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METHODS OF USI NG SAME FOR ELECTROPCORATI ON OF CELLS I N MAMVALS PRIORITY

CEAI M 10001] The present application clains priori tﬁWﬂMWWﬂMWE‘”WnaI
applications U S. Ser. No. 60/852149, filed Cctober 17, 2 Ser.
No. 60/978,982 filed Cctober 10, 2007. FIELD OF THE | NVENTI ON 100821 The

pfesent invention relates to, anong other things, electroporation devices
and their use for facilitating the introduction of bionolecules into cells

of a sel ect g ECTROMORATION'BDEVECES RIND SMIBIHODS IOFUS BRESERRRNEROF THE

| NVENTI ON 100031 Manm@l &R SEORATIOROINCELES #e MAMBRAL §Ct eri zed by layers of
cells, divided into specific regions (see Figure 1). The nost superficial

regi on gffs (1.1), which in turn can be divided into 5
sub- Iaygrﬁééﬁﬁt ?%‘m corneum (1.1.1), stratum spi nosum(l 1.2), stratum

| uci dium (1 imé% rat um qnul Qs é basg (1.1.5).
The der %pie %" ég'lﬁl pr 'Frt e app% ¥ asevery wel |
vascul a FTZE%' ?%1#9 S% E%Eﬂ g %% 2‘% YTt his | ayer.
The subd®2¥9ous | ayer is situated just under neat h the derm s. 100041Ski n

has evol ved to protect not only by acting as a physical barrier, but also
FIELD OF HE INVENTION

[0002]  The present invention relates to, among other things, electroporation
devices and their use for facilitating the introduction of biomolecules into cells of a selected

tissue in a mammal, preferably skin.

BACKGROUND OF THE INVENTION

[0003] Mammalian skin or skin tissue is characterized by layers of cells, divided
into specific regions (see Figure 1). The most superficial region is the epidermis (1.1), which
in turn can be divided into 5 sub-layers: stratum corneum (1.1.1), stratum spinosum (1.1.2),
stratum lucidium (1.1.3), stratum granulosum (1.1.4), and stratum basale (1.1.5). The dermis
(1.2) s situated just under the epidermis, and is a very well vascularized region; hair roots and
sweat glands are located in this layer. The subcutaneous layer is situated just undermeath the

dermis.

[0004] Skin has evolved to protect not only by acting as a physical barrier, but also
by its role in the immune system. As a frontline of the host's defense against pathogens, skin -
is well equipped for immune surveillance. For example, compared to many other tissues, the
epidermis of the skin contains a high population of Langerhans cells, which are very potent
immature dendritic cells (“DC”). Thus, targeting antigens to the skin epidermis should be able
to efficiently induce strong immune responses. However, the barrier posed by the stratum
corneum layer (1.1.1) of the epidermis (1.1) (see Figure 1) tends to prevent effective entrance
of antigens into the epidermis. Dendritic cells are the main antigen-presenting cells in the
skin. A high population of DC in the skin makes intradermic (“ID”) immunization an

attractive route.
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by its role in the i mune system As a frontline of the host's defense
agai nst pat hogens, skin is well equipped for i mune surveillance. For
exanpl e, conpared to nmany other tissues, the epiderm s of the skin contains
a high popul ati on of Langerhans cells, which are very potent inmature
dendritic cells ("DC"). Thus, targeting antigens to the skin epiderms
sfoul d be able to efficiently induce strong i mune responses. However, the
i poseg@x 1 N9 546 fagmdq%agwaﬂnam §. pattichiably a0l il 1S Bleafdfts (1 (1.1)
(see Figure tends to revent e ectlv tranc antigens into the
epi der miof plaBeiddté intradereli¢ €TRT)eortshbcutemicousafi8QUemsspe erseetls,hag traditibsaliyn t he

ski n. hi g opul ation of DC in the skin kes 'ntr dermc ("1.0Q")
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intradermc %'or subcut aneous ("SQ') tissue or cells
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conpar e doses. t hat can sed n |n ramuscul e n
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pl asm d vaccmes fasd other apphidatioas (irmdisoname] eoalhél'ura}ﬁimhe Theri @P43-2F @2606)pme, et
al., Curr. Gene Ther. 6:243-273 (2006)). [0006] A recent advance for plasmd
delivery in yi has beent at_of el ctrpratlon( . .EP is used for
delivery of Zﬁ@ﬁgt ge valcfeélfya Stncﬁofoécﬁ 8 & i 8he vwo h%Er Ll?ﬁesn “Eﬁ}

tracer s eleatibpdestibing SEP’YNEP &l usgbfod delb@iy dQSlargb G)aﬁﬂé\oﬁmdleaﬂlés oahibons #ct a

Physi ol Scand. 177:437-447 (2003)). Thi.s process ex&oses t he target tissue

to a bridyesedyssracers faﬂetqﬁlem@@hswlep%%deﬂféw ACshlgAravBYsiolyl e pores
in the eghig, rﬂ?ﬁbﬁﬁw (2908 dy) Nthif PRCRS ek ethe r@g{mﬁaﬁ g hePLbiAa RN
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New Yor KTang foryshlgwers theAmount ok plasmid peeded i sfeﬁtatﬁéassetﬁé leyglspbantjgepie t he

i nj ect edyl gﬁoteomnuée?er@ae@ceqb gsecm't arld®mitH) Padt@inAd th&hAn and
secretion of pr ot eins i nt o the bl'ood stream and/or anti gen presentati on.
The expriherpeuticl Moetanisms s ategies INb§. Femplgion aad RviD. Lasiq lededMarceler s of
magni t u e pI I a ose of
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El ect r opdt P‘? e ANG(OL ANTRER gresen @l&’&c s‘?‘B’feFS)}mt vels arp nerepsed by Agpude | s
after i nkewbi@thr@f orBéd oMfhgRitude Qveladlisl ifjBRicAdme! 16NBYelFEdishabibRoOYCi N to
cut aneous and subcut aneous tunors in humans. El ectroporation has been used
i n i ce,thesgtof adernytral-madiatsil gene deliyery ansk meyar spwechsss geask Physielpgicslcode f or
a variety, n% hor nones, cytoki nes, enzynes, or antigens. The nunerous
tissues a ‘or gans that have been targeted include liver, eye, testis,
cardi ac nuscle, snmooth nuscle, tunors at different |ocations, and skel etal
nmuscl e. [0007] Electroporation has become a useful tool for basic research, with

application in the area of gene transfer and DNA vaccination. Electroporation has been used
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1000810ne of the challenges of skin EP in |arge mammal s and humans is the

i ndi vi dual variation of skin thickness, as well as variation in skin

t hi ckness between different anatom cal regions. For instance, skin

t hickness at the deltoid level in humans is approximately 2 mllineters
("mi), while at the suprascapular level it is approximately 2.6 nmm at the
wWaist it is approximately 1.7-1.9 mmand at the thigh it is approximtely
1.6-1.7 mm jnis sensitiv hus. el ect.rodes have.to_ al so, be gdapted in
gauge. antbeesTt el htmgr £6ls hdr BedhoRas BaR ot BN HR o B

t her apepidomybitlt® O Rfeods HAshEtunéig fordi hiinSsO Rletkdpotatiof RBAABELTRE iaCCept abl e
to patients during therapy, it has.been su%gested that only a relatively
pai nl es3nipe#s dogss AndRizs feodglives theppsptis gones that epsede fara Yasisty afibeenangsie arr ay

configur gt a erj st C i K to be
adapt ed ¢ 8kﬁﬁf’gggﬁ%{gi éﬁ%ggédst i‘lbesag%%% t?sﬁ%%s%ﬁﬂ@%%h%ﬁ# gl’??%otr iée ectric
field i dndwdedivat, ege,destis,grdédcantsclzpanadth aruséle domarspat diffenant &lcytichsamdbeyond
the tip gef %el fctrode to a point one-third the electrode fromits tip.
100091 USEIBLIUSHE No 7, 245, 963 by Draghia-Akli, et al. describes nodul ar
el ectrode systens and their use for facilitating the introduction of a

bi onol ecul e [4008] celOre dIfthectdibnes od skin EPUR lhige andnanjls @id Mirads is tHee modul ar
el ectrode systens _cor‘r})ri.se, a plurality of needle el ectrodes; a hypoderm c
needl e; 1Bdvidpal vamation ol samthickpess, as gl apyaiatige i skindbiskigss bejweqnidiffereitom o

Pr ogr amRRbAi PRGN 1T hEecP YhRCHfARbIOL B PdilGeRl UndhithinsOfs need! e
el ectrodes; and a power source. An operator can grasp the plurality of
needl e eppokmuadey 2 nhilimetars(“mmiNtvadleantba sepragsamuiiardevelnt tsiapproaimehtdly 261 y i nsert

th into t l.ect.ed ti i d | ant. . The bi I th
ot ver SRS ST, SRR Lo R B BBl s Lo P BB P 7 "
pr ogr amiid| Skiff rshsitite; thus Eledtfodpeihse t€ 8186 bOidapted s gaagt hvbdoad g@atbon to

constant-current el ectrical ,{gul se is applied to the pl urgg i.ty of needle

el ect r odEate the leastdiscompri Yyhile o therapsuti Pumpgss aceeain dpgipe el disemiont 18t es t he

i ntr oduchirer | QPRliGR Fin d 6 bl Gty Pleifibiyt Y Of

el ect ro%g?eﬂmrﬁ%acg%?ﬂ?éeﬁggﬁt eﬁ{llﬁg’? %&%é)}’]gz};%ten QN?QQQ 245, 96yépieggtﬁléllryeby

i ncor porpaindess gthod tavberised fof pOpYlaLts vafanation. Hedirod 608y @a52@3Worsandni t t ed by
Smth, et _al. .describes an, electropqgratio eyj ce hch _nmay. be dto

of fect i VEPGPIRER apd P eeRg RAR IR B Sh bRt & o b ites T S PS of &
sel ect edhé masn@m uhiforb eldytrio field i Sgeherattd dugh@elédtaperaadn fioin sipydaRatelgapr i ses an
el ectro-kinetic device ("EKD device") whose operation is specified by :
sof t war dn@beyendHigtirof aprdectneds o RRs oBe-HRILIBS elsctEqde;feom % tikyr ogr anmabl e
constant-current pul se patterns between el ectrodes in an array based on

user control [ggvd)i NAYS. Pﬁteﬁthﬁo.pﬂmsa;%ﬁ[)rﬁimh SAkANEG Al HQsEbdshaodliar age and
acquisition of current waveform data. The electroporation device al so

conpr i sedeciodesystgme anyl theippssdorfaciitating the Huxpdugsionef abipmgleple intagglieof a

el ectro : 1 gly hn| 1.0 i L [ QF d a
 emovabl Stg? SR A Ebol PbPBahTne HARNAL cleltodt i BnE B Bk IR Bty #0560

i s her elmeedlneleripaiest adtypbgermef meediecan elé@HdAl talmecet dat prodidesa candsctaved net hods
described.ip U S.  Patent No. 45, 963 and U Pat ent_. Pub. 05/.0052630
e adagbalfom;s RERBIC Fapssh ket BBE SITgler BoDEPICHDN SInHer 6. but
al so ot hidctrbiidsS Ml pOwePEEARS An Bﬁﬁﬁt@fﬁ&nfgraﬁﬁhﬁe pleafitybfheddlOdedodéRatel ect r ode
array, the injection needle (to deliver the bionolecule of choice) is also

i nser t ecre@awIted @1} asupparbstiugure and Jeml onspattherp o the selpgigddissyegp ajpedy or
adm ni st J I . ] ol | LS
pre-del ipgéerg't e %d&%t] (la&g eé?%ngggiﬁﬁﬁggﬁgz#% ergngéehslécllrﬂﬁjbtgéd& ?ercl{e%ﬂ%u é'Pat ent
No. 7, 24Fhe9pi®genundb]leScorssne orreat lpuls2 0nfroé 23 Sacsivated rapll enoasttntautrynt20 nm

L1 ams morRERTRT il PRRDSE i BIA Geot ot R ATSEOIP P BBB BRI E™ por es)

in a bi cciéveddal pllee fablipses prriffodictor oMM bi¥meRLlIednioahe6dll BRGeas the Thei r
presence all ows bionol ecul es, ions, and water to pass fromone side of the

menbrane to the other. Thus, el ectroporation has been used to introduce
drugs, DNA or other nolecules into ti-cellular tissues, and may prove to
be effective for the treatnent of certain diseases. However, the use of EP
in living organi sms has several problens, including cell death that results
fromgenerated heat and the inability of electropores to reseal. The
beneficial effects of the drug or bionolecule are extrenely limted in EP
nmet hods where excessive cell heating and cell death occurs.



[ 0013] To better understand the process of electroporation, it is inportant
to |l ook at sone sinple equations. Wien a potential difference (voltage) is
applied across the electrodes inplanted in a tissue, it generates an
electric field ("E'), which is the applied voltage ( "V') divided by the
di stance ("d") between the electrodes. E= V/ d [0014] The electric field
iitensity E has been a very inportant val ue when fornul ating

el ectroporation protocols for the delivery of a drug or bionolecule into

the cell of. the subject. The field i sity i.s,jinversel roportional to
Lhe di sPURHLY BRASBNS Hie iesenisies Uy Tereat Vo T O85 drchy BeopRatet ol o
strengt Byirdteeg@ses as the distance between the electrodes is decreased.

However, a caveat is that an electric field can be generated in a tissue
with insulated el ectrodes (i. ions_is not necessary to create an

e. flow of
electric fiell@p0l A t%%u%ﬁﬁe'ﬁtgﬂb-v%‘?ﬁo\évézﬁﬁg spemitsd by Ssith, Ky Jesciikesia8 pel i eved
that th i s - f
ot ecul el Ao REREF niz) bel<BE 6 BRGNARREITC SOIIBNRIRERIS,  \, o
el ectri dicideqyie into clis ofidsetected dssuasuliatbvdp of peah Theelqoooprratiduadavivg a

difference i.n potential s, call, e.cirrent. The currept,.between

ol cotr oquarnies BUHRdRAney defe 1 ERD ¥ice bt opetftfonds BsTte B MRS oo
whi ch cap firfviire2TROGKD aSu@Sprofieted alsk@ddt 6. préprambiRbRRofstardttarréhtpiisef
conducting ions in the tissue can change between el ectrodes fromthe

begi nni wgtteans berween glecwodes pnl aearray based @ndusst cpiEd] énd dppyt cofpiiie qwlse
0015 - - co ot
[ ]‘r’gggg%le?i%% BYRONGS %é%kégean pgéecﬁhfsﬂibnot)f%gﬁ?ﬂé{g%v ?ﬂﬂn&; 1a. "Ge! Stance

is inc eat I's generate s are aw expresses
t he rel alscoominatpnideyinealso campreses a (eplatéable elaptrpdeydisk havidg)an aznayl of mesillet ance
("R'"): R=V/| [0016] The resistance in the tissue between.two.el ectrodes
Varies ABSKRRA BT, RECRITGRE (o B E it rEraT e s Bk o

resi st ange ehtirelchtehticTTLS FabANDES 2009000592650 ket intorRtatéd, Rfcpgicti ¢ pul se
to the end of the electric pulse. [0017]Heating is the product of the

inter-electrode i npedance (i.e. conbinatjon of resistance and reactance and
P ( bS58 5

i s measured i1¥18hns)lhegkatreds agrysmdmethpds degsnp Jiateant Jp- b4

and U.S. Patent Pub. 2005/0052630 are adapted for deep penetration into not only tissues such
as muscle, but also other tissues or organs. Because of the configuration of the electrode array,
the injection needie (to deliver the biomolecule of choice) is also inserted completely into the
target organ, and the injection is administered perpendicular to the target issue, in the area that
is pre-delineated by the electrodes The electrodes described in U.S. Patent No. 7,245,963 and
U.S. Patent Pub. 2005/005263 are preferentially 20 mm long and 21 gauge.

[0012] Broadly, electroporation is the use of a transmembrane electric field pulse
to induce microscopic pathways (pores) in a bio-membrane. These pores are commonly called
"electropores.” Their presence allows biomolecules, ions, and water to pass from one side of
the membrane to the other. Thus, electroporation has been used to introduce drugs, DNA or
other molecules into multi-cellular tissues, and may prove to be effective for the treatment of
certain diseases. However, the use of EP in living organisms has several problems, including
cell death that results from generated heat and the inability of electropores to reseal. The
beneficial effects of the drug or biomolecule are extremely limited in EP methods where

excessive cell heating and cell death occurs.



current, voltage and pul se duration. Heating can al so be expressed as the
square of the current, and pul se duration ("t", tine). For exanple, during
el-ectroporation the heating or power ( " W, watts) generated in the
supporting tissue can be represented by the follow ng equati on: W=12R1
[0018] Broadly, nmetallic or dielectric electrodes are placed in contact with
ti*ssues and short pul ses of predeterm ned voltages are inposed on the

el ectrodes initiating the cells to transiently open nmenbrane pores. The
prot ocol s cu[(ﬂlelﬁl | y Tbdbstier upderstand the prasessop eleetraporatign.at ig ahpartagt to fpoker ns  of

the ooyl Lhnd kLol AAISWHLES, Forct] Sirale. IERRIFEIN afll o8 Mok B oCo of

voltage nce and regardl ess
of CUfrfg[&té@destlmpﬁlm;d?ﬁislt&ﬁ@ﬂﬁlgené\ﬁ(éﬁhﬁllemﬁijt ﬁd&eﬂﬁm&bﬁﬁﬁl:megbplmatl ng .
cannot be determned for the electroporated tissu iC eads to varie
success YRlt#g¢ (df/f}‘@?”é‘ﬁ@bbmeﬁé%“\?'é tdag ceER e SI6adsSon prot ocol s. Certainly,
the difference in upper limt anplitudes of a voltage pul se between

el ectroporation protocols thatyjacilitate effective el ectroporati on and

el ectroporation protocols that cause the cells to die are very snall.
Additionally, a definite correl at| on,_ has been observed between deat h of

cell's and t hé®Mdht i nigreotlectias figldcmtrngity Byhaspkeen Fp¥sty IRPHans 1Bluet Wifds of t he
short Vg$m§, gléleéﬁéporgimﬁ%otgéb@ﬁ @y%ﬁawekyn&a%g:&b@w@&me@ﬁau@%x S

el ectrodes serves as a principal cause for the ctiveness of any given
el ect r ophe subjeon Thofi¢ld geensiry sumrqobﬂirqmﬂxonaﬁonhehhstmc bstwedngheeleatrodes bet ween

el ectrode erves a pr ry det erm nant ffect s, of any

gi ven pub SIHEE Y SiaeR, B B S e e At PSS e S e e BRETO4eD 5151 Ynen
el ectri Gletréade8. HEWEWR! £davet {shBatCAl tisctat ﬁaldsmj &cgeneiatba idasassaé wathectricity
can be accuratel%edescrl bed in terms of charge ( "Q')., _which is the current

("1")  arisuigied eleciadgs |t e flowaf ions i npgngegssprydo FTG?tFrﬂ‘P glectrig-figld). Aboagh pot ¢ he
current wagﬁgg l%%ﬁﬁ@ﬁ'} he&yrl?ﬂrb@ﬁ ya%hai e ﬂWBEhdn% a{s%e &{]nbporwm{dh' S

respect, artlc ions or nolecu ave In a simlar
f ashi on.allbws nmxampitef muleewlesintowhe callsnfa mbﬁectibpmgleteemommtwn Biedlw afde t o

define the standard uni.t of electrical e (the ¢ t he
char ge, égtra: c%ru}gg i %1%0(5‘\9% ctor or 1ulr%e gﬁw gxats hgvpéaﬁx%erencg in po'tqen}/la
is called the current. The current between electrodes is achieved by the ions or charged
particles in the tissues, which can vary among tissues and patients. Furthermore, the flow of
conducting ions in the tissue can change between electrodes from the beginning of the electric

pulse to the end of the electric pulse.

[0015] When tissues have a small proportion of conducting ions, resistance is
increased, heat is generated and cells are killed. Ohm's law expreéses the relationship between

current (“7”), voltage (*'V"), and resistance ( “R”):

R=V/I

[0016] The resistance in the tissue between two electrodes varies depending on the
charged particles present therein. Thus, the resistance in the tissue changes from the beginning

of the electric pulse to the end of the electric pulse.

[0017] Heating is the product of the inter-electrode impedance (i.e. combination of

resistance and reactance and is measured in ohms), and is proportional to the product of the
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m ni nrum vol t age nust be present to generate a current, but the quantity of

i ons deposited cannot be determ ned froma pre-determ ned voltage.
Correspondingly, the quantity of charged particles delivered to cells in an
el ectroporator cannot be derived fromthe voltage i nposed on the

el ectrodes. [0021] The effectiveness of electroporationis |imted by the
fdct that there is a threshold value for the pulse intensity bel ow which

el ectroporati on does not occur, and an upper |limt above which the cells
are desCwosRaoltEsgsad prishdurtian, Heuesas Hemke ppEssed pethasqupeos iesuF@tween t he

upper a Lm s 0 4 el o liat Iy W&si gn

ef fecti \r%gd Eﬂ%?‘r‘fé‘h@ f‘)? o’c%f@ \‘fméfﬂléld’tp qé]uggﬂf(‘aé 8&%@%?%‘895@% %%Hh%'ﬁf go makes use
of the {eBMnvatsegahiefdtedan tite supppstingtisvdesian beieepteacmyet sy the HHoesmgetation:nher ent | y
have a non- honbgeneous cell conposition, such as skin - cells in epiderms
and derm s of different thickness anqyggq?er of strata, fat, fascia, blood
vessel s of different dinensions fromcagitiaries to small vessel s; only a
true software driven device capabl e of instantaneously analyzing the

i nstant conditiqns rigble fromjndividqual to individual and between

| ocat i ons _on"idﬂgp_ski OEﬁY’F%Fé@f’%?rdéegﬁ%“? S‘iq?fiﬁﬁéﬂr’]l&?ﬁﬁl‘%ﬁ%&q?fﬁh?ﬁ%esout put to
the speGhd HortGRNGS 6f RERteMAMed voih drk ihpREE0H REHECRIB hifiatin tRSoellf lo€

el ectrode shoul d be ‘adapted to_the skin norphol ogy and prevent tissue
danmage anadsigntbeapen menbome PpRef Brednetecolti¢urently descobesd far elactedpetatipp pisr at i on
appar at 1. t ot h: e [ T and an
v vo SEb TR tin Bt TR s B bR BERN ADRTRALLY, 7S

Pat ent s vohage peopmirtional tohier digpee bétiweerethe electosties, andregandiekouf sudrant or tissue

el ectroporation, For ex le, U S. Patent 6,302 874 h , et al.:

descri bOS ST M . STe eee o braeg ronsbedrieqmined PePERRRRPER del i very
of agentigsePwhieh 5aBE loGraAbdducEedt Wik SiffekénBpulbat Vthgel&aBpéirdfiod srotdedlsann, et

al . teaches a flow through el ectroporation apparatus for inplanting

nol ecul &sripindys thejdiffergnagimenrpeeiimit amplitudespdavaliage pulsebetwegnaiecgroporstion 701 t o
Hof r nan , ; - j d and
appar at zot %)Orl %?te@ﬁ%%oﬁ%vé%%ﬁgg?dﬁgﬁg Flle\g/%?p%k%lfoqgfog‘édg gg}r]é cg e%g{s% . More
speci f i calld ¥, di¢ heywedesanall. Pelditiomeliy) @dlefinitk correlation has been observed between

death of cells and the heating of cells caused by the upper limit amplitudes of the short

voltage pulses. Thus, the overheating of cells between across electrodes serves as a principal
cause for the ineffectiveness of any given electroporation voltage pulsing protocol.
Furthermore, the current between electrodes serves as a primary determinant of the

effectiveness of any given pulsing protocol, not the voltage across the electrodes.

[0019] When electricity is delivered to the cells of a subject, the dose of electricity
can be accurately described in terms of charge (“Q "), which 1s the current (“/”") and the time

("'t"), according to the formula:
o=It

[0020] If the current is not constant, Q represents the time integral of I. In this
respect, charged particles, be they ions or molecules, behave in a similar fashion. For
example, when silver ions are deposited on an electrode to define the standard unit of

electrical charge (the coulomb), only the charge, as defined above, is of importance. A certain



apparatus for electroporation therapy ("EPT") for treating tunors with a
conbi nation of electroporation and a chenot herapeutic agent to produce
regression of tunmors in vivo. U S Patent 6,216,034 to Hof mann, et al.
descri bes a nethod of programm ng an array of needle el ectrodes for

el ectroporation therapy of tissue. U S. Patent 6,208,893 to Hof mann, et al.
7° describes an el ectroporation apparatus with a connective el ectrode
tenplate. U S. Patent 6,192,270 to Hof mann, et al. describes an el ectrode
assenbl wihitunfvolRge afust beSpradedt @ gehérart ditreht, BMSths yidntieyco Mbheddpbsiteddel i very.
U S. Patent 6,181,964 to Hof mann, et al. describes a mnimally invasive
appar at G&\nghhe weteBaed drog agre-dpsrmingd yplRgs: SAdeperduglynths quagilye! U s,
ratent Gnaolh ittt udiobed o m@&lg&&gb%ﬁ cfhof beELIVRR Yo ih@ToRARAT at Us
for contro tenperature during the process, by generating and applying
an el ecimpased petht edectrodedi ng t o a user-specified pul sing and tenperature
profile schenme. U S. Patent 6,120,493 to Hof mann, et al. describes a nethod

for the intr io f era i S Wil iz ic. field

el cct  opor at [T hppay el N s SpbPeRFSRBas bl BB ag e sty

descri betgeshbldetahet fon therpalse dmtensity beldwawhicla pleettaiorsioh dbesgan etair, ang aand
applying an electric field according to user -speci.fi ed pul si ng schene.
U.S.” PatBpff \mib gBovsSwNEh Ui p e e da%oafﬂd-a%@%ww@seva N ﬁﬁca%fha Bectivel y
appl yi ng;MRGHL Be@ebAYheQHRE! AN EQT I Blso ishalf iR itG8 $&Y liXRRLIRd &Bighher apy,
and U. S. Patent 5,702,3 to Hofinann, et al. describés an electrode

appar at gffedtive pulsingapptbéadavitiout niiduglespanmamtatiani Tns makes uprorfithotechpiquene body
of a patient, W nsjin ey : ' .St t he
ol cot  otEPln bR Gl PR Y R By £ S ARESREEER, (15 ce
bet ween cempékitidre ich@sl sidn — ¢l ingpadesmisenp deraiisiof differenihibkaéss kdenber gfhal f or
appl yi ng pul ses aof high anplitude electric signal, 6 to the gl ectrodes

pr opor t iPBaa: faame,%w%ivgfsgﬁeé&ﬁfgf% Freggiens f&ﬂ%@pﬂ@&@%@ s veseelts oy _
Publ i catyiaR 2a0af08ARA4EVRY bl siSRfantSleofdly aflllpAh P8R Sndtht RbRALGRPOr ati on

device and injection apparatus. Al of these cited patents are hereby
i ncor porvatighde Fpny wiinidmat e, ineidusleand rtwednnoeasions pmtheoskimpurface eerbvel skin

el ectrodes. presented.here, a it he .exper | escr . erein are
ol ai med TovErE AT ARRPEBEar PRIy HBSPest B SAREE LR QB s

2005/ 0028263 the eldearodddhiotiid be addpeddito e skimGhorpliolyd) hl prevelteisaleydamagoandor at ed by
reference. [100231Progress in the enhancenent of plasm d expression in vivo
and t he MiEin8venent of physi ol ogi cal |evels of a secreted protein has been
recently reported using electroporation (Draghia-Akli, et al., Technol ogy
in Cancer Resgmefh &ReFeremielRirectdd dvoard ad fetBOporhtionShppdtass Slastvitd it
injection of a plasm d that expresses growth hornone rel easi ng hornone

(" GHRH" )useflgessonk othyars [elegirodspanparatusnand an g ativeh methed dof; elgeteoparation.an

appr oac i i ar I manmal s
(b aghi ey An B A4l S 35lcpletn lagh BUILE el e R S 08 E

Dr aghi a-fékdlectroporatidn. FoFexariple] ULY..Fagbt 6,262,8 2400 Fhpng, eBali ddseribed dimeithmdal

i ts i ti t echni d, ir 1 I f

e i ci et eRparriet o EleBBBALT tesRer spom oo el P eepfabeeemed B EHE  ner apy.
and el eql.soRnab 606,646 folHotmakS; echl.iteié A& aMRMNEHFough elefttdpdratibf Bppatabisdor ous

i nvestigators have utilized el ectroporation devices for ‘}D| asm d DNA

t r ansf erlmﬁai‘“%méleE‘HFﬁ:‘é@tlwalglW%E%Pféﬁaﬁ%sqérﬁatw %2e Oéﬁgwn’uti i zi ng
a pr edet&@%ﬂﬁ&zmme HRRLME 8 a1 | RBerfle@ThERGIESd Bp&ats ?ortelef%nbmaﬁﬁnce

between el ectrodes that are enbedded in a tissue can vary from

case-t o-roeiased delivery ofidrugs-anid sgenes. Monsrspdeifieallyi ithey des¢ribgge mithed anst pr oduce
a predetermned cyrrent. .A predet . volta | se causes

it egu dPRHR(oF dpEHEdBhrariph MRS (BT D3 iEeeb M O ERERERMA 0L, i ng
t he dur adlécebparhtiddpidhsmotherapéldictaigen té protibe regssicafoftligorpar ¥iestU.Squar e
wave function. B%S?contrast, a constant-current source actually naintains a

squar e VRARSL PGhePIbIe Hefmanm st alcdesrabps armsthRdytf nRRtanmIng WA@Yy ofpsidier , t he

exi sti NG, COOHR o} BlectRdpdfdtioR RR:Ay (HisARY L CE Spatkt 8208 REY & 11BEndnh! sMar €
designed to enabl e neasurenent of the exact anobunt of current to which the

cells are exposed. The unregul ated cutrent generated with conventi onal

el ectroporation devices may generate anounts of heat in tissues that can
easily kill cells. For exanple, a typical electronic 50 mlliseconds (mns)
pul se with an average current of 5 Anperes ("A" or "Anmp") across a typical
| oad i npedance of 25 ohns ("a") can theoretically raise the tenperature in
tissue 7.5C, which is enough to kill cells. The physics of tissue injury
caused by electrical shock is reviewed by Lee, et al. (Lee, et al., Annu.
Rev. Biomed. Eng 2:477-509.:477-509 (2000)). Thus, there is a need to avoid

- . S o, o .. I T o o g,



[0025] The difficulties present in many el ectrodes stemfromthe fact that
the pul se energy is concentrated in the center of the array, the point
where the material to be transfected is deposited. As a result, the spati al
di stribution of energy delivery assunes a very non- uniform character.
Therefore, only a fraction of the cells in the volune enconpassed by the
el"ectrode assenbly is el ectroporated. Thus, there is also a need for sone
applications to provide a nmeans to effectively control the dosage of

el ect ri dedcyibekehn vlecteapotavioh apparatu svithma tdmectivieerlecabée tantpdate. ST SC Ratont

precisely. roJling the ioni.c flux that inpinges on the cqnduits in 9
Pheco 19880 kel o geiiasscn oo dasterTang e e SPREREA 9 g ani
appl i catgf @iass-aifhcd WO 8126 8AR/A). I1Y/S dRatétR e, 181 1984W/td Plofhidn0 bt SiQiésehBBtal Ny Of
dendritic cells, as they are typically too Iong, of an inappropriate gauge

and i npropipallydyesive ppramtus andmettiod o elaciiepasate drugs prbgenepinte bysuaithS.
appl | C2PaR0P 6f1?5,1§'8 ?&'Nlnﬁi,ee‘ftaﬁ.oc?e%@e&??an qas Férraﬁ&d Q@)a}eﬂ&s £t conikd! gelivery
nol ecul €, a pllasmd, 1nto sl?n I ssue, €.4., or

of a bio such as SQ
spaces it¢émpenatare duging tHeGdadeks; by tghesramireeand @ppiyiig ain &ldeyicafvedd habtding to a

el ectroporatia eyi.ces and needl e arrays typicall t it f
Contr o1 WS- Bed Biiting s anpa R Ar Sohmel Bop e b 198 408 ko Fina ot

thi ckness Radivkos HettfRNeh iHeQRFodullidiof 1hERBeuiB SEEMIBiSng &n Bleggietieam ned
voltage Is delivered through the el ectrodes irrespective of the individual

ti ssue re@trel_ntam'xm @ppardtirg k eS s Patgiitu 6,096 020 etoi Hofhay, et ngle dlesgrbesran
R L I
during ttba yed-spesified PORIAL Ischeitd iL1.$ dPatene 166068660 @5 Hibfrmanng evalc dsscrbdsah use
skin andmeqyo'sdcclf%elgc?t}('%ﬁli a\;/)glying needle array configurations for in vivo electroporation therapy,
and U.S. Patent 5,702,359 to Hofmann, et al. describes an electrode apparatus for the
application of electroporation to a portion of the body of a patient with a sensing element for
sensing a distance between the electrodes and generating a distance signal proportionate to the
distance between said electrodes, and means responsive to said distance signal for applying
pulses of high amplitude electric signal to the electrodes propoﬁionate to the distance between
said electrodes. U.S. Patent Publication 2005/0070841 by Mathiesen, et al. discloses an
electroporation device and injection apparatus. All of these cited patents are hereby
incorporated by reference. Devices used in combination with the novel skin electrodes
presented here, and used in the experiments described herein are claimed in U.S. Patent

Publication 2004/0167458 and U.S. Paterit Pub. 2005/0052630, the entire content of each of

which is hereby incorporated by reference.

