa{)@ﬁ)g@lkl@%h@ulatloﬂ @&héréiﬁs;xs RS LELAH; IO he

he invention ormul ati on contai ns at

ring 44 furkﬁlﬁremﬁlpéfw@giqaelang ve@éﬁruééhaégsémposqéroéﬁmwrwaaar surface
off’t%@?m?@él i’l‘gfe@'ﬂ)l)altﬂeq{a@laﬁé %@mﬁm% TERImAblelO hy%iro el

i nvention, the hydrogel fornulation is dev0| g
forgutatiae and hence, is merely a hydration nechani sm
[00214] According to the invention, when the hydrogel
formulation is devoid of a vaccine, the vaccine is

(@024 Glein acqefiewel embadineentithe gab paskeédtfurther mchudgs BRrippable release

li gr%%lrtfégs?ggadﬁgrgi\g@h«g&g&osﬂéf%e{}%% %g %lngg \A%wala%n&elﬂﬁona?s

adhesive.aAb gescrilgadrip detail baowaythe 3feaxedmee6ms tr@naoved priot te

agpﬂltclatrio%t% ‘theogréI ]t)arclzﬁ 68 $ fhe appqled ?or engaged) microprojection assembly 70.

[00211] Referring now to Fig. 8, the microprojection assembly 70 includes a backing
membrane ring 72 and a similar microprojection array 32. The microprojection

assembly further includes a skin adhesive ring 74.
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m croprojection array 32, such as disclosed in the

not ed Co- Pendi ng Application No. 60/514,387 or the top
waewsasasdf the array 32. [00215] As di scussedP@TUS2004/035015

detail in the Co-Pending Application, the solid film

is typically made by casti ng a [iquid formul ation

conS|st|ng of the vacci ne, (ynerlc mat erial, such

%ﬂyﬁp@gy@tﬁmoé the)illysgated gqﬁqE@)k 60and microprojection assembly 70,

b\)(/gl[ R1tIORM lABb MRS ko it dahBMehployed w1th1n the scope of the
hydr oxypr opycel | ul ose (HPC), net hyl ce?l | ul ose

PreyRt Wyl@tqﬁ}arq-,s@f fpthd@pp @:g@ @pﬂwg)on No. 60/514,387, whlch is

1&5#&&'{%%%%%5%&&# E;H'ts%ﬁre HEC) , car boxynmet hyl
l'ul osé (CMC), pol yvinyl alcohol), poly(ethylene

OXI de), pol y(2-hydroxyethyl methacrylate), poly(nvinyl
[ I i
[(g)éé'ig Agfhﬁﬁ?md QﬂonyH anEbs‘EPyCé?T%hﬁﬁ'eH tfid lt?nherﬁ%ﬁ Nhe i&é@%@l

ycerol, propylene g or polye ene ¢
famglatibmedantants at astlong bioPgeeky mvoageﬁmmﬁeraﬂy aaagting. Inan

al\l%}]aqt\/!: Sbéﬁﬂéﬁ@ftheﬁhj\%ﬂ?aﬁ éh\@gn&g{ogel fg'rs'}erlaQB? o(ie’vofa vaccme

oW Nng cas ubsequent “evap ora
ad, herve, is olexedynd hydnatmlmedhiriidmn is pr oduced [00216]
Preferably, the hydrogel fornulations of the invention
conpri se water-based hydrogels. Hydrogels are
[qmrzezf]eMaedinﬁg)trorrhﬂ avénnios, viea M@rdmgeltfhmmtfm@hdemtdeif a

content and atibility. 0021
R e (e R SR ReY 2 e P BRGF STy Doty e shove
oﬂ@inmgzlk $n 4 balld famesusivas Hl@:ﬂcl)(deﬂl m/‘IE(lI’El;ub Boawo 9—‘82&0‘37 which is
tabl e i ¢ networks .include,
sn|n]1 ly tcprg rat%ggf Bégfé‘fﬁn‘}ﬂf‘d‘él"i 1[§|eagr§ty( ?{E@f sEm side of the
gﬁr@fé&’tﬂfn%& AL &alidcWsesia theidMd)Go-Pending Application No.
g&xzypr opycel T ul ose (HPCQ), nethyl cellul ose (M),
W§ heytPRtrfgs efthe #rays¥- ( HEMO)
et hyl hydr oxyet hyI ceI | ul ose (EHEC), carboxynet hyl
cel lul ose (CMC n al cohol ), poly(ethylene
[Q?;%ﬂﬁef}s dlﬁfbllssﬁézn byt e A ienai Sl Bty eIl
nﬂMtf nerl & u%]ﬁ) bl'dﬁ&ﬂ!oﬁﬁ gl'b?t 5c11R:r QP&'SIE@HC material,

erlas are ce erlvalves ese

Slm_blay h:edf@xy@ﬁm%éul@ist(blﬁﬁédlydmxmwydm@hgc%lme RMEN i ng
B Otel BCE: TR Rlonf BB by B A G O Butos
(HEMﬂézreab’lﬂy'drmhghyimibﬂmt (EHEQncapfoxymethplodelinose (CMC),
' I o oy 4 .

PA ) ReotePbeltSien e ol PR B R Mnlila Bt
vﬁlmpymdﬂaibn@n& prbtiromhe alphiammmg)agem aick aa@llyyerdsiamepylene glycol,

ffi t th .
of BT SR L A e Bb i TSR TG eem B aby B etecs,
soldng Buch as water, isopropanol, or ethanol. Following casting and subsequent

evaporation of the solvent, a solid film is produced.
[00216] Preferably, the hydrogel formulations of the invention comprise water-based

hydrogels. Hydrogels are preferred formulations because of their high water content and

biocompatibility.
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are inportant for establishing opti mum contact between

the fornmulation and the m croprojection array 32 and
wakiosvosmasy optionally, the solid film [00220]PCT/US2004/035015

According to the invention, adequate wetting

pr operties are achieved by incorporating a wetting

ent i.n the hydrogel fornulation. Optionally, a

(0§,  ifveds wele lﬁ'ﬁo"b‘h‘ﬁ the art hyslrogeliass pasramalscylar M@n%mﬁworks
thhtiakdBwdIIRR MAtelp rﬁﬁﬁ?@pbﬁ’suhﬂﬁe Yy thérittheB OGS el Wid6urat

| east one surfactant. According to the invention, the

ll@wwadtyawzf%tblyl@edwl%@ (B h)&r%moeyln&mv@lmedHPMC)
?%P%ellﬁﬂéeo(mP@) ¥ty QUL R 5 Ncﬁﬁ?d?ﬁl fhyRbethylcellulos
sur a de, e-y Sodi um

ctants i ncl sodi um | aur’oa t at

(Hiddee 9ﬂhyl§mrf>>a>t€€1y40§lb&§pse (EHEE), ﬁywbpwrmthuhcelml@p |(@MC()CPC)
pq@ggﬁglyi onl gﬁ]&wﬁf] or i dﬁlldég]g I‘a%%fr‘%ﬂ(?‘@/set—ﬁ uc hac?’ aF\kb%OIY(E 0

vimyl @yDlidens), 804 plotdnéns. Tbe miostarefeteadi pcobymeviesrlememmls agescellulose
I cohol
Rt AP HERL S e P Rl BB UEHR rl i
av2fage ﬁimbeuian&@qlglaladd GExsforg @OlﬂﬂQc]nffEit&tfrhﬂﬂdiglga,l plopertivget t i ng
agents al so include polynmeric materials or polyners
havi ng anphi philic properties. Exanples of the noted
[opmllsy mferably ctheickncenttatibrool the potyrheérid odterial éd ih theaasze of

e )

hydr oxypr opycel I ul ose (HPC), nethylcellul ose (M),

[OEIty I%i (Pll% E;J&éﬁé kggrlr l g@z&%&g&gﬁeg@&@vp sufficient surface

acBVit 18 Mstfe thit@l%ﬁilulﬂkﬁg exrahit aaeqﬁdfeew@taﬁgtamarca:hgm Which
t he surfactant IS in the ran of appr oxi rratelXtO 001

are mgpoggnt TofG5FOK FRna AP FHGGIoN RO AlsrTormpgion an |

mE%?cﬁé&nBﬁBﬂré%fBzoindtsﬁﬁ aﬁ@lom@r{au%hﬁé sofidlfilRi t's anphi philic
propérties i's preferably in the range of approximately
0.5 - 40 wt. %of the hydrogel fornulation. [00224] As

n

[0 ﬂgh a/lxrf%?oraﬂ g@ﬁg?&\gﬂk&{ ﬁ&at@@ééﬂﬁ?%px%g&hgsair% gczx‘%vké by

m@élpmtwgeﬂ wetidng dgantdo th@lhwéltOg@ rf@rmup@m 26ptigmeBpradietigng agent

caBQE b@%@&{pbﬁgﬂzd i Be bypggoel formulations can simlarly
I'n Plde a east one pat hway patency nodul at or or
antl -heal i ng agent”, such as those disclosed in

[06:%2 JF/)%rr]eq’ rnlgy %eﬁﬁerﬁpfoaﬁa@gnngﬁlge a eqsp gr(oer Sr(%ac%an? uéccor(ﬁn% ﬁqﬁjet

inVentiod, e smrfactm@mand)eag'amlsm(; angphptesadtationic hionicde) |

noglrg)gic. Examples of surfactants include, 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 laureate, and alkoxylated alcohols such as laureth-4.

Most preferred surfactants include Tween 20, Tween 80, and SDS.

