ELECTROPORATI ON DEVI CES AND METHODS OF USI NG SAME FOR ELECTROPORATI ON OF
CELLS IN MAMMALS PRIORITY CLAIM [ 0001] The present application clains
priority to provisional applications U S. Ser. No. 60/852149, filed Cctober
17, 2006 and U.S. Ser. No. 60/978,982 filed Cctober 10, 2007. FIELD OF THE
| NVENTI ON 100021The present invention relates to, anong other things,
el ectroporation devices and their use for facilitating the introduction of
bi onol ecul es i gt acagl &Jr8a SHET YR l'y skin.
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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 Jucidium (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 is a very well vascularized region; hair roots and
sweat glands are located in this layer. The subcutaneous layer is situated just underneath the

dermis.

[0604] 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. Dendntic 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.



[0005]In vivo plasm d transfer technol ogy, particularly as it relates to
the transfer of plasmds to intradermc ("ID') or subcutaneous ("SQ')
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field is generated during el ectroporabi on from approxi mately 2 nm beyond
the tip of an electrode to a point one-third the electrode fromits tip.
100091U. S. Patent 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 ecule into cells of a selected tissue in a body or plant. The nodul ar
el ectrode systens conprise a plurality of needle electrodes, a hypodermc
needl e; an el ectrical connector that provides a conductive link froma
programuabl e constant-current pulse controller to the plurality of needle
el ectrodes; and a power source. An operator can grasp the plurality of
needl e el ectrodes that are nmounted on a support structure and firmy insert




plurality of electrodes. The entire content of U S. Patent No. 7,245,963 is
hereby incorporated by reference. 10010]U. S. Patent Pub. 2005/ 0052630
submtted by Smith, et al, describes an electroporation device which may
be used to effectively facilitate the introduction of a bionolecule into
cells of a selected tissue in a body or plant. The el ectroporati on device
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bet ween t he ell‘gct r}odes. E=V d [0014] Tﬁg elggctri ¢ fiel gésﬁ]%gggﬁ’d%mE has
been a Veeplpctioﬁp@rstegmand/@bmgsmeﬁicﬂitating the introduction of a biomolecule into celis ofa

selected tissue in a body or plant. The modular electrode systems comprise a plurality of
needle electrodes; 2 hypodermic needle; an electrical connector that provides a conductive
link from a programmable constant-current pulse controller to the plurality of needle
electrodes; and a power source. An operator can grasp the piurality of needle electrodes that
are mounted on a support structure and firmly insert them into the selected tissue in a body or
plant. The biomolecules are then delivered via the hypodermic needie into the selected tissue.
The programmabie constant-current pulse controller 1s activated and constant-current
electrical pulse 1s appiied to the plurality of needie electrodes. The applied constant-current

electrical pulse facilitates the introduction of the biomolecule into the cell between the



formul ating el ectroporation protocols for the delivery of a drug or

bi onol ecule into the cell of the subject. The field intensity is inversely
proportional to the distance between the electrodes in that given a
voltage, the field strength increases as the di stance between the

el ectrodes is decreased. However, a caveat is that an electric field can be
generated in a tissue with insulated electrodes (i.e. flow of ions is not
necessary to create an electric fiel d%_) A%t hough not ntl ng to be bound by
theory, i tPHRIREFleGEfies AL chHE SPHEHosE-S: ﬁ@nbfg@r?s?@ SheEdy BsePericdngd
al l ows no Fbtr HLf nolecules into the cells of a subject during

el ectropordation. The flow of electric charge in a conductor or medium
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el ectroporation t eating or power ( ''W, watts) generated in the

supporti ng ti ssue can be represented by the foll ovm ng equation: W 12Th'
16611} The electrode arrays and methods described in U.S. Patent No. 7,245,963

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 needle (to deliver the biomolecule of choice) is also mnseried completely into the
target organ, and the injection is admimistered perpendicuiar to the target issue, in the area that

18 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, eiectroporation is the use of a transmembrane electric field pulse
to induce microscopic pathways (pores) in a bio-membrane. These pores are commoniy 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 muiti-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 m EP methods where

excessive cell heating and cell death occurs.