[0023] Progress in the enhancement of plasmid expression in vivo and the
achievement of physiological levels of a secreted protein has been recently reported using
electroporation (Draghia-Akli, et al., Technology in Cancer Research & Treatment 1:365-371
(2002)). Studies show that injection of a plasmid that expresses growth hormone releasing
hormone (“GHRH”), followed by electroporation, is scalable and represents an approach for
stably producing secreted proteins for treating large mammals (Draghia-Akli, et al., Journal of
Animal Science §1:2301-2310 (2003); Draghia-Akli, et al., FASEB J 17:526-528 (2003)).



repl aceabl e needl e arrays as electrodes to deliver the electric current
requi re mai ntenance of sterile conditions when the needle array repl acenent
occurs. This is necessary fromboth a nmedical practice and regul atory
conpliance viewoint. In the same tine, a disposable skin electrode is
needed to allow for | ower production costs and usage in mass vacci nati on of
bét h therapeutic and prophyl actic purposes. Thus, there is also a need to
provi de a skin electrode disk that all ows easy replacenent of the needle
skin ar say, adifi8viARYmbvehidntd WG pHYali6lD #8hdigues nige a&dded,tin PartichRr fdresent

i nvention, provided are el ectroporation devices that effect electroporation
in tisseEicnt KinglsetEaporjion &rivaesinatign BupeTss Aathgens therapyt and slecHeP#OBue, t he
tissue %ﬁlfrga@cghy \le,é]gsssﬁidr}mﬁ]i'ssue. I n sone enbodi nents, the

el ectroporation devices are configured to deliver to a desired tissue of a
manmal a pul se of energy producing a constant current simlar to a preset
current i npuf0ld] a RseviousTiheestgaters hayoutiized nledeapiotatiop slepcéssios plasmid

el ectropqrati on.component an skin,el ectrqde assembly. The,.,. .

el ectr o%‘gt %’%ﬁfeé o‘ﬁgto ﬁreenfochﬁgéb'ag’ perdofm &8#9@?’%@% hsé'XtﬁrGF’s duliEng der gy t hat
pr oduceprédenfiines ivaldge betweeh thel dlectid@esd Be¢aiesith iimfedanceabutwedncdléctrodesa

f eedback nmechani sm_ The skin el ectrode assenbly includes an el ectrode array
havi ng 4h3sareembedded n a Ussupcan vapt g easeitorcasesprdissugriodissuendigdsiermitider ei n t he
skin el i I

el ectr ogig&tga%%?%ﬁéﬁ%?p%gen% &gﬁ%&ﬂggﬁk\ﬁ/‘:g? glt § rrrg e%egrﬂﬁfﬁ?é%lfgfsg? 5535@;8 z‘i‘uéc'ﬁssua(ral t hr ough

t he ski nnedgelztedattzease iithd @arsnt favangthrough aptusela bipsug dufingthé duretiaatfthedes i s

neutral duri.n live of e pulse of ener nd asures i dance in
Che. tosiPifh if e@ien ElY adihoh e e aRire AE RlneBe 7 s a 6PREBET ot on
conponerturredtiiouice acthaBkmam iR Kheavhve EaRtive chidGaniewmsdnt Gdoughinaekarce and
can adjust the pul se of. energy deljvered by t he, el ctrggoration conponent

to i nttapys- HAWCYSHEE Ssting roruRercial fRsiroparation e vicende potdieve e figmuatent

| nvent i QfisiodoN Hablcdhastiefich! PMeAkhGntARObE catar O Mifch HRNeli94red to
deliver a pulse of energy to a desired tissue of a mammal to produce a
const antexpesed €kite unregulateddugentegdnarated wethsopnentipnal olegtrqpoeation deviegsaray i nput by
a user. The han senmbly co i.Si ski.n el ectrode. arr jng a

o1 L ol § (PGP aR s PERAE P L s R P 1 SRR S R 8 one
of the sNimilitdeesrids @AY Duiss withah aadraghiicuriagt afesl Ampergs (FA,’t dre‘ Apnp ™S acrods aener gy
and neasur.es igfedance in the desired tissue; a controller in comrunication

with t héYRik3ldoad igwedage oh2s glyms (k) comiheareheallytaise s tETPaUE IVISTYE of t he
pul se of : i >, . rmng a

f eedbac k7'$rbggﬁg)népg%ngy\%g? i(pﬁce?ﬁgm fe gg%gggﬁq%eag h@-?g?n“?%@%‘gﬁéftg%arlreggk%% sof tware
or har dwaviewed\by tee, eede(leeset tathecAmpaRer cBiomepdiriz €7 5T he0h 000! ski n

el ectro and adjusts, the .pul se of. ene elivere i.f. needed, .to maintain
The. conaiunned s ated 1 gppif e SaRalogesL bl rgeaia sl R RoT o bR

provi dedela;trepcsmﬁ&msepr@sfidmghﬂﬁaﬁﬁec@{m&ﬂf&nw?ﬂkmc&awme&iafy delveerddr esent
invention to deliver bionolecules to cells of a_tissue of a mammal, I n sone

embodi meAthe cellp andibereby achigyepreficient slepigonoration pyhile dimiting e dedfuchtn efevi ces
descri bedjherein to deliver the pulse of energy to the desired skin tissue
to produce the constant current simlar to a preset current input by a
user. The nethods include: inserting a plurality of needl e skin el ectrodes
into skin tid8S]wi t Fadifficultics prasentih manpelpestodes stemyfrem thedfadt that thepulse, and
applyin . - | i ' rodes to
Gol i ver el P Ea Bled FNBE b S gk e Bolek ¥l iR R{chafilied 0y
measur i ng depgaéacdhintsea edsultt, ke spatial dissbuton\bf énesgynduliveryl asaumeesaf varip@opd ural ity
of needl e skin el ectrodes and usi ng a feedback nechanismin t

el ectr op‘B’&‘éFF GhATRRIEK i@er?fgreaﬂ'jﬂé@% af’ﬁ‘é‘ ?){W%‘éﬁtﬁéf“ b @?wegﬁm@aseg ??y H¢sponse to
the neasd@@dé AREMBRCE cleltrdpritbd@i Thub Bere Us ARV el ifredotid dpplitdtienstd N ti ssue
constant. [0031]1n sone enbodi nents of the present invention, provided are
met hods Rrevige k gleaps toleéfectivehscopirol the dodage pheleairieiRi delivered to e eelisgn dhebl y

havi ng ainfél’-glregér&fe%pgcfe bQ%?e%isgly controlling the ionic flux that impinges on the conduits in
9




skin el ectrodes, the skin electrode assenbly in electrical comunication
with a current waveform generator; contacting skin tissue of a mammal wth
the plurality of needle skin el ectrodes wi thout substantially penetrating a
nmuscl e tissue of the mammal ; and applying an el ectrical pul se of energy
fromthe current waveformgenerator to the plurality of needle skin
efectrodes for a tine and under conditions effective to expose the
contacted skin tissue to a substantially constant current. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0032] The nunerous obj ects and advantages of

t he present invention may be better understood by those skilled |n the art

by ref etheseld membranss. aﬁd%ﬁ%&rﬁyrcwgm@m&ectrpﬁesmléwe apigEbaph Fﬁ\qﬁ%an shows a
di agra |s t he
cpi der gt Endallp B NERY th 1P o SClareli SFAharmIeRRIL aE iRy aeghiaiy 2 1
cor neumtqollodg, bf an Bap@EoOpMMAts gauge snthir(ptorier Byvel eientdtiom Thuss| thensns z(riaed @),

stratum granul osum (1. 1.4),,and stra s (1.2) is
a1t uat eGHHALEPRIRRET {ra s elgE T A g Do v JEiebpiel o BoBRIeEHF -

regi on; sahs alpl@ntidiifitosRiatssiNE g S P 6f SQlspadsinadn@niegat ed in this layer. The
subcut aneous layer is situated just underneath the derms; [0034] Figure 2A

shows a systen1d|agran10f a preferred enbodi nent of .the EP devi c

descri bed het®2l [@G‘%T‘F’i%"uF%‘“’Z‘Br%lyv@é’aléﬁbleegl%ﬁ%‘éraﬂ?“ gev(gq;ﬁ@qaq)queglp with may
be a paaﬁ?ﬁft#ﬂ?llﬁﬁ) de ;?e?ﬁ‘xﬁ eSSl o f uﬁé‘rr%l Enm{ 919?&@&15'1 ggﬁaﬁxoﬁgf%@&x‘é’s an

exanple o actua Se sequence recor g downl oade he end of the
pul se swma thlgmen@armrmabdohditiém ik tbesealssnanpummrg@tmrmatedwataam t he
descrlb%dl E) ?1 esoth,e¥ J ger\]ctrrlc tﬁglf]ter plasmd
for mul atrBYeSRE hj ec crile iespsivk éé“?éy P BERC Lo ?1°r 25"RY pi o
("2.1") TehQWhert heam laneBd 6t @M&ctﬂb@&raﬁ&eﬂe\dw\mﬁoﬂcﬁiﬁéle&iﬂr@eﬁ fitgat Eaﬁm@r ed port
onto a personal conputer or hand-held devic 2") shows the subject

("
nunber aé@@ﬁ@ﬂeaoravwmaycqumSéortth@ném%alzmﬁw.be@ret%ﬁéa@rrs theRMISS i ner i cal
pad, as a prerequisite condition before the EP process could start; ("2.3")

shows the chagret er ilghiditon kldchSporhtRsml devicePWhiRR SseSskie sdERue inbgiveper at or,
I ncl udi ng the nunber of pul ses 12
replaceable needle arrays as electrodes to deliver the electric current require maintenance of
sterile conditions when the needle array replacement occurs. This is necessary from both a
medical practice and regulatory compliance viewpoint. In the same time, a disposable skin
electrode is needed to allow for lower production costs and usage in mass vaccination of both
therapeutic and prophylactic purposes. Thus, there is also a need to provide a skin electrode

disk that allows easy replacement of the needle skin array.

SUMMARY OF THE INVENTION

[0028] In one aspect of the present invention, provided are electroporation devices
that effect electroporation in tissue of a mammal by delivering a constant current to the tissue,
the tissue preferably being skin tissue. In some embodiments, the electroporation devices are
configured to deliver to a desired tissue of a mammal a pulse of energy producing a constant
current similar to a preset current input by a user. The electroporation device comprises an
electroporation component and a skin electrode assembly. The electroporation component is
capable of delivering the pulse of energy that produces the constant current in the desired
tissue, and includes a feedback mechanism. The skin electrode assembly includes an
electrode array having a plurality of skin electrodes in a spatial arrangement, wherein the skin

electrode assembly receives the pulse of energy from the electroporation component and

10



|n t he pul se sequence, wait tinme before and between pul ses (in seconds,
"s"), the pulse width (in mlliseconds, "ns"), the pulse current anplitude
(Fn anperes, "A"); ("2.4") shows the electrical charge of each el ectrode
during each pulse - for each of the skin electrodes 1, 2, 3 any of the
follomrng positions is possible: positive, "pos"; negative, "neg"; or off
"o0ff' - the "off' electrode(s) are inporting back information into the
devi ce before, during and after each pulse ("feed-back"); ("2.5") shows the
actual anperage ("A"), voltage ("V') and skin tissue resi st ance, Z at the

i nj ect | f th | th
f ond badRis Sot ShERss s Houe Sriashab T deioe Aulistne ShlF EREThedte 55° s
i n | englskih ele@ftbdesas Sdwdrhl dlﬂrngmenrdrpafmé mb@offeele@yb.a@heﬁsuk@ ihPedRESH

i ncluded, for exanple purposes; Elgure 3 shows an exanple of the
gr aphi cafe dasipd fav%rndor@m@m eméﬁ ta e glgctEopokatien spmnponene ckheode

del i ver i A h depicts
pot h 1 ne g e fin fah 35y ie sk lel MpkiniEla S5 SR pUERSIEERE Sl Ep
devi ce idalivutdsley the eledtrdporatida coamipbnens tol gintain thagnms(ahﬁcui‘reﬁd'.) and current
("3.2.2") as neasured by the skin EP device in Pulse 2 ("3.2"). The tissue

resi stance ( red durln the electric pulse is also.displayed for
Pul se 1 ("3. iﬁ}ﬁgndqﬁuflsae‘w?tf’ eﬂm)semmf)%;g)fﬁ?r V@ é%f SIIS%% ° Horéiag' | e of the
gr aphi cabseibsipd coyifiglired @eli oerdeiise af cherdyena Besirb@tiut 8f farfhs1ad E@d@cear ray
delivery of electric ulses by the skin EP device device to the skin. The

graph d@gspPegant serent inae desired esug similar tp-aypresgirugigpiiapiit by a aser. Fhehagdlenpasur ed
by the , d current
(Yot oo o PR ARLR *bﬂ*"P Hetgraravhelinke ASIYRILRABL LA s el T

vol t age a(faﬂgdmem' )Nhamhaidnastem of the skin elegtreles wpagal daingydetvery sikthepuiie devr ce
in Pul sef %'4. %d?’ The. ti asue r SI sta ce % rrEa]I?ured duri. gaq the.electric
pul ses) ¥ §" 2 0R e I o e o =Y 58"51“’? 155u5s+d conpipiiet dn Commynigation Witk "o s 3
("4.6" ),the{ﬂﬂsél}dﬁiogumﬁtmhemomre@lﬁemgldemreepdsme;m@tdfeﬁb@thﬁ)ugktha

el ectrode array, including detailed characteristics: ("5,1") side view

depi cti $Kin elsegpdiesa Arf amgre for perfEming vivednek BrechanisiTy, §f reme@s feedBackct r ode;
(75-27) dhdchatisn i RRECS) QvAROh aRrAk, RGeS 'iherrﬁé’a%r%fl rxgﬁéa%rcepm nt;
("5.3") notes indicating needl e-el ectrode specifications Figure 6
shows a frang thel neutrpl dge eteatrodmnar(d’ 8)dsty the ol ssodfementgy odeligered, A pegfedt foe ski n
electroq%nq qhecmét tmnnm? trigger used to actlvate t he i npedance check
and then'e ectropora i On 'séquence; ("6.1.2") "LED' displays green or red
when the skin EP device is 13 ready to treat or during an error,

respectivel y;[0q30§. 1.18'ope sdpiect of ileqiresontanweantiony, pravideddird méthodsl cfmeing (He6 1.4")

cord cont ai ni n ivid wi res. _and sigpals_between the sk

P ot r o rPp i iqniiices of e MkseRTIBPNHs | B Rl Do eep W6y S TS HERal wi 1 es
whose d%tlﬁhxhniaﬁ geqingd &ﬂbdd\n@dt@%é hfeaiody\témmedrsaagr@mmﬂ efdc @b Ratfon

("6.2.1" r ger schematic; ("6. LED schenmati c ")y schenmmatic

depi ct i es@ibed Bereindg deliysr &hﬁeu1§¢<¢f)ﬁn@18@éqthwélr%@rﬁkaylsa@éwpéucpam litate
ej ecti OQoMthcﬁrl?&lt ?Jﬁhﬂr &4 ?gégep%fﬁﬁﬂgl@yB%LérO%é‘ﬂe&B&mhaﬁaeo Mnddhti

el ectroporation pulse se nce trc of needl e~el &t rodes of
ski n el etirelitgef acrerdte;skm(élc&trad& into skidéissuie evitheotsebsidritiallppersicatings mskcleode arr ay

(on handreye: BBy UERUE abrey fue by Sotrde Sn BRI B rode

handl e Lb%ﬂénﬂd@uﬁl&@ﬁie\/;ﬁei&ﬂ&ﬁ@kﬁx tho Bkia elbsub DindahéBiig RPeaact bPthe skinb. 2. 8")

schemati c depicting cord housing individual wres whose detail is shown in
Fi gur e gissue with a neutral one of the plurality of needle skin electrodes and using a feedback

mechanism in the electroporation device to adjust the pulse of energy applied in response to

the measured impedance to maintain the current delivered to the skin tissue constant.

[0031] In some embodiments of the present invention, provided are methods

comprising the steps of: providing an skin electrode assembly having a plurality of needle
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[ 0041] Figure 7 shows the skin el ectrode array nounted on the handl e:
("7.1") side view schematic of individual sockets for receiving and nmaking
el-ectrical connection between the individual needl e-electrodes in skin

el ectrode array and skin el ectrode handl e; [0042] Figure 8 shows el ectrical
wiring diagramfor array and handl e assenbly; [0043]Figure 9 shows the
séhematic representation of the multi skin electrode array clanshel

fol di ng packagi ng container that allows for sterile |oading of the handle
bet ween skihedd¢atmodés, shebskie ekectrddeSasiémblly iinl electi@alRéomesestionneitludicugentndi vi dual

wel | s cust desi dtoh .ar - ("9.3") .side-vi | 1 s. d

S0y EVgLABA SRS el BUCRATO B em bl SO e

ver e i njeReir&8ks WithButubdt&ftiany pidhbtiigSa MiscletBsidl Aty rﬂaxﬂ§515a:ﬂd?ap§|§&gadﬂd |
odes array an

el ectroporated with the skin EP device using the skin electr

ski n | Is petectricel mRiseobprirey s thewmyrentonvpiarme gencter te thembirality ghreedlsslint i ons
usual Y RIROA S  Bhe BAARHE LR dohe becife LB hacBiNklrtlistletb-a

[ 0045] Figtr e ree-e e needlfe array I stance L =
kxn, wheunsstantiabpeasant airtehe nunber of el ectrodes and k represents a
proportionality constant. [0046] Figure 12 shows a graph of SEAP expression

| evel s he.time of el ectroporation using the
respect %@éﬁgéﬁﬁiglﬁ#ﬁ@ﬁ#&%iN?EOM] Figure 13 shows a graph of the
SEAP expression |evels at day 11 for

[0032] The numerous objects and advantages of the present invention may be

better understood by those skilled in the art by reference to the accompanying figures, in
which:

[0033] Figure 1 shows a diagram of the structure of the skin. The most superficial
region is the epidermis (1.1), which in turn can be divided into 5 sub-layers: stratum corneum
(1.1.1), stratum spinosum (1.1.2), stratum lucidium (1.1.3), stratum granulosum (1.1.4), and
stratum basale (1.1.5). The dermis (1.2) is situated just under the epidermis, and it is a very
well vascularized region; also the hair roots and sweet glands are located in this layer. The

subcutaneous layer is situated just underneath the dermis;

[0034] Figure 2A shows a system diagram of a preferred embodiment of the EP

devices described herein.

[0035] Figure 2B shows an example of a controller with may be a part of the EP

devices described herein.

[0036] Figure 2C shows an example of an actual pulse sequence recording
downloaded at the end of the pulse sequence, using the skin EP device as a pulse generator,
and the described skin electrode array to deliver the electric pulses after plasmid formulation
injection into the ID and SQ layers of skin in a 25 kg pig: (“2.17) shows the file name that has
been downloaded via the infrared port onto a personal computer or hand-held device; (*2.2”")
shows the subject number, as entered directly into the skin EP device through the numerical
pad, as a prerequisite condition before the EP process could start; (*2.3”) shows the

characteristics of the electric pulses selected by the operator, including the number of pulses
12



vari ous sanples along with related ELI SA results (in average anti body
dilution). [0048]Figure 14 shows a graph of |G~ 1 expression |evels (ng/mnL)
over 11 days fromthe tinme of el ectroporation using the respective | G-I
expressing plasmds. [0049] Figure 15 displays fluorescent inages that
represent green fluorescent protein expression after ID/SQ plasmd

adm nistration followed by el ectroporation (EP) in pig skin. Plasnds were
delivered at different doses and volunmes with either the |arger EP array

Cust OMBfn/thtpEIse Jcﬁﬁcnlcé/lvdhltgﬁné tﬁ)fore Qhd Béﬂ’veéﬁiuﬁkeﬂg n éé%))nds Qe Qﬂe':plu%lér»ﬁdt#s

di spl ays a showi ng | evel s of secreted enbryonic af kal'i ne phosphat ase
( SEAP) 6emgltse@pmdn “pis®s sl@rmeasturmnthnmmy@ (axf amperpquAP) dm’ﬁlshowatheon

Ani mal s \Yi S ) C rat ed
o o Se RO SA-RL A il Mbeaed SR Wt sos R e
The dat anypsfihs ﬁxhlmn@s;)ognonqas peskible: peptivs épos” Sichhtivie(Gisg]; lor offit‘eff’17 the

illustrates non-human. prinmate study deSl Fig 17 ows that Rhesus
macaques® ?@EMWEWW&I@CW# PR %evccs%gﬁge B‘é‘rngéﬁ@ Pféeéﬁac hof H V-1

| MUNOgBRRe @"?&dma@@m (dz Sﬂ%ﬁ@@?th@ Q&ﬁ&! (BJera%@( ) WoRkse (W%d@km%@ﬂxet hen

I muni zed twice with hi'gher dose er “antigen) at weeks 8 and 12.

Bl ood s asjstanse, e pthet mmce@m anga é{@m&’) ﬂtmnsl e;clbwéqmpfttbmpuksémumw, af theune
assays. I r eks, foll n each atlon and
B e (PR By I DR NV ERE s s WSS ABE I A b9, S o

of the siknpaipefiioh@dhedtddatyach itk tlmarbdéremcmbai s&leamﬁﬁeqaaﬁme‘sts of a
singl e-use array that has 3 stainless steel, 26 gauge el ectrodes, 3-5 mMmin

| ength. The ig.att ed to the. h f the, device; the
EP gr ocedur e?@éﬁbei'gﬂrfségg‘ﬁs W’ﬁf@é“s‘?‘ﬂ@e Fﬁép%ld ?‘Y’blﬂadc?ﬁ%f’%e handl e
appl i caten uixﬁgéa&ﬂl&uaectébae déisRhyroreledtripalRbs mmﬂﬁpamébc&dmeemeul ar

I mmune resgonses to HV-1 i mmno%ins wth | D cho I njection OfWEl asmd

encoded &faph gepicts hogukbg veljager' 3.1 ENyand) qugse: (S3-her basyeeasbieddy theekinERks af t er
each '"gyv']béxgtﬂu%m Fieﬁﬁmﬁ?asttﬂe ‘ggtt\égégg quPAn(&tcﬁgelﬁE“jé\ﬁk’ I)%s BRIy 9ag are

depicte I'ack ars the own” as stac group nmean responses
SEM [ G@=RjER devacelif Pdlss RI(‘6y3”) al lyrtaspie shistancedasembmmed duregithe glecggponses t o

HIV-1 pulses) is also displayed for Pulse 1 (“3.3”) and Pulse 2 (“3.4”);

[0038] Figure 4 shows an example of the graphical display of downloaded data
when using a large electrode array delivery of electric pulses by the skin EP device device to
the skin. The graph depicts both the voltage (*4.1.1”) and current (“4.1.2”) as measured by the
skin EP device in Pulse 1 (“4.1”), the voltage (“4.2.1”) and current (“4.2.2”) as measured by
the skin EP device in Pulse 2 (“4.2”"), and the voltage (“4.3.1”) and current (“4.3.2”) as
measured by the skin EP device in Pulse 3 (“4.3”). The tissue resistance (as measured during

the electric pulses) is also displayed for Pulse 1 (“4.4”"), Pulse 2 (“4.5”) and Pulse 3 (“4.6”);

[0039] Figure 5 shows a schematic representation of a skin electrode array,
including detailed characteristics: (“5.1”) side view depicting length and angle of insertion
end of a single needle-electrode; (“5.2”") front view depicting angles and degrees for revere-

trochar point; (“5.3”) notes indicating needle-electrode specifications;

[0040] Figure 6 shows a visual representation (“6.1°") and schematics (“6.2”") of
the skin electrode handle: (“6.1.1") trigger used to activate the impedance check and then

electroporation sequence; (“6.1.2") “LED” displays green or red when the skin EP device is
13



i mmunogens with D) SQ EP. Ten weeks after the last immunization, ELI Spot
assays were perforned to determ ne anti gen-specific nmenory responses to gag
and env in the 1D SQ and [ D/ SQ+EP groups. The data are shown as group nean
responses SEM [0054]Figure 20 displays a graph show ng induction of TH1
and not TH2 nedi ated cel lul ar response follow ng I D/ SQ i nmuni zati on of
H'V-1 gag, env and plasmd rhiL-12. An IL-4 ELISpot was perforned at week
10 to assess the induction of a gag or env-specific TH2 response. Responses
to env Egedy Kdpiaterayringangirarsespseiavedy: € ‘glad)’) skein eleetspderasgy !ﬁk%ﬁatewlas@r s With

t he dat h 21
i spi ay© 108 S o SomamARiET i OfgRuRyifR i 50 P00 oSl olclitpoiabhingler i oo
Ser um wasd Gloh IEPcdeviteatnity®8kisS’), individ8al Wizes winsbe W8tailGagepinted émeleamtalbody

titers were determ ed b 0 ELI SA tively, he 1D SQ
b EDr SRR Do b e d e e g S ng Rt TS pons s
SEM [ OQéﬁhﬁtlgalé;ﬁct&g tieH rﬁ@é@a@ge%&hmtramawséa&&acwg&ﬁb@ﬂoﬂeasur ed

in different nuscles in mce. Mce were injected with 10 jig C5-12- SEAP
pl asmi dtheskintriectroge bandle fallewing spmpleagn Pﬁ%@qtrep@rﬂtlgagqlwquwm §“62# Inuscl e

&5 12. SEABRERt e i Bbod R iR bRl BRI ESRR EREERNNBR, | TR

nmuscl e al&dtrdaermasz leekedipwplae omharalle ¢rGA6’Y ecematiooftloakingvima @nd dednt (oacei ved

the pla Wt *P o< 3 E: Mcel cte t he expression
casset t ga%ﬂq‘i)h()ﬂgwhgﬁﬁmé%‘iﬁeﬂwﬂﬁ%% ﬁ%‘)nf‘ﬂlBﬁk"her‘%F gﬁeé‘&‘?drtﬁf?ﬁ?‘é‘i had

hi gher RERPchRNQ ST dildaRn cOBcotich P 6/d.8) Qetentabic d!?iﬂ ord h&\RiM¥BndIviAUpS wer e
significantly | ower than mnice adm ni stered C5-1 P in the identical

muscl e (RS phosasintririe ghaven mAigured p < 0. 008; NB 805 compared to TA 80s ***P
<0.004). Mce injected into the TA nmuscle yield higher expression than
animals inje I Ntgg I i njection
and EP in th?@}g\] rrusc 'Ierla?rs?ﬁqu%sé S’?ﬁ% Iﬁ%g@i#@é?@éﬁp)

[ 0057] Fisglarveew? Schdimspé ag/mdbaduag seoibts fethmeedivigg aud na@mg@ﬁémabcmsﬂm

o 50 | PEse R B B Uy i oSt D DN e Pl

a total volune of 25 or 5 gL, respectively. GFP expre55| on was highest in
groups adm nij@042} ed Figunew/stibws elactacd] matingdiagram ¥6r array and handle assembly;

[0043] Figure 9 shows the schematic representation of the multi skin electrode
array clamshell folding packaging container that allows for sterile loading of the handle
between treatment subjects: (“9.1”) lid; (““9.2”) base, including individual wells custom-

designed to house arrays; (“9.3”) side-view of wells; and

[0044] Figure 10 shows the average expression levels of GFP in animals which
were injected with different amounts of the plasmid pSP5-12-GFP and electroporated with the
skin EP device using the skin electrodes array and skin specific EP conditions (MA),
compared to electrodes and conditions usually empioyed for plasmid delivery to the skeletal
muscle (LA).

[0045] Figure 11 shows a three-electrode needle array where distance L = kxn,

where n represents the number of electrodes and k represents a proportionality constant.

[0046] Figure 12 shows a graph of SEAP expression levels (pg/mL/kg) over 11

days from the time of electroporation using the respective SEAP expressing plasmids.
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conpared to animals admnistered 2 ng/nL concentration (IDand IM *P =
0.01), although ID and IMinjection sites yielded simlar overall scores
when conpared to each other. [0058] Figure 24 displays bar graphs show ng
SEAP expression, which was driven by the ubiquitous CW pronoter, neasured
in different nuscles in mce under various current settings. The plasmd
fdrnul ati on was tested: saline, saline + LGS, water, or water + LGS. Saline
+ LGS fornulation at 0.1A in the TA nuscl e yielded the highest expression.

Ani mal s receiving plasm d formulated into water and el ectroporation at 0.2A
yi el ded si gnil?94d@hnt IKigurs\dr shemar gren)bofstht:ﬁml’tﬂmsm@é@ﬁlmhgawlupﬁ or the

sane ws%ﬂgus(nggﬁg af%?%(v%x rllp\eaﬁl I[-')CS 9% &r? &\Ier sag?ltr)]()d lﬂtl ter + LGS was

used as roulation, eren EAP | evel s were
not signlflcant for the TA nuscle, but were for the G nuscle (***P <0.04).

[ 0059] Fi gure [mﬂsui spmgm Idishewsa graph cﬁﬂGF-ISE;AEleé@Mh@BnI@maeruﬂddysM days
post - treat ch were highest in mc eatedvm 1A of current in
Phe G miGeh s e emm s R AR [P P RSPREISmIS and ( n ¢ he TA
nmuscl e when fornulated in (B) water + LGS. [0060] Fi gure 26 displays a

schematic of [o0u9] enKigareErs digplay fl@réyertt OMbgsstthatetpresent green fludredtedt]
functional flow 0062% functional flow Figure 27A_di sgl ays a first
part of paotf:m@mrﬁ@qu after MHaQa aé@edrqslabm@mnehfqﬂpyﬁﬁibywsomrgtgﬂn@ igPigacond

part of EH'ER;@%@) deﬂf/erw% SHEELT RPRTAE VO DRI LR EP ALY OF

PREFERRE
customary used for IM + EP (A), or the skin EP (B).

[0050] Figure 16 displays a graph showing levels of secreted embryonic alkaline
phosphatase (SEAP) detected in pig serum at 4-11 days after pPSEAP administration. Animals
received the same plasmid dose (1 mg), in either a concentrated formulation (at 10 mg/mL) or
aregular formulation (at 2mg/mL) (n=5/group). The data are shown as group mean responses
+ SEM.

[0051] Figure 17 illustrates non-human primate study design: Fig 17A shows that
Rhesus macaques were immunized twice with a low dose (0.2mg per antigen) of HIV-1
immunogens and plasmid-encoded rhesus IL-12 at weeks 0 and 4; and then immunized twice
with a higher dose (1.0 mg per antigen) at weeks 8 and 12. Blood samples were collected
approximately every two weeks for immune assays. ELISpots were performed two weeks
following each immunization and ELISAs were performed at weeks 0, 4, 8, 12, 18. Fig 17B
displays a diagram of the skin electrode array and handle. The skin EP consists of a single-use
array that has 3 stainless steel, 26 gauge electrodes, 3-5 mm in length. The array is attached to
the handle applicator of the device; the EP procedure can be initiated by pressing the trigger

button on the handle applicator.

[0052] Figure 18 displays a graph showing enhanced cellular immune responses
to HIV-1 immunogens with ID/SQ co-injection of plasmid encoded IL-12 followed by EP.
IFNy ELISpots were performed two weeks after each immunization. Responses to env are
depicted as white bars and gag are depicted as black bars with the data shown as stacked

group mean responses £ SEM.
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[ 0063] The foll ow ng abbreviated, or shortened, definitions are given to
hel p the understanding of the preferred enbodi nents of the present

i aventi on. The abbreviated definitions given here are by no neans
exhaustive nor are they contradictory to the definitions as understood in
the field or dictionary neaning. The abbreviated definitions are given here
t0 supplenent or nore clearly define the definitions known in the art.

[ 0064] The term "constant current” is used herein to define a current that

is received per %ﬁaﬁﬁ I sue, over
the durati on?%oégir;n eqlg'mrqlgga “‘2 PWHI rg%nlt%hggﬁrr%&ﬁ} snégétglf{%v%

el ectri (imlnupugemewm; IDSQ Eer Ech chrkmaﬁblehelaebmmmpnzamnoﬁtlapwasms wercr i bed

her ei n. S current .remai ns at const ant an%)erag ﬁlin sa'd[%' ue, over the
' Te of PRHOGIG PGHnGHTeE™ SRecifSpaTs SPULEs CRgRane B ALGIRIEFE | ded
herein m%}ﬂe b@&kh@haﬂmtshowﬁ@é‘gbﬁxbinyam@y;bda@ewsmnt aneous feedback.
The feedba el ement can neasure the resistance of the tissue (or cells)

t hroughout the duration of the pulse and cause the el ectroporatl on device

to alter its @58kt rikigareesfbdigplays@pgreply ghoyving jipdycigr of oyl t agetot sicur r ent

in sane fdfakeediBiBid orﬁemwlﬁg njrsgq&mmzah&eoﬁhmrgagaénvraﬂa pRshin the
order of m croseconds frompulse to pulse. In sone enbodi nents, the

f eedbackhBl- b?némtILa)EﬁdBpstesasa)erfomad@l week 1(7t0 @%whemdmtwn of egarieky- or
"current _fe dlg%;: i :gs? ntterchan eab %( gtng & e acl;i ve [ &sponse of
the pr oW%cé rr?sﬁ‘ﬁgs?j PRODESS QKM C EEHR YT 2o ¥ HeB¥n A TE & R RIFFeht i n
tissue hapicwean walieke dadefovansh @dckarmgpmbaa&aﬁrxﬁysalﬁwt delivered by the
EP device accordingly in order to maintain the current at a constant IeveI

This constant |evel is preset by a user prior to initiation of a

ul s
sequence or d9Q8] i cEiguse Hdipalans. a gorRl Rouingindudiionsod pafh &l )iagd gp | i shed
by Lo qhef £RB3%aL 0 PAEPATEBL sy btts 0781181 klris Ghe LPeRKInE, devi ce.

as the efectrical circuit thereinis ab conti nuou Foni tor °t he
current titers wessdeteripatedbdy m%hmbgnléﬂéﬁsahdespmtpr&be irt thaID/SQﬂnﬂdeé@*rﬁ?r rent (or

current wthin tlSSUﬁ%ﬁt set urrent and c usly make
ener oy- NP B GRE mhseA HEF A s b R RPo SR B ent ot pr eset
| evel s. I n sone enbodlnents t he feedback Ioop is instantaneous as it is an

anal og cl osedetsspp fﬁgdtbam(disﬁlaﬁﬁlﬁn]r'@n@ht ahawit QiSrEm# expéseion ateasisatlicher ei n

refers nucl ei ¢ aci d seguences, p crohubpbl e e g.

i g | odBEEaRISEIeR Bymict e G/ BieEi ML ke (50G S AR P BER D e ials

"el ectr op@dRt {mEb muscR! o? GhdtRe R TEAD rhiséRlah® BP afief eithet KU 8Os ddldiEMike
enhancenent” ("EP") as used interchangeably herein refer to the use of a

t r ans menweraalso énjedted with fl0 aigpfidt E=SESF iplasmed withert dSc@piEP) pRareméFa\l por es)

oL R B nBIEG0FS AL ATEL b B AL O O,

t he cell md:eaVednmmamnd withott EP (d‘lPh’elr 3E- 2[16)%1’8]: Tjectddewith the expedsioalcassette current ™

I's used \bl%’lio?llt trlllegfe)lsrg?dfbagkebone aatntd?l{en eﬁectroporated had higher SEAP levels than NB
group without EP. However, the NB groups were significantly lower than mice administered
C5-12-SEAP in the identical muscle (NB 4s compared to TA 4s **P < 0.008; NB 80s
compared to TA 80s ***P <0.004). Mice injected into the TA muscle yield higher expression
than animals injected into the G muscle and lowering the delay between injection and EP in

the TA muscle from 80s to 4s did not affect expression.