[00222] Preferably, the wetting agents also include polymeric materials or polymers
having amphiphilic properties. Examples of the noted polymers include, without

limitation, cellulose derivatives, such as hydroxyethylcellulose (HEC), hydroxypropyl-
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zwi tterionic conpounds (e.g., amno acids). The
pat hway patency nodul ators al so i ncl ude
w@eis/Hsrsd anmat ory agents, such as bet amet hasoPer/us2004/035015

- phosphat e di sodium salt, trianctinol one acetonide
-disodiun1phosphate hydr ocortamat e hydrochl ori de,
h drocortlsone - phosphat e di sodi um sal t

IypesdRiPYDo rowﬁ@gwﬁﬁleseoﬁ}%da W)@%ﬁlwose (MC),
hYEbEBIRARISAURRE (HIMES, P ath @ih$@E Ry RRlIdlose (EHEC), as well
par anet hasone di sodi um phosphate and predni sol oné
as plyedickat e sodi um salt, and anticoagul ants, such as
citric acid, citrate salts (e.g., sodiumcitrate),
dextran sul fate sodium and EDTA. [00226] The hydroge
(9032 hluPraferably, ghersoneentration of thelsudectant 1s|ie thetranga @f approximately
089 O§ AR, of ﬁ%(ﬁgdm?é férmia?ign ?ﬁé’ Joﬂmn aﬂ&sﬁWIﬁ&'tt% S
i ncl ude, imtation, eplnephrine, naphazoli ne,
eﬂebltsangpdimbﬂ@l propsrtics dameferblyrie the mange pOApRaEximately 0.5 — 40 wt.
0 i ol i ne, oxynetazoline,
/igﬁgﬁé?g%%FFﬁ%yﬂgﬁ%dephrlne caf am nol ,
cyclopentanine deoxyeplnephrine epinephrine

|nda ol

BRNEEERTLE aoRBERRERS oh B Ry B i [ @BLioh Rted wering
agumnnhbanmhmqmnnﬂhenmbemhmamﬁm phenyl et hanol am ne,
phenyl propanol am ne, propyl hexedrine, pseudoephedri ne,
tetrahydrozol i ne, tramazoline, tuam noheptane,
[G02DEIZAtdoRding t6aBORNERiSH, nhamlrogyl formiilazadk 'weslmamy ﬂhhlade at
m xt ure thereofﬁ%80227 Cﬁfgln tg th ven ?n,‘
‘ﬁaﬂé’“ﬁ% Berangy MR UpibHs apdrcaling deqnhe pUs s thosgdisclosed in
C@CFéﬁéﬁH UssalA\pgnéanoﬁN@hogagzsoeﬁzbamktateaaml t‘ﬂé‘SatE\'fvé/}CﬁHtency

yet hyl ene gl ycol .and the |i ke,

mOH\élﬁiorSﬂmlP@p gmh%ﬂ%ﬁav% ASTRtI ARETHT @ g észewpa.cémlée) anld

z@tnlaﬁsm@@mmhw@%l a&mmraeﬁtﬁe%mwa%m9%daﬁ@tors also
I‘O ucts or trans ermal devices known in"the art

lr[cwzzla]-l BmgindY egsets ek %b%m%or@fﬂmhesnhw@rwdl@m salt,
tr%mrl%n&neasi&&m&éﬁ %g&mbﬁ Eotrtlaﬁxat.fe A FLRLARN can

be cont ai ned eeS|t |nte r|t

hyrrp¢ortgsoniral -alpfpph%%\dls@wr@ ﬁaéte els@ylpmddlsolgw 2 hplwselm@kpdw
B AL OA- AU . SRAREAL AL BRI
aiypiedrgmlont @il rsudcartatecnodiutmiralt, and Iantinoaguumm sxmhas] citric acid, citrate
salﬁ{ss’?g ? %od%%rbﬁ:n rgg%\ée)ﬁ agéul@fe s(%)fd*utmhgncp %ﬂfggel fornul ation

rang approximately 2 - 30
Poises (P), as neasured at 25 C. For shear- thlnnlng
el f.or ati.ons, the vi.scosity, as neasured
R R Rar oS AR ot AEFLRGET S fear B BESHFRGREAs
stated, skritabdd vasbastrittaisanclade, ﬁﬁﬂdusllmndlcﬂlﬁﬁﬂﬁ@hrme naphazoline,
r dil at ant forrrH ations

tevriaé)gigéz]tol 81/6 mé@aﬁcggg,lﬂlg&o je, Egn@ ne, tymazolme Qxymetazolme

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, and the mixtures thereof.
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is preferably in the range of approximately 1.5 - 30

P, at a shear rate of 667/s. [00230] As indicated, in
wa@roosesss one enbodi nent of the invention, thePtmyusmge’so1s

fornmul ati on contains at |east one vaccine. Preferably,

t he vaccine conprises one of the . aforenentioned

vacci nes. [00231] According to the invention, when the

[P4Pd7 bAesordiag tathevertionghe hydiegeh frsmplptigngean also include a non-
aBh 08 BNt ANGihs ¥AGHRdI rlﬁépylén@%l%@l‘?ﬁél?&hﬁé}ﬁ g*i’sf‘copénﬁstﬁé“ﬂkeat
a concentration in excess o furation or
dyes: pigaentsrinerthiders poueatiost enaanpa@cwwl@tﬁpamw|cnmteheonal
ry
oDl DL PRt ORI oo Eierhlae AR AL REFEP SR Y
vaccine to achieve the desired result. In practice,
rticu
160228, he hych el ighohs EFAE AL RRD: HOGRE NS S 3 e
tl_nﬁdiodnltlatmn camhelcdnkeenedess the ezell nahleﬁ(arkemsuts lreégrte;cdurm“g'hhts
i }Pbes2t 354 kBl SPHEE 05 AR Y G LBl on
assemblyppedihgsB 80nhd irntdthe vih paitlways00232] |1 n one
enbodi nent of the invention, the concentration of the
vaccine is in the range of at least 1- 40 wt. % of the
[602d9 PB&l hyﬂmgall.tbﬁtdla‘ti’a)né haPSB]bitAwwtaHiar ggger@difithe viscosity of

I|c the m croprojection _assenbl | ar
BB el TG TRt Ao Bt fpides 4o
nizadlitéll £ 25A°C L Bér sREACHATAL hﬂfrogehﬁ)rrﬂhlﬁﬁ@@rtﬁb Qisédsay as measured
assenbly 70 in the retalner m cr opr oj ect

ah&X Ensi Rrelongblydn i sanseaf 6 - ¥ %Qé.aeﬁtwg & Rhgi! rates of 66715

bl 2dersaRkpectitdle FOr QARG TDARALORs, aﬁmlﬁy d9néaBured at 25° C,
simlarly applied to the skin usngag I mpact
a

ispsplerabltip the rangsiel apprenimatelslet POP p@wra#gof@@s
Application No. 09/976,798. [00234] After application
of the m croprojection assenbly 70, the rel ease |iner

(230 Ap indiveted, in ablegst pree fgebodpmlkofebe inv¢nsiogethe hydeageb0 i s
f(\%\ﬁﬁﬁtlg}l @&‘Ezgn il léals}eonF]v?Jc%r ?*e é}{iﬂl? gléea\{saﬁggp{:&na% e ne ofthe .

ereby t ydroge ormul ati on s re ¥ om

afdnemenéibnqdavekeiBB. t hr ough t he openings 38 in the

m croprojection array 32, passes through the

mcroslits in the stratum corneum forned by the
[0fi28 t]oﬁc@jrda'ag tocthe;insmtiorr,i \gheattMydmgnl ﬁ)hmllatime:mtsims becahe

Cro I‘OJ i ons 3 t.h ratum

aPoremen%onetd yacclne ,eve jesing can b 4b esg{lt artna ggrtcErétraZ 89 in TXGE)SE gg]
sRerfaemf a)rruglomosutmmoﬁl ‘Dhe &quhll’tﬁ’_fa@atcﬁn@d’rl@lﬁyed firothB &ficroprojection
system Wll[TEC tBat amountmnegersgfr)r/ o &ﬁ%r%r%herapeutically effective amount of the
vaccine to achieve the desired result. In practice, this will vary widely depending upon
the particular vaccine, the site of delivery, the severity of the condition, and the desired
therapeutic effect. Thus, it is not practical to define a particular range for the

therapeutically effective amount of a vaccine incorporated into the method.

[00232] In one embodiment of the invention, the concentration of the vaccine is in the