[0018] Broadly, nmetallic or dielectric electrodes are placed in contact with
tissues and short pul ses of predeterm ned voltages are inposed on the

el ectrodes initiating the cells to transiently open nmenbrane pores. The
protocols currently described for electroporation are defined in terns of
the resulting field intensities E, which are dependent on short pul ses of
vol tage proportional to the distance between the el ectrodes, and regardl ess
of current or t[0833le r dsibsttamoderstiwitbe piongdsy | eketieopvesion it crep@tanh@ddding
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el ectroporation protocols that facilitate effective el ectroporati on and
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Additionally, a definite correlation has been observed between death of
cells and the heating of cells caysed by the upper limt anplitudes of the
short voltage pul ses. Thus, the overheating of cells between across

el ectrodes serves as a principal cause for the ineffectiveness of any given
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be presentalloes genanaitef Rokdileento hdedlls bhesien Bining ddcirbsdistislepasiseds cannot
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of electroporation is limted by the fact that there i a threshofd val ue
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that it i pulserythdiend ottt tietiacgeise.gn ef fecti ve pul sing protocol s w thout
undue experimentation. This makes use of the technique difficult, nostly
when one tar gei@ﬂ%' Ss tthat i,nherently have a ﬁon- honogeneous cel |
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dimensions fromcapillaries to snall vessels; only a true software driven
devi ce capBite(df ) ivAkegst AnkBudTeySHASE Y& Wg the instant conditions variable
fromindividual to individual and between | ocations on the skin surface of
each individual and adapting the outputg i i/he specific conditions would
fulfill these requirenents. Al so, the el ectrode should be adapted to the
ski n nor phol ogy and prevent tissue danage and bl eedi ng. 100221Ref er ences
directed tovar@ogs el e6ltoRahalhaR ARRBELAILI ] dUELIAL G bpentififbihpess of
both an el ectrode "apparatus and an in vivo nethod of electroporation.
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el ectrodes,, or hods. f.or e [ ration. For exanple, U S. Patent

6, 302, 874Of'II8¢3 §ﬁ§§%?9§? thII%‘? eréde%cr?%ggnéplﬁ%?‘hod and apparatus for -
electrically assisted topical delivery of agents for cosnetic applications.
U. S. Patent 5,[876]j646Htmiddof ihramoduebf ht indrekehek impddatw (L h e@tsiRation of

el ectroporation apparatus for inplanti mol ecul es into living blood cells
of & pat '8t 2l "5 RhGh WIgs BATURGIN Pl Pt AroPEioH o dicprestisnel the2 t o
Hof mann, et al, describe a nethod and apparatus for el ectroporation
medi at ed delivery of drugs and genes. Mre specifically, they describe a
nmet hod and apparatus for el ectroporation therapy ("EPT") for treating
tunmors with a combination of el ectroporation and a chenot herapeutic agent
to produce regression of tunors in vivo. U S. Patent 6,216,034 to Hof mann,
et al. describes 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
assenbly for an apparatus and a nethod of trans-surface nol ecul ar delivery.
U S. Patent 6,181,964 to Hof mann, et al. describes a mnimally invasive
apparatus and nethod to el ectroporate drugs and genes into tissue. U S
Pat ent 6, 150,148 to Nanda, et al. describes an el ectroporation apparatus
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for the intduweitisprenathtiet rethapeubitng agenicsn b iepiezémgi anhelolowngeqitiet:.d
el ectroporation apparatus. U. S. Patent 6,096,020 to Hof mann, et al.
descri bes an el ectroporation nethod andﬁgpgﬁéatus for generating and

applying an electric field according to r-specified pul sing schene.
U.S. Patent 6,068,650 to Hof mann, et aI describes a nethod of selectively
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devi ce andeﬁlﬁ?’?é?& i ?ﬁ%&r‘%%%%”%lor Faling sawot by Gtraed fr shepleerpparated

i ncor por atgehb¥hicgi@tencarie ¥t L eNitH G réM | skin
el ectrodes pféseﬁted hereneand useg in ghepggggr?% %?gaﬁ%%§¥%ﬁgéﬂﬁ%§eln are
cl ai med i Ke0a@lpHeahiferenes i wwet onit 2004L04BT 4SS tageulse Betwlert gatroPosation