[0057] Figure 23 displays bar graphs showing average GFP expression quantified
in mice after intramuscular (IM) or intradermal (ID) injection of 50 pg of CMV-EGFP
plasmid at concentrations of 2 mg/mL or 10 mg/mL in a total volume of 25 or 5 pL,

respectively. GFP expression was highest in groups administered 10 mg/mL concentration as
16



electrical currents delivered fromthe various needl e el ectrode arrays of
the el ectroporation devices described herein, wherein the patterns

m-nim ze, or preferably elimnate, the occurrence of electroporation .
rel ated heat stress on any area of tissue being el ectroporated. [0069] The
term"skin region” (or "skin tissue") as used herein refers to skin tissue,
dérm s, subderms, and intradermic ("I1D"), intracutaneous, subcutaneous

("SQ') layers, or spaces.. The in region does not includ scle tissue.

[ 0070] TREPBRRMS T HIbiRc A B SPraanEna (e MG H SO TheRbtveh, of or s o
penet r afh@Rd Q¥ ifectivalsied Vidkded8tilar dvefdl dcBred wHeh B¥mpdie®d) a6t oth&. 9., needl e)
of interest, and preferably no nore than about 5" nm [0071] The term
"feedback mechani sni' _as used herein refers to a process perfornmed by either
sof tware or 58har &igwie X4 displaysehar grpphe showing T BXRESSO8, Whighc¥atpar es t he
| mpedangg, ity tnguﬂgwﬁlorugém g&%t&%égpﬁg iﬁmtlg&,mlgpgémm@émgn&ﬁ@usde' i very

of pulse o nergy) wth a present va , prefera current, and adjusts

t he pul gerreft satiegsgVheldhimvid ferchutatioa elas tegied i dabng samett IMGS, water,ldrevateerm

"i nmpedance’ s us her ei.n.when dj scussi,ng the feedback nmechani sm and can
e bonvaitbats AL PaRRS) 10- B BoPa Al et e R Rt S Paath s ng
conpar i $Qfialy rte&bi\tiﬁ% pRISRSE orgildt@N into IWhté &ideEigétfoperaBioh e o tyiclddae
"feedback mechanisnf is perfornmed by an anal og closed | oop circuit.

[ 0072] Ostenispaibs lower SHAP @uf:ls than thosg/iseriviag 014 foethg sasee muscle{EP e0de€9ropor at i on
devi ces of | ' ' bl ' . | se of
cner gy 13 BOSE G367 Fol B WhRaB ELO8 s 381 b ik plainidBlnidh, B 20,

t her ei n diffdrences msemnb®l AP lgvels fwereaiolt yighificaradarthe TA anusele dmbwateforebei§ ti ssue.
Prefer abllé,c ?Lg trQB%Lati on devices are skin electroporation devices ("skin
EP devi ¢® l)e The ¥Kh EP devi ces can preferably penetrate the skin tissue
w t hout substantially penetrating a nuscle tissue during EP. The devices
deliver the jpe0s9p OfFigixergMispliyotighs fordinti-SEXRlamibedienhéaeaes 14duys posc-an
penetrate skin tissue, .,. intraderm c_and subcut aneous tissue, and

e.g., In ¢ .
del i ver tepneplwhichowersheghgst inmeicoaraiedhith Oné elomisteahin teeubrmavrcleihemhe tissue
over th%l:«g i@ vhOforRlialed§n PAY SEnOf 1€R80E)n #RAT A HRisQPWhESTPhBiGlel GPaS)aL | ON
process. The responsiveness of the presently described skin EP device that
mai nt ai nwaterleL@Bnst ant current in the treated tissue is acconplished
t hrough a feedback nmechanismin the skin EP device, which prevents heating

of a tissue, re | S d -paj i byt t e overall
success of t i@n@ki ncﬁe{gg%tirdo%%éig ﬁ%%@%@%ﬁgf g%esag?%d\?{ﬂg&et(fq Léf%g‘yfcgrel Elack
mechani gmatris. a functionality of certain software or hardware (or firnmnare)

described herein, and preferably is a functionality of the hardware. In

enbodi nent s t f eefdpack chanism.is.apart of_ the . software, such
software is mﬁegi {}?{E“r&o‘%ﬁ}%@? 83{}%3% ?fh%ﬂggﬁlfarno?q Q’F efeﬁg?poc%Wrol s the
oper at i Gind¥onilfwski N EP device and perforns the acts of receiving

i npedance fromthe neutral skin electrode and conparing the inpedance to

doei tea 11 sedtd] nabieneh arhtniilee dnond ni efibe FRVOHRE of feeliGhSiorkibn "

functional flow.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0063]  The following abbreviated, or shortened, definitions are given to help the
understanding of the preferred embodiments of the present invention. The abbreviated
definitions given here are by no means exhaustive nor are they contradictory to the definitions
as understood in the field or dictionary meaning. The abbreviated definitions are given here to

supplement or more clearly define the definitions known in the art.
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[0073] I n one -enmbodi ment of the present invention, provided are

el ectroporation devices configured to deliver to a desired tissue of a
manmal a pul se of energy producing a constant current simlar to a preset
current input by a user. The el ectroporation device conprises an

el ectroporati on conponent and a skin el ectrode assenbly. The
eFectroporatlon conponent can include and incorporate one or nore of the
various elenments of the skin EP devices, including: controller, current
wavef or m gengtadpr , Tiherpaﬂar‘kmSthmsaerent”\/\iaueéd)hereinotggmﬁne iarqnutentelhetrrtsnt

status re ng el.enme conmmuni cat i 0 menor nppnent , power

Sour co, FERAeDSLEPECRTERRY 4 Routits el ot s FEe Sre BB RaarR
conponegfec@M HMEE ULIPRIAS tPBEnEhiBERNt TRE elddRicak pisERs dEier&S froANthet he ot her
el ements are separate elenments (or conponents) in communication wth the

el ectr opmta«mooﬁw@dn’pMscnbpdth@eneTbtsﬁetmmeqm%ns at heoretae@trrmmﬁ wsaign
' conpone n t |ces,

B e A A=
devi ces haepfeedback élement] ;Irefeealbqata]vm@@msmntaaemswmnrhe fc"dsdeaq:krm&mt cannvent i on

isnot limte the e rrents of the skin EP devi.ces ting as parts of
one el eeteamgﬁatyﬁl%etce BI FEEHEATEE S)d‘é’I?P%*I?“"é‘ﬁqPWBO‘éPfé PISe ¥W\£38S6nct i on as

one deV'ttiéeel%tro%raﬁ@ﬂ%é%@t&lal?é?ﬁféteiedn%a?Qﬁ@?’gﬁbﬁ@hi (H%Wn&ﬂ&aéé%l@ tler. The
el ectroporation conponent is capable of dellvering ul se of "energy that
pr oducesulrérd is GaSE dissuccgmaims congtant eroughout g eleatend pulse tﬂon thel ardersofa
feedback S r ogle I e ode array
havi ng a gl%gérlgﬁasﬁ’y ofH‘%I'El Plﬂ]geél tg)clfq' q%)edeg1 ?oﬁgag@% me{'}gatlrﬂrgg\?tedgfp%(n%lg&m#tter ein the
ski n el eempriste aassestiek.y recei ves the pul se of ener gy fromthe

el ectroporati on conponent and delivers sanme to the desired ti ssue t hrough

e oK ! CHIRES R0 oo P Bl RSl EELARESS |

the desimeafls the a6tiR redpdneITMEProAE&BsKilEP demd@m@ecérﬁpﬁseemetsﬁﬁhg gHeor at i on
conponent. The feedback nmechani sm can receive the neasured |€Eedance and

can adj G8went Hetissue kebwesm elagtipdss andalieriag dhy epgrey RutPBY debiy srediuithe Flodevissponent
to mai “ta@&d?dxhgl‘i 1&9 §1tl% alr(fth'i'énrtﬁ@é ehiat 3 QBRst G RREL I’f%%tc%nst&h‘i’evg Sbfed tissue
is skin tissu pre era cutaneous tissue or Intr C ti ssue.
10074 1Fibguer eseﬁpnehm/\mltaatneyﬂ erptﬁheaangmabr a}eempalett&annmﬂ é’m&fadbllyeﬂte of the

EP devi es I’OVI ded or fupctional el emen P devices are
Shown 1 HRRBPR AsPmRlIsst b eethHoopiahoh ¢<PEitng s Frstieteroht e S6n B; ol
functi Omléhc@a@lﬁl&%lécu@d’a?cﬁtﬁﬁﬂﬁéefnﬁs hbIe tatdntRISRM ABAltor theEatﬁIanﬁheﬁaet i's
described in terns of the hardware functionality of each elenent. The
sequenc &§twsen glgetrrdes anthgompage that Iperatgred\eurrp (pr-GuiFRRl EthimHssHe) te 8 RFSSe! | ed by
sof t war f t he
control I%er Qllﬁﬁg ‘?Eﬁlhg@g me@ftréy%gﬁ?ﬁﬁ%elgé @gﬁ?{} {rl% Itlee&n%]é% %"&‘g‘é@ﬁ in the
schenmat iat psbedbeyelsn IFsogner eentdBjmenits, the fee;ibacmlmp GomstAntapedwsras itiharcdnalag sone
enbodi nent s Ls 3. ‘I('lgx%[s I nstrunments nsp430F149 or Motorol a 68HCO08AZ60A.

Q her alcoé'r:'q{(tof’ &8 Ntrollers are known to those skilled in the art of

el ectrical engineering and can readily replace the illustrative exanpl es,
above. 1007510066;;orrerterthad‘i‘bmﬁblsculé’m wséd Meréih eefens@demlads scum s&fikces,

el ectrodes,. cqnd Cth or, conductive fil r eas, preferably

need| e eﬂr%‘E‘l“F ’c!’ ‘gt“églﬁﬁ (68 drygsiopdad desiclepet ac&'t“é’a apabl e of
contacting an i ntraderm c or a subcutaneous tissue wthout substantially
penetrating J00675C! ETHeitérnd Celedtidpsiatidh, ot periieabilifion K bieRb@sCkinaites can be
mounted on a base, which can of plastic material, formng a replaceable, or
exchangeabinsement] (‘BH b 83 nesd antgichangsably hgremnrefr taihegre oks frargmembraites ( or

skin arr i th the
skin EP e?j‘;ébﬂféez&d*g%"g ﬁgj fe:?%'lxa 18%?;1 ?g e%g rrgrr#teglb% Qﬁélﬁﬁé ect rodes
can be fallows bmwec];lemsmtmszmsmms mhmnucleotidbs,rmRNa dmngs, oorﬂsoarrmwatzrm to 7 mm
in |engt hs %r abou h ftﬂm 1[1 In so errbodi ments the skin el ectrode
can be ZFYLR8"GARAGR os° “&”?te%bbéﬂbe " 27 gauge, or about 26 gauge.
Preferably, the skin electrode is apprOX| mately 5 min |length and 26
gauge. In sone enbodi nents the skin élBectrode is the only part of the skin
EP device that actually touches the skin of the patient (to prevent
cross-contam nation). A vaccine fornulation can be delivered to the

sel ected area, the area surrounded by the skin array, and the skin

el ectrodes inserted into the skin. The skin array preferably creates a

uni form pressure around the skin electrodes inserted into the skin, and
thereby helps to generate a uniformelectric field during the EP process in
the target area. [0076] I n sone enbodl rrents t he ski n eI ectrode assenbl y

o .y o . .



of energy in a decentralized pattern. In sone enbodinments, the plurality of
- skin electrodes can deliver the pulse of energy in the decentralized
pattern through the control of the skin electrodes under a programred
sequence, and the programmed sequence is input by a user to the

el ectroporati on conponent. In sone enbodi nents, the progranmed sequence
conprises a plurality of pul'ses delivered in sequence, wherein each pul se
of the plurality of pulses is.delivered by at |east two active skin

el ectrodes Wgdsspne MeuUbmatdRbefliz@riurieRertis TRAN S td JIRLINCFatteANSE Wher ei n
a subsequent pul se of the glurallty of pulses is delivered by a different
one of dlectricakeurtepks dghiyarediramthe various nesdleelestrofe aimays 9étherelactraparatian ect r ode

t hat meagy: L | I i: Kk chani sm
o pert aPvEE” LERBE RER, R, SRR EHRANIE U Sl BRARIE SRk
mechani srerursenpeof deategotatiomrelacthbicagstekoseahyl aneypftissuelbeing eRcabmoratbd.y, thi s

f eedback occurs every 50 'As, 20 |.Ls, 10 is or 1 [Ls, but is preferably a
real -time fe k i nst ant.aneous, (i.€e.,..suhstantial ly instantaneous as
det er ni ned bj{i{g@; | a eete%cﬂﬂ? SRy f(g’f %é‘i Eﬁﬁfﬁiaﬁds?c@%éﬂ%‘%ﬁ N |'n some
enmbodi makise, dérings, \didemil, afd REhdepdR (TR} t@sutirecud, Subeatantess (SQt)eyesesi red

ti ssue and communi cates, the i npedance to the feedback nmechanism and the

f eedbac T §RacRant hsrpkHEeHion dees ot inglide piselatisieand adj usts the pul se of
energy to maintain the constant current at a value sinilar- to the preset
current. In o4 enbpgi aﬁﬂt‘%mmesufoa%mgg)emi% » SERY Rdraih ek const ant
current continuously and instantaneously during the delivery of the pul se
of ener (penetfayion of nmersthaeshsut] mamtos2 mmay anlobjeck(eeg:tneedoy oftintonsstdand ce al so
i ncl udes coptraoller, that receives the inputs fromthe user and controls

t he el ec‘f“r?fgrpagparﬁn&%r%é%ar’?pa%ﬁ%tn M deliver the pul se of energy according to
the inputs. In sone enbodi nents, the controller can receive the inputs from
t he user and [8®H{ r ol Thehtemal ‘Heddbaqgkomathanismt'oaspaged rierdin reffetsi wes prdvesspul se of
ener gy accordi to . the jnputs. Preferab the controller is a single chip
m cr ocorHCF@W%{].gy [eﬁe%roqulﬁ”%%_r% héﬁ{b"@ﬁq ﬁ@n{i‘\é':‘w%fg)j e"ﬁ@ﬂ%ﬁf“fﬁs ‘ieﬁ%"%s_k?’}q EP

devi ce igpnipafes @RMIPRUARE of WY d‘elﬂir&iatli‘ss@@(breﬁﬁ@,%ﬁh%' BdfoPaft&rRE Glkehyngr vari ous
peri pheral devices connected to it or associated therewith. The ‘controller

i s respansseisfenergy) yithagiresgnt vaduee pretaratlp oumentommdpadpistsdhe pylsabf ertergyncl udes
oper al | anfvabER Rfieyd hé pREASHAL! Tk ERP-ifLERIEORLANIRI LidEsagHence or
constant-current pulse pattern for the electrode assenbly Dby controlling

t he cur rthefeediack mwchargsmenditanrbe doRyerfed td o cuireiy valop ectrdirg toesdlirn3daw 0
determne if electroporatiop should be perforped; (3)..sensin d

pr ocessi At FERINEES oS w(tH}he;?f?ﬁIicﬁFﬁ'(}}' rﬁgng W("P‘#"E?‘&tth%‘gff*%g&%ti on;
(5) transsdhbhibhYisgleBoihasy Bt inalog ARkl lobp aifcudxt ernal el ectroni ¢ device via
t he conmuni cations port; and (6) saving and retrieving el ectroporation data
(e.g. voltage $1nd current curves) to and from nmenory. The controller can

y .
operate via 989%Ahar OB 2sPeat aiihF eUrEeBpbiny ention relatrA tothe geqtgprration derices o i nput
desired @ Mol ¥¢) NG| UfLi de
T S S R S A e e S e e S Er e
sonme enbwaihmeiand mairtiain @ gpnstagit bwrent thedeind the tigsueibsing prederabiyrbdradgimeorsof t war e
that effjcientl e Mol ' N hot r and tissue that is
undergoiAHB&US%CHXSE%S%‘d%%%?#@’l egécerﬁl% é{):rg ﬁ?‘gzg ‘é?é‘%%%}‘a‘l%g@gta‘fp°fag‘°8e V& to the
tissue a“skmEPalevicestly. r Tid skilPEP gevitasedn @roferhtl@ peittrattitie sKif tiedue avithagier of

pul se paraneters that are presel ected hefore el ectroporation, including
preset cﬁh‘gf“é‘ma,hyBF'lf&P'é‘Pﬁ@H‘uggﬁH%H% ngiEre ([BE 87 \0¢ks deliver Hig Pulsg QEFREESY, pul se

dur at i ongrdRigh SRINNHEARY elebtfodel AP EarP PervBatk: sk [QURPLS. Shfrfdenflcompd t he
preset current. This process of receiving and processing iInputs and

f act or i niypbeutaneonsfissuel and dalivaetbe pdsedfenergy ard maintagnithe censtaptoumentintlhe n t he
dur ati on,. of ectrical. .bul se, ~and n cur. referably, within 1
w11 secte ke e B ahedEor MGy A e s REFp R i o TR

pr ef er ableyponkivériess dfBheprasentiyndesabed skin EB dpvief that adaintaind thédonstint@amrent ih sonme

enbodi rret g tsrc’aatécrI t% sgucplg gc%ggi%lis%%g ﬂlr:guglhg fgeedgllc_ktrrllergﬁan?srm ;nq}% S%QltE%ndeegl%es,lvyﬁich
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100821l n an exanpl e of operation of the skin EP devices described herein,
the controller can deliver pulses of energy according to a programed
sequence by at |east setting the desired constant current to that of the
preset current. In one enbodi nent, an anal og cl osed-|oop feedback circuit
continuously maintains the desired constant current by adjusting the

vol tage applied across the el ectrodes as the target tissue resistance
changes, preferably skin. The controller can end t he pul se when the pul se
Lhe | RS igRR aTRlucind Al Ak RaflEs] b QLA bR odePulE o7 O.
When t he sequence”of pulses 1s over con er can review the waveform
dat a andueessy ¢of tthbekmsaécctnoponahm tahnodogy providbéd dés ifesdtiadki msehanismsisaut si de a

w ndow qQf err around t re current du el ect.ropor tlon
Sbguonc dindignaiy SieEHag bR ar Mednet oS bt ke SeaRrary

pr ef er all findioR4ING 65the hardfate. MAsmBbdEMEMts WRER 1R feédback mbdnamisids Eﬁﬂ{)&r ties:
abundant 110, on-board perrpherals | ow power consunption, and extensive

menory dBgeRivare suchisaftwaieds wrdigital gerpmynicatins wighthe spntellerhatsontels the Texas

I nstr u”%gtan&r OGRS E &%@Eﬁé&m tﬂews%fﬁ@avﬂlgr,ﬁﬁédatéa?mﬁhﬂp euthl ¢ he

el ectroporation proce can |rect ps 1 n conjunction with the
har dwar ekingahedtrode zprde:bmparbrhg/thé impadance tbérca:xmet ¢urrenesidadmisirey thrapalse 6fy Wi t hi n

and runs fro the m crocont r ol nbodi nent s, the
201 twar ETEY AR HRCeln 8 e fief Ratenneraaasa shBPU R e vl co user <

i nput, receivi ng information fromthe needl e el ectrodes on resistance in
pul se recei vr[mm]l S Slti@ne ehbeditedY thc PRdsert fnveanich, peivitel aR@GleRitrepdraticial out put
based on receiv uts within the duration of each electrical  pulse.

[ 00841] r¢e§’6ﬁ%°°é§5'5 iyer tp g desited tissue of £ magunal 2ipylse abncrRy PEPASINETC| udes a
current’ EUEHQLILACHANA! @3 bresd QTR iRl BN Whdh THRSIELRHLLARPEANLON
conponent and in electrical comrunication™wth the skin electrode assenbly;
the cur rcemprlmweﬁbpm@eatt@naomm@emfdatsmgl@trgdﬂaseermtblpuTtBBGIGtCtrapcrrawavef orm
for delivery throu ctrode X ln_so odi ts, the
user o reoR R T feB S O RS vaiout e PENE oLk Wi ch
conmmuni crviess, tlﬁrﬂucbng)grroamsrm s\etHe meefbﬂm tgaferatuft, rifpedanay efset, Wgefstmat or ;

wherein the current waveform generator i s capabl e of generating the current
pul se t rl as&rr,vra%d}rlr%é@&rsa FRAGURSS F‘H%‘“p?WPHBEP‘ﬁ?Pd’@F‘aWﬁ@BWS@&lP@H

Pref er aly Wyer LdUeceCHd fiffer sWRME HPIoMIRIRER DS, ne e?ecﬁeymmtrcaagbﬁén%m@nal og
circuit. The current waveform generator can generate a current pulse train
wavef or nfundiien aperssaiement pbthe bkin B8 deviesst angidbsotbér eléments asesepandts elamenys i n

accorda 0 e o train i ref St abI y
squar e Rﬁgs‘h’m Ién%{lgg Bhecgﬂﬁlmcgug %lﬁlf stges ?%&‘i Bomf onmoheerﬁ % or
fir mvar esmbddiingunts therebdetrgpdration cbntponérﬁ cafusietson aanﬂbrm}raﬁ op¢ elfeﬁréﬁthifyhef rom2 to

5 pul ses, . mar e eferably 2 to 3 pul se se is plie to each
el ectroc¥ miﬁfg de‘f‘ﬁess%@LéﬁB BihEqTREun mrrgﬁr r@q rtfl%rﬁlwmﬁseofa e skin :

durati ornyedes &S&er%o?d théel'éé’tfcﬁao%xoﬂc&ﬁpon@ﬂ@TWéeﬁHﬂ%xﬁBn ishidt PiviteEny r a| nis
programebl e by the operator "‘and ranges fromO0.1 Anperes (A or Arrpz to 1.5

A in i ncheplemers ofthosk_tnEPdﬁhC@ﬁélserﬁ)@maﬁehfom@lecvmequsdm meehagisel on, the
pul se anmpl | e A (see
Fi gur es cteg’g g}ee? e%sc‘gn?m{éné% fI;s gfj ﬁ\;egeoﬁrl ggé rageietrlfg}ﬁ%h“g m%mgtcgt as a

f unct i onwinl orfela@otherd T demfopbnaammposemtmpmle dﬁoiehvdmltgmlslemdemgual s and
in targetin i fferent areas af theb pref.erably n.tis ue, of the
S| PR (h EomstaR ERven i TS T SShet SRRy A BRI R e o
power - t refsskif e n@ﬂ@ésgé]nlﬂyfdé}lid%s ari’!?édﬁ‘ﬂd&z%?ayfﬂdﬂﬁ&'a%umi?@f skif@eddogct i on of
the controller. [0085]1n sonme enbodi nents, 'the skin el ectroporation device
al so |nclmmstlaéﬁnmqse@ahoéﬂeteesﬁheﬁkleabawte aéremtémcwges b polse gbenesgirent of
an el ect d
soue. S te ARRERTIHLAPEHET Ind MBI S ElaTEL ARET AN IBN RNIEL | p
devi ces ' eledtrodes. tAtyledsasneersﬁthdsplrusdhqdofmknpe}ectmﬂes:ﬁs mewted] dedpdativergrofitiee t he
tissue. FH’Z %ltest verjfies that tdhe i.ns rtded ski.n el ectrodes. have

establis H@&t‘fr?fnm?ﬁ’f ficE iR A dssiredntipsps, apd cpramuRicatey thit r odes
al so have a good connection to the tissue. EP treatnent can be preceded by
an i npedance test. If any of the inpegance neasurenents fall outside a
programuabl e range of resistance (neasured in Chns, 0), the inpedance test
fails and the el ectroporati on sequence is not initiated. See the

el ectroporation functional flowin Figure 27A, particularly the decision
box 27A.10, which can lead to a delay of firing if the inpedance is not
enabled (in other words, an electrical contact is not nade between the

el ectrodes and the desired tissue). [0086] The i npedance test is an operator
prograrrrrable feature controlled by software or frrm/vare that can be
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[ 0087] The i npedance tester can function as a safety feature in the skin EP
device. It can indicate, for exanple, whether all of the el ectrodes have
penetrated the sanme tissue and a circuit can be established. Electrodes in
contact with air, especially dry air, have an extrenely high resistance. If
el ectroporation starts and one.or nore el ectrodes have not penetrated the
ti'ssue (a real possibility when dealing with skin el ectrodes and skin EP

"~ procedures), the resulting electrode voltages can be thousands of volts,

whi ch m.ght have |lethal or damagi ng congsequences for the subject _and al so
darage t“ﬂ%ed'gﬂ?enIOIE'I‘eﬁ freperatieg, _ oge 'eggﬁgﬁeed&?‘g? msehanisg) faé'g@IC?II’%fh&cti on may
be i npl eqgsred irhdRiR VA tcaf 4ERSSthY BuMO bt afkesy B€liveRa 1 @6 lelcf§soratlon SOMe
enbodi nents, the el ectroporation device includes a safety feature, the

saf ety fcempeneat lognangan thaplonstart cumpnt: lesomerembedimentshtbe desiried Bissue isrskiatel i ver i ng
t he pul f i [ L t to the pul se of energy
woul d y?lqu ,%n%{})g{f?éaépsg%%hs@teﬁs:&g% gg%ﬂggﬁ‘it‘%garm ess of the electrical

- load (e.g. air, skin or nuscle tissue), the over-voltage V. protection nmay
be engaged ( (0074hf etfyguwraPA siywsnsystemgiperamldf ane piéfared embtisdidem\sf theEPa peri od

o 7 TR BB i P B 0 B S 0By 0  p e 1

tri gger eihgrant, buOR€ for ifusRRBePUIPTBEsDnbY 48 ndt dliTuhdtiohNelcndnls a8 Reéscap @rat i on
pulse is fired. Wile the skin EP device is in the off state, the voltage

across aHymdpdimentsd Eaphnelempntds desambegl indrems pbthe dpidsaee fuosionpliy@Erach sone
embodi Meqh Sy, ¢ e ?éﬁ%xéhc%é SELVRRQNAL é’éhaﬁf‘eﬁ'b&etpélh%vdm%céaﬂ%%%oﬂtﬁmp%f orm

| ogger in comunication wth the electroporation conponent. Pre etyably, t he
wav ef or noftegrgeas descritmdaishain. ofThe eadrati elegpent afcthe dpacadtsi the caratdilagm thisd cur r ent

wavefornms contiuously. during . the delivery of the | se of ener Mor e
'pr\éf er alSt§mP hIaaIIJ&a?II@PII’IerﬁquaI)‘QoggPIITrscaﬁélﬁ\éﬁnéng?e SICBEIBIIIII %‘@WBII% t sation
vol t age vatih i§ b i@ bdontrol&] WhBE intom@ endb@inmhts 200 Pexa bin@feritehspusopPng®. The

wavef or m IM(;gger, lﬁ\é@swl i ng_and nonitoring the paraneters of the
el ect r opsMatierels 68HEBMERDA. LPthen alismative qeatipllqrgarg thoseskileddB & possi bl e

pr obl errsmac? y "?% i ki 3 : oration

pr ocedure gIe?IsIICI!)IfénéIgggn ot IIaC%FQII%gI\I/@ II?EE’F‘IBI;%IGIIeuSIrEIZ‘Iﬁ et?(gm 2 Iﬁgi%g?(‘gekphpl ary sanpl e
rate is 2000 sanPI es per second, about 104 sanples for each of the 2-3
current pul sdé@0781 52naemne ¢mhedunids, theshin elegiradrsarphesdle eteotredes, samductaveperi od i s

Lt h | J. ' ' I f fi I
e 11 r edoindr EPRRHACEE Bes. 2o BRAREEL TRy G tofBe oy it hdel Poe ™

pat t er n.elebi6dasodrt a@patide) @f Giohtabtilg aameddemiie orey situthdediisi tidsed wiithbet a 12- bi t
digital representation with 1 | east_si %gi ficant bit ("LSB") linearity. The

(,.LSB")

current AHBRYPENEL BTG 3 BHSLH P Iﬁ‘rSB eqbedimsatsthe skin electiqfes,ean beapper es
(M) andndiigedvod 4 BEE WIRVPER IPPIRAS Indtekan fsrhny Qre?ra%éa%'ie’;lm YxcRgngehbibeast 1.0
V. The waveform | ogger may be conposed of general operational “anplifier

anal og ckincel¢atrode dgk Aaving ah egay of skineleetrodes forkin army\czskiarnesdle amby)e f or use
with th 0 n p he . e I haracteristic for
skin deﬁI’III/SeIIrI%/?InoI‘“I EI\?& @o?sn%?%ﬁ%%@ Ih;e ﬁ%‘II@IIa‘I"nggI ﬁgﬁ%ﬁgédir Iéer?& ?%I ease refer
to " 2. 5"embofliimes] the skiarieceodes damberftan atidne sk to 20Ineaj F mpab AL inoin, 20demi ce al so

i ncl udes i nput -deyice.in direct communication with the user apd the
el ect roﬁBﬁlgPInb' rE’Br’r‘b%H%I“, IC‘IHCII?-.; of AR d HE’I‘/I“CISn%IépIEBP‘Ee S‘F’I’?‘gﬁ’éptéﬂﬁépinnput
conMBnds|RRPdE BB RE ab 1280zLBE 13nUE7 GAIFRBIAI%o P dalige, @F @E5ECROEAlEON

conponent. Preferably, the input device I1s a nuneric keypad or a touch

screen. Hrefershly, dieaskin electrods is appropmatily Soam iggensth and)2p gpugeet Brsomeay be

ent er ed i . i ad: ( . il B2). In a
preferre é)ﬁg%eg’%ﬁtﬁeﬁk?ﬁ?l%%%ﬁgﬁg%@I%pu ¥III::rI'II g%@%ﬁ%@g&%ﬂ%ﬁlgw&f Iéeglﬁgyed on a
| i qui d ckinsifaiie pdiiap(taprdventCidsy-confyminatidn).pavaaciat foraulfiaicas baddieerpd ©gr anmed
are the el ectraporation pulse current,.. i npedance 1est enabl e/disable, and
el ect roﬁg‘ﬁfg Cbtﬁ 93 H’ﬁd“&éI"é?}f"d?‘IIIéy ‘?‘85%‘&?%8 ’FE‘IIg‘FéII‘“‘FI?c SIsEeddnoan al so
be di r eqh@ekiRYTH¥kirk axdy prefefdbly HaeX @MRIfEmPprebdiee bl Biskipreldcdbiesi S usef ul
for electroporation using one of the described skin EP devices includes:
subj ect identification nunber, nunber of pulse in sequence, pre-wait tine
(seconds, s, sec), pulse width (ns), ﬁul se current (Amp), and the sw tching
pattern for the needl e el ectrodes of the skin el ectrode array (subject
identification nunber, as well as all the el'ectroporation conditions are
automatically recorded and avail able for analysis). One exanple of the
information that is useful for electroporation using one of the described
skin EP devices is given in Figure 2C (note that subject identification
nunber, as well as all the electroporation conditions are automatically
recorded and avail able for analysis). [00901l n sone enbodi nents, the skin
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di ode, or a conbination thereof. The status reporting el enent can report
confirmation of the generation of the pulse of energy and delivery of the
constant current. These status reporting elenments may include an

i nformation display panel, such as a liquid crystal display ("LCD') (such
as, Lunmex LCM S02004DSF). The LCD is preferably of the character display
type and is preferably capable of displaying 4 |lines of 20 characters each.
The LCD is al so preferably equi pped with a back-1ight that can be swtched
on and off means of a toggle switch. Status information may al so be
provi dewseye%mm the éklnotqdftheaw belps togenerats aqumpierm eleciris fidid duringthe EP

CEP- 220 various pitches. Each pitch preferably has a
differe§ﬁ§%§Zﬁﬁﬁqh%ggﬁ%bntroIIed by the software or firmmvare. For exanple,

t he vol une of the buzzer may have 3 programmabl e settings and range roughly
from 60 to 81:00663] at Imsanst¢mimskmerits, thenskiresledimod emsshmblyfartiear coﬁlipmescannd
pressure n ven as refere und .l evel .is deened
D copt aBPR A Sy 8 Fprit ndicRob B PRy g AT BT Rr e Tt eotizds SOty o
mlitaryn G&ﬂ@‘éﬂiﬂd&uﬂeﬁtssﬁ{e dl€ctioli® atth @ 0Embrides \4€ leadinthrdet skirS eRBrode§Oanldoud in a
gui te environnment an office) 1f set toits |owest |evel. In addi tion,

the SKI mreéeaweéeeﬁﬁlyn BlecERflss B?)Véd’ SRRtiah azangemept thatiis 3 yriapelsi Bgérgdly.epr)
(such ag, ghat e
ot her MRS Ao L BRAKIE In 26 o REREN . TR ey hmbftel e

reporti nlgnelcemm spatially ardmged asi asumlscednsrmﬁéngma‘tawmg sidés dflienrs indergzgisdndla

gener at on an electric.field on ng the ,co tign of the
el ectri %“g’gd{)g?ﬂ%}‘ 1B SR 68}98@ H&C& ‘IEJ qt{ogﬁ,.aﬂrgyéagﬁpé% por ati on
pr OCESSrérﬂévaﬁly%hﬁmrtatth@ﬂuﬁembtﬁﬂi@@ssenﬂ)%e bieRRravly, lthedibpdihble @lel:dr&ie of three
or five nunerals, either "1" 0", one for each of the pul ses of the

el ect roaeams|ao#mseé@ﬁ§r@ﬁeélsk,@ndmorff nr@feé%hhééhqsfkmelmt@dpdtss@ serdizablenal and a
"1" indicates that the pul se was abnornal. Mre specifically, each pulse .
must achi evegigr7| €agh s@fdertoditiénts Ble phithilt§ BE skiPel B&odQI6H dhoe (RSpukr Ml or a
"0" will be dlsp ayed in the LCD. If a certain pul se achieved l'ess than 90%
of the oéenesgy nardecentalizgsh patiemn; énmwn’mduams, e plurality of skis elficgpdesyed.