range of at least 1- 40 wt. % of the hydrogel formulation.
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system 80 that can be enployed wthin the scope of the
present invention. As illustrated in Fig. 9, the
W@ y®sem4sdNPri ses an integrated unit conpri si NBCT/182004/035015
m croproj ection nenber 70 and gel pack 60 descri bed
above and shown in Figs 7 and 8. [00236] In accordance
th one enbodj nent of the invention, the nmethod for
[08%% 31 \Fer stagesansapelicasion. despisraredlectinn assemply dy sgdarly
prefRFabH sabpeledah tHeGBhALNShbIN id g @ﬁ@@pme;b;!»ls‘ceﬁfeﬁtt drg
on the mcroprojection nenber or both) can
migERERIEALoS AEEMBY T0He theaetring gthe Mgproxeﬁt@nc@m@w 70 is
a;ﬁﬂl&f @Qﬁeodaﬁgﬁt’s%ﬂm”m%blgl e(thacrcY[Q%Jeéﬁm laBdehibR) 10%is ﬁinﬁlla}lfd
to the patient's skin via an actuator wheréin t
anﬁil@drf@ﬁ?eoﬁkéblﬁiﬂtgr@@ iBRaqh peptigeton, puch gt diselased ermﬁﬁé’sndmgrﬁé
APHIEE@RAN. 9089y he€ 1S then applied on the applied
m croproj ection nenber. [00237] In an alternative
enbodi ment, after application and renoval of the
[ gﬁnga s [
[Oﬁ?ﬁﬁ ;ﬁgineml ah{ge Qﬂooﬁﬁ%ehrglgro ﬁ?n as‘é%ﬁol#b%rt@é)s(r%%a e lg}%ﬁgﬁF S
remoesdt frcemtle gelbraeln 60, MspaCk 160 asrtb¢rhlaced wh deki miervpragdcetibie
as%érgn\g‘:f)gg(% Qv%b{e%h%erny&og@ fgﬂm%(fz%tforq Bs %er\éllags%% \?/rorrlg the & %8 packe to
thxoagletha epmmgsaBmm thg nhg/rdpnogaeilcfrmrma B2tpasses tlmdghehie plcasid in
m cro 0 on _ne
R b PO b P plirRbrPRF bR Sk R P8R tter anc
sutfhces bfjthe trfieropiofc fialsizt and thrdugk tetstratuminioeRuMad aehkve dorabst
%mt hEe m croprojections 34. The m croprojection nmenber .
SYSem g Y& pack 60 are then renoved and the ultrasonic
device is placed on the patient's skin proxi nate the
ﬁ{‘f Tﬁﬁt d . area. [002 I.n an alternative enbodi nent,
[0PFe] Beteringpavetodds e eﬁesfs Hoxa apothe embpdisrent ¢fe migggprodagtion
syStera 30 R LACHd &fbwéa’whmqﬁé scea&dfftﬂesér@mi{ véifdion | RQHﬂ:@r}ated
In a further aspect of the nbodi nment s,
in\Fig 8 thesystemeemtpaiseied INtAerRigH ng@mmﬁmﬂﬁmeavicmmwtlpn enember
709&1& gPAakk 60 dABGhcdRbEYin@ SIRFRAh 'F@s‘?aﬁ@@t ing applied to
the "microprojection menber 70. [00241] Preferably,
when a vacci ne-coated mcroprojection array is used to
[
(0528 G ghdec R el Jr e RRALAE ikt RERSFRE aoiRcring
a Yageinhisortringd nfthe hyslraget formelatbarar sontained mphmgnle@nnp@nble

ifgbht é\@ ' { !

b B Lty 41 AR LGSRl i
staphighsédatedafictohmjecticcmambardt.ed70) is initially applied to the patient’s
skin via an actuator wherein the microprojections 34 pierce the stratum corneum. The

ultrasonic device is then applied on the applied microprojection member.

[00237] In an alternative embodiment, after application and removal of the coated
microprojection member, the ultrasonic device is then placed on the patient’s skin

proximate the pre-treated area.

[00238] In another embodiment of the invention, the microprojection device 70 is

applied to the patient’s skin, the gel pack 60 having a vaccine-containing hydrogel
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m croprojection array. [00242] Preferably, when a gel
reservoir-containing vaccine is used to practice the

WO pwsnsideh, the ultrasound treatnment is appli eBCBURIN4/035015
to 24 h after the initial application to the skin of
t he gel reservoir cont ai ni ng vacci ne. Mire preferably,

h Jtr t.reat me is.applied. mn to h afte
et B Elacepion e eAPPU RSP UGBP DBTBERTR: HOFFighe
h\;;'émgd:ll’ferml.{lﬁﬁﬂ gS}mB’éﬁﬁ ﬁﬁ@ﬁidﬁhrouﬁlﬁtﬂe H’kﬁ‘oﬁrﬁsﬁh'tﬁ@sﬁﬂaﬁﬁl &nedm

oated microprojection array and a
et S BURORERTIRGE Jr D TBorogrigston mgmprane ek 60

ard WMee@ed dldehdhitriiRUBHCS & PRESENM thé SatRRPS ék@rd?(rém%ﬁ% the
to 24 h after the initial application to the skin of

Reedtyfbi nati on of a vacci ne- coat ed mi croproj ection
array and a gel reservoir-containing vaccine. Mre

r ef er abl the ultrasound treatnment is applied 30 sec
5‘293&1 I aar%lfématlrreemhvﬂwe&r thepphiraserie deyice ip plaprd anidppobihe

abaedma%bl%?échanm%ba MBGLk Qee.r;a?tsed m cropr oj ect i on

array and reservol r-contarining vacci ne. [ 00244]
Preferably, the ul trasoni ¢ device applies sound waves

[%bp% %B&q&ﬁé@?% th{%etl Eﬁﬁkremg@m}%hts app (/é)c)éin@?st c%n&l 9 in

, hore pre
hsigrogad xermadatioy iroihe gﬂzpack 60 avldlzn a p@cxzﬂ;&}lblérceﬁtergabblyed to tre

' ] [thes are in the range of approxinately
ngagbbﬁngghaﬁgﬁgb’Nbre preferably, the applied
intensities are in the range of approxinately 1- 20

l.trasoun

46 t nent. |
5P Pralis S Rosed idSotig B3 AaD b it e
1mm1dnothlz ul‘trascblimﬂereplfrefleﬁ appligd 5karto 30 ¢hif aftdraiie infial pPlication to
f I OXi teI 30 sec to
R By PSS Ao p S iy ST adBi s ulrasound
trdﬁﬁ‘ﬁﬁlﬁﬁ fppilied 30 Eh’%tto 3 MirD§ted HRGAitigl ApIidaBdn {8k Wk &XdNe vaccine-
vers DNA into skin, but gene expression and i nmune

CP% ﬁ&&@veaoeﬁeaﬁed antigens were found to be low to
not detectable In this exanple we conbi ne transder nal

acci ne delivery by mcroprojection array
Qoééﬂn%r@g%bly, GEma g%lrrsﬁetvaatceeraamgavygclws yeed to practice the

invention, the ultrasound treatment is applied 5 min to 24 h after the initial application to
the skin of the gel reservoir-containing vaccine. More preferably, the ultrasound
treatment is applied 10 min to 4 h after application to the skin of the gel reservoir-

containing vaccine.

[00243] Preferably, when the combination of a vaccine-coated microprojection array
and a gel reservoir-containing vaccine is used to practice the invention, the ultrasound
treatment is applied 5 sec to 24 h after the initial application to the skin of the
combination of a vaccine-coated microprojection array and a gel reservoir-containing
vaccine. More preferably, the ultrasound treatment is applied 30 sec to 4 h after the
initial application to the skin of the combination of a vaccine-coated microprojection

array and a gel reservoir-containing vaccine.
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reservoirs, with ultrasound to assist intracellular
DNA del i very. Inmune responses to an expression vector
weewsdsngs Hepatitis B virus surface anti gen (HBSBUY2084/€35015
nonitored. Nine treatnment groups are eval uated:
[ 00248] Group 1: DNA-coated microprojection array (M
del i ver mn application tine) wthout any
[%Qzéﬁleﬁ'teﬁetf%h ﬂEﬁul&f«'ﬁ@ﬁ"aéewfmpahescf@vwéws hftvmszm@fquewdu@ the
r%ge £y POKHRRE P RHZ, RABredréfBdbN EinitNeraNgd of aPpBximately
aﬁ(El(Zl cat| on ti rre) fol l owed by ultrasound after renoval
fopr oj ection array. [00250] G oup 3:
DNA coated m croprojection array delivery ( 1 mn
application time) foll owed by ultrasound with

[PR2687 bBiebraddy. ithsrappliediptensitietiand inghd rangslod eppreimatedy

tr 2[ ed
Oﬂlcr@gﬁg{aglct%n arﬁe%%%e%%%\eégmgé&g % ?‘gs"gﬁlﬁgﬂl\%gt% F] DNA
approyjglateheke2@/Wi/emaf t er renoval of the nicroprojection
array. The gel reservoir is in place for mn prior to
ul trasound. [00252] G oup 4A: Application of uncoated
[0A2d 6 b Pretgrabdy, itherul@masoend twdatnenDINAppliedderd a duesgenviothe rafgt ef
obERERlenTL k16 LT R af A5 Bl MB350 matcry
3Gsaup 18 midppl i cati on of uncoated mcr opr Oj ectl on array
foll owed by ultrasound with DNA in gel reservoir with
m croprojection array remaining in place during
ul trasound. The gel reseEXAMPLES in place for mn
prior to ultrasound. [OOZF;-:){;;;?J1 Group 5A: Application of
uncoat ed mi croprojection 8 Wi th DNA in gel

6221 § Fl@hllhméll')t BB EPiAE dehom3fatad ﬂﬁmecﬂﬂS%J EUtiBﬁ atrlly
The gel reserv0|r Is in place

rasoun
tﬁ%&wl% Jeiyers f)b%*z@!ﬂ skity BfeBe CXPESYIRBANIIAUAS belSPQf‘é?% tgffncoded

aht®lchOWBd f0AdWb bE RSAYRAEE declibR. &f thilexARPk webinBlhe transdermal
00256] Group 6A: topical DNA application for mn, no

A vagstig delIveRpenicEPEOi ghign REDHSESIOjog 25T dry coated arrays or gel

reM:lQ/Bﬁ'@ WRth&GttdsOthdab Béié?mtrﬁé%ll&lggﬁN(Arﬂeﬁ{‘/&?r ﬂﬂlxﬁ&:ﬂe r9§bonses to an
l'ength 225 m, 675 mcroprojections/cm2, 2 cn? array)

cERTBS F th@rtﬁns@wg %eqaﬂgsﬁglre&w@sfsarmgerpﬂf%mgbam monitored.
NN ofoBpOfe eMitel:

[00248] Group 1: DNA-coated microprojection array (MA) delivery (2 min application

time) without any augmentation of intracellular delivery.

[00249] Group 2: DNA-coated microprojection array delivery (2 min application time)

followed by ultrasound after removal of the microprojection array.