2005/ 0052 enf ch i.s_here ncor por at ed by
referencegégﬂﬁggﬁmﬁqiéggeﬁ%&[hefﬁﬁﬁ%ﬁggwgﬁg EQrﬂF5¥ﬁP@”§%ﬁ%§§§|@ﬁp%ﬁ Vi vo
and the aghd mw&mtvegf soidlly gidoltieghlbak defived soreflatdnIRE b&hahs@v el Bitwedras been
recently re orted u5|n electropogatlon EXa hia-Mcli, et al., Technol ogy

i n Cancer dp¥B @4 cely andrine Jesrmsiol relssasd (2]%295”? gyt epRlgudss st thapaftort
|nject|on I ne

R A o N S B e R L R S R

appr oach tose sfoahy ipmfisdinainay  skenetsdnpebredrsatioor veltagatpukgng argecolranmal s

(Draghi a rn f Science 81: 230 2310 (2

br aghi e aergBes the cui @B oRe Ry 53558 % &t Seitpptngy T

i npr oveneaffsctivensah eCinygpenauison freobol] giiels: wiggneecsdhe disttpasd i cul ar for
ef ficient skin electroporation f or vaccination pur poses and gene therapy,

and el ectropor n duc d aS| ess._.an 0241Pr evi ous

i nvestigators ﬁ&%@ ut | 523 d@l PFS 6? © W”ﬁ@%?gﬁggfﬁﬁhﬁgﬁgﬂg

transfer ghak za6@aiclyaeLBbetbinldtrR s Eichr @Y "CONSHAM is URILASR ( 31Y§In%em'ﬁ¥:' l'i zi ng
a predetern ned voltggg bet ween the el ectrodes. Because the i npedance

bet ween €l éct pEAELNS Bratlanbedded in a tissue can vary from
case-to-case, or tissue-to-tissue, a predeterm ned voltage does not produce
a predeterm ned current. A predeterm ngd- gol tage pul se causes an

unregul ated increase in the current flow ng through a nuscle tissue during
the duration of the pulse in addition to the loss of the perfect square
wave functi on.joB)CONtriastumred ﬁ%%cﬁﬁ%an?@?%ﬁﬁseﬁ? G ARl '1 omrﬂ%m& ains a
square wave functlon constant current throu tiss wever, the
exi sti ng repanecbirgkd ehrticles.opothay ilons efewiotsesled dehate haa/emtzlae thdhicmwaDe

desi gned &811% %é;%n”? QBI%WE}QtdeﬁésnteQ%ne%na ealéorgilg dggfm&{é”e k t° Wh Ch the

cells are”ex nregulated curren

el ectr 0p@reatrlo@m}ﬂ%él(meSomb)geﬂ@ﬂaioaa@mﬂkﬁnfﬁfabbl@ais omz;fo!rraz&ﬁée&cérﬁaqt Can
easily kill cells. For exanple, a typical electronlc 50 mlliseconds (ms)
pul se with an average current of 5 Anperes ("A " or "Anmp") across a typica
| oad i npedance of 25 ohnms ("0") can tH%oretlcaIIy 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 2:477-5092477-509 (2000)). Thus, there is a need to avoid
t he technol ogi cal problens associated with constant voltage el ectroporation
by providing a neans to control effectively the anount of electricity
delivered to the cells and thereby achieve proficient el ectroporation while
limting the destruction of cells. 100251The difficulties present in many
el ectrodes stemfromthe fact that the pul se energy is concentrated in the