Furt her V, nor | s s are

di spl ayggIE 8?‘—13’%1:@)%:?%&?%% xsé?gyﬁltﬁgggc%n&#ﬁzregg ec }hégtﬁhatgf on sf’ef:’]ﬁ%e}ll S&set  at
current etektr@des uidgra prdgtanpuécssmualce,radd ﬁle@ﬁﬂ’yrmemhyerﬁe{klﬂi:FmBy aidrid. 3 Anps,
respectivel "00101" "\tltrmel{‘i dléodgr;glﬁ g]as wel | '"Low. 60% Aver age
80% . | cHrRPerafier SomPRTIeHEme FRROAURFS. L SEEFOHBF LIS ROVIPESSSA) S0

i ncl udeggaliy mﬂlsssaaémeremﬁ SequBnc@OWIEIRInCAEh Plis¥Vof thelpigraflyttpuRBOfsat i on
conponent. |h sonme nbodi nents, the communi cations port that can be
used to dabtemqhb)ea@@wéwem@vleml@ethﬂem“d@t@emuaﬁ elsctrede Hat gicasrgsoni ¢

i gi o "UERR0E oo WHRAT » SuBRGAARGE OTRAE Bl B puislaf Kliviy by aPe" =0

pur pos eﬂffd?emfmatf |3y leash ove activenskimatleanslep ovith ore reentralpdkirc alects@ie taht

communi cations. port, such as an infrared ("IR') port (such as, Transceiver:
ACTi SYSWFWE’GEW% or Zilog ZHX1201; Encoder: M crochip MCP2120, or TI
TI'R1000). [0093]1n sone enbodi nents, the skin electroporation device al so

includes a MpoOT8Y CARROME BinbbAMEAI) B if€sdbick midhbmisi i€ perf@fited ®P @itAdri ON
conponent.. The nepory conpaonent can store el ectrogoratl on wavef orm data and

oper at i Hgr db‘@F%ﬂ?é? ye. Prefarahly phe feedbaek meghgnigm Fesdtby @8 arafpgLdosedst e
AT45D832ia<ﬁ Qfcuft TARDBBR K EJ)fee!dﬁadﬁOd?%ﬁ’tjs%%é'eSO Nl r%gmtls lel3hddut S data

even if the skin EP device is of To conServe ne el ectréporatlon
wav ef or mrezfatahlyoatlryaldane Hecdbacke dr tinstantaneoys (ier.i ﬂ@)stah@albzctnsmetapmuso@s of the

electrop atl train. i t he |nact|v eri ods data only
can be s ore Q{i'b%'vax pletee lgP%r&geﬁgu%?g {eﬁpeon\iﬁ\}@g)o 1Pr§°’8§<8‘8§‘?f§ §’peC| fied
t hr esholthe ndu@al d&c&fﬁdb%eaﬁtﬁ%ﬂheﬁﬂﬂbaﬁhﬂi AShéeraysinee tidsuédhd ag@nfufiicashtled of 2 V
and a current threshold of 10 rnA. Data stored to nenory during the

i nact i vémpedangsjto Hie fesdback mechanisy ard theafegdhagk mechanism r§%P8ﬁ‘EﬁeH) 86 that the
tine i HQ%C&Bcézﬂﬂ a@ﬁ:"s@ mesputgagweh&m nidRaiNElRE TR Afréht hEFOIRI SHgLed.-

Provi sion may be nmede for the storage of up to 40 sanples (20 ms) of data
that occur during the inactive peri o&i of the pulse train. Storage can be
limted to 20 nms because the softwaré&“can specify that the remai nder of the
el ectroporati on sequence will be aborted if anyone of the thresholds is
exceeded for a cunul ative period of nore than 20 nms. An el ectroporation
wavef orm data set requires about 2 1d3 of nmenory when the above conpression
technique is inplenmented. The nenory conponent of the skin EP devices
preferably contains sufficient nenory to save at |east 8000 pul ses (each
puI se |s stored separatel y). [0094] In some enbodi rrents the Skl n
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i nclude a | ow vol tage/l ow power capacity power supply for the controller
and its peripherals, a |ow voltage and | ow power capacity power supply for
t he i npedance tester, and a hi gh power capacity power supply for the
current waveform generator. The power switch (such as, E-Switch

R5CBLKBLI CEFO, or any DPDT 10A panel - mount rocker switch) controls power to
t he skin EP devices and can be either on or off. In the off position, al

el ectri Lon r e electriC neut r al

i thin BeBRRRERTR e EABoBh Bl e o AR AR b SRl Ry "

pr esent cumene odntmapugdy and idstantareousty doiingthe deliveonofithaipllles efenengpl i es (or
"handl e assenbly") configured to deliver a pulse of energy to a desired

)
tissue of a | to produce .a constant current .in the desired, tissue
similar to alBPeket T SPPEoPHBST D e PIs BFTOPRE AR ABTIE A58 NG Bonpr i si ng
a skin gbRfdilePEie: raddivay tHeanpuddfrein HeWwséHahd Yorfolstte dlecopshticdtmpbritndtos pat i al
arrangenent, wherein at |east one of the skin electrodes is neutral during
del i ver yelpfer thgpulsa pEencedy asersdigg tothelinpites I sose embodineats, tha cenirollgeesnr ed
tissue; I ' ' [ ' ' ray, the
cont rof frr Sl Phork BGRITNEL SRl B cbhobobdiG Ehin L AEA AAAD L1
el ect r odésnergracardmgan thefiputs Prdfenabiynthe aorftendldbia @ singlechipsmcontdieei n t he
f eedback mechanismis perforned by software or hardware, which receives the
measured inp nce fromthe neutral skin electro nd adjusts the pul se of
enor gy del 1 vEIBAT °; in S o e an Bleitn (3R A R Ao g ecBE 061
sonme enadbhnednt Be rdspénsiti¢ HorERdnetoNing 6airigls Periphetall devidesStdnfetE &t ftagte handl e

assenbly. Preferably, the hand] e assenbl& i ncludes three elenents: a skin
el ect r o@®ogiatedythersathe lds| Spntrglleryisnrespansibe doreBianesieg dhe gleptroReraliont us

| ndi cat goot e &R ihafads WpetihdSuchlast 1) Shfif HEMbEifopoiitn fingCl I vat or
swtch. "The array can I nclude any nunber ‘of needfe e ectPo es in one or
nor e di fséqenget orsqemstant-cumentpujenpattes foartbe pleetfasieastepnbilnby wdetralling thenber of
el ectrodes_and so preferably.a | ower nunber. of el ectrodes referably 7
ol oct r oduerg vy o TR eBier S Blpdt iy e R ine o PR R pRrdioBc  oe
array i shaild beperforraed (3eming®d piddesthgsadbnsnid) (Hlpeshdinges ugdras@d i n an
i soscel es foégation, §Ath t.he Iﬁrge sides, of 5 mMm and the snmal] base of 3.
mm  t hi SaBisdeiaredion; ©) Fansmuying etegrororatigidiatadn an eiemahleqtiopicdeyise ¥idr n and

el ectri gyd Joﬁln%ﬁ&ﬂ@%%idé@ Bhd (8@ @@ﬁ@ﬂ:ﬁ%’ir{gklélgl‘_@f)&rﬁtYoncH‘atat(Q%e \%rf]t'g%b dng- The

status of the skin evice I1s preferably indicated on t dl e assenbly

t hr ough ctitrent gueves)fto and from merdoryatlbe sontslleh cansonsrate vie sofdware PEBMmwanshi ch can
be in varyin S rogr. . flash i rm ntly to signify
var1 ous JeYisalob R8RS Bl RATTERH R plis RS R b BRrted SR

act i vat gincldingelecirsdgfitigdeqiidnge)und doiiteol it dpefition ¥ hithe ekis EPtdzpiee of t he

el ectrode firing sequence ("6.1.1"). [0097]In sonme enbodi ments, the handle

assenbly is w ess and can he operated renotely fromthe el ectroporation
commonent  (olbBEhe - dprams “HbadgR e le senmlfnerTides o poBamE g

i nf or matsh@wark A ifRREY FobEsSRAMABEhATdnERMPEHIR A hiser Bid weuY th&tlid @idkrgoingc! udi ng

t he programred sequence and pul se paraneters, and deliver a pulse of energy

to the dkeiFRand renftpls slaeiriealicpergy uimit I delbterin thedissemt constaghmiTant ssue. The
v el oS pelalitinea B2RAARAYanG AR 6&%%@r@uggg%@4erﬁﬁ%ta&r esg%ftgc,iﬁt Rcl tor

that holds” an electrica harge ftor | ration. Prefera e wreless
handl e @&swogrgtion, | ihcludiog usteset rerrEme divogrkmmed heequaws (of efletradid Vfiringe anal og

| osed- | ircuit. The wirel handl| | dock with t
ol ect r oI e PHlsh BB A A AR SR B AR AN B PIE or mor e
of the founeitl Phidbidce®of fkeivihg afikprocdshing putand heeeing Hark iNeide todecide098] I n

sonme enbodi ments, the -el ectrode array Is disposable and renovably -connect ed
to the Slachical eePrbay qediEythyn the duatiom(of ant glectrgal pylsabind eaneetUbde arr ay

IS a skifeghen! Wt ﬂhﬁiﬁseo@ﬂ@nggﬂf BioRY SrbREAN Yoo HiGosekddas ‘%h?c&{doﬂﬁredi sk is

steriliZable. [0099]In one e i ment” of the present Invention, the skin EP
devi ces include a '
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repl aceabl e skin el ectrode di sk which can be renovably nmounted in the
handl e assenbly. In a preferred enbodi nent, the replaceabl e skin el ectrode
dirsk is nounted on the handl e assenbly of the skin EP device. Figures 6.1
and 6.2 depict the side view of the electrode array ("6.2.3" and "6.2.5").
In Figures 6.1 and 6.2, the electrode disk has a plurality of needle skin
electrodes nounted on a support structure in a spatial arrangenent for
penetrating the selected tissue, in particular skin. In a preferred

enbodi : ' ' i r i i.vi dual
ki n ol Bt TGiRAPd @, o] ERRIRE Bl nEL P n SO cBhodhenc e

el ect r opmcelisokcus i rohlttime endsahtanedudeburred for insertion into the

conpl ementary electrical contact fittings in the handl e. The handl e

preferably h an electri.cal connectar fromthe needl i n. el.ect rodes
Po the pul solBBAE, adnfh SFniiyf il e PiRG A e KPP e SRferbed BdnbiEr | oG
embodi megtitrolleendeliedr pulsds of edr@dccodig td fipropamsied Bedubhod®y adeassdeitingel ect r ode
assenbly as well as in the replaceable skin electrode disk are in a

ci rcul afheafesiigd canstagt eusrenhisy that @ 8¢ PrsgelenipisRt nBrne embodiment..ani anglogr needl e
skin ?'@E&&Qﬁﬁ?ﬁﬁ@&ék%ﬁéﬁﬂknﬁﬂkﬁﬁ %khnﬂﬁ@ﬂk@aﬁ%&&nﬁhﬁﬁhﬁ%ﬁ%§a@hﬂm n

addi tional preferred enbodi nent, ghe center of the three neédl’e skin

el ect r ottesvoltagd apphiedacrpssabe electendesigs the tarpas tishiepesistinca changasnipraferablyscri bed
by 2 sides Qf 5 and a .small base of nm 00101] In .a preferred
obod main: e TRaren SeT e Pt lie Bl greshpas PE e vy s9uie e 1 ¢
packagi agsiy st duleftit 2er8) Whérdthe sdquenis of pulses dquver, eHeab o]k cdnteviski n

el ectrode array between treated é%bjects, whi | e naintaining each skin

el ect r odfe "%éar"reg?“@ﬁ@rainﬂ alert the user 1f g geypgnt frthe desired HisugiVaLoitede awWdeYr anmed

sequencer ier?onoﬁ&iﬁidq ¥t clét Qm{g?hé ORctipotdi®n §$‘c1-u@n<§!3 devices, which
controls whether each el ectrode of the skin needle array can function as a

positive, negative, or neutral electrode. For exanple, as shown in Figure
2C, in a proffii8thed Tegorirrdler caabp 2 smgletchipgaicragantralles preferatly a proprssart i ve,

0 0 . . o Ei > cted i
wntoh o8 badie St ont of e ISR phéstr RS WERER: 1D, Sh YA pRfiohdabaBLT T
wi t h t wpotveg@hsungptionchidiegensl etmogespbilitppipasint embadients shedontrbBers ki n

array ("2.4"- second columm), or one of f, ane positive and one
egat i veopwrses s TR Insrria Arngessor mep (At Saromie op S IRRARIAIE. e
el ect r ORRLAbPRRHPFORAEIR! arfdQAR Birs® TedstépQ it EddilrRfion WithBhéafdwird @REfsat or i n
el ectronic communication with the controller; a waveformlogger in

el ect r ompreferablyrfirmiwase benausq it Fesidee peraranesly withingnd renspfsem dheysivglechipi cal | y
connect 0 i i nput
from t nacisgy el Soe ShBEARcAR e sCfuc Yokt S o BAINECHR i8uAR | OF
ener gy treceiving adeyiceasertsiispueecoany idfongation ftamethe ngedle cleatnaties ommesistancet € dat a

to the wavef orm.l.ogger accordi to the,pul se of. ener de] i vered;, and
hher o n TR P e 8 CT N et abd 5o BinE BleCtiod PR haS et e G Eer ot or
t he bat tigguts WRhil Sheeduratidpl of BadhQilectitiaPifte. Met 2l hydride, |ead acid, or nickel

cadm um battery. Preferably, the device is portable. The portable device an

be operated vj battery pack, and suitable for mass vaccination for
t her apeuti c é?&ficcﬁﬁasf’m&r?"&?ﬂ%&s the skin eleptrqpppasipn (davice, glso dAl¥ASS Bent s of

the presgRbnt WA YenedioP Y St diSatidh Wihe SlectrSHoRHioh R6mpéiedt and in

el ectroporation devices described herein to deliver the pulse of energy to
t he desielestticgk¢omminieation mithghexkirceleatiede assemblynthe curent wavefpmi Beperaiey a pr eset
current jnput by a user. .The hads i.1¢) . riin | ural.,ty of

needl e KI' rgté ge%/ ur”&?f UI?entfaén vsvn?etrgo |f§)§8£elﬁ'vemy}tgtﬁ‘&lf§ﬂ E’%S}s(’tnan clgg afs%rébr%%t rating a
muscl e tlhssouRr; ermbudimpms, ythe gisérhiapis | & progfanenal gpquéneettbethpletecabpdrationf needl e
skin electrodes to deliver a current equal to the preset current in the
skin ti %WP"%dWﬁBBs%"?’ﬂ‘S“?%eﬁérﬂf%g'W"Fﬂeseg‘lk"l“ﬁe 9 405, SURF HVaYeREt r al  one
of the F]%eH&%Jok; wheRdin 8 86tr&t 41 dTot Sskfalf $Scapilfle SR athd RERRAKpUIRChani sm
in the electroporation device to adjust the pul se of energy applied in

r espons drain wanefome agngrding fonthe gravided poogrammed sequetee. dlefexahly, thelcurrenrted to t he
skin tissue constant. In one exanple of a preferred enbodi nent, the nethods
of using the skin EP devices include jqarogressing through an el ectroporation
functi onal sequence such as that depicted in the flow chart provided in
Figures 27A and 27B. In particular, 27B.10 in Fig. 27B shows a bl ow up of
the "produce current pulse" step and depicts the feedback nmechani sm which
preferably is perfornmed by an anal og closed-l1oop circuit and operates in
real -time (or instantaneously). [ 00105] In sone enbodinents, the

met hods further include nmeasuring inpedance prior to applying the pul se .of
energy to determ ne whether electrical contact is made between the desired

I Y L o, Y



[ 00107] In sone enbodi nents of the present invention, provided are nethods
conprising the steps of: providing an skin el ectrode assenbly having a
plurality of needle skin electrodes, the skin el ectrode assenbly in

el ectrical conmmunication with a current waveform generator; contacting skin
tissue of a mammal with the plurality of needle skin el ectrodes w thout
stubstantially penetrating a nuscle tissue of the mammal ; and appl yi ng an

el ectrical pulse of energy fromthe current waveform generator to the '

pl ural i tyaveforgestrRoSiK h Povedr&FnSisdPhal &Y cirRuit. KB c@fcht WARGSmE QRelatol &S

effective to expose the contacted skin tissue to a substantially constant
cur r ent .generate a dugeniai]se trainswane farmbtbeli passes throughahe plpttyddaes)of the eketiwader i cal

pul se of eneragc?/;i %%ecp cghn%ri ses: neasurin .frrpeffance in tfh cont act ed skin
tissue VPR THARETRYE VIBhEC BROSTHUNAT RFARFICE Y RSPURS a1’ SIGTHAY S F Etes:  and
comuni Gaipengd tHeaumbasafipeled ipTitttadibetht 6o fawdre etixatiare, ABE prefdrsyly fromel ect ri cal
comuni cation with the current waveform generator, wherein the feedback

mechani d¢nt @aplses; ndimere prafarably fropdtog\pudsst.iapd more Rrefsrabineto ulertOngay ef or m
gener at qf,1dl t i C RNl .

subst anﬁ)iru};:e ngaﬁjggﬁg? ggcth e%ﬁﬁr?%ngtg? ﬁf%@%#eb%gﬁ%gﬁl ﬁ%ﬂ%s‘ Erpr’toﬁeﬁ THE é%lggtgﬁmrrec hani sm
i s per f cluratidn byd eogursiabd wig of | blsebhd agapdituderof thepulstitiain i sprpgrammablebly the

| ect i devi d th ' muni cat i t
er f or medeiEi ik FRERC e D L ABTEES o AT B sy Bameneotifl & Efneder gy
1001091 dXmpdmsdn &dr thd prefifit VERRAL thie PuBB ahPNt@e id Bilewe 0L0A 1 prifeabiP

devi ces, which enabhle in vivo el ectroporatjon of bionolecules, for exanple
DNA pl asiiviren 0;lang Okt (see Hisares 4 apd 3k | be nplipdspfthg pulse train cagbe adaptsddi ment s
the skimyGRufifithof hothdlvidlal MseORSEANE Gtk beMcofiRAYibhs éddqhq?rg&iq% skin
tissue of interest through a skin electrode needle array an cilfitate the
i nt r odudtifferantodreas ¢fi thablody, upreferabtyoskor|tissuepbf del Loteciddkdual. tThe swerent
preferabl¥, g)ubcut angoous (CS .and/ ar ilntradet\rmalt {]I Da)l tissute. The skin EP
devi ces PHENIRERRHEY FBRCOPRNS? GFATR DANATGPHPh AT P st HESUER the

el ect r odasctioh uhtied tdkdifecabiesfithocshtiotiedl e array in accordance with a
programmed sequence and can be nonitored and recorded during the procedure.
The needl e el ect rodes are capabl e of contacting skin tissue, such as SQ or
ID tissue, wil0GRSLE  Sifiseme emog wnﬁeﬂ’éﬁga&ﬁw&oaorﬁﬁ%ﬂwq A ocluderencyi n Ep

devi ces jRipedlieStesteCLapAIINSS tBing Gorleb@bIhHRNEITaf Bledthad] chaReEsh dehvHa t he skin
el ectrodes of the skin array Irn accordance with a programed sequence and

can be ribHi alestredesand thegesired dissuguiticngpedracyiederadn beused ndemgineavhgliyr.  The

needle sfi &iﬁ??%&&i@&ea ﬁﬁr{‘y &@Qg%ﬁh@ prﬁ?é?tef’e%{'c?l%o' cLiBRR L fissBE. This

subcut aneous t1 ssue w Thout Subst ant 1 & y penetrating a musche tissue.

[ 00110] tekt SerifiRaitieantheMeserted sRitel&frddesihdvé bstibliftred @ gbodRtohnecion o/ thkXandis 0

di scl oses ,system di agra f certain, el ectroporation onents that can be
used i n B0JGR PERSE SFGRIE QTS &rF0% FRAEREIABHO NRHISTEE- ERAIPATE! SHBR abl o
into or péceRad by Gin inffRd&lck NedePIfURY Sthe iRPEdinet @R IrerhéntslEAF bllgRE & herein
in ternms of the hardware functionality of such elenent. The entire content
of each mpgramegblegangeiof smsistanse (meapured yOhms §Ypthe anpeapie tegtffailsanddhe n t heir
entirety t . . 4 lﬁg{:ﬁ are
control Ieé%fyégorggﬁfgﬁggég?g?oﬁ\r{rmrg% %?R}Eeggr%%nﬁgé’r?éﬁ]dgp &l‘)&cl)"? Eﬂg\géﬁid scri bed

her ei n. 27A, partjcdzily1the [dacisionbor idyadl lyevhich carhéaditect deipopéffiriop i tponent of

the skin EP. device conprises. an el ectrode-connect. rel rix, ich can
Faci |1t ATBTHES 5 A ERICE SRR, 4R G FER o0 i Tof FHAg COeEmde

el ect r odgéctiolest 4vd thkdeRired @etg)0ode assenbly. The relay matrix can control
each of the electrodes, preferably needle el ectrodes, so that each

el ectrode is | ne of five states: off, positive |ow voltage,

i npedance- msa[gélﬁq ng f‘PFp‘GlPFd%PG% 4st PanAPgRIQ) presayamablp deatugontelled ygul at i ng)
hi gh vol {adkre drirfiWareSiR e WiRilablel DErif Sha¥pdiRichi The iRptatdieslebiednmple POl €,
double throw (DPDT) relays that create a swtch matrix. 10 of those rel ays
are dri vesmpgssdrf sanaesaltoperatigral amplifeqyianaleg siraugmwbich dehction ahdirested ibyithe '
peri pherc%lmrm%rerface (SPI') -port as an SPIto-parallel port. The SPI sl ave
in, master out (SIMO) is connected to the Data-In pin of both 74VHC595 (or
approved equival ent) shift registers.25The 74VHC595 has 2 clock inputs. The
uni versal serial synchronous/asynchronous communi cation interface cl aock
(UCLK) signal is connected to the shift register clock input (SCK) pins of
the registers used to shift data into the register. Separate general
purpose input/output (GPIO pins go to the storage register clock (RCK)
clock inputs used to clock data fromthe shift register, in parallel, into
the output register. The result is the sane serial data is shifted into
both shift registers, but then the data is only clocked into the output

-, Y b1 o v A PN NA A PNA — B - .



the matrix is meant only to connect the load to the appropriate el ectrodes
in the desired way. The pul se or inpedance circuits then pass voltage or
current to the load. The voltage or current is then renoved before any
contacts are opened. Since the contacts do not actually switch when current
is being applied, the life of the contacts can be greatly extended.

[00114] One exanple of a current pul se produced by the skin EP devices is
shown in Figure 3.1 and 3.2. Figure 3.1 and 3.2 shows the waveform of each

current puls ﬂ)OSﬂqe %\4 %%a %cfé%s?é?“éﬁneﬁlﬁctﬁfn%s a Bt ?eggu"é 1§%he SHAP dBice. 250 Ps.

Rise tinme (1, X1 mum Setlngtlrre us maxi num Pul se
wi dt h ()t caﬁﬁldmate foﬁ)eanwle mekthet alin the dlectrpdesI@vppenatatedthasanNoisswedndcur rent  (
/" ) 0.1A 10% of /)" durin h ,and th Rl 100 S2
R T s i o3 PP st ElsRialeh in SRR ainersdaiefy 8&3@_&3& shown in
Fi gure Zxierrdldl hishiresisiahee. TheetopbRiribn WRAME fad Bné Sr SR efebeslics Mavd gotre 3. 1
and 3.2. The shape of the voltage wavef orm depends on the inpedance seen by

the el ePeReyaisd thhutlﬁ%let(ﬁere@ms@ ityywhew dealing; with gkip lgciragdest and)skir§R vol t age
wavef or pdcgddw{% 1%9? hfdng%le@%dé%nfagessqaﬂ%% tﬁﬂgaﬂ&?gaﬁﬁvh&& HipsPpwe during

this peri e voltagé across an ectr set during ti IS
lethal or damaging consequences for the subject and also damage the skin EP device. For this

reason, overload voltage protection may be implemented to prevent excessive voltages on the
electrodes. In some embodiments, the electroporation device includes a safety feature, the
safety feature being a voltage cap that prevents the device from delivering the pulse of energy
to the tissue when adjustment to the pulse of energy would yield a voltage above the voltage

cap. Regardless of the electrical load (e.g. air, skin or muscle tissue), the over-voltage
protection may be engaged (or safety cap may be triggered) if Vs exceeds 200V for a period of

no more than 1 ms. Vi is the voltage across electrode i and j where i, ) = 1 to 5. If the over-

voltage protection engages (or safety cap is triggered), Vi goes to approximately 0 V until the
next electroporation pulse is fired. While the skin EP device is in the off state, the voltage

across any electrode pair preferably does not exceed 10V.

[0088] - In some embodiments, the skin electroporation device also includes a
waveform logger in communication with the electroporation component. Preferably, the
waveform logger is capable of recording electroporation voltage and current waveforms
continuously during the delivery of the pulse of en;:rgy. More preferably, the waveform
logger is capable of recording electroporation voltage and current waveforms at a rate of 2000
samples per second. The waveform logger, by sampling and monitoring the parameters of the
electroporation procedure, enables the user to receive and process possible problems and
adjust the settings in the event that an electroporation procedure fails or does not achieve
desirable results. An exemplary sample rate is 2000 samples per second, about 104 samples
for each of the 2-3 current pulses of 52 milliseconds (ms). An exemplary total sample period
is 2208 ms with sampling starting approximately 50 ms before the first pulse is fired and

stopping about 50 ms following the last pulse in a 2-pulse pattern. The voltage and current
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ov.. [00115] Al though not wanting to be bound by theory, it is

beli eved that el ectroporation makes use of the sane structures and forces a
high ionic flux through these structures and opening or enlarging the
conduits. Metallic or dielectric electrodes are placed in contact with

ti ssues and predeterm ned vol tages, proportional to the distance between

t he el ectrodes are inposed on them The protocols used for el ectroporation
are defined in ternms of the resulting field intensities, according to the
formula E=V/d, where ("E') is the field, ( "V') is the inposed voltage and
("d") i watdienth msiycheamalidicden atl Réditeligal reprbsentation with +1[ 1841 dighifiddme bel ectri c

field int ityE h i t ant I f | ati
ol ect r o bSBT] SHHTD: B Pur v REHaTSSOROR SROUS drig Bl B GhdrastdPe i nt o
the cel Jmm&mf,&@s GR) £Qlhe VUG WG reldiutich sRONE bfé_f&aﬁw bE &l 1644t Bb& . any

electric field intensity for a variety of protocols by agl ying a pul se of
pr edet eThé waxkfoml logggs mayde compesed pbeanewheperationalampdifist anatng chyeviveaad

el ectrodes. Vel « eat .S n.el. ic fi (o nerated in
2 11 ssud aile TP B0 T B b Subetfh oBlheRiBRhE bl Ao RnBE oBBECLT T,
creat e aaveb®elogper chiradtestic Mriskinughiverpbf DAt fomgulitionb & titolmel inFigureory, it
is the gérrent t hat sst,,necessary for successful EP, not electric field per
se. The?GdPEEIFERI%R-X he skin EP device's current waveform generator will
di stribute a constant-current electrical pulse to the plurality of needle
skin el ectrof®89pucih kdiid erbsiiRGemt,MAé kias QlebfofdYRIbh 2ozl akolifclddes @hea where
no congruent EP overlap points devel op. The perneability of the cells in

t he ar etpyf deyieednditagticommuppationevish Sheqiserrad theeelestigpeypien campanentg@Ei ver ed

into th | . of L -\ i i cell or
t1 soue, mpacdeviclepff TRk le ik Obu KB SBMIRARE ERPRECRIb I TCT |

ski n EPthdeldcoreporhtion dontponchiic Prederibilptd mputl degick mtaonumeicdeypadrog adeichs of an
animal, in particular skin, f l,D.or SQ vacci nation r poses. . Preferably,
The oki FETERS” dRVITE AR, b sk M At apratth eamngeagnty b G129 bYatn g SO
or | D tbshtBr vidla iieré &eipad (ke HPGCAVRIINESABIR 16QApRERALd 6MPéEMEnt theSaMe
tissue throughout the duration of the electrical pulse delivered. In sone
enbodi nBWRBETS input g thekeppadiane displapedepnoe {igyd Srystoh diselay € d&aB Ny Tyrical

non-con [ [ ' Lgpl anti ng
t he neeg#gﬁgié?sn@lgf %agtq)r% c}ggﬁglgé]gdn%fé;ﬁﬁle%?e gagbbzgtfoél té%‘act%l}lrselgigg?ﬁ?dfﬁg%atﬁ{ipcul ar
ski n. Theable/dikabie andelearoporiasprofiag delaye €bkt featsites relatdddc thedeypad catadsobet h

snap- on noun n the handle allo a. uyser .t o _qui ckl ttach and. detach the
oon o SRFILP BRI i Sainte S ety ribis et b cEE Gt change
bet ween ytihgahest tisd k@ e skil BR dpAY&Iindi@ies Gabjeét iddntfisdton niehbd Siuhbesofcan
utilize battery packs for use in the field where access and use of an

el ect ri EBise BFEANCEH Preoy HEIMyGRrNdS SurelePylse Wk aISh pYlspFurTeRt@MMANENnt | as

for insyance: ' ' hng ] oL:er i .
[00118] h%i g‘grrlttﬁ eculfes oﬁréﬁgg% ii?l\%&edrlgrglénttﬁga%effgm o%HE lgktfl%t{tolag]s%?a@@yﬁmas SQ and
ED ti ssidentificationdembitfaspiedisinillthe elsitopaatvintesdificnsardomeaticallymemrdedd DNA

pl asm ds_not ..bei t ual excl usi . ~genes, . therapeutic drugs, or other
oont . ndiatalane B st SeEon i iR p A iunti SBRE R pepipepien

bi ool e@sihgonard BAepribedriskia EPalevicanisbgivex pf Pigaee 201 (ndid1 €hat dlibjectof t he
targeted skin tissue, and the bionolecules for skin EP delivery can include
mor e t hal¢nBheaton gHBPEets el 26 all B riecapRSRHaReARGtions3e aylomAYralyircordedr e DNA

pl asm dgnd Bafitable for anald@§)1191 The DNA pl asmids used with the present

i nvention can be thosé useful for gene therapy, i.e., the transfer of

sel ected genes into a host for purposes of preventing, aneliorating, or
curing an i nfM90] or lniserae smbediments, thaskimER ¢avissprasiusther iaglvdes stafuse gene of
interest_jn. UST k [ Vi | tonms of
a di seageeqoptfﬁg] Feduce t%gﬁ%}g?gn%gg}r]léeﬁ% ngﬁ Qﬁﬁe&%;séeéggre%n?c}hgﬁgﬁrﬁgﬁg%ﬁgp t he root
cause ofydtéme Insaeesehodmmentspthp sldu elettropoeativo devicealsandfddslastatissapagmg The
encodi n ene.in the DNA pl jd can be a heterol ggaus e pbtajned from
an exogBlBUEEt b erEInEinn" ViR i 5 eEoPORIoR GUPABENLS drre ek iBR PR caused

di seasesepoftitipel@fier? ¥$id @fdrinRfi @S HiSplay piies G laadibRyotifieRidn; a ﬁ%ﬁlﬂerﬁiﬁﬁéapy can
al so be applied for the treatnent of tunors. Preferably, the genes of the
DNA pl asm ds encode a growt h hornone 27el easi ng hornone or insulin growh
factor-1, whether synthetic or natural forns or full-length or functional
fragnents thereof. 100120] In sone enbodi nents, the DNA pl asm ds
used with the present invention can be introduced to cells of the mammal
for vaccination purposes, or inoculation against infectious di seases, such
as hepatitis, influenza, dengue, Japanese encephalitis, and HV, for
exanple. In sone exanples, the DNA plasm ds can express pol ypepti des that

. . A PN NA PNA A



target proteins that elicit an inmmune response, a further bionolecule for
delivery along with, prior to, or subsequent to the DNA plasm ds or DNA
vaccines, is one or nore genes for proteins which further enhance the

i mmune response agai nst such target proteins. Exanples of such genes are

t hose which encode other cytol cines and | ynphoki nes such as

al pha-interferon, ganma-interferon, platelet derived growh factor (PDGF),
TNFa, TNFP, GwW CSF, epidermal growth factor (EGF), IL-1, IL-2, I1L-4, IL-5,

| L- 6, | ldiate, orlalcethBinatién th8reofVHitie sGDRBRepoDB G cdemglentt tan réport evpifindativg of thel5 havi ng

ot SReh e O PRl TR BB B PRI B AR S
MLP-1 0 ¥ - ; i i ; pm, CD34,
elem¥éhf3 4y indlbdeban 1?6?%%&)11 dispbS/ aaéll duch s ﬂﬂlﬁ%&ﬂéﬂﬁh cﬁ:slpﬁl I\(Aerg@m

G yCAM 1, MadCAM 1, LFA-1, A-1, Mac-1, pl50.95 PE . " 1I'CAM 2,
| CAM 3. (sph as, Lemes LOM-862004BSESA he LCDys prefarahly ofthe eharaster displagtypemdo.  cDa0L

orout - futERRbLRERrailptaing Bhehrdd Ak GREI Tha S i g FIUGRACL ' &
Apo- 3, AGRppddARD a h’ﬁmﬂi,ghﬂm,caﬁﬁs’witéhhidﬁﬁnd'ﬁiﬁk:ylmda’ﬁs of BR G WiERGanEas ioﬁs e

| CE, Fos,.c-jun, Sp-1, Ap-1._ Ap-2, p38, n65Rel, MD88, |RAK . TRAFG, |KB,
| et | v RIS gl 456 egaproided Ric SR aion BRI, wichinadvaien it ARG B
TRAIL, W-i—i&%&%ﬁﬂkﬂiﬂ@?&ﬁ%ﬁ %E&.Ea%iﬁﬁ%éé&alﬁ&ha%re%ki GAND, 0x40,

i
0x40 LI GAND, NK | CR2A, &@C, NKRE, NK&F, TAP |
TAP2 andontgritedibythe softwagmendfirswange Fepexample, the yohonoof thohezzef may baveadry ski | |

under st i i ! devi ces
can be %ﬁ%’?ﬁgg%{%%ﬁ{%%g%%@mgg%grold?a%r%g&?aﬁgé %ﬁ:lg%eeéﬁ%ﬁg pr esent
i nvent i dozzefthestur prédsute Wivelrangeanonip glvenl es refeyencoel ihe sowikd l@lebis ieembds, such
as a three-electrode. array arranged in,a different pattern i.ch can be
coen | napsepibfr i SRR plik SNk Ba &t of A AR SRl SRt by a
poi nt B jishighed 1évai 4rd iGE néthed 108d inRifuite erviroRet (e RSBy ifS86to itk fowlet 2, 2 toO