[00250] Group 3: DNA-coated microprojection array delivery (1 min application time)

followed by ultrasound with microprojection array remaining in place during ultrasound.
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[00258] M croprojection array coating: 60 ng DNA per
array, obtained by roller coater nethodol ogy using an
wa@eusoss3 or mul ati on contai ni ng ng/ nL pl asm d, PemyUs1004/035015

sucrose, and 2 ng/nL Tween 20. [00259] DNA gel: 350 niL
of an aqueous fornulation containing 1.5 % HEC, 3.6

/i DNA, and 2 ng/nL Tween 20.[00260] Topi cal DNA
(907511 Ssrupdh:Applicatign pRiancopted miGrorsgirsting arpp fpdlgwpd by ultrasound
vt HR& QYA r&BNdir bk emoval MHae _mlcr%f!r_ i@8ion atrafl PHE %el reservoir is
delivered by transducer described i'n Figure . [00262]
ippacedfer 1 ajpnyprios tthalirajosrds gui nea pi g (HGP) skin:
M croprojection array are applied to live HGP for 1
mnute and the application site is nmarked. DNA
[R5 W Erapp g mMippliogsionjof undoatad snicreyrpioMRngetay vith ANyhengedd

LS . ' ¢ . 3 . T
Bk B BN bR i
place fawpf ojiect i on array, while all aninmals remain under
anest hesia. [00263] Hunoral inmmune responses two weeks
after one booster application at week four are

[0243 )G etp §s i Applitdtien ABBOEDTte MSARDrEGEAiobiasrgy fisloived Ky tiltrasoaind

ification panel.. Antibody titers of.higher than
S &t &8GR0 &G ePipis oy s e it luring
ultpeqint] ThE gdl fesddbir és in plddOBH4} nfleplistitanltagmpdnses are
determi ned using a surrogate assay to predict CTL
activity: spleen cells are harvested at the tinme of
[@0254) Gioug SAReA gptitaich @F uRddhted B ofrbje@fondera g iwith N A Gi‘%el
and f he nunber of gamma interferon produci ng; CD8 cell s .
rqseré(p{révrlthd@ﬁqogwqgﬂo%:‘mmmﬁlaglgfq Rlacespe plgrawn . The gel reservoir

igRplacE Rt 16 @ahed Dynabeads (Dynal, Ny) - are determ ned
by ELI SPOT assay after a five day in vitro

re-stimulation with the HBsAg protein (Al devron). A

[00295] &1o68'6: {o?wmﬁg applicREQ BowaAsY lirdsolRATS MikdpeF of
cells inwells re-stinulated wth HBsSAg are

agpligatiani cant |y (PO. 05, student's t test) higher than in
wells re-stinulated with oval bumn (Ova), an
irrelevant antigen (ii) net number of spot form ng
[€R56]s G864} topBRIJINArapplidatien for il ruirane dltweseund HBs Ag

m nus nunber of SFCs in wells stinulated with Ova) is
5 or larger, and (iii) the ratio of nmean nunber of
SFCs in HBsAg wel | s tMates@anamiuvittbodsof SFCs in Ova

[(YzﬁlS%]SMicho;g'cr)j%ailzo%rarrta?s?M' 1(83;- ar*llllcn%p&)jection length 225 pm, 675
microprojections/cm?, 2 cm? array) coated with pCMV-S (HBsAg expression plasmid —
Aldevron, Fargo, N.D.).

[00258] Microprojection array coating: 60 ug DNA per array, obtained by roller coater
methodology using an aqueous formulation containing 12 mg/mL plasmid, 12 mg/mL

sucrose, and 2 mg/mL Tween 20.

[00259] DNA gel: 350 uL of an aqueous formulation containing 1.5 % HEC, 3.6 mg/ml
DNA, and 2 mg/mL Tween 20.
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Treat ment Tabl e and | mune Responses G-p n DNA
Delivery to Skin Augnentation |Immune response Mt hod
waenwsnsi4scel ul ar 1 4 Coated MA none negati ve PEDH$I004035015
2 4 Coated MA, renoved ultrasound positive positive 3
4 Coated MA, integrated ul trasound positive positive 4
4 Uncoat ed , rempved, DNA ul trasound positive
[082R0I {TiopisalaANA am'&@a%oﬁ%&,wgr%%w | salipga gel none
negative negative 5 4 Uncoated MA, integrated, DNA ge
uItrasound(Positjve ositive 5A 4 Uncoated MA
(00218 Flesound eomditigay: hMREE: h¥Hem| Vaninuigaddlivered by trmsgicenl
ddhibelthd Figseynd negative negative 6A 4 Topi cal DNA none
negati ve negative [00265] This exanpl e denonstrates
that ul trasound can augnent intracellul ar DNA upt ake

[oaﬁézgrm@&hum tothﬁ,rék@ iR @(gxtb?gmh LffidSfko eﬁwo%@; aiel

reservoir through m ctopr0je n array
apphgrktadies HaPdor hminugsaridithe appligagion nichﬁemadwdof)l\béedidlublarby

mAREr R Dol DR, L SIRRR G ol i B BRG]
Ulviasnuod Isudone Emhcmdtdg)folhna\sngdéﬁﬂ ddbBvapy By mitrepiojectidnearray, while

u for ti de vaccine delivery to skin and
alfan"%gsre%am L%Pr?grnae'%ﬁgégfp()nses simlar to or greater than

conventional delivery by needle and syringe to nuscle.

0 vacci nes are delivered.extra-cell.ulari
OF D B e BB Res i s L e g5 AR e el four
art heasaredivgiap teCABBOTY AU SABRER Bfigndstic MitGhigdan@ifitdtiva panel.
Al@){)ﬁ\é%\@r%n agal Flrg%ﬁrethart %g %%:t#(?s ]g\r/ ? gg W}%E&ﬂre Imr;trk%dtag epositive”
inimbleacel lular® - as replicating vaccines or DNA

vacci nes), a cellular imune response is achieved in
addition. In this exanple we conbi ne transder nal

[09284% I@l%nﬁlhldl%sﬁbﬂge% 'aH:Qie%@Mn\é@ (MndY sufioB4t® Qfsgj' ﬁ)cﬂféd?a A RMvity:
t echnol o usi ng r coat ed ar rays or g reservolrs,

spigeR pellserertinsvseiad a&tbe a@lg pEebtaining Hiespin fprantibody titer determination
and the number of gamma interferon producing CD8 cells — after depletion of CD4

positive cells by anti-CD4-coated Dynabeads (Dynal, NY) - are determined by ELISPOT
assay after a five day in vitro re-stimulation with the HBsAg protein (Aldevron). 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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del i very.

| mmune responses to Hepatitis B virus

surface antigen (HBsAg) protein are nonitored. Nine

WO e@ansEst groups are eval uat ed:

mn application tine) wthout any augnentation of

intracel | ul ar
prot ei n-coated mi croproje

delivery.[00268]. G oup 2: HBsAg
%Plﬁﬂ array delivery (5 mn

[00267] G oupPdT/USEBEAEB501S
protein-coated mcroprojection array (MA) delivery (5

appl i cation ti megeafinehi TabRGAINEYmiuLE REPUREs af t er renoval
of the mcroprojection array. [00269 Goup 3: HBsAg
PGAL €l Nncgat ed PNAISHINEHyRESKiRN arr @é(ug‘ﬁ?énlavlgm linP response
applijcatign tine) followed by ultrasoy o(yyl M humoral cellular
EICI‘ODI‘@J @dﬁ&a,@é\r ay remar m llg | T8k n:c l;ILJI | :lge’gagim negative
u12 TS OMT ColaféUMXJreﬁfb dr H’“’E' ' ftrasound 1 Bositive | positive
e re L ot %H?P*W’eg@,eq, e [ tsaud oy | apositiyg | postive
raord T Uncadicd WA, remioyed, DNA o6l [atgasound, o nPesitiyee | positive
T%; ,p n‘Y L,, ,"L_p,coqt fggg)dad;@m gﬂg— 1PNy Ain AN negatlve negative
AppHoat i aipngeated A intsgraied, DNy sl d ltraseundr r al)ppsitive positive
LB Ad pf of dingosted MA, infegrated, DNA gl ] vong ermyal | gegative | negative
% dprj edopis DNAay  no ul traso]méiresqind_gel negative | negative
réAerlvad v [{Tepicel BNAce for 20 nin. |[M00272] G bugegBtive | negative
Application of uncoated m croprojection array foll ovveﬂ
I e ser ir t
e hiceigd s b B B R o

umhera&smhderyw]émgby micesperjudion afrsy omgepleagreoif houghn

aso

d % {:ét% ‘Ar@?

rese
topi c

no ul trasound. The gel
mn. [00274] G oup 6:

<Jf[r’||st9uc go

SRR et A7 s et e e

mgmralnmmne/mspomstth thei aati gepreng Ried bpmeaéﬁ\&)’e_dflﬁmlvﬁdlsd”hﬁa in
is in place
HBsAg protein

rvoir
al

l.ic

e

application foll owed by Ekztnﬁpﬂémund 15 min after

BB NGB poise b recn;

t opi cal

"l&’Pitfa‘a“é‘dﬁ Hﬁsuﬂre’al@é?ﬁ PIYPeRilg

Hos Ag

protein

vaeih@elivelyQO 2kiR hndMoGhduRE PhiRGHel r@dﬁoﬁ’sreﬁ SSlar YR 3R than

m cropr.ojection | ength 225 m,

V%’F‘Sﬁgj gty fah%eﬁélﬁwaad sypingeyp natrSPIay)WlLee REARIn WRacheHBS Ag

deﬂlﬁ&%@éﬂra(e@llﬁi@l\ﬂy%mf ArePonsts &e ))thlQlQ@ ZiZlhe Kresentatlon of the

MCI‘O proj ection arra

angigengeeurs piadheelass M,

coat i ng:

g

ez

protein per

/Hp Pé'b&’f‘)ér Ohlﬁt"ﬂ@d protaiy vaesinagaran

e8P thOEFIHARLI: Whefr MR LaRfigeh Nprd B n'ﬁjace'lﬁﬁﬁg — as replicating

vaccines or DNA vaccines), a cellular immune response is achieved in addition. In this

example we combine transdermal polypeptide vaccine delivery by microprojection array

technology, using dry coated arrays or gel reservoirs, with ultrasound to assist intracellular
delivery. Immune responses to Hepatitis B virus surface antigen (HBsAg) protein are

monitored. Nine treatment groups are evaluated:

[00267] Group 1: HBsAg protein-coated microprojection array (MA) delivery (5 min

application time) without any augmentation of intracellular delivery.
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protein, 20 ng/ L sucrose, 2 ng/nL HEC, and 2 ng/nL
Tween 20. [00278] HBsAg protein gel: 350 nL of an
wa@eusoss3 or mul ati on contai ning 1. 5% HEC, 20 nB¢TrIS2004/035015
HBsAg protein, and 2 ng/nL Tween 20. [00279] Topica
HBsAg protein application: 50 ng HBsSAg protein in 50 m
saline. [00280] U trasound conditions: 1 MHz; 1 Wcn®;
(40268 h Graalp 2 diBsp@rnsefeipyeonted piciorseiectipa aEay galiyery (S migur e
aﬁphcﬁa@%) fglw&'\?? RatRbihddatd RbVal Bpthgﬁilérl)ﬁr%ﬁcﬁ%“ dgﬁ?
skin croprojection arrays are applie 0
Ilve FEP for 5 mnutes and the application site is
I I
O Pl M D L8 R M et SHEPHANER G B
apﬁ@atmetatmtfﬂmowedﬂvb'elltrawblmda'smunldrqpmj@unreanramemaratngluyplace
dﬁﬁﬁéanﬂ%éa BsAg protein delivery by mcroprojection
ar ‘e all aninmals remain under anesthesi a.
[00282] Hunoral inmune responses two weeks after one

[ a t week four .are ne
(92257, Eonf P s B AP AR o Pebroilon TRE I et B Afpsgyn
with THBsA gAnobteindal geltréese o aftér x’ﬁmghad! of the &ﬁlcrb;lirejeﬂﬁdhtmyl TYhe gel
Ievel.afég% re_mar ked .as os itive" in Table 2.
rosea g alses B 5 TR ERR R BLeRRB ot or i ned usi ng a

surrogate assay to predict CTL activity: spleen cells

rvested at. the tinme of obtaining the s
(R DB ANE PRiEtDR of P G MGt DRE RGO PG s Adpgotein in
gbl%@hfoﬂfdi’ter RARUA G 0@ niEBproRdction arragf dAultrSSPAET THBeDeservoir
positive cells by anti-CD4-coated Dynabeads
‘i@WﬁﬁF‘”@ﬁT““ are determ ned by ELISPOT assay after a
five day |n vitro re-stinmulation wth the HBsSAg
rotein. positive" response is scored mhepﬁéi) mean
[¥3Bletrayp 5c é’mpgcqtlﬁn fewncsatedmicropieipdioaarray folops ayyulipseund
vﬁﬂhq{tkszg%}EMn Ftﬁ Qs@@onr%&tlm%eltog%éctl&@ﬁ r%gnﬁﬁ il iagk dupmg
I's re-stimu oval bum n
UItfaﬁ@lnévihQ gedrrsPiyein is(in iplace Brr lﬁmnberrloréfp ulgpwnqi or mi ng
cells (SFCs) (SFCs in wells stinulated with HBsAg
m nus number of SFCs in wells stinulated with Ova) is
[®233) GrayebA: aynpligation pf tipoated micsopybjestivaarmy with HBsA g PF@sin in

R T A R TR

réfeypio issie place for 20 min.

[00274] Group 6: topical HBsAg protein application followed by ultrasound 15 min after

application.
[00275] Group 6A: topical HbsAg protein application for 20 min, no ultrasound.
Materials and Methods

[00276] Microprojection arrays: MA 1035 (microprojection length 225 um, 675

microprojections/cmz, 2 cm? array) coated with HBsAg protein (Aldevron, Fargo, N.D.).

51



G p n HBsAg Protein Delivery Augnentation |Imune

response to Skin Method hunoral cellular 1 4 Coated MA
woens/0pasi ti ve negative 2 4 Coated MA, renovedPCT/US2004/035015

ul trasound positive positive 3 4 Coated MA, integrated

ul trasound positive positive 4 4 Uncoated MA, renoved,

.trasound positive sitive 4A 4 Uncoated M,
0§, it PR REY shiie; I8 R nkEe piorain BOFavab OGNy
roligdtcegératietitbdo@@l usihf srnsREnd fprstibh ¢entARisg 2O \»H%/rﬁﬁH%sAg

Uncoat ed , 1 ntegrat el  pon sitive negative
prof o R ERog & A USRS ABGR ReTEat | ve 6A 4
Topi cal protein none negative negative [00284] This
e,denonstra hat ul trasound .can augnent,
OFZBBEEn BRI el a5k Sfte Gubd TR REToiRR T oo mc,
20ahed/mnL ¢TBsAlg@rarkinandy2 m@ailelvddh 0.0pr o ection array or

gel reservoir through mcroprojection array generated
passages and can result in the induction of hunora

[06D7d] Tepitd) Im:rsA'grgmaﬁ ap PGS 89 1k MBsA émém REPS j1IcdBline.
vacci ne. [00285] Fromthe foregoing description and
exanpl es, one of ordinary skill in the art can easily

[0@IOE UltalsbundRBAdiOR: ANEASNt Wi eNkirRiR, dAVRRE b9 ARducer
things, provides an effective and efficient means for
de‘tcfla?fg‘ﬁé:ﬂw l.y delivering a vaccine to a patient.
[ 00286] W thout departing fromthe spirit and scope of
this invention, one of ordinary skill can nake various
[0Q@284hHBsA g prgtaimekl veryde haiHessgainehiig (HGBhkin iMicsopseiagiion; t
o AT RS SR RO P rAANEY sl A pp i GH L s HRASE. Hbs
prdtein delikery tyonigeoprajedtion arraydB$Ag protearggbisabigmenied/asl indicated in
| o Al 1UB..: ) j [ dSie
thfteghfty BBl IR SUOR s b e R B Brpdo by
migroptiojeeti@mpeTaly, Wileallsanmbpastemamomden apestigesiaa
m croprojection nenber having a plurality of stratum
cCOor neum pi erci ng m croprojections;
[00282] Humoral immune responses two weeks after one booster application at week four

are measured using the ABBOTT AUSAB EIA Diagnostic Kit and quantification panel.
Antibody titers of higher than the protective level of 10mIU/ml are marked as “positive”

in Table 2.

[00283] Cellular responses are determined using a surrogate assay to predict CTL activity:
spleen cells are harvested at the time of obtaining the sera for antibody titer determination
and the number of gamma interferon producing CD8 cells — after depletion of CD4
positive cells by anti-CD4-coated Dynabeads (Dynal, NY) - are determined 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
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a fornul ati on having said i nmunol ogi cally active
agent; and an ultrasonic device adapted to apply
w@bkisasasd c energy to said subject. 2. The syspemnusfoo4/035015
Claim1, wherein said mcroprojection nenber has a
m croprojection density of at |east approximately 10
laré’@r Gh@BliPing %tfo%%‘{e%@um&r of SECSY %{)Eﬁmg%ellgtoaljngnzdumber of
wherein said m croprojection ne
SFGs iaQprulis dtdreaterdeang®y in the range of at |east
approxi mately 200 - 2000 microprojections/cm2. 4. The
systemof Claiml, wherein said mcroprojections are
adapted to pierce througfatble@ stratum corneumto a

depth of | ess frh%me%bloageagg)?mmamrlgneters 5. The

systemof Caim erein sai TRUEt i on conpri ses
nnnnnn sai-d

nr\l nr“J'\ nprM hﬁq'rnr| qmmra] Cellular
NeRfst em of | CIREiVG, | negative

(‘aiﬁl
Tt

:4II’I o

bl..d.ll 1 ohe u 1
cr{opr o] eﬁ i %A\% 7 ée%’ysj é?ﬂgﬁf""@'ﬁn Imgpyag gesppnse
The

rotlein ha Mter ‘gr‘m ne
Hhereitn ﬁC;MAJ emevedon of & alt@sqund r asdnipesisiMer dypdsitive

3aid 4y i Gaated MIA intearatedn v vgultiasquadel | |1 guositiet i | epogitive

4t daitd |dinsoated Men sembvedel néultwnenéby Jaippsidies | ¥ epogitive

45t _gaitd |JinspatehMda sembvedae] nenomt 0 Ski N4 prpesiend | Niegative

Tel I|s 4 gddwoated M, lintéguated, geldi nbragfundai d [ prpekiave- basstive

Sxacgi He |dirtcoated B irltegvted, BkIA| poresent at i gn paBitiee Ul @R gdive

@ddijt “or] Topical @esinl I MHCT HLA| prrassend at | 0N nBpiRe Ul GRedive

6Ahe | syst|empihl feb@inm 7, Wher ef fod Cel T Ul ar afy, UL alive

response I's produced in said subject 9. The Systento
aim1, wherein said immunol ogically active agent
[OO%Hﬂ‘isseé%male BRIORsHBLES that ultrgountiean gyamentringcetiubar polPpeptide

vacSal Jﬁék@ afied @ 1iARPkd Gt byParth mciajoﬁrt #cﬁ&rﬁffpapar gﬁ Q%rerg%lrt 0

subj ect provides in vivo ace rvery
throygh @&r@rww atey gaaerajgdapsshges oad dandeduiltvetlyc ipfuct@i af DNA

hum‘bﬁﬁﬁhd"@ellhﬁﬁgﬁn dﬂ% %‘ohéék @th@é&%@ﬁ&é’{% i%/llbpr otein and

| oadi ng of sal teln ont HLA
presentati on nol ecul es in addition to class Il MAC HLA
[ st en of.. Cl a
00T PSR A0 T] 85U ot TR RYSHET Ol e can

easily ascertain that the present invention, among other things, provides an effective and

efficient means for transdermally delivering a vaccine to a patient.