el ectrode assenbly is el ectroporated. Thus, there is also a need for sone
applications to provide a neans to effectively control the dosage of
electricity delivered to the cells in the inter-el ectrode space by
precisely controlling the ionic flux that inpinges on the conduits in 9
the cell nenbranes. Al so, commercially existing electrodes for |arge ani nal
applications and humans generally do not allow for ID or SQ targeting of
dendritic @BlihEm R%aid@Yst B Brdsiiit€ abdeyatt @@ubrengbutdhe afntiRARNMbAPEdpBLiRdgauge
and inproper bevel orientation. Thus, there is a need for certain

appl i cat i cigngtore dcteRipedefremt s psoteiaraNnedf yiltage+ Geirergondieg!y.ntheiquentisldfver y
of a biom ; I 1 | i | e [.D.or,,.S
Spaces i n i Ba SHE RSB AR i ol kG ED ki PHEc P e g

el ect r oporiatpbsm e elegregind needl e arrays typically do not permt for
control of inter and intra-individual variation of tissue resistance,

t hi ckness and | copdi tions. Wth, these | nstrur S,.a.predeterm ned
vol tage is del i@gﬁid t HFoTRe tRess & sl {}%%Pé@m?r} 'Fé%ngegﬁy\}ge et ’?‘ﬁteé’?rﬁdfei dual
tissue reshebieealod for MChnRSttensTURIovw BT dictabs@tish ARedof QcuBRnd an

el ectroporation device and skin electrodes that permts adapted

el ect r oporaPFrolimit HRPVear 8sh ke cellsrare Wesqayad v Exeraimanial iexidenns thetvertbat dhel
el ect r opor Orere I§e o z .
uring %xf@é%{:rﬁ:@%er\&egg%?e] Aﬁ;g%gg' lwg{hmﬁé RCLT RO @kd 01 v@%g@ggg 'gg{;%,vse

skin and muscle invasive ceabl e needl e arrays as

del i ver t kfeghequising rcepe@ntitiedundie empermhenance Thik nskerisk of henghbigons when
the needl e.array repl acenent occurs. This.is necessary fromboth a di cal
practice g‘ffﬁcwgg‘ﬂ?gﬁo‘?{ nc%’_}?pﬁafggﬁctésswse tof“rk??r.enﬁﬁ%?ﬁeeaé’&%loﬁoﬁﬁeoﬁs el :
di sposabl eomkbskidl, Ak hOGEn | IR arGRitn aak Hewmit O diFaWR hidkhodusd hebs st s and
usage in nmass vaccination of both therapeutic and prophylactic purposes.
Thus, t hef&ati.datafasae dlaedaassels opfifeicaedimennpns feqre eanilipaes @isskllvpraeis@nbows
easy repl g Frow @ &rg?z% R0l Eap3Klebrafday HiYg‘%% I '

[0028]In ogggggpecf 0 ?ﬁg grggénf invént?gn, roé¥§§%355%&%%g%g@§%%?ation
devi ces vhablefrtmdndieldeet odpdrdtalomditrtw¢apsloeatohs an thenskil siifacdel exddri ng a

constant current to the tjssue, the tissue prefera ing skin tissue. In
sonme enboli Hﬁ‘?eﬂai ?ndlt)ar‘iiép mgéhq 9"3%‘{5 Foatp? 5‘??01(55%\%) E‘@E‘ O%Fr%c’”?%ﬁlf]ﬁg@f:%d SquyegEriver to
a desi r edatdosbeleOfod® sHANUBE adapRl kS@e Sfin ARRHINIoRI A Yl Bd 1i8sue@BSh A ndcur r ent
simlar to a preset current input by a user. The el ectroporation device

conprisesmﬁﬁﬁﬁiectroporation conponent and a skin el ectrode assenbly. The
el ectroporati on conponent is capable of delivering the pul se of energy that

produces the c@psijant RefFd BN ditddidaN@waRS i @ekclrbSitn %ggrawaqhyﬁﬁ& &
u ec

f eedback mechani sm The skin el ectrode assenbly incl S an e troge array
havi ng a yeiMedss tof toth gkiglectode tappatetys iapd gars patvival methedingesetibporahar.ei n t he