3 and 3 to 1), point B has received a cunul ative dose equal to that of
poi nt Aleval Inrpdditigabthe SENEBRE VS may berrauippediyvithsa lightresmiging diedse

di st anceg. C I biror AL skl i 0 S
proportiqoll:n%I'?‘?I §§ o%%é&l&eﬁzﬁgq‘r%&mﬁgrfe[p’n(g}aglpﬁagéﬁnﬂér@g#dgyﬁgﬁ&:?%g%{gg and k
i s a propether drahittiytuaedohanbff. Thus, by sel ecting a greater nunber of

el ectrodes a greater volune of tissue can be enconpassed. The opti nmal

Fo be t ranst AL ° o Frofehf 1R ST SR S b e A i Ratmifisn e ' ™
el ect r oph¢ alccessful genérdvidh P ah QIEL#iZ] fidi¢ optiesSkEOD follorang ke conldtioh tof de

illustrated. in the foll ow ng Exanples. |t should be understood that these
Exanpl elecliifi PESq sranensei Mo enedimente fAlOHIHeerAcE CHTCUPPRIZHANRIRESSHROT ar e

gi ven by defp&thtidd deSdnt &) ihe .ot exhlbR [1s06f (RROVER HH MmiSAL, QingPeh Lhese
Exanpl es, one skilled in the art can ascertain the essential

char act €07’ sme &y ca¢h aflthepulsey efthe elactreperhtinn seguencedd O mdisafes thatthe pidsespi ri t
and sco t Gan . A i.fi i 0 he
vent i res i o lofes 3 R R NORARROrRAL AR G RBcthte

modi f i cahisp@ashiede dtHeast 00BNl the sétrouadnli foi lendeseritiel @s ewoahalver a0t whdister | bed

herein w.l|l be a nj. to those skilled ip the art fromthe foregoing
descri pmlwyegﬂhlﬁgﬁég’r #fiaéﬁlf*}"@)ﬁ‘élseaarc 1expdlgsy wgé@rtﬁ‘%sef %Henmemu[fe ?She scope
of the aBRGAGLAnEL 81 MWill be displajddOkddilenRbRl B abl skt hitBavepelcaireilgtieons for

use with the skin EP devices_described herein have hi gh DNA concentrati ons,
pr ef er atAbporzush pelpesrasg displayedhkar exaroplader gfivgpuiseirciroperstiasf seppgaces set stnal |

vol unes th ‘ ' | [ ef e |

i ect cheiells AR BRhseS Lt Rl o0 im0 P Sty e o
t he DNA @ bonmimall bedsplagadeaswieliins DNSwc60%6 Aiverage BaS, such as 1 ng/m or -
greater (nmg DNA/volunme of formulation). More preferably, the DNA

formul ati on concentration that provides. fo ra ugntities of
DNA 0200 1480921 of TR Smbodenin e e PP NeOAIGR dif i AP D6 4SS DNA. i n
100 ' I L d@nnfiuidiibR.port in com@AidBionT heth NS ¢Xcadpdrdtord @bmp&RniM hhsdnfte skin EP
devices of the present invention can be fornulated or manufactured using a

combi nati on of known devices and tech# ques, but preferably they are
manuf act ured using an optim zed plasm d manufacturing technique that is.
described in a cormonly owned, copending U.S.- provisional application U.S.
Serial No. 60/939, 792, which was filed on May 23, 2007. In sone exanpl es,
the DNA plasm ds used in these studies can be fornul ated at concentrations
greater than or equal to 10 ng/nL. The manufacturing techniques al so

i ncl ude or incorporate various devices and protocols that are commonly
known to those of ordinary skill in the art, in addition to those described
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[00127] After the el ectrodes have been inserted into the target tissue, and
during the inpedance check, the processor checks the conductivity of the
tirssue at the electrode level. This is done to ensure that el ectrodes are
maki ng el ectrical contact with the target tissue in the patient. These
measurenments are performed in a matter of seconds with enough time to

achi eve accurate readings, often less than 2 seconds. During the inpedance
testing, a red LED on the handle assenbly is |it. If any of the inpedance
‘measur esmbbdimieats) the @onrngcaionoport thetepi bewmded toagivad electiepdraivalvavefoBnwi | | st ay

red, the LCD will djsplay.the error, and the fir re wll return to the
le st a0 an external Aoic qiFicE | 2 as & Hindheld merep Rl Eorgllen e . gl
eni tt edpcey, ge86AI &iEfh1aidiR () 8r gespaliothplfer {“PC?’),%}@iet\&?ﬁg plirsddegty pronpts

the user to press the activation'swtch to continue. The firmvare waits for
t he hand@referaly; thacpmmusigatiens pogt 18 an Py ead derzal gpmmupicabensipetesuch@s gBquence.

I f any « i : iy vl long - Sheep" w |
e sound DA ResEiiitsy FrllERar ACSIRARTHRIB P RE 20600 T
f i r mvar Encodet: NferdchiptMEPP? 120, ogTEERIGO@®e as proscri bed by the pul sing
program sel ected. During the delivery of each electric pulse or pulse of
energy, the vi ce continuousl djusts i.ts output .based.on the

Fest ot ance. mBEF eq IF PR emparEnt, LR rdiorpRibE deucERRR PeRd ne ai n

t he desidefifbre bmpdtient inNcoRimeiicaBion With BE ERESSRFatidE ToMpohidhe THe i&m&oquence by
setting the desired output current level to that of a preset current val ue
ent er ed copPenerten store Hlegtiopptation Wavseraidalasag oparatwg pargmeigFial s frablo€d- | oop
circuit i i i BEes r : justing the
vol tage}naepp E@“g@?@gg%? guggltggﬁses as} ia't e&gasgmgigtﬁtéi];@&g npée{vsoﬁésutl%nce
changes mebuing nig rethms dsl datereyerofif theeskinIEPe doficee iseoffy Tot doasgpveo aeamoy, r ecor ds

the pul se waveform The processor,ends.the pul se.when the pulse_.tinme |ength
s bee Rk EHECPEy R EOA R SR LeP B ST fsrerbily RAHE (iE aoBF st e L o
When t heleseepiRation palseRidlnS BRring tHRVBActivé P&iddseempRadata®inl s beRratagef or m
data and alerts the operator I f the current was not within the set

par anet &tegnagy if et ops | the WarRiomm §X6¢ds @ gneciess: threskoldRor examplethes§ t he user
of whet il | £5739 B?ﬂ%f WA not .

[ 00130] Seﬂr?n{%ﬂgiy%%tdggg%rg%%g&:ags coﬁg e?égﬁgﬁﬁggg%shs u Ily, t'%wss&%fen P device
r et ur ns memdri duning the wmactive peridusioé the surrent piles tram s@pbe twa ftamped sodimt e t he
successful generatiqn of an electric field on the L foll.own he

conpl o 115t BRO pahe Al b5 kEVLPEE e RAMITES POrFURGeC AT SERBNCE. t he LeD
wi Il exhddeforahd dt&hgdﬁfuhWﬁﬁaﬁble@(%ﬂ%ﬂ&ft@dhﬁtoc@ﬁﬂdﬁﬂhgihé'ina@tlive'b@ﬁodsone for
each of the pul ses of the el eqtrg‘gorati on sequence. A "0" indicates that

t he pul 9&thgpalssdrapatogagg can be limitegtodmasbacpuse theseftyarecan spesityisbtheal . More
speci fi : A | : 9009 ent to be
Goscr | benaitder S Bl RFofAbh BF{thER il be PEASY iPRIGAC of B AREnAK oM

pul se aché¢ededifor @ semulhtve 2606 of mote¢hane0 msuAn electroponasiopwayefoirs datbsesr nal  and

a "1" wll .be di d. Furtherpore. the | owest.and average curtent of the
Sbnor R AL kBT Bemal T e folfre R Rtflc B R En EH e

el ect r opgdnidry empaRHesTake skirl ERUevdess pfsféraisly céhtindiihicientimemirg &Ssade &and 5
achieve only 0.4 Anps and 0.3 Anps, respectively, " 00 1 0 1" wll be

di spl ayé@shé)mufse%l aoh) pjiise 15 p105eAPERAYEYB0O% . This control mechanismis
essential when delivering vaccines for therapeutic or prophylactic

appl i cati ons.jod8apul dntsBme\eRfotieenth ieVskiny cle@rdpBre Walite alsh@icdudes aa hi gh
probability that the antibody or cellular responses needed for treatnment or
pr ot ect iPeWensqurceip eorpmupisHioavath the plgctiqperaomperapongnt. Prefprably, tiep@V&pi ng t he
di sease ) VP Tl. GE
1001311 “FHae bathnfly apa g brercrfablny piRRACH A o Wit AR B
acqui si tleadracrinor ri¢kel cagmium battny. iokarhe trebadimnentsy; thefpoguer u€id préfamblyat es a

first pqrtion of data at m ct dur | t he ectrapof.ation
process. aWQTWCL & teg 8&&%“8?%1‘%21{&%1{?%#;& A %@‘2 gﬁ‘?eﬁ‘ss ]@ﬂeé:%Y ﬁ@ ‘ﬁgme
("2.1") aabe rdpRndble St praidiRepower 2o each of theskis BP HEMeds’ dtus. Thesedirguiiescri bes
the pul se in sequence, the wait time before pul sing, the pulse wdth, and
the pul se current for each of the thr’e electrodes. Figure 2.4 illustrates
a second portion of data, which identifies the configuration of each

el ectrode during a given pul se sequence. Figure 2.5 illustrates a formatted
version of a third portion of raw data for the sane el ectroporation. The
file is downl oaded fromthe skin EP device as a Mcrosoft Excel CSV file.
The data are copied and pasted into a tenplate M crosoft Excel Spreadsheet
file. Columms in the spreadsheet represent neasured voltage (V) and current
(Anps) during the electroporation pulse as well as the calcul ated tissue
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changes whi ch correspond to human codon-usage preferences. Sequences

fl anki ng EGFP have been converted to a Kozak consensus translation
initiation site to further increase the translation efficiency in
eukaryotic cells. SV40 pol yadenyl ati on signals downstream of the EGFP gene
direct proper processing of the 3' end of the EGFP nRNA. The vector
backbone al so contains an SV40 origin for replication in mammalian cells
expressing the SvV40 T-antigen. A neonycin-resistance cassette (neor),

consi st f ' DRG] L Stance
"gene of ]%& aaltél‘ge%‘c%l\éég%\gg@‘%ﬁtc%a%ng?g»?lgls{slﬁ?)r/ %?ng{aﬁgh%ﬁes sﬁﬁgl}%{{a%’hym di ne
ki nase @donw, voithgeoans lgwalowgr capacityf pawercuppli dorytbe iropesiahdestester, brd g bighct ed

ing G418, A bacteri al t f thi tte.
kanany o PRVFLEPET Hreow er obly REgR] CurtpRen e Heaiat RO AR S et eRes.
pUC19 oIB-SwitcHRSCRIK BCREFO br bf¥ DPDTNABFahélindunt Fock&QhitcB@ntdls pbw&r i gi n for

si ngl e-stranded DNA producti on, [00133] El ectroporation conditions.
Squar e @it sl ESdsvigesrand gand eithergmior aff Jath ositiop AkalgcHjsal@nnasionsondi t i ons
are sta [JyTe VS’ r ' : : t current
es usedd e cQipsac ety AR EREI SHAREL TR R s sefbrfs e GRER: 53R P
m|liseconds/pul se, and with one second between pul ses. The control skin EP
devi ce el ect ()96} at ilnanakspect of thpprssdndnyentionsprdvided ate lectepotatiomtindleul es to
cqual | y SisauE B g e Bb P P oI R B e ol SR ount ed on
a non- cafdundimmsl toptceiutead conktaat aittent il the tesiiad tisdue Gimitds it a pretertduaems consi st
O A T RS e e sl PO et 8 °C! 52
IS 3 MM o @BBEY)IN 2 SRUMFGn SRR WHE RN Glas e BRIER Skidlelectrodes is delfhi34]

I ntranmuscul ar injection of pfasmd DNA in pigs. Young hybrid pigs of m xed
gender, duringdeliveryiok theamitse aff engrgey, andj measupe ghpesianes: inethn degred4Gsiey 2 wer e
used in ;Pq” - ' - L0 i ndivi l:pens. wi th ad
l'ibit umcéglgoels% Elt% oogﬁgﬂﬁa&gﬁ §r§. “’E?\egg %L(L?%-g’fdrlg%dn% gés/rr%g gé%}lg%é;eﬁlgyﬁyons wer e
di | ut ed of thespudsei df @nsvgy étrowghdhd skineleatr@ids;aind h%neans @irtperiemiiig a\iéddback{ PLC
purified | ow nol ecul ar i ght poly-L-glutamate (average MW 10,900). On Day
0 of théﬂ@gﬁ@§mm?*nfh?3§ﬁ§gﬁwﬁgchm@ THREFIPENEY DY sodhvazs wé’ar%ae,m@)hepp

pl asmi d rsQhvet it mbRgrediimBedahde rbh@hd BltdaPsian GickPdde SR a8 I8¢ iglhf‘edof A tattoo
was placed at 2 cmfromthe center in the |eft upper corner of a square

wher e t reaengpijdeléteresh ifgieedediiagngintainghic ¢anstapiecumentd| e of the square, such that
each injection site could be easily identified and di ssected. Al nmajor
surface bl oo sel 1 Tnprell . I i njection
Site . 10013004H 8 PGk EnBURRERS, BOSHn FrELE: B0 BERILELNA Rt le

i nj ect i drandletisssmblje Rtefdratdyl.thethdhdle assanshiy achides theee@lenidnes: 8 kkin elestmdaieut aneous

ti ssue and spall anmount of underlying scle. were imedi atel y dissected
at " oach ity CuE i BERH Reodle el s ch SRISS nSicBBE B vBaring T tiki&ned r oom
using a thd/skih @Mt deRice 361 dAmacHaMel SM@hNThe array cah QRIS arfyRintieF 8PRdedieanal ysi s
of the expression area. Sanples that denonstrated sufficient fluorescence

wer e phalssgpdssieangimaie diffgreyt patial aapgementsegndipeaferaplyincluedd pamberni nor

fl uores r f al0Oto5
Scal e by CRE RS Bl R oA b ol RS PRI T SIS EREE B8 %, ose
wi t h no Ihlappefesekerobqdireritothe heside skuatlevwerde amay edcimralanand cgmpriseythrdenor

fl uorescence .observed but not phot pgraphed to assessed . fromthe
{1 bor eo dBRTE DR SReHes Rlted 18ap BPRERALFRACH, s et sle? SET BRI et nat § on.
EXAVPLE stnall SMPHFRA MnvEhis Pllid¥ment is belléed 30 be apditabt tRd pulteepdi@eh &andi tion
was tabul ated. Figure 10 presents only the conditions were avera%e scores

gure . ] .
wer e abdilestisy figdd géneratignand ganseguenty aplity ffithe sk EPhThe statys phige skin&P( f or
scoring FON) Yy ) . a shows,
t he best&gf\}g?ﬂﬁ%fe?%éyu?lki %gﬁgeg%%ﬁaﬁhgcﬁ eved%g[r}gge?ﬁ% orsf l?@ﬁl-sgl%g%a??%’c skin
array (fsurlsts oogvor Rioge LEDIQ)whithhcdrebe fire varping apiarsipnd pegoamimedto, flishgur e 10)

has t he .same. n rical. score, it J 0.b oted that for the skin array
(e ) © SRR ifin PARRR ebdofifls dfent e RRRESab i ¥ pabl€ P W T ¢ e
| arge array ("LA"), a double quantityomvas used, 1001.1g of plasmd
formulated in 100 1AL. Furthernore, using the optim zed conditions for the
skin electrode array, the procedure tine was substantially reduced: the
observed procedure tine between injection and EP is 4 seconds (see forth
colum, Figure 10) when using the MA, and 80 seconds when using the LA
Many ot her conditions for plasm d dose, formulation volune, lag tine,
current anplitude and pul se Il ength were assayed and are presented in Figure
10. As a general rule, a smaller volunme (nore concentrated solutions), with
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1001391 Animals were housed individually and acclimated for 7 days. On
Study Day 0, aninmals were weighed and bl ed, then anesthetized. Pigs
(n=4/group) were injected with 1 ng of CW-SEAP and CW-GHRH + 0. 1%

pol y-L-glutamate sodium salt at varying concentrations and current
intensities (Table 1). After 4 sec, animals were el ectroporated using
CELLECTRATmM el ectroporati on device (VGX Pharmaceuticals, Inc., Blue Bell,
PA 19422) ((5 needles, 52 mllisecond pul ses,. 1 second between pul ses, 3

total pul .t 0.V ' ent.. (0. 1. 5 i wer. owed to
recover LAF t?\ga?ﬁ}raswgtg? hsng %%%agﬁ'd’ﬁ ?féti) IEIOI l?g}aéedv%'gpgﬂgpshoofﬁﬁgs)g? cc#%g % ?S\rf){g sﬁlﬁléer ecovery.
Any ani fgd.1Mat did not fully recover within 2 to 3 hours post-treatnent

were noted. Pigs were weighed and bled on Day 2, 4, 7, 9 and 11. Food and
vt 2 SUIERLE bl BRLS! e Ia O LS LU  BLocd s
Exper i Magthate]ydf o the S H0HEI oY at(Gn@epbhes (Br dorktkoiier)! TheireRess MadleaRemblyor 1D EP
current cgn_ re]éeive information from the electroporation component (or controller), including the

programmed sequence and pulse parameters, and deliver a pulse of energy to the desired

tissue and maintain the constant current in same tissue. The wireless handle éssembly can

include an internal battery or a capacitor that holds an electrical charge for its operation.

Preferably, the wireless handle assembly will include the feedback mechanism, preferably the

analog closed-loop circuit. The wireless handle assembly can dock with the electroporation

component and exchange information and provide one or more of the functionalities of the

skin EP devices described herein.

[0098] In some embodiments, the electrode array is disposable and removably
connected to the skin electrode assembly. Preferably, the disposable electrode array is a skin

electrode disk, and more preferably, the skin electrode disk is sterilizable.

[0099] In one embodiment of the present invention, the skin EP devices include a
replaceable skin electrode disk which can be removably mounted in the handle assembly. Ina
preferred embodiment, the replaceable skin electrode disk is mounted on the handle assembly
of the skin EP device. Figures 6.1 and 6.2 depict the side view of the electrode array (“6.2.3”
and “6.2.5”). In Figures 6.1 and 6.2, the electrode disk has a plurality of needle skin
electrodes mounted on a support structure in a spatial arrangement for penetrating the selected
tissue, in particular skin. In a preferred embodiment, the spatial arrangement is a circular skin
array. Individual skin electrodes in the needle array on the handle side of the skin electrode
disk are blunt-ended and deburred for insertion into the complementary electrical contact
fittings in the handle. The handle preferably houses an electrical connector from the needie

skin electrodes to the pulse generator or skin EP device.

[00100] Inapreferred embodiment, the needle skin electrodes in the skin EP device
skin electrode assembly as well as in the replaceable skin electrode disk are in a circular array.

In a further preferred embodiment, the plurality of needle skin electrodes consists of three
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CW- SEAP CW-GHRH 10 ng/ L 100 pL ID 0.2 Anp 4 2 CW-SEAP CW-GHRH 2 ng/rnL
500 pa- ID 0.2 Amp

needle skin electrodes. In an additional preferred embodiment, the center of the three needle
skin electrodes fall in a circular array in the shape of a formation inscribed by 2 sides of 5 mm

and a small base of 3 mm.

[00101] In apreferred embodiment, the needle skin electrodes are stored sterile in a
specific packaging system (Figure 9) that allows for rapid change of the skin electrode array

between treated subjects, while maintaining each skin electrode array sterile.

[00102] In some embodiments, a programmed sequence is provided for the
operation of the skin EP devices, which controls whether each electrode of the skin needle
array can function as a positive, negative, or neutral electrode. For example, as shown in
Figure 2C, in a programmed sequence each electrode can function as a positive, negative or
off positioh. The entire sequence in Figure 2C is depicted in which electrodes 1 through 3
become the positive electrode successively, with two negatively charge electrodes at opposite
vertices of the skin array (“2.4” — second column), or one electrode off, one positive and one

negative (“2.4”” — forth column).

[00103] In some embodiments, the electroporation component comprises a
controller; a waveform generator in electronic communication with the controller; a waveform
logger in electronic communication with the controller; and a battery electrically connected to
the waveform generator. The controller can receive an input from the user, instruct the
waveform generator to deliver the pulse of energy to the desired tissue according to the input,
and communicate data to the waveform logger according to the pulse of energy delivered; and
wherein the battery sends an electrical charge to the waveform generator, the battery being a
lithium ion, nickel metal hydride, lead acid, or nickel cadmium battery. Preferably, the device
is portable. The portable device an be operated via a battery pack, and suitable for mass

vaccination for therapeutic or vaccination purposes.

[00104] In some embodiments of the present invention, provided are methods of
using the skin electroporation devices described herein to deliver the pulse of energy to the
desired skin tissue to produce the constant current similar to a preset current input by a user.
The methods include: inserting a plurality of needle skin electrodes into skin tissue without

substantially penetrating a muscle tissue; and applying the pulse of energy to the plurality of
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4 3 CW- SEAP CW-GHRH 10 ng/rnL 100 pL IM 0.5 Amp 4 4 CW- SEAP CW- GHRH 2
ng/ nmL

needle skin electrodes to deliver a current equal to the preset currgnt in the skin tissue; and
measuring impedance of the skin tissue with a neutral one of the plurality of needle skin
electrodes and using a feedback mechanism in the electroporation device to adjust the pulse of
energy applied in response to the measured impedance to maintain the current delivered to the
skin tissue constant. In one example of a preferred embodiment, the methods of using the
skin EP devices include progressing through an electroporation functional sequence such as
‘that depicted in the flow chart provided in Figures 27A and 27B. In particular, 27B.10in Fig.
27B shows a blow-up of the “prodhce ‘current pulse” step and depicts the feedback
mechanism, which preferably is performed by an analog closed-loop circuit and operates in

real-time (or instantaneously).

[00105] Insome embodiments, the methods further include measuring impedance
prior to applying the pulse of energy to determine whether electrical contact is made between
the desired skin tissue and needle skin electrodes. In some embodiments, the methods of the
invention are used to place at least one DNA vaccine in contact with said intradermic or

~ subcutaneous tissue.

[00106] In some embodiments, the methods of the present invention include
recording data compiled by the electroporation device from the delivery of the pulse of energy

to the desired skin tissue.

[00107] In some embodiments of the present invention, provided are methods
comprising the steps of: providing an skin electrode assembly having a plurality of needle
skin electrodes, the skin electrode assembly in electrical communication with a current
waveform generator; contacting skin fissue of a mammal with the plurality of needie skin
electrodes without substantially penetrating a muscle tissue of the mamrhal; and applying an
electrical pulse of energy from the current waveform generator to the plurality of needle skin
electrodes for a time and under conditions effective to expose the contacted skin tissue to a

substantially constant current.

[00108] In some embodiments, the applying the electrical pulse of energy step
comprises: measuring impedance in the contacted skin tissue with a neutral one of the

plurality of needle skin electrodes; and communicating the measured impedénce to a feedback
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500 pL 1M 0.5 Anp 4 5 CW-SEAP CW-GHRH _ 2 ng/ L 500 pi IMO0.4 Amp 4

mechanism in electrical communication with the current waveform generator, wherein the
feedback mechanism adjusts the pulse of energy delivered from the current waveform
generator in response to the measured impedance to maintain the substantially constant
current. In some embodiments, the feedback mechanism is performed by an analog closed-
loop circuit that is part of the electroporation device, and the measuring and communicating

steps are performed instantaneously throughout the duration of the pulse of energy.

[00109] One aspect of the present invention pertains to the skin EP devices, which
enable in vivo electroporation of biomolecules, for example DNA plasmids, into desired skin
tissue or skin cells. In some embodiments the skin EP devices provide a constant-current
electric field to a skin tissue of interest through a skin electrode needle array and facilitate the
introduction of a biomolecule into cells of selected skin tissue, preferably subcutaneous (SQ)
and/or intradermal (ID) tissue. The skin EP devices produce a current pulse train waveform
that passes through the electrodes of the skin electrode needle array in accordance with a
programmed sequence and can be monitored and recorded during the procedure. The needle
electrodes are capable of contacting skin tissue, such as SQ or ID tissue, without substantially
penetrating a muscle tissue. The skin EP devices produce a current pulse train waveform that
passes through the skin electrodes of the skin array in accordance with a programmed
sequence and can be monitored and recorded during the procedure (see Figure 2C). The
needle skin electrodes are capable of contacting intradermic or subcutaneous tissue without

substantially penetrating a muscle tissue.

[00110] U.S. Patent No. 7,245,963 and U.S. Patent Pub. 2005/0052630 discloses
system diagrams of certain electroporation components that can be used in accordance with
the present invention, where they are adaptable into or as part of the skin EP devices. Each
element is described therein in terms of the hardware functionality of such element. The entire
content of each of these publications is hereby incorporated by reference in their entirety. The
sequences of events that are enabled by the hardware are controlled by software or firmware

or combination of both, as described herein.

[00111] Insomeembodiments, the electroporation component of the skin EP device

comprises an electrode-connect relay matrix, which can facilitate the programmed sequence
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6 CM-SEAP CW-GHRH 2 ng/nL 500 p.L 1M 0.3 Amp 4 7 CMW-SEAP CW- GHRH 10
mg/ mL 100 ML IM 0.1 Anp

and operate the firing of the electrodes in the skin electrode assembly. The relay matrix can
control each of the electrodes, preferably needle electrodes, so that each electrode is in one of
five states: off, positive low voltage, impedance-measuring input, positive high voltage, and
negativé (regulating) high voltage. In one embodiment, the relay matrix includes11 double
pole, double throw (DPDT) relays that create a switch matrix. 10 of those relays are driven
using a set of shift registers connected to the serial peripheral interface (SPI) port as an SPI-
to-parallel port. The SPI slave in, master out (SIMO) is connected to the Data-In pin of both
74VHC595 (or approved equivalent) shift registers. The 74VHCS595 has 2 clock inputs. The
universal serial synchronous/asynchronous communication interface claock (UCLK) signal is
connected to the shift register clock input (SCK) pins of the registers used to shift data into
the register. Separate general purpose input/output (GPIO) pins go to the storage register
clock (RCK) clock inputs used to clock data from the shift register, in parallel, into the output
register. The result is the same serial data is shifted into both shift registers, but then the data

is only clocked into the output register of the one to change.

[00112] To drive the actual relay coils, the outputs of the SPI port c.ircuit feed 2
ULN2003A (or approved equivalent) 8-channel relay coil dnvers. This chip is basically an
array of open-collector bipolar junction transistors (BJTs). Each channel output also has an
internal kickback diode across it — eliminating the need for external diodes. The positive side

of the relay coils is tied to 15 volts, while the negative side of the coils is pulled to ground
through the ULN2003A parts.

[00113) There are 3 sets of relays in the contact matrix. An example of a relay
contact matrix can be seen in Figure 26. The first set is actually 1 DPDT relay. One set of
contacts switches the positive rail from the low-voltage, impedance-measuring voltage, to the
output of the 200V supply. The other set of contacts in the same relay switch the negative rail
between the impedance-measuring circuit and the pulse-current regulating circuit. Thus, the
position of this relay sets both the positive and negative rails to either do a current pulse, or to
make an impedance measurement. The next set of relays is the 5-relay set of polarity relays.
These relays, one for each electrode, switch the polarity for that electrode to either the
positive or negative rail. The last set of relays is just an inline set of contacts to allow each
contact to be isolated as neither positive nor negative.To improve the life of the relay contacts,
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4 1001401 SEAP expression was nmeasured in serum sanples using a
chem | um scent kit Phospha-Light Chem | um nescent Reporter Assay Kit
(Applied Biosystens, Bedford, 46 M), per manufacturer instructions, as
seen in Figure 12.- The lower limt of detection for the assay is 3pg/nL.
SEAP | evel s were higher in groups that were administered dilute plasmd
versus the concentrated plasmid in 1Minjected animals el ectroporated at
0.5 Amp (43% higher, *P -= 0.024). Very |low | evel s of detectable SEAP

pr ot ei ntheenarik Gunchnt onlg eraoméot teleditortiesippropeat eldctiddes in the des[red)wé,)l] SEAP

used in this stud |sahun$ rot ei n,.and thus b g(tgl i mmune
S e onedhf pust gt Slagianch SRR Pas oA ar dalisBesy he ot TR Bl T BL) sa
was per LeréRe thénbnidved b&d dng cﬁﬁﬁbtb&e%@@fﬂzdl fSlﬁcQQhegd’o%&BtSSiBQWﬂadnﬁhlﬁl gure 13.

The anti body response in serum sani) es at 11 was graphed with the serum
SEAP r eswitelswhen quaxent is bemp @pplisdcidptifenfdhe ?ﬂné?ﬁﬁ(@nbaﬂﬁa%)éew@eéed anong t he
hi ghest mean antibody titers. [00142] GHRH expression was neasured

using a do""“gdd 154N @{e@&ﬁ%ﬂe%fﬁﬁﬁreﬁﬁﬂh 6(§1’ce(L Eun Eblseyigisquédiwhact or |

or |G-1 results can be seen | own in Figure 14. 1G~-1 is
nmore st aerlgupc &tlemldih Kigwgre Selr and ahdhcrvmthe Iwy'wq:feaslf edsh sumssitpglsarithel G-I RI A
kit. Serum %‘J Ievels at Day 11 post-injection were higher in the group
adni ni st&y 8"H8Ffa8’8 tefitrated plasmid IM(D-1M0.5 A as conpared to the
group admi nistered concentrated plasmd IM(CIMO0.5 A). [00143] The
resul ts indi Paiied ((;h;inoodna,sgecﬁsuwe and route of injection play a very
inportant role in éxpr essi on of expressed and secreted proteins and

I nununogeni c iR tRekA(NE L0 Wb afRinRin@t €i ns. There was a significant difference
between concentrated and non-concentrated DNA as far as expression versus
i t nnunogeni ciSeyling time (¢, ]: @0 k4 AjaxinGin.l expressi on was hi gher in animals
injected I|Mand electroporated with 0.5 Anps current intensity. Lower
-current inteRulsewadthgg)eSd maedO@upr ession levels, but the small nunber of
animal s made the difference non-statistically di fferent. EXAMPLE 6 SKIN EP
STUDI ES | N PFaibtimet(ér) 20 gs madimvet hods Ani nal s

Nominal current (/,):7, €(0.1A, 0.2A, 0.3A ... 1.5A) £ 10% of I, during ¢, and
with R, £100Q. R, is the load resistance between anyone of the 3 electrode sets shown in
Figure 3.3 and 3.4. Only the current waveform is specified in Figure 3.1 and 3.2. The shape

of the voltage waveform depends on the impedance seen by the electrodes while the current

pulse is firing (during ¢, ). The voltage waveform is not specified during ¢, since the

impedance is unknown during this period. The voltage across any electrode set during ¢, is

oVv.

[00115] Although not wanting to be bound by theory, it is believed that
electroporation makes use of the same structures and forces a high ionic flux through these
structures and opening or enlarging the conduits. Metallic or dielectric electrodes are placed in
contact with tissues and predetermined voltages, proportional to the distance between the
electrodes are imposed on them. The protocols used for electroporation are defined in terms of
the resulting field intensities, according to the forfnula E=V/d, where (“E ") is the field, (“V")

is the imposed voltage and ("‘d”) is the distance between the electrodes.
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[ 00145] Young hybrid pigs of m xed gender, three to six weeks of age, with
wei ghts between 25 and 40 kg, were used in the prelimnary studies
(n=5/group). Aninmals were housed at Stillnmeadow, Inc., Sugarland, TX in
accordance with the standards of the American Association for
Accreditation of Laboratory Animal Care. Animals were group housed in pens
with ad libitumaccess to food and water. Aninmals were acclimated for 5
days prior to the start of experinments. Plasmids [ 00146] pEGFP-N1 or
pSEAP- 2 Basi ¢00ya6k orTl(e@egméi@ldiMarwB'Etmb®sanimnpﬂantpalueWAbmfwnn@ﬁt)'ngAere used
in exper P- N B I
(Exp. D BRRsTer I e LR AT e R B R PO
pr ot e| n A(daElla)ng\h_s!fJitadfpdmmeb@wcmm hriyl etexthid fisld bmerghy&iafzinwy@ﬁmemstgnd hi gher
expression in rramml | an cells mgtg%l on maxi num = 488 nn em Ssion

maxi num2ePEBE hiylse Af BEdgETRE Vem HalS RTPRATHORH GriiccrliseRIngCWERD dr i ving
the expregsab@R Abwevetes ol ity ¥PRk&ne el taeod BaRpihal ﬁasz?nés%g&% in the
PSEAP- 2 Basic Vector; th| S pfasm was used 1 n plg experinent (Exp. 2).