[00286] 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 and conditions. As such, these changes and modifications are properly, equitably,

and intended to be, within the full range of equivalence of the following claims.
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produced in said subject 12. The system of O aim 10,
wherein said i mune response produced in said subject
WO 30080814851 vel y a cel lul ar response 13. The SyBCEDSID4/035015
Claim1, wherein said inmunologically active agent
conpri ses an agent selected fromthe group consisting
of proteins, polysaccharide conjugates,
ol i gosacchari des, |ipopr INS "~ subunit vacci nes,
Bordetell a pertussis (reconbi nant DPT vaccine -
ﬁcellujar), Clostridiumtetani (purified,
Whatdg elginedidt') . Corynebacteri um di ptheriae (purified,
r ecqbi NaAeliverP%y e SR lUOWeFilS arl BHnYERREREAY Btk BoEAt {0a
G oup A streptococcus (glycoprotein subunit,
subiegte tRIBH|SIGat e Group A pol ysaccharide with tetanus
t 00} RhicrdfrPeQloR i nRPhd VRS Amam?%fgtpat&r%&ﬂgﬁgﬁmﬁg
carriers, Mprotein, nultivalent type-specifi
MEEIPFYFFEENS; cyst ei ne prot ease, C5a peptidase), Hepatitis
B vi ' . . = S2 . f.aconbi nant
cor e RGO loin ogicdTh 3efie spthy BT
ex prag sfugonieddvipcadantest teiaply altdsa dnergy$) saidHeubiat.
papi | |l omavirus (Capsid protein, TA-GN reconbi nant
protein L2 and E7 [from HPV-6], MEDI-501 reconbi nant
VLP2LI| f Tbersysewt df ClaiQuiadheredl seidtmicepmjdetiommemBérhak h

miekpBRE ety S sl L FB et Bor P o0

bacterial surface protein), Neisseria neningitides

(gl ycoconj ugate wi th tetanus toxoid), .Pseudonpnas

er o nodhd BRFR A B aff ey meghiniRon mpgBer has a
micRprjdeibh derRRPin th€)an 6f2Ppleas apsoEmaRBLITONI2060

%g% concoz!qgate [1, 4, 5, 6B, 9N, 14, 18C, 19V, 23F]
m} ﬁﬁﬁﬂ ™ 0o meni ngococcal B OWP, gl ycoconjugate [4,

6B, 9V, 14, 18C, 19F, 23F] conjugated to CRML97,

glycocontugate [1,.4, 5 6B, 9V, 14, 18C, 19F, ZBFL).

conjugat &F VatemiiCiamg, WhersHoaidmRcioRIoiSCHonh asasiaptad b pierce
thioUGDBE Sk LA SdrnelREd £&IpHPoAQS HRAR aldut Y60 ffriHks

gl ycoproteins), Vibrio cholerae (conjugate

| i popol ysaccharide), whole virus, bacteria, weakened

or ki || e /d ki eeT CILANTIO WRERINQail it at{dR 9%‘)11'i§6§a Bbating
virus, hepatitis C virus, hunman pap|1lonav rus,
digpassdionat lgpst gae ofisaidirgietopepieetignser , weakened or kil l ed

bacteria, bordetella pertussis, Costridiumtetani,

corynebact eri um di pt heri ae, group A streptococcus,
. | egbonel The paiemmdglidiing, whereinseidiimmurelpgicallyiastive agent

3 [ hosa, streptococcus pneunoni ae,

coﬁ?@%%%gﬁgggg%%?g%%?%Vibrio chol erae, flu vacci nes,

Lyne di sease vacci ne,

7. The system of Claim 6, wherein said application of said ultrasonic energy
to said subject provides in 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 onto class | MHC/HLA presentation

molecules in addition to class Il MHC/HLA presentation molecules.
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rabi es vacci ne, neasles vacci ne, nmunps vacci ne,
chi cken pox vaccine, small pox vaccine, hepatitis
WO 206/0555 pert ussi s vacci ne, di ptheria vacci nepCTiusioed/a3so1s
acids, , single-stranded and doubl e-stranded nucl eic
aci ds, supercoiled pI asm d DNA, linear plasm d DNA,
cos bact eri i fici.al ro omes ( BACs) ,
voat - arHeRran P LA foLbiiia » M FhC R Fapande i
prodiidedfin Siddubfdf onosonmes, and RNA nol ecul es. 14. The
syst em of aim 13, wherein said formul ation incl udes
an i mmunol ogically potentiating adjuvant. 15. The
sysg.em OfheGhém b laint Ok Riréin $4d At LRIy b&ive ahaet ed
fromthe group consisting of alum num phosphat e gel,
coraprift HOM\AFiB%i de, al gal gl ucan, b-glucan, chol era
toxin B subunit, CRL 1005, ABA bI ock polyner wth nean
val ues of x=8 and ﬁ 205, gamma insulin, linear
(unbkan C]Pg@@)(stgn p{ Glasn 9, wherem said application ‘of said ultrasonic energy
to Sﬁpﬁa%ﬁg Uﬁ}r%g’%szg ?n%% entn?%éa'ugil' HARRS of b %@%c\ﬂl\ﬁ@%hereby said
dellVﬂW)Oﬂ&Plé@%‘{f’y vapging igals to-callulanexpssipntfapniteie aidIvBihg of said
ji [ ' lLoride.. '
proﬁel_lrgglhp XlassqI tbﬂ_glg&n%#g{(ﬁ%?@ﬁ _%&?e%@lg? i’rn aﬂgﬁtlérﬂ%@é%ss fi MrcHLA
pregdntatidn melduylps.opyl )-1 Hirnidazo[ 4, 5-c] qui nol i n-4-am ne,
| mirher (tn),
N-acetyl gl ucoam nyl - N-acetyl nuranyl -L- Al a-D-i sod u-L-A
| a- UJ ycé?helsysﬂém)af @Glainal @, whifelr HEellulapasidigoral response is
% n %_9 - 3H20 (MIP), Muraneti de, Nac-
PIORRT™S tn%ll & n- OCH3, Pl euran, b-glucan, Q& 21;
S- 28463, 4-am no-a, a-dinet hyI -1 Hi m dazo]

) SR LRl RE LAY PPt VOTER,
subjebeis Rkd1tdiebef 4 Edllular Mspsist V!

mur anyl - L-t hreonyl - D-i sogl utam ne, interleukin 18,
IL-2 IL-12, 1L-15, DNA oligonucleotides, CpG

congzi nihg @wteg@ BECL A1 WiRPoin mmm@cfaﬁy Qthe %lgenkappa
B regul atory S|9nalln proteins, heat-shock proteins

concrmspfsf)n ag@wse frewlafrgrwpr@nmm@f protainss Bissasharide,
co@&qte;f%g@srm%ﬁam llpo:{)ﬁltela-sh eubam&mnei B@&tm Perni¥ier ei n

said fornul ation included a surfactant The system
(regpmbiagi APY gaccinge ﬂ@ﬁlhlas)aCU)S@QMTaf@taah@uﬂl&eds eelcemble@nt} rom

ColehetRiR BRTT a2 PR S AR, SURRTRIPRTER b o
subg@pCfiroug dd%mptocwqcnetglwbprambm glyt@onjdgat¢ GW)A

polgsgig&?}vi\geg\ﬂitl@%}anﬁ%&%ﬁ?%ﬁ’p&%&%é@[ lgéaﬁlﬁcséd t3 %9({1115 V\%grr FrsOM

I'ves, sor “aurdd
protelirk ovujtivateetty pd-spebidic spitapas) cysamneeprbtedse C5a peptidase), Hepatitis B

virus (recombinant Pre S1, Pre-S2, S, recombinant core protein), Hepatitis C virus

(recombinant - expressed surface proteins and epitopes), Human papillomavirus (Capsid
protein, TA-GN recombinant protein L2 and E7 [from HPV-6], MEDI-501 recombinant
VLP L1 from HPV-11, Quadrivalent recombinant BLP L1 [from HPV-6], HPV-11, HPV-
16, and HPV-18, LAMP-E7 [from HPV-16]), Legionella pneumophila (purified bacterial
surface protein), Neisseria meningitides (glycoconjugate with tetanus toxoid),

Pseudomonas aeruginosa (synthetic peptides), Rubella virus (synthetic peptide),
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The systemof Claimb5, wherein said fornul ation
i ncl udes an anphi philic polyner. 19. The system of
wEk@sns 8y wherein sai d anphiphilic polynmer i sPGERUSIDLES015
fromthe group consisting of cellul ose derivatives,
hydr oxyet hyl cel | ul ose (HEC),
h droxypropyL-nethyIce!IuloseﬁéHPNq%,
Streﬁﬁy?a%swwwawé? {alycoaconiugpief 1, 4na 0By Plel4 188V, RAT,

conjﬁgﬁé&%mlqmgb@&w% ofid, ?iye&%nﬁégﬁé\@,,@, 9V, 14, 18C, 19F, 23F
et hyl hydr oxyet hyl cel | ulose EC), and pluronics. 20.
conrRbAipSIRYH B soeroniugate e &i ¢B. 9% h18E MAFaE Rhonjugate