Zlkie(r:] t ?ngégr?egg%ﬁzr?ﬁip%lﬁ%na%c?%%ﬁ&yﬁ%. Igggltgt'ﬂgtscefai%feiﬁgﬁggé{ﬁg J}gc@o&eg?or methods
for electroporation. For example, U.S. Patent 6,302,874 to Zhang, et al. describes a method
and apparatus for electrically assisted topical delivery of agents for cosmetic appiications.
U.S. Patent 5,676,646 to Hofmann, et al. teaches a flow through electroporation apparatus for
implanting molecules into living blood cells of a patient. U.S, Patents 6,241,701 to Hofmann,
et al. and 6,233,482 to Hofmann, et al. describe a method and apparatus for electroporation
mediated delivery of drugs and genes. More specifically, they describe 2 method and
apparatus for electroporation therapy (“EPT”) for treating tumors with a combination of
electroporation and a chemotherapeutic agent to produce regression of tumors in vive. U.S.
Patent 6,216,034 to Hofmnann, et al. describes a method of programming an array of neadle

electrodes for electroporation therapy of tissue. U.S. Patent 6,208,893 to Hofmann, et al.
7



delivers sanme to the desired tissue through the skin el ectrodes. At |east
one of the plurality of skin electrodes is neutral during delivery of the
pul se of energy and neasures inpedance in the desired tissue and

comuni cates the inpedance to the el ectroporati on conponent. The feedback
mechani sm can recei ve the neasured i npedance and can adj ust the pul se of
energy delivered by the el ectroporati on conponent to maintain the constant
current. [@820Fs Ao cleetrempdon apbarehie Vﬁﬂ?es gnondchve pleplorie tpmeiﬂit@éﬁsa?zéem

el ectropor ha d e _as con red to ener gy
Co°a deot ror2et 008 BORart Sl e e e e e et Bl el bafelie s Sewg!
desired tidgfsmes- S!.lx'fﬂcb afol etcmaadams}etU SUPettemt(S | 1ped4 BYHEASE et al hRsdrnedh e
assenbl y conpr|5|ng a skin electrode array having a plurality of skin

el ect r odedMNAnAlydPESIvE PPRATH YW TRshod W&Cémﬁoréte Megand gares dptotigaIesKiSn

el ectrodes,| 5, paubnat (JWahHg Ak Jeidbeffan t?@cﬂ%b%ﬁo%ﬁ&%@fo@@&%ﬁ@ﬁ;es

i npedance in the désired tissue; a control in co ication Wt
ski n el ectiemogkeatarcrdrying theepromnd, b@lgbmatmgnmddpbimg abedi¢oms fieldfactchénpud se of

energy thro ski.n el.ectro erfo f eedback
rechani s mUSHERG H R B DR TR R ST e PAPHBe ol Homatet

har dwar e, a\Wk&RbELE BINRE fbNBe INRAS UG RPefanteaghio Milifigs Be Uitk fﬁakd n

el ectrode and adjusts the pul se of engéggodellvered if needed, to maintain

t he const SETNIFHIOAL apaDBZO] ¥19- ofrdetils 3¢ ohEofnementt Rhveésserdhsa, an
provi ded @fe%c%i%%i?%ﬁ?neﬂ{odléﬁ{i g,tgm]tzm foxeée’?zgxl[ahﬁggr?c?%d %ﬁél&c e £d1d 5&8@% esent

i nvention I'ver biono es to ce a manma n sone
enbodlnent&auﬁhepmﬁﬁﬂbﬂﬁmm@aﬁmnseU&é&h@ntﬁéégmﬁﬁt@EbﬁhmmperdtﬁﬂﬂnﬁﬂWlces

descri bed h .deliver. the pul se of r to the desired skin tissue
Lo pr oduc BTG LTSI Y “HUTPEAtea AT S en oy L B RSP R IBEBY &
user. ThegieUNN A5Gl Wde59 1t IRITang @ 4 dédhbdsyarOblefterR Spakid Bt ekt r odes
into skin tissue w t hout substantlalI%hpenetratlng a nmuscle tissue; and