Pl asmi dsnswhate eiistradesdile. tlowng umsmmtmccssaﬂyltycxamaian elbttac Reld). A@]w;bmoﬂ nc.
%:tsz\;\gé&agﬁm obeg Rdaﬁ dOt Of(lsﬁlel evéarltt al e egé S?lfcgestslglh §&Se c'g’ as

K& e ro eni C oLy} asm d

prepar atfieflser We Mhe ﬁldtivuﬁ(ﬁﬂoﬂtlﬁb skircEP dl@ld&&tc@freﬂﬁihvfefbﬁmgbﬁﬂrﬁér vhlldiveritaby / wei ght
with poly-L-glutamate sodiumsalt (MM10.5 IcDa average) (Sigma, St. Louis,

MO, furd RestapistuTepteiestried] Rise\ietheRkirity of meedle skin) cleptiodesTrieh At i cs
Di vi si oryet g1 X eftSecutln anlanafar“%feerﬂ@ &ﬁ%%lﬁpﬁd@%ﬁ&ﬁ&ﬁr%é@oﬁ% md

adm ni stration and el ectroporation 47] At Day 0 of Exp. 1, aninmals
ver e weipgtraeabiliyl ofithe stlireinithearcnot dﬂccmim‘hlzcd ER emct&s’@s amduln biomplegul8 Gre

mai nt ena v shte ac | ank shayed and.cl eaned

Cor of ul 1T ng caf'oftpe e wHllp 35 ARl SRl PO R E O i 2 oy
identification. Each plasm d injection was delivered in the center of the
bl ock. Ani mal[80118F ei OredadppbtSeY thej resenDinsentiin pataimus dkih EPndbvidesrisr (see

bel ow), .injecti vQl upes and doses | asm d dose, |njectiagn vol

(50p. g/ 9B ”05’6%29/“1 mremmwmaceige?w%m% sKyn, f@@r%ﬁﬁe

anpl i t udgcanddionu sése@géf&am?r ﬁ.e\éﬁirnl@fddanéeshh@&ﬁ,b@a]eo&o&becmés%tsﬁﬂl area
obser ver in totheldentltleso t he

were scored by an 1 ndepe
t r eat meritssep; sugbsas Sehot Egﬁlaq@hsbsodelup@@mdema@mmns 2 constant cpeend i sgeen  and
fluores u was

cal oul at R o En R A P sion SIS oiPaRLA pRIE LAy, £ BHEChERmSRETE 7)o
conpar echahdnebh«he slaﬁpleamdemhndlhsshnlghmtonemmmase and dé¢figned @ frovide Aseence, no

di stribution; bri htest fluqre , .greatest. distribuytjon), Square
vave pulaé‘eeéSW%“stfg’éﬂn ?'P“é‘ﬁlthee%f% SKi ftrod asserahibripier ereuss iS5 B skin EP

devi ce, pahRufEbkikTHBAGNY AR bE@sfo¥ible RRAlRHRMCI6d disks WiTH4RS-JTRE@RE UL | CS

Di vi sion, The Wodl ands, TX), which can deliver an adaptive constant

current qbrswinallons pekr tagiiehipaiachiind deiych thenediskinglorirods diskiesnd | n al |
4 A
‘(’:“atsﬁsz Orﬂgﬁdﬁl{? g@??@%&%&}%}ﬁﬁ&gﬁ%@%aﬁ S Et? @ga)wgﬁogre%oﬁ% pul se,rrp:md

wi t h oneERBéwvamescdnaitilize batfpny paeks fo@()mm&je'lﬁ/acbd w;xq:resccmﬁs zmdmac/sf aneleetriggled i n
Exp. 1: Od@ el ect rodeara%qgniv ousl| ¥usedfor |nt %cular (1 EP whi ch
is a ci riFLPT 8 BPOVE Ol FEFPUD ff‘i“‘x?@“‘é‘d‘i?&ﬁfsy dﬂ ¥ -ye solid
st ai nl eswc&harh dudaegh 8ickdrRrlsmaMas. nounted on a non-conductive material;
the 1Y SC skin needle el ectrodes consisting of three 26-gauge solid
stainless steel needle electrades,. 3 mMqmmin | ength, placed in an jisosceles

triangle for 80318h (Birmol nglgs dercflelivery dntg cells phs ‘%H@ﬁ“ﬁ’ sugh @s SR t si de
is 3 mMmgdd engide) DNKgﬂ'zf‘n s, @NA]Q%C%Q@HEbN{@ vERL SRS %ﬁ&sgl\gﬁglaﬁbﬁlg nbi Qure

178). [00149]In Exp the animal s were Injected | in EPwith 1
g being mutually excluswe) genes, therapeutic drugs, or other agents, whether complementary

or enhancing agents. Preferably the biomolecules are DNA plasmids that can be expressed in
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PSEAP, as either a standard plasmd preparation at 2 ng/niL (500 tilL,
simlar to an IMinjection), or as a concentrated plasmd preparation at 10
ng/ mL (100 !'1L), and SEAP expression neasured up to 11 days after plasmd
adm ni stration. Blood collection and SEAP assay [00150] On days 0O, 4, 7, and
11 of Exp. 2, animals were weighed at 8:30 AM and bl ood was col | ect ed by
jugul ar vein puncture into M CROTAI NER serum separator tubes. Bl ood was
allowed to clot for 10 to 15 nmin at roomtenperature and subsequently

Co hor u@ﬁ?%"ﬁ@f ggqgféétfgﬁ@é&sm P BiompTichfes 1on cbin B el Biom %ggncﬁgiﬁayed for

SEAP actyh ok fhin Bfd ElgmBi%QuIE’hB%Bﬁééxhb&hﬂaeQ@QH% bidionesisent DREPALRls dhasay Kit
(Applied Biosystens, Bedfo MY, per manuf acturer instructions. The | ower

limt of detection for the assa is 3pg/nL. More concentrated serum sanpl es

were dil utedl80118] i nThed2NA plasmi uwf%ﬁl&hawagm ﬁgentf%ﬂwsmm@mf% fox,. Al
sanpl es d. ysi ﬁH\é] ol ogi es,
O f enburg\géé,?ér @g?aﬁgnzﬁ’ h-@ie %Egéle&?id E%%M@g Iﬁevﬁc}rgﬁest sgg{rﬁg‘ wer e
achi evedmesbngngotr bmirfgemsnhgury andfsddse siateeThe ONA masnags mdxprbas tliel\geaé efft r ode.
However,. the .opti nal sul t el ectrode requir I ng, doubl e
e pl adpietr B Bampiad G e ER RIS aBF LRSS TbPRI 0F ifadd)

f or nul atrgghick the p@fofénesis o £ABBRERE té ElirRiRhté t1RGobi cAulof the ARBAsE, o &y preNent €d i N
5011L with the skin needle el ectrode array &nggre 15). Furthermore, using

the 0.2 tmm@urr@cpef tieglisesp. Fhe/qpeoding gepe dpithe l@ﬁnmasb%ahwlomovse
det er m [ edure
time vva E&ta ?tﬁ%ﬁ aet d(?ué(g‘g:sgﬁﬁg 1-(j'reggedgr z?‘;g {ainqn’lg%l%ﬂ% for%ggetleh nds when
usi ng thmu&ﬂldllseEES dmzh caepysﬁindib&ﬁsismnumtslawldgstmphy.r@enehberh;M canrdgo. beAs a
ener al er v une e .congentrat lutions), with an
et PPBISLET et o ity PRIy ARE il oF e Tk pladfids entbde
growth hormone releasmg hormone or insulin growth factor-I, whether synthetic or natural

forms or full-length or functional fragments thereof.

[00120] Insome embodiments, the DNA plasmids used with the present invention
can be introduced to cells of the mammal for vaccination purposes, or inoculation against
infectious diseases, such as hepatitis, influenza, dengue, Japanese encephalitis, and HIV, for
example. In some examples, the DNA plasmids can express polypeptides that are

immunogenic fragments of viral protein.

[00121] Examples of drugs that can be used as biomolecules for delivery to the skin
tissue by skin EP include chemotherapeutic agents having an antitumor or cytotoxic effect,
including bleomycin, neocarcinostatin, suramin, doxorubicin, carboplatin, taxol, mitomycin C
and cisplatin. Other chemo-therapeutic agents are known to those skilled in the art, and can be
found in references including The Merck Index. In addition, agents that assist
transmembrance delivery (“delivery agents™) are also contemplated as biomolecules for
delivery and can include: N-alkylmelamide and para-chloro mercury benzoate. In
embodiments where the biomolecules are DNA plasmids or DNA vaccines, a further
biomolecule for delivery along with, prior to, or subsequent to the DNA plasmids or DNA
vaccines, is an additional one or more DNA plasmids or DNA vaccines. In embodiments

where the biomolecules are DNA plasmids or DNA vaccines that are intended to express
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Exp. 2 [00153]Pigs were treated using the conditions determned in the
previ ous experinment to be optimumfor the I1DSQ plasm d delivery in
conjunction with skin EP, i.e. 0.2 Anps, 2 pulses, 52 ns/pulse, 1 sec

bet ween pul ses. Animals were adm nistered the sane plasmd quantity, 1 ng
of pSEAP, using the small volunme formulation, or a volune customary for

| MFEP i nj ections. Hi gher SEAP values were obtained using the concentrated
pl asm d preparation, and | ower injection volunes (Figure 16), P <O0.05.
These conditions were further validated in the non-human prinmate

exper i meanges profetidviRhtElidit RRInMATTE réSiPhIe) NENH& biomolem[lé)ﬁbi BdjveRndengswitlgcaques

wer e i nmuni edt WdOS /anti en and then
rani 2810t 6 aes et io i DNA BRSREs & SpeieS g ans A Pt 985 ey so

i nj ecti ?fbtélﬁé WHIOR turthér Ethiafceldre 1mﬂ1etrmohsMg@ta§@u¢ngeﬂ Slein@Exabipiddl ted in
weak cellular inmune responses as determned by IFNy ELISpot in both ID SQ

al one amfisudy smes ajecbpseowhich epepds Pthgy Cé'ralqmesran(l Inngiokepy syroapalphaonever

th
"Dy SO ofeferi ety IS sl B LA AAREG (rie: P Il GREEYES 11 (he
| FNy- pr epideriorag goevth SadtbraEGREIL- /1562, gLeu;iLlsTmbaeﬂha@;démqﬁLds MHC,I
I NMunNo al S seen nmenor
res pongg@%élﬁgé IED}%@FEQ} %ngse f'ﬁ‘ SCHEN teélrﬁ“fjd’e?m dcific
| FNy- pr om0 tieedigrial bBRidetfhsin 15E SQheF getes wiHhSRal meuRtRfidchieahesge di d not

result in a si |f|cant roduction of ’ﬁ%? or env_antibody titers (<50

endpoi neneqding CH—H)\MU’e » MIPAniL B, BANVE, {-s@ieetin, EfselF@BluE‘tSé@FtlnnCB k gag
endpoi n n n t S ijn t he

co-i mmtrﬁl%%mﬁ o%déggp Qﬁeﬁé\g 2 fl?ﬁq El Bisg%gopggi&? I\IEI’] gd% ’pol ari zed
i mmune rI@AM}B,s@Das LxH‘At BrviiOSR] GCSED IL44; 4nitanit Spos aﬁﬂays Chter ChieL,and

Met hods Ani I 155] sus nmacaqu Macaca IVI dual l'y
housed 6Yf‘s°l‘3 @% ngr?‘g'ﬁl‘ fl%ﬁﬁ)“( VF?‘I’“&EE@%M legrmhrfa‘ftﬁé &bandar ds
of the mﬂeﬁﬁﬂorAFﬁoﬁrb@llﬁB WOL- ADRE dIRANP 0Ap© S, AR QAR INGERi DR4, Car e,
with ad |ibitumaccess to food and water. Aninals were allowed to acclimate

for at MTRSKIBOERARAILNRZERIGK: RR6Sraspase {GE.diog, c-ienSer i Aent 4prbn38.[ 00156]
P' asm d%ﬁkﬁ&%}b@ﬁﬁﬂ( TRAFE kB Eina @iV Nl \AWK P8 A8 T Wi RrdhEGohdd i s

genes, NFkB, Bax, TRAIL, TRAILrec, TRAILrecDRCS, TRAIL-R3, TRAIL-R4, RANK,
RANK LIGAND, Ox40, Ox40 LIGAND, NKG2D, MICA, MICB, NKG2A, NKG2B,
NKG2C, NKG2E, NKG2F, TAP1, TAP2 and functional fragments thereof.

[00122] One of ordinary skill understands that numerous changes and modifications
of the skin EP devices can be made without departing from the spirit and the scope of the
present invention. The skin EP devices can include any number of electrodes, such as a three-
electrode array arranged in a different pattern, which can be seen in Figure 11. The distance L
1s chosen so that the energy intensity at point B is one third of that at point A. After three
pulses, (1 to 2,2 to 3 and 3 to 1), point B has received a cumulative dose equal to that of point
A. As the number of electrodes in the array is increased, the distance L necessary to yield a
uniform energy distribution becomes proportionately longer. L =k x n where n is the number
of electrodes, and k is a proportionality constant. Thus, by selecting a greater number of
electrodes a greater volume of tissue can be encompassed. The optimal number of skin -
electrodes chosen may depend on the volume of the material to be transfected and how far it

is dispersed between injection and electroporation.
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pGag4Y contai ns an expressi on cassette encoding for a gag protein of H V.
The Gag4Y gene was subcl oned into the expression vector, pVax (lnvitrogen,
Carl sbad, CA), for further study. pEY-2El-B contains an expression cassette
encoding for the envel ope of HV clade B. W.WV104Mis a plasm d encoding a
rhesus |IL-12 gene. Plasm ds were obtained using a coommercially available .
kit (Qagen Inc., Chatsworth, CA, USA). Endotoxin levels were at |ess than
0.01 EU/ gg, as neasured by Kinet hs@ﬁlﬁgeni c LAL (Endosafe, Charleston,
SC). Plasm d preparations were di sterile water and fornul ated 1%
wei ght/wei ght with poly-L-glutamate sodiumsalt (MA£10.5 |cDa average)
(Sigma, St. @123} NBe présertiinesntibiisCuyher ituseatedin tHe&folRvngBeaiecal s,

| nmune Thera eutics vi si on,_ The Wodl ands, | nmruni_zat i on
[00159] shepléya upderaiper hat ibese Bramplesy whtlq @@wanprﬁ@ﬁe&awg#wvm with (n

= 3/ gr oup)enabil afé hRH by @/ay' 0B IsR4n gxﬁf/ epl%h{‘ ¢heChelel EGIRAE BnagdRAPhEEe

constant current g\%dew ce (as in 3, above) and skin needle
el ect rod?ecampfea,yme skited iri tilatan@arsasweltéen ﬁ@@mhﬂ@hmapnmskéthwpavﬁntloand ani nal
were bl ed,ev asur bod ceII spons The
et ige ol SeBralectm s B soBRk b0l R e ion SRR SR g
and env)mdiiificatibnslef ¥ piventidng adhstdniodvaridsudisagely aﬂdamhdmbﬁs Thuglvarigusof 200ulL,
split into. 2 ID/S(e})fl nj.ecti.on S|%tkﬁs per aninmal. The subsequent t

1

i mruni z ARedshcatigRs rinyntige iR addior tofhogs shoymang desgribed e‘&r’fﬂ}mh? 12
pl asmi dsap&ﬁ@i%t& fbad aknfﬂeh it} m@a}eh%%e @#@%Ge&ﬁgﬁ&nsﬁ&smmﬁ&a&&swm& to

achi eve gher plasmd dose in the enti cal volune as the previous two
i muni zatltlemtOEﬂlb\&ﬁhlo;ﬂmsaop@mftMmdedﬁkﬂmre 0.2 Anps constant current, 2
pul ses, 52 nms pulse length with 1 sec between pul ses. Bl ood Collection

[ 00160] Ani mel oy € St &Y B DO RIS hOlor 1 i 344 9ine Wpsicat udy. 10

nL of bl ood were 1so st andard
Fi col | - m,epcﬁﬂ;uehﬁemﬂxlai/élﬂglaDN(Nboathm pre&mgedodemtmmmmimimmde graint ure

medi um (RPM . 16 th Lgl ut am ne I enment ith 109

noat - 1 nabERYiEs GUDNA AP EbUR aeSaft i OPIGUT LR SRR RSk R

st rept OMfjettibn REKmep idediM25-280 rmrcecﬂi@ér@qpn;anqb JonfeB&mbowmenth,ythe DMt h ACK
| ysis buffer (Canbrex Bio Science, East Rutherford, NJ). Enzyrre Li nked

| mrunos detrewlations baye high PNACORGOtr&Ins; sieh 35-19ng(mhen gregir fng DNAdyalumesf; ed
over ni gg%n%{‘m&?b % 1lab8'f %Wgﬁﬁﬁho“a\!aaﬂ\;&@ oeftrddion Q'Bil'&'gwdes

(I munoDiagnostrcs urn termne ag and env Tesponses
respect ifvsegan cfﬂaanms cxdeN/emh 200 (i aOfotrhglayveld mak pbf{fmnbig gsamn quardikibsiofi n served
as a ne ve 5@ i‘ g P| at es were bl ocked with 3% BSA-PBST for 1 hour at
37C. Pl 8 APLHLRL PMt2ubat ed with four-fold serial serumdilutions for 1
hour at 37C. Goat anti-nonkey |IgG horseradi sh peroxi dase conj ugat ed

anti body was [00125] adtigdDMA pladmill, f0PAselivithit the RkinMEP Rewiogdd{Cehe Spresbiir or a, OH)
to the plates and_ incubated for 1 hour at 37C. _ Tetramet hyl benzidi ne (R&D

syst ens, IDKAHAB &ABPF formpfaied Rramaugagures ¢Rit&en SPMPIRANGN oft OWRMEVICEH RN ons wer e
stopped Wit bipretrabfyhd Rt maARTRdthred Ssih AN optietifed iR midRania&ehing

technique that is described in a commonly owned, copending U.S. provisional application
U.S. Serial No. 60/939,792, which was filed on May 23, 2007. In some examples, the DNA
plasmids used in these studies can be formulated at concentrations greater than or equal to 10
mg/mL. The manufacturing techniques also include or incorporate various devices and
protocols that are commonly known to those of ordinary skill in the art, in addition to those
described in U.S. Senal No. 60/939792, including those described in a commonly owned
patent, US Patent No. 7,238,522, which issued on July 3, 2007. The high concentrations of

plasmids used with the skin EP devices and delivery techniques described herein allow for
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[00162]1gG end-point titers were defined as the reciprocal serumdilution
that resulted in OD values that were greater than twi ce the average OD

val ue of the BSA wells. Enzyne Linked |Inmunospot Assay (ELI Spot)

[ 00163] ELI Spot were performed by using 1FNy or IL-4 capture and detection
anti bodi es (MabTech, Sweden). Antigen specific responses were determ ned by
subtracting the nunber of spots in the negative control wells fromthe

wel I s containing peptides. Results.are shown as the nean val ue :
(spots/mllion splenocytes) obtained for triplicate wells. Statistical

Anal ysi admifistedabar plastiisdmaltie HEISCsspage iird m@aﬁphwdxom{d ar #ds mnd
expressed as, neans SEM . Non- human Pri mat St ud 165] Rhesus
macaque§"Wé’F@g|‘?’fﬁi?ﬁ?'%‘éan%’f"ﬁ“‘aﬁtﬁoﬁeféﬂts ’& g‘?ﬂjL A, yct s and

pl asmi d-g gp%dsérm?ms 6b/939.20P&hd 9@%%?%89993 fszzec#egpectﬁlegua& Heféby the

devi ce U in the pigs experlnents were al so used he “hon- human
pri mat esnc(oﬁrog@tctbmltﬁﬂ) entifetyee ani mal s were i nmuni zed by ED/ SQ i nj ection and
three animals were imunized with |D/SQinjection followed by skin
el ectroporation (I D SQ+tEP). The aninmals were i mmuni zed five tines at weeks
0, 4, 8, 12, 16. Blood was collected every two weeks and ELI Spot assays
were performed two weeks after each imruni zation, while ELI SA assays were
performed four EXAMPEE1cOPERATIONOF PHE KIbE CEROEKNERNGIDEVICE 00166] The
i nduction of the cellular immune response after each i muni zation
(“SKIN EP DEVICE”) FOR SKIN ELECTROPORATION
[00126]  First, the power to the skin EP device is tumed on. The firmware remains

in the idle state until input is received from the user. To start an electroporation sequence, a

password is entered to obtain an introductory prompt on the LCD. At this point, the handle

assembly activator switch is pressed. The user then enters a number, preferably a subject

identification number, which is logged with the data of every pulse stored for later download.

The number is preferably entered using a numeric keypad. The biomolecule formulation is

than administered as an ID or SQ injection in a reasonably small injection volume, ideally 25-

200 skin liters and the skin electrode array is inserted into the skin to completely surround the

injection area which is easily visualized. The user is then prompted, via a “beep” from the

buzzer, to press the activation switch to continue the electroporation sequence. After the

activation switch is pressed, the firmware establishes whether or not the impedance tester is

enabled. If the impedance tester is enabled, the software immediately performs a series of

impedance measurements. The firmware tests the impedance between electrodes with a low

DC voltage.

[00127]  After the electrodes have been inserted into the target tissue, and during the

impedance check, the processor checks the conductivity of the tissue at the electrode level.

This is done to ensure that electrodes are making electrical contact with the target tissue in the

patient. These measurements are performed in a matter of seconds with enough time to

achieve accurate readings, often less than 2 seconds. During the impedance testing, ared LED

on the handle assembly is lit. If any of the impedance measurements fail, a long error “beep”

will sound, the handle LED will stay red, the LCD will display the error, and the firmware

will return to the idle state.
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was determ ned by | FNy ELI Spot (Figure 18). After one | ow dose i mrunization
of 0.2ng per antigen, both the IDSQ and the 10 SQ+EP groups had very weak
responses (72 11 SFU 106 PBMCs and 85 34 SFU 106 PBMCs, respectively). A
second | ow dose i muni zati on doubl ed the nunber of |FNy-producing cells in
the ID)SQ group (173 77 SFU 106PBMCs) and tripled the response in the

| DOF SQ+tEP group (287 34 SFU 106 PBMCs). Havi ng observed a very weak

cel lul ar response followi ng the two | ow dose i nmuni zati ons we used a hi gher

dose (1 ng per._anpti of DNA for the next three i ni zatiqQns. The i mmune
response di d[‘Wé?sli ngfag@ﬁasé'feﬂfﬁ“*si%talsﬁ)o% q’?ptﬁé""l‘ﬂ% &R 23t M5n in the
D SQ ghgidRe hskéfblyfid iR l@@&’l@ﬂgﬁbronmwﬁiéQYsert Reprédd R AER aGbP sPitdh @ boost
with the higher dose to double the anmount of antigen-specific

| FNy- pr eeniniuaglhedirmsvateagats farghe igmdleiagdvatensyitch tpihe pushiedagain teecontinugnuni zed
for a fqurth ti wth the.l - At hr ge- d »ea$q..0 N | FNy
respons SRR REa SRy ol e RS s P M hd g Bl LG RARGe

i Muni zasinded adrthe umi ilbfetiirl @SthPBNESthte. AS with the third i mmuni zati on,
delivery of the_high dgse of . with skin EP resulted.in a doubling of the
Eny T2 pons 81206 The S prai a5 e g sEREn A TSRS gl plsng
antigen-ﬁ%@;ﬁ-ﬁ §d1ccté e PRARSHE d¥IR/eB, STRhH ALEIIdoP pilke diltRerky RS EP AEEG zat i on
(1453 875 SHU 1(t)6 PBI}/Eﬁg). Thee%i ast i muni zat iooﬁﬂf urt heerr%ydoubl ed the anount
of | FNycpatosiagsingdjoss lits output hase€&ph e gesistancg oFsuredom tBEtirg@aisRBMEy) . Menory

T cell Responses 1001671The i nduction of robuyst nmenory T cell response is
an" npor CRNEe SCBeR ol 0% SeRior i & R R ROkt eopnE Bkl P T el

popul at isequehd¢echycetingyhetdesired BLPQ duiAni Ieval ri thattolf dmeset BhrtdBpedluesnedradtys was
perfornmed 10 weeks after the | ast DNA vaccination (Figure 19).. The |D SQ+EP
group h3dsy: Mﬁﬁwqu@awgﬂmgea@ MO8 RRSSHROPETEHE Cwﬁgwpwﬂ@awanﬁhe ED/ SQ
group ( 98esttodid ctifcht b}%us%ﬁg/gg]ée)@?ﬁ%@gpé@%?&ﬁ&HeV&q&bdesI;li&% t%g@tel !

Responses [00168] St udi es_usi'n ne g skin imuni zati ons have
denonst riasusdesistance pinges Buring thy feliverefdls pplscef ¢nergystbeproeessorirgeprdsdhic it has
been sh [ ' V. - apse Lf IL-12

o7 ot i n Auds "Areh e iR P s R T p A Elcha RSB 1 o

i mTuni z aktiag thaatesipsdrdugruiredtrdnd todt et suctetimb oV the $eguere d€pulvsriyowpul d | ead

to an induction of THL bi ased respons Fi gure 20 The inducti on, of

ant i gen-R§JILFISHY rW%‘E%ﬁBYFg%‘?’ %ég”tﬁléﬁ}‘&gﬁ}i‘?rf@ﬂra‘&y‘éhe PYTeRt RS ’l%B’t‘tﬂH’s say 10

weeks  afif&fet ]Sz{?ﬁnétbﬁ@hﬁﬁgml(:'élh&ﬂipbfhﬂon géghex@alm@éb@, ihﬂ)rifnlhm% theAsSf M dr oup had
y

a negative IL-4 response (>50 SFU 1 PBMCs) and on one animal in the

1D/ SQ+ERhgelearophration sgguericeioy treatment wasdpahsw nptt 36 SFU/ 106 PBMCs), suggesti ng
a predom nant TH 1 response.

[00130] © When the EP sequence is completed successfully, the skin EP device
returns to the idle state. There is further visual confirmation of the successful generation of an
electric field on the LCD following the completion of the electric pulse sequence. Following
each sequence, the LCD will exhibit a list of three or five numerals, either “1” or “0”, one for
each of the pulses of the electroporation sequence. A “0” indicates that the pulse was normal
and a “1” indicates that the pulse was abnormal. More specifically, each pulse must achieve at
least 90% of the set current to be described as normal or a “0” will be displayed in the LCD. If

‘tl”

a certain pulse achieved less than 90% of the set current, the pulse is abnormal and a “1” will
be displayed. Furthermore, the lowest and average current of the abnormal pulses are
displayed. For example, for a five pulse electroporation sequence set at current of 0.5 Amps,
if pulses 3 and 5 achieve only 0.4 Amps and 0.3 Amps, respectively, “00 1 0 1” will be

displayed as well as “Low: 60% Average 80%”. This control mechanism is essential when

42



Hunoral Responses [00169] A weakness of DNA i nmuni zations lies in its
inability to induce anti body responses in non-human primates and in human
ckinical studies. Each group's ability to induce both H V-1 gag and env
specific antibody titers to reconbi nant p24 and gpl60 anti gens was

determ ned by an ELI SA assay (Figure 21). For both antigens, the ED SQ
group did not show significant antibody titers (<50 endpoint titer). The
ED/ SQ+EP group devel oped a | ow | evel of antibodies after the second | ow
dose i I.Zas |.on: ' ' ' : r.eat: odyction of
ant 1 bod o0 e VEBeERE BRtbuIc s Blopn AL oo G Shop R BRI The

t hird i berinademhicothers is h higherdbabhityl tmethe fantidddy (02 2800 @Eponskn heddedifort i t er s

wer e boosted through the fouyrth.i nizati on (8800 40Q0).. The.env anti body
5 pono BEMEEas PG oD ol PR POuEN Lo R BOREAL B bkt e RGP g S Gk gan w ¢ h
the I D G8diHePaR20@s3i ng low titers (<50 endpoint titer) and the | D SQ+EP
group reaching a maxi num endpoint titer of 1600 800. IMvs |ID SQ

El ectroporation [00170] Rhesus macaques were i muni zed three tines with the
same HI'V gag, env angdyhhhbrg3a Pﬁqut ‘Kﬁ?’s(lﬁogi #%%é%ove) at 1.0ng/ nm
by I M i nmuni zati on. mparrng the I hduction of cellular I'mmune responses,
both the IMand the ID)SQ routes had simlar |evels of |IFNy-producing cells
after the fi WO | niizati.ons.. I n contrast, .imuni.zation by.ED SQ+EP
Fesul ted i n YA oveF SKiBED Aot f gtmy steehet € e HEF JBAE-ai dose

| MTuUNi Zghd QBragOMRRLSS14iR hi&Y: Fidk€2C INRrhBIMHZRri ONSE datd 1Rat by BT EP gr oup
had H V gag endpoint titers that were twi ce that of the | MrEP group.

[ 00171] coliectedalyang thsetactrepnrationpsoqesse d he kirsh sestieripEthe fitedtepdrt eanthios thgel i very

{hose ady BEg ST EA F Bhim PAGRTFEE ) TRE it BT A TR RGBSR o

r espons slse¢ imdaquetcd) theotattatmat@pdore pulsing hapuldd vaidth] &Xd$Kg pulsetcerrert Fixgachl | Spot

and HV ELI resul t.s tak after 3 high dose. (1.0 ng/. antjgen
e 7 et Pl Fibute B S0 e ERar T R RO SR BBk N £
A. Pl asghghigupdiohldiCdash BRI 1ARingDd Givieh Pufse GYGRIBI Atigler 218 ill¢shhfes Ar oDt er

or a nuscle specific synthetic pronoter (SPc5-12) drives the expression of
human sdermatied version b @i third pReion ipé 1M dateHiar heesamngElgoiroparatiane ThsENPIS? Basi ¢
Vect or [ Nen s n . d-shifted
Vot one PSR ST LS Althoh KRSy AW wboni 400, 1.
pPEGFP- Npastedintha tbraplateddicraspft Ertet Sprehdshedd fileg GbRmn Inule specadsheet repaebediti gher

expression in mmal jan cells xcitatio Xi mum = 488 nny em ssi on

maxi mumreased alaER ) and Erise ATER e theSleauoRraton BURGALRELES et s (Exp.
2) . Pl aghlcaigtedeicfic @i nde (OMAL) Datd d6WHIRBACE alet smANAEILARIdRs Wefe uséd iagen | nc.
Chatsworth, CA). Endotoxin |levels were at |ess than O. as neasured

! CA). S We . 01 EU pg,
by Ki netigs €in pillgé almosideubletharkipresastanysshanadtenysingdager elenirodesde0 YA and NA
construqégz £ gener ated by anal yzing primary virus sequences from 16 H5
Vi ruses at have proven fatal to humans in recent years, and over 40 human
N1 viruses. These sequences were downl oaded fromthe Los Al anbs Nati onal

sequences. the cEAeMELES REASVHTPRRIGR: phLIFERYELORS, B oo ee"e"

including the addition of a Kozak seguence codon optim zation, and RNA
optim zation. These cons-Em@tlgWE QXHBII &Y into the pVAX vect or
(I'nvitrogen, Carlsbad, CA). Unless indicated ot herw se, plasnmd

pr epar at i ons [P diRlasmid constryetion; pPRGERING (Clantgch, Movntam \Sgw1GAwsEd#t / wei ght
ith poly:l-gl (S gma,  St.
Lout s 15 St ATBCHRAHENE, 3ftded ¢ t0lapirivaan o WO YR I R AT™

Ther apebeerc opfinviedi fon brigher \fuocdseemds , and X)igher expression in mammalian cells

(excitation maximum = 488 nm; emission maximum = 507 nm.) pEGFP-N1 encodes the

GFPmutl variant which contains the double-amino-acid substitution .of Phe-64 to Leu and

Ser-65 to Thr. The coding sequence of the EGFP gene contains more than 190 silent base
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B. Reporter Cene Experinents in Mce [00173] This study tested the delivery
and expression of SEAP or EGFP-expressing plasm ds to determ ne which
electroporation paranmeters (lowest effective current), lag time (tine

bet ween injection and onset of electroporation), fornulation and target
muscl e i npact expression and anti body | evels. Animals were el ectroporated
usi ng the CELLECTRATmM skin EP device (including use of 3 x 26 gauge

el ectrodes) with varying current and lag tinme for either IMor 1D

I nj ect i ohangeq O8it¥4prrespond td hmhareoqnlen-lumg&tpréﬁepceslchugn@ultbhnloﬁg EG&FPB16 mi ce

10/ t 10 d P und
e contith best camvered et Kgeali comsenyirateios REAGR st O/RES MORSERS) | o
the ti b'tr%élz&xd’i‘ﬁfﬁéié&? if Tdhar{tic G8H. FSWO%mﬁ&n@ﬁhoﬁ‘é@ﬁi@d&%ﬁehﬁ%ﬂﬂem of 4

or 80 seconds and 0. 1A constant current. "A coOntrol group received the
pl asmi d EGFPrgene direohproperrro@ssingyef tRF) endhalicthe EGHRIMRINSURe wsttorbackbeng recei ved

e 9L TRb AN GRRSE VA0, A1 SHRAESPINARRREE! LA UERIR AL ayycbackbone

(NB) , cal” pro ransgene an on signal, in
TA and GntigeacAaesonvytih- resﬂsiamethnsette (EEbr) [cofsistink dfmdmwmlgrp@brﬂmaemerrent

D RSy oot el A b o b B Y £ 1
concent LRt 1ANthhidlfk KiRHsEkerR! alibw¥{aBly trafifelied edkM’}Bﬁc Jzéﬁs o BRQLIBEARN Of

di ssected skin and nuscl @ sections were taken and fl uorescence was neasured
5 days god8- Arhaetemal@mmqtpremsgmpéﬁnmssegeexmdsswkaanmmaemqmmn Bbserver

blind t ¢ I
oL 1 8o ARSI | a9y IR @n;?fy, "
conpar e. teli hrhEarsﬂmpnlgmMtlhglbh&aﬂﬂegmpmdpcthI on (0 = no fluorescence, no

di stribution; ri,ghtest fluorescenc reat est dlstrlbutlon [00176]
In the thi rd[%agle (gl%é’r"lpﬁfé’ﬁ‘f’ n (gapgitions. g‘i‘é?g GriY§sPYses H‘F?eufﬁgr Alup for a

total OfexB@inhenee FIRIr6pdtaesh dohdiabhs Ak staqusdl(dauﬁmfo%&)h SBEfmént) BGhled with
50 jig of CW-SEAP (at 10 ng/nL) at vargmpg formul ations (saline, saline +

1% LGS, careseronsiagt ewrrent yoas \uses) ahfAd cOdr Amps.i Witk Ason 3 @ulsesforal or\idr e

el ect 1 0parAL ek Wil 4 SCCOR S ol 6wl Pkl YhOoRHEr S E60udbfbel © O 24

for I Minjection
electroporation device (previously used to deliver biomolecules to the skeletal muscle)

contained a circular array (1 cm diameter) of five equally spaced 21-gauge solid stainless steel
needle electrodes, mounted on a non-conductive material. The skin electroporation skin
electrodes consist of three 26-gauge solid stainless steel needle electrodes in an isosceles
triangle formation (two long sides are 5 mm in length, and the short side is 3 mm in length),
mounted on non-conductive material.