. T 0d T ¢ .
to CRVHOO R esbnie pAR i (Grifl JHSPoreiR]v ol PEIXSEATH foubunt
glycoprotpinsh e ipioehlases(son ugatedipopolpcghatilely whaele wiokso bjcteria,
. ' (R . » .
vesRSHSEE AN SRR KL P ppse By et g g
papiblomgetusyiubella wiruy,ceticedladostérx tvgakesed drekildsdfbacteda, botdetella
t . ' | id. formul atjon includes a

pertf¥R AR Gl BrymBBRICSHyh Bhak IR A Boco il
legioviela pnaquneahith, beissedapehingitie, paidymenasiasrugiabec ttegtdco@ns

t he.ar oup consi,sting.of human al buni n, . bi oengi neer ed
preqrignidt. SrnRRA b B didtio iR G VS heh Lons B st geegine
rabigsOlaytine tmiedslexevacgiag) hrosgn vawingsehlidkat pox yotiviesimal) pag vatsine,

sucrose, trehal ose, nelezitose, raffinose an
nep g oo bR ahe JR T R e el Aoy Sikie-wupnded and
douﬁlfewstcajwciad heleit mhsu Eiﬁ)‘ércailédgﬂdsﬁﬁmBNw, tihéxr plagihid ﬂﬂm,l @)yﬁtdg,m

of. j 4, erei aid vasoconstrictor is selecte
bacterig)atitiie! MRS éﬁééﬁn&aé}fﬁﬂgﬁm syRmesames KARSY ol i ne,
mankiBillaf A HTcRI BhrbMesdnd 2na RNA MlecuT® | zol i ne,

tramazol i ne, tymazoline, oxynetazoline,

xyl onet azol i ne, am dephrine, cafam nol,

Cy ¢k OpenhAdPsiR ofd2ANYIBPHAGOIN KA formBRIBE RIS
. felypressin, indanazoline, netizoline, mdodrine,
imnyapiRgisd |y neEentigfinecidfwvant, oct odri ne, or ni pressin,
oxymnet hazol i ne, phenyl ephrine, phenyl et hanol am ne,
phenyl propanol anm ne, propyl hexedrine, pseudoephedri ne,
* t etl-ahyHheowsteined Claimdtawidrein said adinvanhisiselpetedhirom the group

congis}fﬂg%)%lmﬁmmvﬁr%gﬁ{a&‘cg%i, lQluﬁ'ﬁlghm hydroxide, algal glucan, b-glucan,
cholera toxin B subunit, CRL1005, ABA block polymer with mean values of x=8 and
y=205, gamma insulin, linear (unbranched) B-D(2->1) polyfructofuranoxyl-a-D-glucose,
Gerbu adjuvant, N-acetylglucosamine-(b 1-4)-N-acetylmuramyl-L-alanyl-D-glutamine
(GMDP), dimethyl| dioctadecylammonium chloride (DDA), zinc L-proline salt complex
(Zn-Pro-8), Imiquimod (1-(2-methypropyl)-1H-imidazo[4,5-c]quinolin-4-amine,
ImmTher™, N-acetylglucoaminyl-N-acetylmuramyl-L-Ala-D-isoGlu-L-Ala-glycerol
dipalmitate, MTP-PE liposomes, C59H108N60O19PNa - 3H20 (MTP), Murametide, Nac-
Mur-L-Ala-D-GIn-OCH3, Pleuran, b-glucan, QS-21; S-28463, 4-amino-a, a-dimethyl-1H-
imidazo[4,5-c]quinoline-1-ethanol, sclavo peptide, VQGEESNDK - HCI (IL-1b 163-171
peptide), threonyl-MDP (Termurtide™), N-acetyl muramyl-L-threonyl-D-isoglutamine,
interleukin 18, IL-2 IL-12, IL-15, DNA oligonucleotides, CpG containing
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xyl omet azol i ne. 26. The systemof Claim5, wherein

said fornulation includes a pathway patency nodul ator.
WQ@7Z005/0bkssyst em of Claim 26, wherein said pat hmelus2004/035015

pat ency nodul ator is selected fromthe group

consi sting of osnotic agents, sodium chlori de,

zwitterjionic co am n i-infla to
olieflub §1des g Rime SRS NFJFBLD R aRbl-firy yaMine affgins heschdck
protdinsFSP$)PGOREG R, & loévitdee, RMPL®, ddhapalthipii 3pd The&ramide™.

hydr ocort amat e hydrochloride, hydrocorti sone

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

phosphathedygafl ofQlamab ! whei@h Bid RiradatieOneges a surfactant.

21-succi naate sodi um salt, paranethasone di sodi um

phosphat e, predni sol one -succi nate sodi um salt,

ant { coagtheapdtém oﬁCFal'rh s, aﬂie%ln Gid Ju%&alﬁzi"sl defected %hﬂtﬁé group
citrate, dextran sulf ate sod |ug} and EDTA. 28. The
ec

cons{ptingeh sadiuy laragnphopgesiie isoriwn idedecylrsfrta (3199 sandpyrisinjum
chl@:ndeg@tl’b?)ﬂb@&?&rlmgtﬂ yl alfiforis bR &F (Tﬁ@)%&éalkm%edhrbnde
sai d antioxidant iS selected fromthe ‘group consi st 1 ng
polygorbatrsi wweh as Tweene0 apd Tveen & patbitan derivatives, sorbitan laureate,
ki ML ENSH s danbdr@n st raacetic acid (EDTA), ascorbic
e aepﬁ, nePhFoﬁ?ner and sodi um ascor bate. 30. The system
of Claim5, wherein said formulation further includes
a l % f ]
ahelsi 1 Bt e GRS PP sad £ KSRGS oo
polymern t he group consisting of maleic acid, malic acid,
mal oni ¢ acid, tartaric acid, adipic acid, citraconic
acid, fumaric acid, glutaric acid, itaconic acid,
gl9ut oIThe spssane of\Claina ¢8, dvheeircaidinephiyshiilit, pobyintidr dseleced from
tart Ltric ac ylic
the iy cob ik Bhesilst fropEri BePRehut R AT ¢ aci o
hydgbayipaoply smathy el lutese PHPMC) a6 tidxy gopylcellil6se ZHPC), ndvitsyIcellulose

B SRSl Blse CC) Gl s utpon G

pluggigcted fromthe group consisting of
nonoet hanol om ne, di et hanol am ne, triethanol am ne,
tromet ham ne, net hyl gl ucam ne, gl ucosam ne, histidine,

lysigne, TaegydidnBf CRAE 5 URRIH S0 fotRulafhsH iASISddd Mhydrophilic
hydrOX|de caIC|un1hydrOX|de magnesi um hydr oxi de,

polyiefoni a and nmor phol i ne, and ni xtures thereof .

21.  The system of Claim 20, wherein said hydrophilic polymer is selected from
the group consisting of poly(vinyl alcohol), poly(ethylene oxide), poly(2-
hydroxyethylmethacrylate), poly(n-vinyl pyrolidone), polyethylene glycol and mixtures

thereof.

22.  The system of Claim 5, wherein said formulation includes a biocompatible

carrier.

23.  The system of Claim 22, wherein said biocompatible polymer is selected

from the group consisting of human albumin, bioengineered human albumin, polyglutamic
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33. The systemof Claim5, wherein said coating has a
viscosity |l ess than approxi mately 500 centi poi se and
w@e@anersi han 3 centi poi se. 34. The system of EIHUS084/035015

wherein said coating has a thickness | ess than

approxi mately 25 mcrons. 35. The systemof Caim1l,

wherein said fornmul ati on conprises a hydrogel. 36. The
a I S a
o B e RS TRRC G Dol Sl T Y AL oHERILAS;
trehalgseamlezitse.ipiéineserind sfaehynsser onol ecul ar pol yneri ¢

network is selected fromthe group consisting of

hydr oxyet hyl cel | ul ose (HEC),

hyéir oxélpﬁr Yppmdiigimcie Wh@mmsseld(fﬂmv@)wn includes a

ypropycel | ul ose (HPC), nethylcellul ose (M),
Vasoc%sg%ga)?yet hyl net hyl cel | ul ose ( HEMO),

et hyI hydr oxyet hyl cel | ul ose (EHEC) car boxynet hyl

IuI ol al,coho ol t hyl.ene
OXI de) | ﬂ?‘e sa/ gTv?fChaD Z)Ai(yeetr [%H% t\'zhsg%op)s rlg{%)é sys(el%ctex %rom the
groupmohsys(tmg \Df ewheppyn@ Inaphamh)w, tetmﬁycﬂrbm‘lml hrﬁiﬁna&SlmeThﬁtlﬁyﬁé em

t |
tramazollrnF atg@g@?mé §§yme|tﬁ%oh§ g)me (Wéeg?% %gllrlrllg\ﬁ:g ’Sal d

cycloﬁemtaﬁﬁnﬁ; déttxye;ﬁn@mhﬁﬁe: E@deﬁhhﬁfﬂﬁlhﬁegm@ Hmﬂar(h@@l&i@hb%hﬁé
sodi um dodecyl sulfa

. um | aur oa acet
mldocigflgx;)aphaggt1 Wﬁ? &p,n(?c 'EﬁlOBPl?faﬁ'"( @p@ethazollne phenylephrme
phenwkmhaswnmel mhmshpa:mmmw Prépyinexddeife, (pidi6aphedrine,
hcﬁ O%\ﬂgonl um chl orj de, polysorbhates, such as Tween 20

tetrahygraz drpmaepl '@&WP%WPEQ?H%WU%% vasopiessin &K | aur eat e,
xylonla@li¢! at ed al cohols, and | aureth-4. 40. The system of

Claim 35, wherein sai d formul ati on includes an

anphi philic polyner. 4 . The system of C aim 40,

W el TheSbtem PR HiRRI szhé‘relﬁ Qhilf fnulafior KAL) t he

group consisting of cellulose derivatives,
patengyyaedyalet hyl cel | ul ose (HEC),

hydr oxypr opyl - net hyl cel | ul ose (HPMO),

hydr oxypropycel | ul ose (HPC), nethylcellulose (M),

hydr oxbhetshistermef Riairo @pJ whe@mresaéd{at@yqy patency modulator is

select fh 'ﬂ)é%"r&?f;y ?B%ﬂnﬁ%lf églllo%%%éé I?SHE)%Um gﬂ?né)enu arghgﬁcic 42.