appl yi ng eRécHiansd clserenvEriigy 1 sPeTHen pl the Brdx §f ad}ratlﬁéé*aﬂhé@kﬁnﬁgwrémnf@des to
del
eliver a %&'15 Hkmﬁ%ﬁéwi {?e&{oﬁ&%d%%érﬁ&g aldlhbe @l&g}ﬂ é#rﬁgr%age '3 ural ity

neasurlng |np ance ntissue wt neutr al
of needl| ediskhe teheahradekcandtsusidmeans feepaisacko sad Hamnsasigml fdrapplying

he. moaur ot PR EOHRE GO BT 1 AL R BT RO e B DR SHTR 11 Ssue

const ant . sai D83didddrs. SORE PeERORIbIR M & MOSPO(DSOM19§)GMath16§éﬁnEt|Qndlsﬁbé&“aﬂed are
met hods conprising the steps of: providing an skin el ectrode assenbly

havi ng a Peawoapiatign &FVlﬁ%é'@ﬁeiﬂJe§th appasEiy oBsof theee siedypalrristarederB¥senbl y
| ect f : t
in elec rzhg&h?rﬁﬁw}e?ﬁ?éﬂcgn %% @ﬁeﬁ Ug rc%mbiﬁ’éfﬁgfr‘ vﬂgal ?E):%Iag ejeb e@c i ng

skin tiss urality of nee n el'ectro
wi t hout swbetzdthesd, layd pmdehrtht ewﬂmmsiﬁsm&edésum efe dlfnmedamihs; Paami

appl yi ng .an..el ec f urrent wavefor.m gener at or
EoP he S TR EG Bp AL R Tl B AR P ok R SR S AR ¢ one
effectlvamﬁgqgx@ﬂﬁguhquﬁﬁaiap&ﬂﬂaﬁxjn tissue to a substantially constant
current. BRI EF DESCRI PTI ON OF THE DRAW NGS 100321The numerous objects and

advant ages of t ent inven n ma bet under st ood by those
skilled in thédd @Sﬂ PEEST Bnt o ea&eéﬁffaﬁef{ FEPTRISHr &5 Ve FOME h:

achievement of physiological levels of a secreted protein has been recently reported using

electroporation (Draghia-Akl, 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 scalabie and represents an approach for
stably producing secreted proteins for treating large mammals (Draghia-Akli, et al., Journal of

Animal Science 81:2301-2310 (2003); Draghia-Akli, et al., FASEB J 17:526-528 (2003)).
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[0033] Figure 1 shows a diagram of the structure of the skin. The nost
superficial regionis the epidermis (1.1), which in turn can be divided
into 5 sub-layers: stratum coneum (1.1.1), stratum spinosum (1.1.2),
stratumlucidium (1.1.3), stratum granulosum (1.1.4), and stratum ba, sale
(1.1.5). The derms (1.2) is situated just under the epiderms, and it is a
very well vascul arized region; also the hair roots and sweet gl ands are

| ocat ed i ngfifi gigliaver Immenm%HQQerﬁ:@@Mado%ﬂéémhéué'arréjﬁée%gdJley%ﬂ}éﬂQ?ff&eat h
the dermis, 100341Fi gure 2A shows a system di agiam of a preferred

embodi ment effkicntrsiERectiopireben dewrseinbled: hepeichand $O8 BtRipyLAng cR8trgivosnan
exanpl e of controll er mnth be a part of the EP devices described