[00134]  Intramuscular injection of plasmid DNA in pigs. Young hybnd pigs of
mixed gender, three to six weeks of age, with weights between 15 — 40 kg, were used in the
GFP studies. Animals were housed in individual pens with ad libitum access to food and
water. Endotoxin-free plasmid preparations were diluted in sterile water and formulated at 1%
weight/weight with HPLC purified low molecular weight poly-L-glutamate (average MW
10,900). On Day 0 of the experiment, the animals were manually restrained and the GFP
plasmid solution was directly injected ID and /or SQ as described. A tattoo was placed at 2 cm
from the center in the left upper corner of a square where the injection site was placed in the
middle of the square, such that each injection site could be easily identified and dissected. All

major surface blood vessels were avoided when finding an appropriate injection site.
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[00135]  Skin collection. The pigs were exsanguinated and the injection sites
identified. A 2.5 cm square area of the skin, subcutaneous tissue and a small amount of
underlying muscle were immediately dissected at each injection site. The dissected area was
observed in a darkened room using a uv light at 365 nm wavelength.

[00136]  Photographic analysis of the expression area. Samples that demonstrated
sufficient fluorescence were photographed using a digital camera. Samples with no or very
minor fluorescence were not photographed. The fluorescence was scored on a 0 to 5 scale by
three observers blinded to the treatment. Zero assigned to those with no fluorescence, 1 to
those that were noted as having very minor fluorescence observed but not photographed, and
3 to 5 assessed from the fluorescence photographed. Samples were saved for histological

examination.
EXAMPLE 4. COMPARATIVE STUDY

[00137] Data from all tested condition was tabulated. Figure 10 presents only the

~ conditions were average scores were above or equal to 2, while the maximum possible scoring
is 5 (for scoring explanation, please refer to paragraph [0099]). As the data shows, the best
overall results have been achieved using the skin-specific skin array (first row, Figure 10).
While the next group (second row, Figure 10) has the same numerical score, it is to be noted
that for the skin array (“MA”) only 50 pg of plasmid formulated in 50 pL was used, while
with the large array (“LA”), a double quantity was used, 100 pg of plasmid formulated in 100
pL. Furthermore, using the optimized conditions for the skin electrode array, the procedure
time was substantially reduced: the observed procedure time between injection and EP is 4
seconds (see forth column, Figure 10) when using the MA, and 80 seconds when using the
LA. Many other conditions for plasmid dose, formulation volume, lag time, current amplitude
and pulse length were assayed and are presented in Figure 10. As a general rule, a smaller
volume (more concentrated solutions), with an adequate plasmid dose was found to yield

better results.

EXAMPLE 5 INTRADERMAL DELIVERY COMPARISONS WITH
INTRAMUSCULAR DELIVERY IN PIGS
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[00138.] The delivery and expression of concentrated doses of CMV-GHRH and
CMV-SEAP plasmid delivered intradermally (ID) or intramuscularly (IM) in pigs were
compared. The results demonstrated which delivery method yields the highest expression in
pigs using both secreted proteins (SEAP, GHRH) as well as testing SEAP immunogenicity in
pigs for the first time.

[00139] Animals were housed individually and acclimated for 7 days. On Study
Day 0, animals were weighed and bled, then anesthetized. Pigs (n=4/group) were injected
with 1 mg of CMV-SEAP and CMV-GHRH + 0.1% poly-L-glutamate sodium salt at varying
concentrations and current intensities (Table 1). After 4 sec, animals were electroporated
using CELLECTRA™ electroporation device (VGX Pharmaceuticals, Inc., Blue Bell, PA
19422) ((5 needles, 52 millisecond pulses, 1 second between pulses, 3 total pulses) with
varying current (0.1 to 0.5 Amp). Pigs were allowed to recover from anesthesia and
monitored for 24 hours to ensure full recovery. Any animal that did not fully recover within 2
to 3 hours post-treatment were noted. Pigs were weighed and bled on Day 2,4,7,9 and 11.
Food and water was available ad libitum for the length of the study. Blood was collected for
SEAP, SEAP antibody ELISAs, GHRH, and IGF-I.

Table 1. Experimental group summary.

Group Plasmid Dose Injection | IMor EP n=
Volume ID current

1 CMV-SEAP 10 mg/mL 100 uL D 0.2 Amp 4
CMV-GHRH

2 CMV-SEAP 2 mg/mL 500 uL ID 0.2 Amp 4
CMV-GHRH :

3 CMV-SEAP 10 mg/mL 100 puL M 0.5 Amp 4
CMV-GHRH

4 CMV-SEAP 2 mg/mL 500 uL M 0.5 Amp 4
CMV-GHRH

5 CMV-SEAP 2 mg/mL 500 puL ™M 0.4 Amp 4
CMV-GHRH

6 CMV-SEAP 2 mg/mL 500 puL M 0.3 Amp 4
CMV-GHRH

7 CMV-SEAP 10 mg/mL 100 L M 0.1 Amp 4
CMV-GHRH

[00140] SEAP expression was measured in serum samples using a chemilumiscent

kit Phospha-Light Chemiluminescent Reporter Assay Kit (Applied Biosystems, Bedford,
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MA), per manufacturer instructions, as seen in Figure 12. The lower limit of detection for the
assay is 3pg/mL. SEAP levels were higher in groups that were administered dilute plasmid
versus the concentrated plasmid in IM 1injected animals electroporated at 0.5 Amp (43%
higher, *P = 0.024). Very low levels of detectable SEAP protein were found in serum from
~amimals injected ID. |
[00141] SEAP used in this study is a human protein and, thus, it elicits an immune
response in pigs. The measurement of the antibody response using an ELISA was performed,
and the results can be seen in the graph shown in Figure 13. The antibody response in serum
samples at Day 11 was graphed with the serum SEAP results at Day 11. The concentrated
plasmid samples yielded among the highest mean antibody titers.
[00142] GHRH expression was measured- using -a-downstream hormone in the
GHRH axis, insulin-like growth factor I or IGF-I. The results can be seen in the graph shown
in Figure 14. IGF-I is more stable protein in the serum and readily measurable using and IGF-
IRIA kit. Serum IGF-I levels at Day 11 post-injection were higher in the group administered
non-concentrated plasmid IM (D-IM-0.5 A) as compared to the group admimstered
- concentrated plasmid IM (C-IM-0.5 A).
[00143]  The results indicate that the volume and route of injection play a very
important role in expreésion of expressed and secreted proteins and immunogenicity against
those proteins. There was a significant difference between concentrated and non-concentrated

DNA as far as expression versus immunogenicity.

[00144] IGF-I expression was higher in animals injected IM and electroporated
with 0.5 Amps current intensity. Lower current intensities gave lower expression levels, but

the small number of animals made the difference non-statistically different.

EXAMPLE 6 SKIN EP STUDIES IN PIGS
Materials and Methods
Animals
[00145] Young hybrid pigs of mixed gender, three to six weeks of age, with

weights between 25 and 40 kg, were used in the preliminary studies (n=5/group). Animals

were housed at Stillmeadow, Inc., Sugarland, TX, in accordance with the standards of the
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0:10.20.10.20.10.20.1210.20.120.20.10.20.210.20.155555555
55555555 [00177] In all cases, aninmals were acclimted for 3 days,
wei ghed and ear-tagged. Food and water were available ad |libitumfor the

| ength of the experinment. On Study Day 0 animals were wei ghed, bled and
anest heti zed using the conbination anesthetic for rodents - xylazine (37.5

ng/ mL; QnReridth/ A3 StRATo PR eRLON bY LatoRitar Afinfal ClreMAhiftals Weldlfoup-/ 10
grans body weight), acepromazi ne &0.37 ng/ mL; 0.025 nl/15 grans body

wei ght ) hopseddmpenswath addiritin secspsetd fgnsrand sgtegrinimalsavesgacelypatedfasd davor Exp. 1
and 3, blﬁ]%gflotwgaaﬁ%%@%kﬁg t\éi a retroorbital bleed and allowed to clot. All
00 n {

col I ect & was C rlguged to isolate serumand plasma and then
aliquoted into tubes on ice for SEAP assays and anti-SEAP ELI SA, as

per f or metlagwidsyi ously with mnor nodifications. After Day 14, all animals
wer e exsangui nat ed under surgical plane of anesthesi a.

[00146] pEGFP-N1 or pSEAP-2 Basic Vector (Clontech Laboratories, Inc., Palo
Alto, CA) were used in experiments 1 and 2, respectively. pEGFP-N1, used in expenment 1
(Exp.1), encodes a red-shifted variant of wild-type green fluorescent protein (GFP) which has
been optimized for brighter fluorescence and higher expression in mammalian cells
(excitation maximum = 488 nm; emission maximum = 507 nm). A ubiquitous
cytomegalovirus promoter (CMV) was driving the expression of a secreted embryonic
alkaline phosphatase (SEAP) in the pSEAP-2 Basic Vector; this plasmid was used in pig
experiment 2 (Exp.2). Plasmids were obtained using a commercially available kit (Qiagen
Inc., Chatsworth, CA, USA). Endotoxin levels were at less than 0.01 EU/pg, as measured by
Kinetic Chromagenic LAL (Endosafe, Charleston, SC). Plasmid preparations were diluted in
sterile water and formulated 1% weight/weight with poly-L-glutamate sodium salt (MW=10.5
kDa average) (Sigma, St. Louis, MO), further HPLC purified at VGX Pharmaceuticals,
Immune Therapeutics Division (The Woodlands, TX).

Intradermic/Subcutaneous (ID/SQ) plasmid administration and electropbration (EP)

[00147] At Day O of Exp. 1, animals were weighed and anesthetized with
isoflurane (5% induction, 2-3% maintenance). Two 3” x 3” sites on each flank were shaved
and cleaned carefully. One inch blocks were marked off using tattoo ink for later
identification. Each plasmid injection was delivered in the center of the block. Animals
received ID/SQ injections; at various EP conditions (see below), injection volumes and doses:
plasmid dose, injection volume (50ng/50uL, 50pug/100uL, 100ug/100uL, and 200pg/100uL),
current amplitude and pulse length were varied and biopsies of the treated area were scored by
an independent observer blind to the identities of the treatment groups. Photographs of
dissected skin sections were taken and fluorescence was measured 5 days post-injection. A
numerical score was calculated based on the area of distribution and fluorescence intensity, as

compared to the sample with the highest expression (0 = no fluorescence, no distribution; 5 =
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C. Analysis Blood collection 10017810n days 0, 4, 7, and 11, mce were

wei ghed and bl ood collected via retro-orbital bleed into mnicrofuge tubes,
respectively. Blood was allowed to clot for 10 to 15 mn at room
tenperature and subsequently centrifuged at 3000xg for 10 mn and the serum
stored at -80C until further analysis. SEAP assay 1001791 Serum sanpl es
were thawed and 50 L was assayed for SEAP activity as previously described
usi ng the Phospha-Li ght Chem | um nescent Reporter Assay Kit (Applied

Bi osyst gfBhtefetictestendNgredddt diBAbhtAMY).USQISe Wit pulsds MRfe udddeid Quer |imt
of detectron for the assay is 3 pgénL. More concentrated serum sanpl es were

di | ut ed experonents, aeshedmainisteprelcysing & gae EPdevise the CEALELIRASY dpving (Y6X SEAP

activit I I r j (BMG
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| NT nunogeaaptive tcgndtamt tlweert eomstafbEARPrept ad @ipariegs biyehs undedlying tiskueg Insillng t he
foll ow ng nodj fied procedure. Nunc Maxi sprb hester, NY) plates were
coat ed Hech J50PY 4 S RTER RERRTS SFRAFHAD (OB ASos WHbBST 3100 p. 1
cont ai Nipiges! @ NARMHERORIsWRde @f52NHITBRCIIdSHEIE And abikPbhd RchfiosRhedhas e
(Sigma)) overnight at 4C. Plates were decant ed and washed three tines.

Pl at es BMB8ked using 1% BSA (Sigma) in 0.05% Tween 20 in PBS (bl ocki ng
solution) and incubated for 2 hours roomtenperature. Serum sanples were
diluted 1:10 owed i ' [ el 9 i ) in

0. 05% Tween 2%61?}%1' PBS Fﬁ%@gﬁ%&?%‘?’%;"?%ﬁ" g{‘%it]k é@? E@%%%%ﬁ‘@é‘iuugﬁi on was
decant ediséd fomimtamussularl(®M) FEPIwiith i & oredartagsy (3 emudmetst)addiod eqealiyach wel |

and i ncubat at room.te rature for 2 h. Serumdil uti ons were decanted
ol s HBef i 1oteupf Sk SERER gkl nkdlis BistodScahiteR S € Pl BRI ORRES *muse
conj ugatrederydlithe ITBEakMGeedle BRE@NdcE 36 )stidg 3 ORfkei 26-dalipgBRAidishairlesd BikeITWeen 20
in PBS and incubated 1 h at roomtenperature. Plates were decanted and

washed. negtie plecteades Sipmyn kgt Alfetn emppjeelss fraangle ferpation (g longgidesd ded
(0. 67”9/35‘@—3&%1'9 'Q'Ié{\éﬂﬁ'a}lﬁ 'tﬁe Qﬁb‘rtdsigé’isffﬁ'lg\ﬁrﬂglé gﬁﬁ,bﬁ&ﬁgecﬁo%ﬁ‘ﬁ-c fJevel Of 1 M
a ed e 6' n

H2SO4 was tostop t reaction. sor ce was neasured at 490 rimon
Spect r amsateridl (sse 38d Figuae 87Bkader (Mol ecul ar Devi ces, Sunnyvale, CA). D.
Results on M ce SEAP expression is dependent on the target muscle [00181]
Expr essi on m’?ﬁoi reas I f ot - ressj 1 d:1 By i is
adm ni stered’i n]t42f t he EDXE ’f&i%ﬂ‘%egﬁ s \%%slﬁgeggteﬁglqug@c é',k ﬁgs‘% hofﬁ‘gBOS and
4s | ag tpSEAPYas witien ai stindardi glasnaid réRration g 2 tohe'md k{500 ., dinilat €0 aVin t he

SPc5-12- SEAP plasnmid was injected. jnto the TA nmuscle, serum S evel s
were 288NPEHAHITGTet CPEERTRL elaﬁmdomre%thPe|%Ait0h@sfmIeékq0v ’@wﬁgr@sm din
the abseRgRs@én hEasuRduple $1 Ea_l)%]ahérﬂﬁsrﬁiiﬂfaﬁﬁhﬁﬂﬁﬁoﬂ‘!as observed between the
80s and 4s lag time for the TA nuscle (3576 vs. 3576.2 pg/nL/g); the

i njection under identical conditions into the G nmuscle resulted in SEAP

| evel s dfloapredligctiomannd SEQP1sier than controls (G 80s vs. no EP controls, P
<0.003; G 4s vs. no EP controls, P < 7.7 E-06). Wen plasm d fragnments
cont ai ni ng t H8018Rpr essOodays@ de¥tand 14w Fxpws animajsevareweighed #&:30MMNnd G (no
backbone t hdentical ter., S » pol vad ation

o gnal ) 7 PRl PRt b Ml VIR Sluhd BRENACRANNER PRl 3HEME! S0

f ol d hi ghiess. Bload weasntlowedtot diad foelil 0 t 05 ntieaciosm teMpEfRtufS8as subsequentiyP, P <

1.8 E-08; 4s vs. no EP, P <3.8 E-05). SEAP exp sian_.in the TA 80s was 24%
hi gher t%aw%fa?aah@%sg for &0 prin pn ?BW,St%ﬁﬁe?te‘géé‘H‘é‘pgdé@er??WﬂF'gher t han
the NB 4s group (P <0.004). Both groups admi nistered C5-12-SEAP and NB

w thout EP (Ngofsh) de”@&%h{s%ﬁ{és%géthﬁhéwaﬁd%ﬁ%&&@%@f&@EA@ﬁE’tiﬁi&pr ession

using the Phospha-Light Chemiluminescent Reporter Assay Kit (Applied Biosystems,
Bedford, MA), per manufacturer instructions. The lower limit of detection for the assay is

3pg/mL. More concentrated serum samples were diluted 1:10 in mouse serum before assaying
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[ 00182] GFP expression was visualized after careful dissection of the
injection site and scored by an observer blinded to the treatnent groups.
GFP scores were higher in groups adm ni stered concentrated plasmd in both
ID (4.630.24 vs. 3.250.14, P = 0.01) and IM(4.750.14 vs. 30.54, P = 0.01)
injected animal s versus non-concentrated plasmd (Figure 23). In these
studi es concentrated fornulations (up to 10 ng/nlL) were associated with

hi gher overall|l expression. Based on the results fromthis experinent,
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expression is depengfnt on fornulation and current intensity [001831 The

di f f er eh@Rischnglog ferpure GREmgnYdssessed when SEAP transgene is under
control of a ubiquitous pronoter (versus a nuscle-specific pronoter as used
in Exp. Reyaitonsi stent with the previous experinents, expression increased
if the plasmd injection-EP procedure is perforned in the TA (Figure 24)
ver sus ?ﬁ S muscle (P =0.05). In this particular experinment, saline + LGS
formul atton resulted in higher serum SEAP | evel s as conpared to saline
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PRI MATE ser a

Exp. 2

[00153] Pigs were treated using the conditions determined in the previous
experiment to be optimum for the ID/SQ plasmid delivery in conjunction with skin EP, i.e.
0.2 Amps, 2 pulses, 52 ms/pulse, 1 sec between pulses. Animals were administered the same
plasmid quantity, 1 mg of pSEAP, using the small volume formulation, or a volume
customary for IM+EP injections. Higher SEAP values were obtained using the concentrated
plasmid preparation, and lower injection volumes (Figure 16), P < 0.05. These conditions

were further validated in the non-human primate experiments.

EXAMPLE 7 PRIMATE EXPERIMENTS

[00154] Rhesus macaques were immunized twice with a low dose of DNA
(0.2mg/antigen) and then immunized three times with a high dose of DNA (1.0mg/antigen) by
ID/SQ injection followed by skin EP. The two low dose immunizations resulted in weak
cellular immune responses as determined by IFNy ELISpot in both ID/SQ alone and ID/SQ
injection followed by skin EP (ID/SQ+EP) groups. However, an increase in DNA dose
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boosted responses to 1,000 SFU/10° PBMCs in the ID/SQ group after 3 immunizations. The
ID+EP group had 50% more IFNy-producing cells than the ID/SQ group. The enhancement of
immundgenicity in the ID/SQ+EP group was also seen in memory T cell responses with the
[D/SQ+EP group having twice as many antigen-specific [FNy-producing cells than the ID/SQ
group. ID/SQ immunization alone did not result in a significant production of gag or env
antibody titers (<50 endpoint titer). However,‘ plasmid delivery with EP resulted in peak gag
endpoint titers of 8800 and env endpoint titers of 1600. Finally, the co-immunization of
plasmid-encoded rhIL-12 also resulted in a Tyl polarized immune response as determined by

an IL-4 ELISpot assay.

Materials and Methods
Animals
[00155] Rhesus macaques {(Macaca mulatta), were individually housed at

BIOQUAL, Inc. (Rockville, MD), in accordance with the standards of the American
Association for Accreditation of Laboratory Animal Care, with ad libitum access to food and
water. Animals were allowed to acclimate for at least 30 days in quarantine prior to any

experimentation.
[001S6}  Plasmids

[00157] pGagdY, pEY2E1-B, and WLV 104 plasmids were used in this study.
pGagd4Y contains an expression cassette encoding for a gag protein of HIV. The Gag4Y gene
was subcloned into the expression vector, pVax (Invitrogen, Carlsbad, CA), for further study.
pEY-2E1-B contains an expression cassette encoding for the envelope of HIV clade B.
WLV104M is a plasmid encoding a rhesus IL-12 gene. Plasmids were obtained using a
commercially available kit (Qiagen Inc., Chatsworth, CA, USA). Endotoxin levels were at
less than 0.01 EU/pg, as measured By Kinetic Chromagenic LAL (Endosafe, Charleston, SC).
Plasmid preparations were diluted in sterile water and formulated 1% weight/weight with
poly-L-glutamate sodium salt (MW=10.5 kDa average) (Sigma, St. Louis, MO), further
HPLC purified at VGX Pharmaceuticals, Immune Therapeutics Division, The Woodlands,
TX.
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[00158] Immunization

[00159] HIV DNA vaccines were delivered ID/SQ in non-human primates with
(n=3/group) and without (n = 3/group) EP, using CELLECTRA™ adaptive constant current
EP device (as in Example 3, above) and skin needle electrode arrays. Immunizations were
performed four weeks apart, and animal were bled every two weeks to measure antibody and
T-cell responses. The first two immunizations delivered 0.2 mg of each of two HIV antigens.
(gag and env) and 1L-12 expressing plasmid/as an adjuvant, in a volume of 200pL, split into 2
ID/SQ 1injection sites per animal. The subsequent two immunizations were performed using
1mg of each HIV vaccine and IL-12 plasmids (3mg total) at the higher plasmid concentration
(10 mg/mL) to achieve the higher plasmid dose in the identical volume as the previous two
immunizations. Electroporation conditions were 0.2 Amps constant current, 2 pulses, 52 ms

pulse length with 1 sec between pulses.

Blood Collection

[00160] Animals were bled every two weeks for the duration of the study. 10
mL of blood were collected in EDTA tubes. PBMCs were isolated by standard Ficoll-hypaque
centrifugation and then resuspended in complete culture medium (RPMI 1640 with 2mM/L L-
glutamine supplemented with 10% heat-inactivated fetal bovine serum, 100 IU/mL penicillin,
100pug/mL streptomycin, and 55uM/L B-mercaptoethanol.) RBCs were lysed with ACK lysis
buffer (Cambrex Bio Science, East Rutherford, NJ).

Enzyme Linked Immunosorbant Assay (ELISA)

[00161] Ninety-six well plates were coated ovémight with 100ng/well of
recombinant HIV-1 IIIB p24 or gp120 (ImmunoDiagnostics, Woburn, MA) to determine HIV
gag and env responses respectively. Plates coated with 100ng/well of bovine serum albumin
served as a negative control. Plates were blocked with 3% BSA-PBST for 1 hour at 37°C.
Plates were then incubated with four-fold serial serum dilutions for 1 hour at 37°C. Goat anti-
monkey IgG horseradish peroxidase conjugated antibody was then added at a 1:10,000
dilution (MP Biomedicals, Aurora, OH) to the plates and incubated for 1 hour at 37°C.
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Tetramethylbenzidine (R&D systems, Minneapolis, MN) was used to develop the plates and

reactions were stopped with 2N H,SO4. Optical densities (OD) were then measured.

[00162] IgG end-point titers were defined as the reciprocal serum dilution that

resulted in OD values that were greater than twice the average OD value of the BSA wells.
Enzyme Linked Immunospot Assay (ELISpot)

100163} ELISpot were performed by using IFNy or IL-4 capture and detection
antibodies (MabTech, Sweden). Antigen specific responses were determined by subtracting
the number of spots in the negative control wells from the wells containing peptides. Results

are shown as the mean value (spots/million splenocytes) obtained for triplicate wells.
Statistical Analysis

- [00164]) Data are analyzed using Prism Graphpad software, and expressed as

means + SEM.

Non-human Primate Study Design

[00165] Rhesus macaques were immunized with optimized HIV-1 gag and env
constructs and plasmid-encoded rhesus IL-12 per designed specified in Figure 17A; the
device used in the pigs experiments were also used in the non-human primates (Figure 17B).
Three animals were immunized by ID/SQ injection and three animals were immunized with
ID/SQ injection followed by skin electroporation (ID/SQ+EP). The animals were immunized
five times at weeks 0, 4, 8, 12, 16. Blood was collected every two weeks and ELISpot assays
were performed two weeks after each immunization, while ELISA assays were performed

four weeks after each immunization.

ELISpot Analysis

[00166] The induction of the cellular immune response after each immunization
was determined by IFNy ELISpot (Figure 18). After one low dose immunization of 0.2mg per
antigen, both the ID/SQ and the ID/SQ+EP groups had Very weak responses (72 + 11 SFU/10°
PBMCs and 85 + 34 SFU/10° PBMCs, respectively). A second low dose immunization
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doubled the number of IFNy-producing cells in the ID/SQ group (173 £ 77 SFU/10° PBMCs)
and tripled the response in the ID/SQ+EP group (287 + 34 SFU/10° PBMCs). Having
observed a very weak cellular response following the two low dose immunizations we used a

- higher dose (1mg per antigen) of DNA for the next three immunizations. The immune
response did not increase significantly with the third immunization in the ID/SQ group (176 +
72 SFU/10° PBMCs). However the ID/SQ+EP group did boost with the higher dose to double
the amount of antigen-specific IFNy-producing cells (383 + 162 SFU/10° PBMCs). The
animals were immunized for a fourth time with the 1mg dose of DNA. A three-fold increase
in [FNy response was observed in the ID/SQ group compared to the previous immunization
(376 + 210 SFU/10° PBMCs). As with the third immunization, delivery of the high dose of
DNA with skin EP resulted in a doubling of the IFNy response (1466 + 762 SFU/10°
PBMCs). These high levels of antigen-specific responses were maintained through the final
immunization (1453 + 873 SFU/10° PBMCs). The last immunization further doubled the
amount of IFNy-producing cells in the ID/SQ group (927 + 191 SFU/10°® PBMCs).

Memory T cell Responses

[00167] The induction of a robust memory T cell response is an important
aspect of a successful vaccine. To evaluate the memory T cell population induced by the
ID/SQ DNA immunizations, ELISpot analysis was performed 10 weeks after the last DNA
vaccination (Figure 19). The ID/SQ+EP group had a memory IFNy response that was twice
the magnitude of the ID/SQ group (998 + 290 and 449 + 108 SF U/l 0° PBMCs, respectively).

Ty2 T cell Responses

[00168] Studies using gene gun for skin immunizations have demonstrated the
induction of Ty2 biased T cell responses. However it has been shown that this bias could be
reversed to a Ty1 response if IL-12 protein was also delivered. The co-delivery of rhesus IL-
12 in an ID DNA immunization was performed to determine whether its co-delivery would
lead to an induction of Tyl biased response (Figure 20). The induction of antigen-specific
Tu2 responses was determined by an IL-4 ELISpot assay 10 weeks after the final

immunization. All animals in the ID/SQ only group had a negative IL-4 response (>50
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SFU/10% PBMCs) and only one animal in the ID/SQ+EP group had a positive IL-4 response
(136 SFU/10° PBMCs), suggesting a predominant Ty1 response.

Humoral Responses

[00169] A weakness of DNA immunizations lies in its inability to induce
antibody responses in non-human primates and in human clinical studies. Each group’s ability
to induce both HIV-1 gag and env specific antibody titers to recombinant p24 and gp160
antigens was determined by an ELISA assay (Figure 21). For both antigens, the ID/SQ group
did not show significant antibody titers (<50 endpoint titer). The ID/SQ+EP group developed
a low level of antibodies after the second low dose immunization (endpoint titer: 100+50).
However, a greater induction of antibodies was seeh after the dose of DNA delivered was
increased in the third immunization with the high dose of DNA (2220+1000). Antibody titers
were boosted through the fourth immunization (8800 + 4000). The env antibody respohses
also reflected the results we observed with the gag antigen with the ID/SQ group having low
titers (<50 endpoint titer) and the ID/SQ+EP group reaching a maximum endpoint titer of
1600 + 800.

IM vs ID/SQ Electroporation

[00170] ‘Rhesus macaques were immunized three times with the same HIV gag,
env and rhIL-12 constructs (as discussed, above) at 1.0mg/mL by IM immunization.
Comparing the induction of cellular immune responses, both the IM and the ID/SQ routes had
similar levels of IFNy-producing cells after the first two immunizations. In contrast,
immunization by ID/SQ+EP resulted in high levels of HIV gag antibody titers after one high
dose immunization compared to IM+EP. After two immunizations, the ID/SQ+EP group had

HIV gag endpoint titers that were twice that of the IM+EP group.

[00171] In these experiments, we used skin needle electrodes for delivery into the
ID/SQ compartment, and compare the resulting immune response to those achieved after
IM+EP (see Table 1).
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Table 1. Comparison of immune responses induced by electroporation via IM or ID/SQ route.
IFNy ELISpot and HIV gag ELISA results taken after 3 high dose (1.0 mg/ antigen)
immunizations are shown.

IM ID |IM+EP|ID+EP

. ELISpot

Totalgagandenvresponses| |~}
(SFU/10%6 PBMCs)

1l136+51 | o5+ 38 482 = 181|635 + 171
2| 223 = 76 |376 + 210 |1924 * 4171466 % 762
312042 + 311)927 + 191 5300 + 3781465 + 762

. ELISAl |
_...GagEndpointTiter) b e

1/ <s0 | <0 | 150 | 2200

2] <50 <50 | 4800 8800

3| <50 <50 12800 2150
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EXAMPLE 8§ DNA VACCINATION IN MICE USING SKIN EP

A. Plasmid constructs

[00172] A ubiquitous cytomegalovirus (CMV) promoter or a muscle specific synthetic
promoter (SPc5-12) drives the expression of human secreted embryonic alkaline phosphatase
(SEAP) in the pSEAP-2 Basic Vector used in mouse experiments 1 and 3 (Exp. 1 and Exp. 3).
A red-shifted variant of wild-type green fluorescent protein (GFP)-expressing plasmid,
pEGFP-N1, which has been optimized for brighter fluorescence and higher expression in
mammalian cells (excitation maximum = 488 nm; emission maximum = 507 nm) has also
been used in the reporter gene experiments (Exp. 2). Plasmids were obtained using a
commercially available kit (Qiagen Inc., Chatsworth, CA). Endotoxin levels were at less than
0.01 EU/ng, as measured by Kinetic Chromagenic LAL (Endosafe, Charleston, SC).
Consensus HA and NA constructs were generated by analyzing primary virus sequences from
16 HS viruses that have proven fatal to humans in recent years, and over 40 human N1
viruses. These sequences were downloaded from the Los Alamos National Laboratory's
Influenza Sequence Database. After generating the consensus sequences, the constructs were
optimized for mammalian expression, including the addition of a Kozak sequence, codon
optimization, and RNA optimization. These constructs were then subcloned into the pVAX
vector (Invitrogen, Carlsbad, CA). Unless indicated otherwise, plasmid preparations were
diluted in sterile water and formulated 1% weight/weight with poly-L-glutamate sodium salt
(LGS) (MW=10.5 kDa average) (Sigma, St. Louis, MO), further HPLC purified at VGX
Pharmaceuticals, Immune Therapeutics Division (The Woodlands, TX).

B. Reporter Gene Experiments in Mice

[00173]  This study tested the delivery and expression of SEAP or EGFP-expressing
plasmids to determine which electroporation parameters (lowest effective current), lag time
(time between injection and onset of electroporation), formulation and target muscle impact
expression and antibody levels. Animals were electroporated using the CELLECTRA™ skin
EP device (including use of 3 x 26 gauge electrodes) with varying current and lag time for

either IM or ID injection.
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[00174] In afirst experiment (Exp. 1), groups of C57/B16 mice (n=10/group) were injected
with 10 pg of a plasmid expressing SEAP under the control of a muscle-specific synthetic
promoter (pSPc5-12-SEAP) into the tibialis anterior (TA) or gastrocnemius (G) muscle at a
lag time of 4 or 80 seconds and 0.1 A constant current. A control group received the plasmid
in the TA without EP (No EP). Additional groups of animals received in equimolar
concentration an expression cassette with no plasmid backbone (NB), but identical promoter,

transgene and 3’ polyadenylation signal, in TA and G muscles with and without EP.

[00175] Inthe second experiment (Exp. 2), groups were mice (n=4) were injected with 50
pg of pPCMV-EGFP, in a total volume of 5 or 25 pL, respectively, for a final plasmid
concentration of 10 mg/mL or 2 mg/mL, either IM or ID. Photographs of dissected skin and
muscle sections were taken and fluorescence was measured 5 days post-injection. Treated
area was scored by an independent observer blind to the identities of the treatment groups. A
numerical score was calculated based on the area of distribution and fluorescence intensity, as
compared to the sample with the highest expression (0 = no fluorescence, no distribution; 5 =

brightest fluorescence, greatest distribution).

[00176] In the third mouse experiment (Exp. 3), 16 groups x 5 mice per group for a total of
80 mice were used (TABLE 2). Mice (n=5/group) were injected with 50 pg of CMV-SEAP
(at 10 mg/mL) at varying formulations (saline, saline + 1% LGS, water, water + 1% LGS) and
current intensities. Animals were electroporated with 4 seconds lag time with varying current

(0.1A to 0.2A) for IM injection in the TA or G muscle.
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Table 2. Groups for the CMV-

Total SEAP formulation experiment
Group Formulation Conc Dosg EP n ) .
(mg/mL) (ug/almma in mice (Exp. 3)
1 Saline 10 5 02 5
2 Saline 10 50 01 5
3 Saline 10 50 02 5
4 Saline 10 50' 01 5
5 Saline + LGS 10 50 02 5
6 Saline + LGS 10 50 01 5
7 Saline + LGS 10 50 02 5
8 "Saline + LGS 10 50 01 5
9 Water 10 50 02 5
10 Water 10 % 01 s
11 Water 10 50 02 5
12 Water 10 0 01 s
13 Water + LGS 10 50 0.2 5
14 Water + LGS 10 50 01 5
15 Water + LGS 10 50 02 5
16 Water + LGS 10 50 01 5

[00177] In all cases, animals were acclimated for 3 days, weighed and ear-tagged. Food
and water were available ad libitum for the length of the experiment. On Study Day 0 ammals
were Wei ghed, bled and anesthetized using the combination anesthetic for rodents — xylazine
(37.5 mg/mL; 0.05 mL/30 grams body weight), ketamine (1.9 mg/mL; 0.016 mL/10 grams
body weight), acepromazine (0.37 mg/mL; 0.025 mL/15 grams body weight), plasmid was
administered per design and electroporated. For Exp. 1 and 3, blood was collected via retro-

orbital bleed and allowed to clot. All collected blood was centrifuged to isolate serum and
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plasma and then aliquoted into tubes on ice for SEAP assays and anti-SEAP ELISA, as
performed previously with minor modifications. After Day 14, all animals were

exsanguinated under surgical plane of anesthesia.
C. Analysis

Blood collection

{00178] Ondays0, 4,7, and 11, mice were weighed and blood collected via retro-orbital
bleed into microfuge tubes, respectively. Blood was allowed to clot for 10 to 15 min at room
temperature and subsequently centrifuged at 3000xg for 10 min and the serum stored at -80°C

until further analysis.
SEAP assay

[00179] Serum samples were thawed and 50 plL was assayed for SEAP activity as
previously described using the Phospha-Light Chemiluminescent Reporter Assay Kit
(Applied Biosystems, Bedford, MA), per manufacturers’ instructions. The lower limit of
detection for the assay is 3 pg/mL. More concentrated serum samples were diluted 1:10 in
control species-specific serum before assaying for SEAP activity. All samples were read using

LUMIstar Galaxy luminometer (BMG Labtechnologies, Offenburg, Germany).