e systemo rern sai
Compcptmdft, lanile'@ agide znhiviafjanpratenyagents) ethaetbasone 2 1-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.
28.  The system of Claim 5, wherein said formulation includes an antioxidant.
29. The system of Claim 28, wherein said antioxidant is selected from the

group consisting of sodium citrate, citric acid, ethylene-dinitrilo-tetraacetic acid (EDTA),

ascorbic acid, methionine, and sodium ascorbate.
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43. The system of O aim 42, wherein said pathway
patency nodul ator is selected fromthe group

wa@onsHsusfng of osnotic agents, sodi um chl ori dePCT/US2004/035015
zwi tterionic conmpounds, am no acids, anti-inflammtory
agents, betanet hasone -phosphate di sodi um salt,

tri.anci nol one acet oni de 21-di sodi um phgsphat e

hy ool feee Hd#Bch MEFTedesaiddyar {gpdyrthspiacludes a low
volatifBos@tién. di sodi um sal t, met hyl predni sol one 21-

phosphat e di sodi um salt, nethyl predni sol one

21-succi naate sodium salt, paranethasone disodi um

phasphatrge syReRITCIAMOIE wherkinGhid @Jvevcaawlitf Bundron is selected
anticoagulants, citric acid, citrate salts, sodium

frong the 1gqup Corpisting ahmalgicragidemalisacishmalonis acigriartadacidpjadipic
8 A PPl iR,
sucaimit acig.pstermnhis reid dpigionicacidetivictaeid, tricashalbytie agidoup
ethﬁé?@&ihﬁm {Egra&feticeﬁid}g Filcd€id %ﬂﬁﬁnﬁczeﬁkd Q?‘rbonic acid, sulfuric acid,
tetra ygrozollne ndanazol | e, netl zoline,
and pphesprhores] dcide and mixtured thereof. oxynet azol i ne,
xyl onet azol i ne, am dephrine, cafam nol,
cycl opent am ne, .deoxyepi nephri ne, epinephri ne,
f el39pr e$hd systemfdiemd0i whereinmssid 1oV volatlitytamebrionds selected
naphazaol i ne.. nordefri.n, octaodr.ine,  or.ni pressin, .
frond B BT 20 Re Ot Ry PaplR T ol RiTBR ahimin,
troneitemine) mepatphlcamineeglugsanpink, hestidihe] Indne, pinicky eliedr i ne,
t et rahydr.ozql i,ne, tramazpl|ne, tuam noheptane, .
hydie i T4 MY e el RO R, BERePB) e N dpsammppia and
morpl&inean@mituis Meteof Wherei n said ul trasonic device is
adhered to said mcroprojection nenber. 47. The system
of Caiml1, wherein said ultrasonic device further
i Ngh UdeshasyRRIGTOMIm! RWREreinGafdashtingthal £ visE RS BsSHhPN
of . said _ultrasqnic energy. 48. The system of C aim 47,
apppisrds n S0 seatien v ad GRteT Hayd EnPather i ncl udes a
doubl e- si ded adhesive | ayer. 49. The systemof Caim
1, wherein said ultrasonic device generates sound
wavés hale sgtem of (Clajoretn dergin spidseatingihas e thigknggsgess hgn A

appioRin{iedy b9midrb@nsder mal Iy delivering an inmunol ogi cal l'y
active agent to a subject, conprising the steps of:

35.  The system of Claim 1, wherein said formulation comprises a hydrogel.

36.  The system of Claim 35, wherein said hydrogel comprises a

macromolecular polymeric network.

37.  The system of Claim 36, wherein said macromolecular polymeric network
is selected from the group consisting of hydroxyethylcellulose (HEC),
hydroxypropylmethylcellulose (HPMC), hydroxypropycellulose (HPC), methylcellulose
(MC), hydroxyethylmethylcellulose (HEMC), ethylhydroxyethylcellulose (EHEC),
carboxymethyl cellulose (CMC), poly(vinyl alcohol), poly(ethylene oxide), poly(2-
hydroxyethylmethacrylate), poly(n-vinyl pyrolidone), and pluronics.
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providing a mcroprojection delivery system said

delivery systemincluding a mcroprojection nenber
whansosi4ss pl ural ity of stratum corneum pi er ci NBCT/US2004/035015

m croprojections, a formulation including the

I mmunol ogi cal ly active agent and an ul trasoni c devi ce;

applying said mcroprojection nenber to a desired

| ocation on said subject; and transmtting ultrasonic

engggy ThoOWseeai of Ahitn BS RRreindBY itsiulaBos ficfideesiv Btant.

| ocation on said subject to facilitate delivery of

sai d i mmunol ogi cal ly active agent. 51. The nethod of
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Mh%%%%d&&%@ﬁ?%h@%g% %aCC|ne onto class | WHC/ HLA
presentation nolecules in addition to class Il MAC HLA
ent n. .nol
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polys&ird subject. 54. The net hod of C|a|n150 mhereln sai d
i mrunol ogi cal ly active agent conprises a DNA vacci ne.
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Vi vo intrac | ar deliver
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plurdfics. The met hod of C aim 55, wherein a cellular and

hunoral response is produced in said subject. 57. The
met hod of Cl ai m55, wherein said i mune response
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response. he nmethod of Claim 50, wherein sa

Pamgﬂéwo@ﬂmPWansn1ttlng ul trasonic energy from said
ultrasoni c device conprises directing said ultrasonic

energy through said
43, The system of Claim 42, 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.

44,  The system of Claim 35, wherein said formulation includes a

vasoconstrictor.
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m croproj ection nenber. 59. The nethod of C ai m 58,

wherein said ultrasonic device is adhered to said
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wherein said formul ati on conprises a hydroge

i ncorporated in a gel pack and wherein said ultrasonic
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nsmtting said ultrasonic
providing a microprojection delivery system, said delivery system including a

microprojection member having a plurality of stratum corneum-piercing microprojections,

a formulation including the immunologically active agent and an ultrasonic device;
applying said microprojection member to a desired location on said subject; and
transmitting ultrasonic energy from said ultrasonic device to said desired location

on said subject to facilitate delivery of said immunologically active agent.

51.  The method of Claim 50, wherein said immunologically active agent

comprises protein-based vaccines.
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energy to said subject.69. The nethod of C aim 67,
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56.  The method of Claim 55, wherein a cellular and humoral response is

produced in said subject.

57.  The method of Claim 55, wherein said immune response produced in said

subject is exclusively a cellular response.

58.  The method of Claim 50, wherein said step of transmitting ultrasonic
energy from said ultrasonic device comprises directing said ultrasonic energy through said

microprojection member.

59. The method of Claim 58, wherein said ultrasonic device is adhered to said

microprojection member.

60.  The method of Claim 58, wherein said formulation comprises a hydrogel

incorporated in a gel pack and wherein said ultrasonic device is adhered to said gel pack.
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61.  The method of Claim 50, further comprising the step of removing said

microprojection member before transmitting energy with said ultrasonic device.

62.  The method of Claim 61, wherein said step of transmitting ultrasonic
energy with said ultrasonic device includes the step of adhering said ultrasonic device to

said desired location on said subject.

63.  The method of Claim 50, wherein said formulation comprises a coating
applied to at least one of said microprojections and wherein said step of transmitting said
ultrasonic energy with said ultrasonic device occurs in the range of approximately 5 sec to

30 min after said step of applying said microprojection member to said subject.

64.  The method of Claim 50, wherein said step of transmitting ultrasonic
energy with said ultrasonic device occurs in the range of approximately 30 sec to 15 min

after said step of applying said microprojection member to said subject..

65.  The method of Claim 50, wherein said formulation comprises a hydrogel
incorporated in a gel pack and wherein said step of transmitting ultrasonic energy with
said ultrasonic device occurs in the range of approximately 5 min to 24 h after said step of

applying said microprojection member to said subject.

66.  The method of Claim 65, wherein said step of transmitting ultrasonic
energy with said ultrasonic device occurs in the range of approximately 10 min to 4 h after

said step of applying said microprojection member to said subject.

67.  The method of Claim 50, wherein said formulation comprises a coating

applied to at least one of said microprojections and a hydrogel incorporated in a gel pack.
68.  The method of Claim 67, further including the step of removing said

microprojection member from said subject before said step of transmitting said ultrasonic

energy to said subject.
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69.  The method of Claim 67, wherein said step of transmitting energy with said
ultrasonic device occurs in the range of approximately 5 sec to 24 h after said step of

applying said microprojection member to said subject.

70.  The method of Claim 67, wherein said step of transmitting ultrasonic
energy with said ultrasonic device occurs in the range of approximately 30 sec to 4 h after

said step of applying said microprojection member to said subject.

71.  The method of Claim 50, wherein said step of transmitting ultrasonic
energy comprises applying sound waves having a frequency in the range of approximately
20 kHz to 10 MHz.

72.  The method of Claim 67, wherein said step of transmitting ultrasonic
energy comprises applying sound waves having a frequency in the range of approximately
20 kHz to 1 MHz.

73.  The method of Claim 50, wherein said step of transmitting ultrasonic
energy comprises applying ultrasonic energy having an intensity in the range of

approximately 0.01 W/em? to 100 W/cm?

74. The method of Claim 50, wherein said step of transmitting ultrasonic
energy comprises applying ultrasonic energy having an intensity in the range of

approximately 1 W/cm? to 20 W/cm?

75.  The method of Claim 50, wherein said step of transmitting ultrasonic
energy comprises applying ultrasonic energy for a duration in the range of approximately

Ssectolh.
76.  The method of Claim 50, wherein said step of transmitting ultrasonic

energy comprises applying energy for a duration in the range of approximately 30 sec to

10 min.
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