her ei n. ﬁggfﬁP ﬁpgvfﬁmgﬁﬁﬁg %&exanple of an actual pul se sequence
recording downl oaded at the end of the pul se sequence, using the skin EP
device as a pul [ge24jenePat s imvedighioss ltes atilibeielsdtoporties edets far playnitio
deliver the electric pulses after plasmd fornulation injection _jnto
theft') andNSQUABSfer fapfargGopcepratly g %?g OB genstanh VPIGEE KNS hdilEiNge s nane
that has bﬁ@&bréﬁﬁ%d%@l@«% aenaeemﬁe £1BSFREE BRAE A ntheBaREHEARRS LAIRKE er or
hand- hel d device; ("2.2") shows the subject nunber, as entered directly
into the skarrEmiiddedio atibguo gghvarhBomgaserioeake, patxlssuaga-aSSpt epegigieshined
condi tion b%L%hﬁ)the EP. RLOGE wnn1é§LSta

characteri'sti §¢ IOYPIOd e 8 rlc pu seéwgﬁ‘é%ygﬁég§u%%§wjp%?%?%??u$ﬁéquding

t he nunberu:@écrum:&cﬁeaeasb ih thhmrmn{ B@w&gﬂiﬂ@u@ﬁ; mmietns‘s;jlertﬁmlagﬁﬁrdemaaﬁioﬂaé Ween
pul ses (in second 2 he pulse, wwdth (in mlljseconds, "ns"),

pul se cur rR¥E %ﬁﬁ‘ihfl%éfé he; i?ﬁsélfrﬂ?r@éfe‘:ﬁ SQuUATe Wavs TERGuog, By SORTFASt | ‘é’éftﬁmc al
charge of &agh se{;ﬁeta&qgﬁf ﬁ’:'é{n'ta'ilﬂ a%%ﬁb%v%eﬁmcmoﬁrcoﬂﬁ&ﬂ cﬁfrvﬁthﬁmﬁgﬂ Buscle

electrodes 1, 2, of the follow ng positions is possib positive,
" pos" negasuevﬁommghc emtlr@fCDmH@Wlal electnporapif deveqeedp rngfd@(vs )heaﬁrezwarq)or ting

back i nformat | an i nt the deV|ce for durin and fter. .ea | se
("feed- ba(:dl‘?‘lﬁ’rD to2~n§81)e LSS R ac ?Ct Mper 5% Ctmi{" © w%ﬁ} gﬁe‘p?s \9“) and
skin ti ssugpcrse@lmazmgma%d carent Igenarmpcewuth@nm&maanae erébmpo)razxd»urdmgns&a@h pul se
of the pul se sequence; tggwéﬁsd back arl es every 0.1-0.2 ns (and in

this caseg?mréatpam%@ss\g}eé“s # cpm st I 11l ol F on examale. 2 iYRRSOF SO t he
f eed- baCkSt)'ﬂlﬁISE@ﬁ%é??ﬁEpﬁi@&Wﬁiﬁﬁaveerge EXEANIrS AUPRESES:” 6,003 \;Ehaags% 3

shows an exanpl e of raphi cal display of downl oaded data ‘when using a
skin skin immttqaéd@p@r@mwfi% offmself” @ci ¢4nc puctedlybyist fhe tekpeTalER iddsbuse

ac. moasur da by  DRL SR PSR B A Hal P8R Sudnd oy e B SRS GTRER, of  abe

("3.2.1") revinhed Wy ot et(a J1rés, 2t )L, a&naeasw@dmbcy Hiae . sKi. s09ER7 ey @@oa})r Pul se
2 ("12"). The tissue resistance (as neasured during the electric ses) is

al so di spirBysedherols apiged & avoqd the tecinolpgicip rekiens essemat@é withgonsyntivgliass 4
shows an Qié@t%lo?atlgfm b& Bx%vﬁiﬂ?gpﬂh&ﬁk tocl',‘oﬁm)lae)ffegtflvemé:ﬂ@\gl?gf e@&mny detivered

to the celis and thereby achieve proficient electroporation while limiting the destruction of

cells.