SEAP indirect ELISA

[00180] Immunogenicity to the human SEAP protein was measured in mice using the
following modified procedure. Nunc Maxisorb (Rochester, NY) plates were coated with
purified human placental alkaline phosphatase in PBS (100 pl containing 100 nanograms/well
of human placental alkaline phosphatase (Sigma)) overnight at 4°C. Plates were decanted and
washed three times. Plates blocked using 1% BSA (Sigma) in 0.05% Tween 20 in PBS
(blocking solution) and incubated for 2 hours room temperature. Serum samples were diluted
1:100 followed by serial dilutions of 1:4 in 1% BSA (Sigma) in 0.05% Tween 20 in PBS in
separate dilution plates. The block solution was decanted from plates. 100 pl of diluted test
serum was added to each well and incubated at room temperature for 2 h. Serum dilutions

were decanted and washed three times. Secondary antibody was diluted (rabbit anti-mouse
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conjugated with horseradish peroxidase) 1:1000 in 1% BSA in 0.05% Tween 20 in PBS and

incubated 1 h at room temperature. Plates were decanted and washed. 100 pl of o-

- phenylenediamine (OPD) substrate per well was added (0.67mg/mL) in 0.1M citric acid

buffer and incubated 8 min; 100 pl of 1 M H,SO, was added to stop the reaction. Absorbance
was measured at 490 nm on Spectramax Plus 384 plate reader (Molecular Devices,

Sunnyvale, CA).
D. Results on Mice
SEAP expression is dependent on the target muscle

[00181] Expression was increased if the SEAP-expressing plasmid injection is
administered into the TA (Figure 22) versus the G muscle, at both 805. and 4s lag time
between injection and EP using the skin EP device. When the SPc5-12-SEAP plasmid was
injected into the TA muscle, serum SEAP levels were 285 fold higher than in control animals
that received the plasmid in the absence of EP (P < 1.3 E-21); no difference was observed
between the 80s and 4s lag time for the TA muscle (357+6 vs. 357+6.2 pg/mL/g); the
injection under identical conditions into the G muscle resulted in SEAP levels of 90 to 182
fold higher than controls (G 80s vs. no EP controls, P < 0.003; G 4s vs. no EP controls, P <
7.7 E-06). When plasmid fragments containing the expression cassettes only were injected in
the TA and G (no backbone (NB), but identical promoter, transgene and 3’ polyadenylation
signal) in an equimolar formulation, the expression levels were 210-250 fold higher than
controls that did not receive IM+EP (80s vs. no EP, P < 1.8 E-08; 4s vs. no EP, P < 3.8 E-05).
SEAP. expression in the TA 80s was 24% higher than the NB 80s group (P <0.008), while TA
4s was 37% higher than the NB 4s group (P <0.004). Both groups .administered C5-12-SEAP
and NB without EP (No EP) demonstrated negligible SEAP expression.

GFP Expression

[00182]) GFP expression was visualized after careful dissection of the injection site and
scored by an observer blinded to the treatment groups. GFP scores were higher in groups
administered concentrated plasmid in both D (4.63£0.24 vs. 3.25+0.14, P = 0.01) and IM

(4.75+0.14 vs. 3+£0.54, P = 0.01) injected animals versus non-concentrated plasmid (Figure
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23). In these studies concentrated formulations (up to 10 mg/mL) were associated with higher
overall expression. Based on the results from this experiment, plasmids were used at a

concentration of 10 mg/mL in Exp. 3.
SEAP expression is dependent on formulation and current intensity

[00183] The differences in SEAP levels were assessed when SEAP transgene is under
control of a ubiquitous promoter (versus a muscle-specific promoter as used in Exp. 1).
Consistent with the previous experiments, expression increased if the plasmid injection-EP
procedure is performed in the TA (Figure 24) versus the G muscle (P = 0.05). In this
particular experiment, saline + LGS formulation resulted in higher serum SEAP levels as
compared to saline formulation (41.1£7.9 pg/mL/g vs. 31.0+5.9 pg/mL/g, respectively),
although this did not attain statistical significance due to high intra-group variability. In
general, animals that were electroporated at 0.1A current setting yielded slightly higher SEAP
expression than animals that received identical LGS plasmid formulation, delivered at 0.2A
constant current. Nevertheless, the animals that received 0.2A plasmid formulated into water
yielded signiﬁcént lower SEAP 1évels than those receiving 0.1A for the same muscle (P <
0.05 for TA and P < 0.001 For G). When LGS was added to the water formulation, the
differences were not significant for the TA muscle, but were still maintained for the G muscle
(P <0.04).

Induction of anti-SEAP antibodies

[00184] Formulation of SEAP plasmid with saline + LGS yielded higher protein
expression, however, the titers of anti-SEAP antibodies were lower when compared with
animals injected with SEAP plasmid formulated in water + LGS (Figure 25), although this did

not attain statistical significance due to high intra-group variability.

EXAMPLE 9 INTRADERMAL DELIVERY COMPARISONS WITH
INTRAMUSCULAR DELIVERY IN PRIMATES

PRIMATE sera

AlVietnam/2003/04 Hl titers on 1% horse RBC
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Group

H5 + M2
IM CELLECTRA™
1 mg per plasmid

H5 + M2
ID CELLECTRA™
1 mg per plasmid

HS + env + 2 HPV
IM alone
1 mg per plasmid

negative control

DNA 7+8+10 5 CELLECTRATmM 1 ng/ Const 3

PRIMATE _
ID Study Group HI titer wk 6
4497 Cc 80
4498 C 80
4499 C 40
4500 C 80
4501 C <20
4520 D 160
4521 D 80
4522 D 160
4523 D 40
4534 D 160
4508 G 160
4510 G <20
4511 G <20
4512 G <20
4513 G <20
4529 H <20
4530 H <20
4531 H <20
4532 H <20
4533 H <20
HS5 ref.
sera 1,600
DNA Constructs
1 HIV Env Clade A
2 HIV Env Clade C
3 HIV Env Clade D
4 HIV Gag
5 HIV Pol
6 Flu H5
7 Flu NA
8 Flu M2 NP
9

HPV 16 EG/E7
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10 HPV 18 E6/E7

11 IL12
Study No of
Group DNA Constructs Animals Route of Admin Dose
DNA IM
A 1+2+3+4+5+11 5 CELLECTRA™ 1 mg/Const
DNA ID
B 1+2+3+4+5+11 5 CELLECTRA™ 1 mg/Const
' M
Cc DNA 6+9 5 CELLECTRA™ 1 mg/Const
ID
D DNA 6+9 5 CELLECTRA™ 1 mg/Const
M
E DNA 7+8+10 5 CELLECTRA™ 1 mg/Const
ID
F DNA 7+8+10 5 CELLECTRA™ 1 mg/Const
G DNA 1+6+9+10 5 IM Syringe 1 mg/Const
H Negative Control 5 N/A
TOTAL 40

[00185] Rhesus macaques were immunized in these studies. Animals were acclimated for 2
months prior to the start of experiments. The study progressed as follows: Week O -
performed 1st immunization (plasmid dose administration) and baéeline bleed; Week 2
performed bleed; Week 3 performed 2nd immunization (plasmid dose administration); Week
5 performed bleed; Week 6 performed 3rd immunization (plasmid dose administration) and
bleed; Week 8 performed bleed.

[00186]  All plasmids were formulated at 10 mg/mL in water for injection + 1% LGS, as
described in previous examples, above, and mixed into a single solution PER STUDY
GROUP(S) (Groups A-H, in above table). The correct injection volume for each group
designated IM CELLECTRA™ ID CELLECTRA™ and IM Syringe was calculated. For the ID
administration, if the required injection volume surpassed 100 pL per site, the formulation
was split into 2 number of injection sites (2, 3, or 6 depending on how many total mg of
vaccine were administered). The animals that received IM injection(s) were given the entire

formulation in one single site.

[00187] The CELLECTRA™adaptive constant current device used in the pigs experiments
and nonhuman experiments described in the Exampies, above, were also used in these non-

human primate experiments. The electroporation conditions were as following: for the IM
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injection and electroporation groups, the conditions were: 0.5 Amps, 52 msec/pulse, three

pulses, 4 sec deléy between plasmid injection and electroporation. For the ID injection and

electroporation groups, the conditions were: 0.2 Amps, 52 msec/pulse, three pulses, 4 sec

delay between plasmid injection and electroporation.

[00188] Hemagglutination Inhibition (HI) Assay - monkey sera were treated with receptor

destroying enzyme (RDE) by diluting one part serum with three parts enzyme and incubated

overnight in 37°C water bath. The enzyme was inactivated by 30 min incubation at 56°C

followed by addition of six parts PBS for a final dilution of 1/10. HI assays were performed in

V-bottom 96-well microtiter plates, using four HA units of virus and 1% horse red blood

cells. The data presented herein are the results after the second immunization (bleed collected

before the third immunization).
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1001851 Rhesus nmacaques were imuni zed in these studies. Animals were
acclimated for 2 nonths prior to the start of experinments. The study
progressed as follows: Wek 0 - perforned 1st imrunization (plasm d dose
adm ni stration) and baseline bl eed; Wek 2 perforned bl eed; Wek 3
performed 2nd i muni zation (plasm d dose adm nistration); Wek 5 perforned
bl eed; Week 6 perfornmed 3rd inmunization (plasm d dose adm ni stration) and
bl eed; Week 8 perforned bl eed. 1001861 All plasm ds were fornulated at 10
mg/ mL i Whattierlaimoed isnj ection + 1% LGS, as described in previous exanples,
above, and mi xed into a single solution PER STUDY GROUP(S) (G oups A-H in
above table). The correct injection volune for each group designated EM
CELLECTRATN I D CE ' @as t F | D
adm ni sﬁf\ ation, i bh Fﬁgﬁ%%? &g&%%}?ééﬁkgﬁed:’/\@l %‘aﬁr@%ﬁuw@r ga@gﬁﬁ‘ @%Bé Pfﬁ per
site, theanimilapuieiodenen@spredicirg a cohstardt catiery eimilaf ta apreset cw@rensinp@dy@2, 3, or
6 dependi ng_on how nmany t ot al .0f vaccine were adm nistered). The aninals
t hat red‘é?rv'é‘ﬂe]eW?Hﬂr@tﬂ“idGﬁ'GE)’O%Sén%i ven the entire fornulation in one
single site. 1001871 The CELLECTRATmadaptive constant current device used
in the pigs experinents and. nonhuman experi ts.degcriped.in the Exanples,
above, were al o HAEACTAPOFAIEE SOMBINEnt ARERIc B Aol PG EoF ISheRTmerey TRy
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el ectroporation groups, the conditions were: 0.5 Anps, nsec/ pul se, three
pul ses, feedbeck medhagisbet ween pl asmi d injection and el ectroporation. For the
| D injection and el ectroporation groups, the conditions were: 0.2 Anps, 52
nsec/ pul se, three pulses, 4 sec delay between plasmd injection and

el ectroporation. 3GRNSECtrpdaessgnlly imﬁé{dﬂtﬁﬂaﬂ elentiode pmay having aplumlity. ofnpnkey
sera werge. t W th r 0 rovi : il uting one
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bat h. Theise o yimeegydsmitiseédtiopbratdobyondidnsntrand delieas same tathedesiredaisthuewed by
addi tion_of sjix parts §g§.for a final dilution of 1/10. H assays were

per f or megropgh besne Swel | microtiter plates, using four HA units of
virus and 1% horse red blood cells. The data presented herein are the

results after the second.i nmuni zation (bl eed collected before the third
i muni zation). W fel‘%at&?aé‘i"ﬁﬁafztg%lf"“mi‘. °Aﬁ‘“’éF1€%‘{‘}d8%'6P%ﬂ“i”“§Lﬂ"6%9?‘E’8W

conf i gurgrehd pulseRr beREy Arfdl rAcAd®es infiédarice StBe Qésirdd ABHERAd SorRMbsiea&fsaner gy
produci ng a constant current simlar to a preset current input by a user,

t he el edmpegraeato thh clgeitapeeation apMPpaichly and

wherein the feedback mechanism can receive the measured impedance and can
adjust the pulse of energy delivered by the electroporation component to maintain the constant

current.
2. The device of claim 1, wherein the desired tissue is skin tissue.

3. The device of claim 1, wherein the desired tissue is subcutaneous tissue or intradermic

tissue.

4. The device of claim 3, wherein the skin electrodes are needie electrodes, conductive rods,

or conductive film areas.

5. The device of claim 3, wherein the skin electrodes are needle electrodes.
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an el ectroporati on conponent capable of delivering the pul se of energy that
produces the constant current in the desired tissue, the el ectroporation
conponent havi ng a feedback nmechani sm a skin el ectrode
assenbly including an el ectrode array having a plurality of skin el ectrodes
in a spatial arrangenent, wherein the skin el ectrode assenbly receives the
pul se of energy fromthe el ectroporati on conponent and delivers sane to the
desired tissue through the skin el ectrodes; wherein at | east
one of BheTht devits efclaim Sk whersine thernsedls elestradast 3ra(capable afcomsadtingrap of t he

pul se Ol GRETAY o SAIEARLE T L IREABAGEN P plR TS Hlatua0d

connunlca sal d 1 npedance ¥t he el ectroporation onent; and
wherein the feedback mechani sm can receive the neasured |npedance and can

adj ust yhaypyl sg. eSSl Ohefs Lpheddly L) BRRGABARALION component to

mai nt ai n" thé cons wherein the
desired tissue is skln tissue. 3. The device of claim1, wherein the
desired tissue is &?g&%p Q@§ dssue or intradermc tissue. 4. The device
of claim 3, whereln he s ctrodes are needl e el ectrodes, conductive
rods, or conductive f|In1areas 5. The device of claim 3, mherein the skin

electrodes are ne ng? rein the
needl e electrodesggiﬁ ?gﬁ%%f p%gn g%?%ﬁ% ﬁhﬁf% ra égﬁgééﬁrﬂgﬁ

subcut aneous tissue mnthout substantially penetrating a muscle tissue. 7.

The devi g° el‘h% e%c?!){?lg Felu{" lgﬁ}a@e gl'r%p {Jnﬂ)q'?eéﬁqga%}/eefs%\teﬂ%ﬁo&g mpri ses:

an actlvator and @ status IR reporting activation of the
skin el ectrode assenbly. 8. The device of claimb5, wherein el ectrode array

conpris %S Tak ki@t clath %,ewﬁéﬂ:xg o fifet B8 ERctrodes have a spatial arrangement that is

a triangle.
10. The device of claim 9, wherein the triangle is an isosceles triangle.

11. The device of claim 10, wherein the isosceles triangle has sides of 5 mm in length and a

base of 3 mm in length.

bl

12. The device of claim 5, wherein the plurality of skin electrodes can deliver the pulse of

energy in a decentralized pattern.

13. The device of claim 12, wherein the plurality of skin electrodes can deliver the pulse of
energy in the decentralized pattern through the control of the skin electrodes under a
programmed sequence, the programmed sequence being input by a user to the electroporation

component.

14. The device of claim 13, wherein the programmed sequence comprises a plurality of
pulses delivered in sequence, wherein each pulse of the plurality of pulses is delivered by at
least two active skin electrodes with one neutral skin electrode that measures impedance, and
wherein a subsequent pulse of the plurality of pulses is delivered by a different one of at least

two active skin electrodes with one neutral skin electrode that measures impedance.
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9. The device of claim8, wherein the three skin el ectrodes have a spati al
arrangenent that is a triangle. 10. The device of claim9, wherein the
triangle is an isosceles triangle. 11. The device of claim 10, wherein the
i sosceles triangle has sides of 5 mMmin length and a base of 3 nmin

| ength. 12. The device of claim5, wherein the plurality of skin

el ectrodes can deliver the pulse of energy in a decentralized pattern. 13.
The device of claim 12, wherein the plurality of skin electrodes can

del i ver 15 hehddbvice oOElaie s mdigreinkht RRJBILR aiet Kk snt B Petfdrtied bi clthvr BatgWatehe
control of the skin el ectrodes under a progranmed sequence, the programred
sequenc@fﬁébﬁﬁﬁinput by a user to the el ectroporation conponent. 14. The
device of claim 13, wherein the programed sequence conprises a plurality
of pul ses delivered in sequence, wherein each pulse of the plurality of

pul ses 16 déeidgeiceaf plping S, wharsin thedeedbagkymedrpismgs performed dydntanaloge neut r al
skin el ) . measures i npedance, and wherein a subsequent pul se of

t he plugg%%fgﬁgkngﬁTses is delivered by a different one of at |east two
active skin electrodes with one neutral skin electrode that neasures

i npedange. " Vi for [ | f nismis
por or mad (o1° SrYRES PR Rt UR, o BOR R R el RE IR

wher ei n deiredftisrdland tomeaiieaesthe inpeparce arthefdedbaclamechankagnd thededbickop
circuit. ﬁ7" The device, of claim 16 (fherﬁgn he%peutral el .ectrqde

measur e<NCRRISTSERSRASL; the (mBedines puhaqips offtfii LalRR A hEe npedance
to the feepabnclrdieahavlsdBimando tiepréRedkarak mechani smresponds to the

i npedance and adj usts the pul se of energy to maintain the constant current
at a value simlar to the preset current. 18. The device of claim17,

wher ei N 18hgh@l&adedFPRINAY 7,0Fhef&l tHe@ldc A6 oistR devisaimiuded Laldly Ratutd)thesaf ety
feature being a voltage cap that prevents the device fromdelivering the

pul se ofsaighdrayrebeing pEokass septhatar cauithrdenisn fromdlelivgringtheulss pf @ERgy woul d
yield a é%me%@% \ﬁEHX@uéﬁ%m"tBItﬁ Tse%?@ner%']\goula- gﬁldjfydl&ge HovE R Bldeb Wger en

t he feedback nmechani sm mal ntains the constant “current “conti nuous an
i nst ant @apously during the delivery of the pul se of energy.

19. The device of claim 17, wherein the feedback mechanism maintains the constant current

continuously and instantaneously during the delivery of the pulse of energy.
20. The device of claim 19, further comprising:

a controller that receives the inputs from the user and controls the electroporation

component to deliver the pulse of energy according to the inputs.
21. The device of claim 3, further comprising:

a controller that receives the inputs from the user and controls the electroporation

component to deliver the pulse of energy according to the inputs.
22. The device of claim 21, wherein the controller is a single chip microcontroller.

23.  The device of claim 3, further comprising:
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20. The device of claim 19, further conprising: a controller that
receives the inputs fromthe user and controls the el ectroporation
conponent to deliver the pulse of energy according to the inputs. 21. The
device of claim3, further conpri sing: a controller that receives the
inputs fromthe user and controls the el ectroporati on conponent to deliver
the pulse of energy according to the inputs. 22. The device of claim 21,
wherein the controller is a single chip mcrocontroller. 23. The device of
clai m 3, furesurent¥apeipan geperator in comrauwtwemx%v@%mwaewoammmn

conmmuni I r d

G R R T

gener at @engatoegakiangg a coment enise praithseavefoan rfommheé@nm)ﬁgir thelekin electyodehr ough

t he skin e%& trode assenbly. 24. The device of claim 23, wherein the user
i nputs & é*anned sequence to the el ectroporati on conponent, which
communi cates the programed sequence to the current waveform generator; ,
wherein the current waveform generator is capable of generating the current
pul se t r24i nTheadevier af sletoridi ndietain theeussr aupuied pegamantsausaeuEnte. 25,

The devici ot Binett\Ghieh DohMSnEhEs GRrdaales MAIBRE G R lcuSnd

power -transistor analog circuit , further

conpr i siwayefonmigeparstan oeheras thercuoamabdveforn geaeratongs fapablesf gameraghgthet of an
el ectrical conpectlon bet ween Ehe s&ﬁn el. trodes agd t he desired tissue.
27. The HEGHPYISET HYHOTM ACEATERE fO r?'b?‘" Wéo%a%\? PEMLCogger in

conmuni cation with the el ect roporation conponent. 28. The device of claim
27, wherein the waveform | ogger is capable of recording el ectroporation

vol t age 2ndhedeyienel ¢laive? D vhercan HicicHTTBN] SYay e ogm; SSRERINB ISAIOMPE RIS he pul se

of ener ga¥1alog circuit.

26. The device of claim 3, further comprising an impedance tester capable of testing for

establishment of an electrical connection between the skin electrodes and the desired tissue.

27. The device of claim 3, further comprising a waveform logger in communication with the

electroporation component.

28. The device of claim 27, wherein the waveform logger is capable of recording
electroporation voltage and current waveforms continuously during the delivery of the pulse

of energy.

29. The device of claim 27, wherein the waveform logger is capable of recording

electroporation voltage and current waveforms at a rate of 2000 samples per second.

30. The device of claim 3, further comprising an input device in direct communication with
the user and the electroporation component, the input device capable of receiving input

commands and communicating the input commands to the electroporation component.

31. The device of claim 30, wherein the input device is a numeric keypad or a touch screen.
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29. The device of claim 27, wherein the waveform | ogger is capable of
recordi ng el ectroporation voltage and current waveforns at a rate of 2000
sanpl es per second. 30. The device of claim3, further conprising an input
device in direct comrunication with the user and the el ectroporation
conponent, the input device capable of receiving input commands and

communi cating the input commands to the el ectroporation conponent. 31. The
device of claim 30, wherein the input device is a nuneric keypad or a touch
screen. 32. The device of claim3, further conprising a status reporting

el ement _] n_conmmuni a Lo ith the el ectroporati.on.component

devi ce 8# Eﬁ%ﬂj"rﬁ“‘? maeﬁﬁhﬁrf@@f‘é‘f‘& SPE‘E&FQC]’W@ g?’@%@rﬂ c‘?r%mgfﬂca]?ﬂﬁf‘or mat i on
di spl ay we@ngd ele@fbpagqbpbﬁn hfication, a light-emtting diode, or a

combi nation thereof. 34. The device of claim 33, wherein the status

reporting el ement reports confirmation of generation of pul se of energy and

e v et %a Oyl B EOMA A2 UhL B ne sl rebfind BYentet Rlan ihBhilidn alsplal e

conpr|3|ng a conmuni ca conmuni cation wt opor ati on
conponephnel, an@udibleenotiéivaton, mfngmlmlmgﬂnddarerMOm theregf.a nenory
conponent in comrunication with the el ectroporation conponent. 37. The
device of claim3, further conprising a power source in comunication with

the el eglyr qpelRlit®Bf AP 95 SMerein a& stéfﬁkereggx‘ﬁhg %le%fenﬁegbﬂi@ cohfimphnadfn t he
power source is a battery. 39. device of claim wherein the

el ect r ogenezatiomofipylsel pEensegyiand dah‘d’:fy efithe sensjantenredtt ed to the skin el ectrode
assenbly. 40. The device of claim 39, wherein the disposable el ectrode
array is a skin el ectrode disk.

35. The device of claim 3, further comprising a communication port in communication with

the electroporation component.

36. The device of claim 3, further comprising a memory component in communication with

the electroporation component.

37. The device of claim 3, further comprising a power source in communication with the

electroporation component.

38. The device of claim 37, wherein the power source is a battery.

39. The device of claim 3, wherein the electrode array is disposable and removably connected

to the skin electrode assembly.

40. The device of claim 39, wherein the disposable electrode array is a skin electrode disk.
41. The device of claim 40, wherein the skin electrode disk is sterilizable.

42. The device of claim 6, wherein the electroporation component comprises:

a controller;
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41. The device of claim40, wherein the skin electrode disk is
sterilizable. 42. The device of claim®6, wherein the el ectroporation
conponent conprises: a controller; a waveformgenerator in electronic
communi cation with the controller; a waveform/logger in electronic

communi cation with the controller; and a battery electrically connected to
t he wavef orm generat or; wherein the controller
receives an input fromthe user, instructs the waveform generator to

del i ver the pul seaqfav@feeﬁgynéramtlhele@@&he esinbisitatonanahe toirdier, t he input,
and comuni cates data to the waveform | ogger according to the pul se of

energy delivered; and wherein the battery sends an
el ectrical charge,bayifn peel eBGNEEahMnickith Wil HECdpieAgnd |1 LN um
ion, nickel metal hydride, Tead acid, ni ckel cadnlunfbattery 43. The

device of claim42, wherein the deV|ce |s portable. 44. An electroporation
handl e assenbl y CQRkGYEREHAIRIh%E 8 IR SR SRELGY. iRtrdn desi red tissue

of a mammal to produce” a constant current in the desired tissue simlar to
a preset current input by a user, conprising: a skin el ectrode

array having a plurality yd c§}ﬁi'dile{3|r€&¥\re9daﬂs n?;ﬁ‘t ﬁoﬁp%' fider, ASARGE RN ,

wherein at |east one of the skin electrodes is neutral during delivery of
the pul seaveformigenggtortndelnea thepsise qunetgaméledcsntehesaﬂescpcpehlngtpslmwut

a controll.er in ¢ t he ski tro rra ontrol |l er
control iigomnnGaR, i (e SRl el B yfingus BloaRoE BbeR ackel ocee.
and and wherein a neans for performng a feedback mechani sm wherein the

f eedback mechanismis perforned by software or hardware, which receives the
measured i npedance from tthebatenyseids anedeqtrical hargedeibe ¥avefom) graeratorfhe pul se of

ener gy %’nb&%ﬁn@a Htﬁmﬂﬁ@%ﬁ’cke@ RetPiyakiae, NeddRidC BPRLN badMim®attery. 45. The
handl e assenbly of claim4 wherei’n the skin’el ectrode array |s di sposabl e

and renovably attached to t he handl e assenbl y.
43. The device of claim 42, wherein the device is portable.

44. An electroporation handle assembly configured to deliver a pulse of energy to a desired
tissue of a mammal to produce a constant current in the desired tissue similar to a preset

current input by a user, comprising:

a skin electrode array having a plurality of skin electrodes in a spatial
arrangement, wherein at least one of the skin electrodes is neutral during delivery of the pulse

of energy and measures impedance in the desired tissue;

a controller in communication with the skin electrode array, the controller

controlling delivery of the pulse of energy through the skin electrodes; and

a means for performing a feedback mechanism, wherein the feedback
mechanism is performed by software or hardware, which receives the measured impedance
from the neutral skin electrode and adjusts the pulse of energy delivered, if needed, to

maintain the constant current.
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46. The handl e assenbly of claim44, wherein the skin electrode array
conprises three skin electrodes spatially arranged in a triangle. 47. The
handl e assenbly of claim44, wherein the skin electrodes are 5 mmin |length
and 26 gauge. 48. The handl e assenbly of claim44, wherein during the
delivery of a pulse of energy at least two of the plurality of skin

el ectrodes are active and one of the plurality of skin electrodes is
neutral. 49. A nethod of delivering a pulse of energy to desired skin
tissue 43, arHEBERAL abLnbAUSEc1Shesd, WHRR R tHeQRin Qec®®ad hrrhyisCidpoSab¥ arpi d
desired tissue using an el ectroporation device configured to deliver the
pul se ofrempeablyattaghasido hefigndle@ssgmblint current sinilar to a preset current

i nput by a user, conprising: inserting a plurality of needle
skin electrodes into skin tissue w thout substantially penetrating a nuscle
ti ssue; 4ndhehandle assembly apglriyn 4y whiseeinpthe skan glecteefieragrpy camprises Pregrskin t y of
needl e ski 0 liyer.a current equal to the preset current in
the skin %c?}gg%gsﬁgt{aﬂg%%aﬁged%a%%glue'ri ng i npedance of the skin tissue with a
neutral one of the plurality of needle skin electrodes and using a feedback
mechani sy iffe L%l@&?&ﬂﬂl?ﬁf’{lﬁh{ &E‘wﬂ«%\éfnciﬁe %((?n AQlats 408 niinS arfd 56 9Y
applied 1n response to the neasured 1 npedance to malntain t current

del i ver egugeo the skin tissue constant. 50. The nethod of claim49, wherein
the desired skin tissue is subcutaneous or intradermc tissue. 51. The

met hod of claim50, further conprising: measuri ng i npedance

pri or t oct8afijhk hamdiy dsteentpydbdaimf44ewbergy duinglhbe é¢livienefapelkdefiecnageatticasc al
contact is de between.the desired skin tissue and,needl.e skin, el ectrodes.
55" The MBS P B i Hoctig BF R b aus ot R S AP Ie i cont act
W th saigyjrmt raderm c or subcutaneous tissue. 53. The nethod of claim 49,
further conprising recording data conpiled by the el ectroporation device
fromthe delivery of the pulse of energy to the desired skin tissue.

49. A method of delivering a pulse of energy to desired skin tissue in a mammal to cause
electroporation to occur in cells of said desired tissue using an electroporation device
configured to deliver the pulse of energy, producing a constant current similar to a preset
current input by a user, comprising:

inserting a plurality of needle skin electrodes into skin tissue without
substantially penetrating a muscle tissue; and

applying the pulse of energy to the plurality of needle skin electrodes to deliver
a current equal to the preset current in the skin tissue;

measuring impedance of the skin tissue with a neutral one of the plurality of
needle skin electrodes and using a feedback mechanism in the electroporation device to adjust
the pulse of energy applied in response to the measured impedance to maintain the current

delivered to the skin tissue constant.

50. The method of claim 49, wherein the desired skin tissue is subcutaneous or intradermic

tissue.

51. The method of claim 50, further comprising:
measuring impedance prior to applying the pulse of energy to determine

whether electrical contact is made between the desired skin tissue and needle skin electrodes.
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54. A nethod conprising the steps of: provi ding an skin
el ectrode assenbly having a plurality of needle skin electrodes, the skin
el"ectrode assenbly in electrical communication with a current waveform

generat or; contacting skin tissue of a mammal with the
plurality of needle skin electrodes w thout substantially penetrating a
nmuscl e tissue of the mammal ; and applying an electrical pul se

of energy fromthe current waveform generator to the plurality of needle
skin electrodes for a tinme and under conditions effective to expose the
contacted skin tissue to a substantially constant current. 55. The nethod
of cl ai m254Thevthethed of clain ARpWhareig at frastedrecPNACHCCipg lissia eontashwithsaidt ep

conpri ses; . measuring i npedance in the contacted skin tissue
with a H%ﬁdrc‘é?lc(%%ub&taﬁ%sﬁ MFality of needle skin electrodes;
comuni cating the measured i npedance to a feedback nmechanismin el ectrical

conmmuni gat | W t h ur reqt vef orm genera rein. dback
mechani agjrﬂ'ﬁs?’gtlﬂ?%e&p P‘Eb%gf ﬁ\é\%’eef gcf RIS In§erre§clr(a¥rfrgo¥\ngghc§"@bl%$:b t ﬁ]%/avef orm
gener at QlectrBpdraidnaiesiee font the deibepsfahl pulpesfanegy tothodesited iskinttissue.
substantially constant current. 56. The nethod of claim55, wherein the
f eedback nmechanismis perforned by an anal og closed-loop circuit that is
part of sshea elefildrcop@risibg €t skpybie, and wherein the neasuring and

comuni cating steps are perforned instantaneously t r?u h?ut he, durati on
of the pul se of eREWVHlng ankin qlﬁ‘ér%t%%“tﬂfi@l"‘&grﬁ pyra ‘It)gP merdle skir i si ng

setting fecaBh&! the HIGRLIEF de LEEMB R EctHEAHMMIURRAIG Wit AdurRE6w SRRrinh at
prevents the device fromdelivering the pulse of energy to the tissue when

adj ust negenerator;t he pul se of energy would yield a voltage above the voltage
cap. 58. The method of clai.m 24, further. Y e ety
feature, the safef ?/Iq?%é] ﬁlFlg R ﬁ{;a;g voqf ‘glgtﬁﬁ’g%d@l{g?f“%%}g%‘%?s‘ gﬁuﬁg&d evi ce
f rom delvwiv@ut sudpstatisaliypesaratihg e resdy tibsne bfithetmawna; adden adj ustment to the
I f I i el I :
pul s€ ot energy \Aggplgin)g/ Iax? elceictx%czx 8ultséjl gfe engr%())/\%r%n;[ tgee cu\i'roeln% v%g«eefocr%pgenerator to
the plurality of needle skin electrodes for a time and under conditions effective to expose the

contacted skin tissue to a substantially constant current.

55. The method of claim 54, wherein the applying the electrical pulse of energy step
comprises:

measuring impedance in the contacted skin tissue with a neutral one of the
plurality of needle skin electrodes;

communicating the measured impedance to a feedback mechanism in electrical
communication with the current waveform generator, wherein the feedback mechanism
adjusts the pulse of energy delivered from the current waveform generator in response to the

measured impedance to maintain the substantially constant current.

56. The method of claim 55, wherein the feedback mechanism is performed by an analog
closed-loop circuit that is part of the electroporation device, and wherein the measuring and
communicating steps are performed instantaneously throughout the duration of the pulse of

energy.
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57. The method of claim 44, further comprising setting a safety feature, the safety feature
being a voltage cap that prevents the device from delivering the pulse of energy to the tissue

when adjustment to the pulse of energy would yield a voltage above the voltage cap.
58. The method of claim 54, further comprising setting a safety feature, the safety feature

being a voltage cap that prevents the device from delivering the pulse of energy to the tissue

when adjustment to the pulse of energy would yield a voltage above the voltage cap.
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