[0025) The difficulties present in many electrodes stem frorn the fact that the pulse
energy is concentrated in the center of the array, the point where the material to be transfected
is deposited. As a result, the spatial distribution of energy delivery assumes a very non-
uniform character. Therefore, only a fraction of the cells in the volume encompassed by the
electrode assembly is electroporated. Thus, there is also a need for some applications to
provide a means to effectively control the dosage of electricity delivered to the cells in the

mter-electrode space by precisely controlling the tonic flux that impinges on the conduits in
9



when using a |large el ectrode array delivery of electric pulses by the s
EP devi ce device to the skin. The graph depicts both the voltage ("4.1.1")
and current ("4.1.2") as neasured by the skin EP device in Pulse 1 ('4 )
the voltage ("4.2.1") and current ("4.2.2") as nmeasured by the skin EP
device in Pulse 2 ("4.2"), and the voltage ("4.3.1") and current ("4.3.2")
as neasured by the skin EP device in Pulse 3 ("43"). The tissue resistance
(as nmeasured during the electric pulses) is also displayed for Pul se |
("4.4"), Pulse 2 ("4.5") and Pulse 3 ("4.6") gAOOBQ]Flgure 5 shows a

schemati ¢ fh@ﬁkj@@ﬂ%@qs Ispfcommgkgip séqxe%!pgslfétr o & larigp animnd] apgliehsiors aneéd

ona of o (S eatryliohoBURS Ml AYGIRPLELIRI o BBK R R0, BB L R "
degr ees f apo leygarfeh igoh@prigeigatge aptd n@operroy drendiicatling timed;laewed fact r ode

speC|f|cat|ons 40 OWS, a Vi. [ eprese atlo "6.1") and
Sbhemt | oo EuE B LieieeRP et sn e idos BEPOSE TRl Ty Shedguredised t o
activate tshen asrao;ﬂﬁl@zﬂaqn@mﬁ;kusaﬁhdetghqn ekecs a@@%aﬁbﬂﬂ@equence ("6.1.2")
"LED' displays green or red when the skin EP device is 13 ready to treat
or during an error respectlvely, ("6.1.3") skin electrode array | ocked
into place: ("60026h") Fugthermasncammcrialbmyayatia slechpnosyicanisviseavdngsdiet ween
t he skin I @@Q]

i ndi vi dual(?ilr\/\is;st %gg Esiéé(agte al ]‘Sr poﬁiéftfgh érﬁgg\ﬁ'gg'?rrl#gﬂg ‘fﬁIV\‘llgarngsmc;h gf%lss?eam in

Fi gure 8; r(s‘is@anzc Hiykrtess @géafcabtmlnémm oy ltf(theseZnﬁfu)ndnEDigmbeﬁaraﬁme:d,vo(té@ﬁ 3")

schemati c ep| drid n.the skin electrade array used to
facilitat 8 AR, t}”&?%g]f‘ Eﬁﬁ'{eﬁh %Wﬁpg‘ﬁa’&ﬂfﬁ‘&émﬁ&‘ﬁm ISP TP 08 B on of
el ect r oporratd, QRerP W Sigo 531%&3&&%;1 dlecfrogeordtion F6VISIBLd SkiffelB8lsang!RELii0des of
skin el ectrode array; ("6.2.5") side view schematic of skin electrode array

| ocked i nB¢RADH a:éf’éfrepprﬁ%wdhféacqcuetszforéham%léfﬁéﬁlatanétwrbef%%mdrdgnagtilwaﬁ#s det ent
(on handle); ("6.2.7") schematic depicting sockets inside skin el ectrode
handl e used t ojgoggei Ve, anghidBER-EHNAkh d%@fces%xﬁi%h“u&eél&’x‘i‘ﬁ%?&h% infasfie2- 8")
schemati c depi ctl ng cord housing i'ndividual wres whose detall IS shown in
Fi gur e 8; repbodabjeriagdle errTysss slestrodes t@&alwe@lhectepm@wa:crrtawummmmaow afhe
handl e: (.7.1" e Vview sch di vi dual ockets for ving and
maki ng elsechE11 %a(? ‘g%sn‘ynhe‘%i\t%l’ol?fa’sgfeT?“v?/léE1 ) ceegjleﬂtdoc\?lm&ug S P EYE) féodli E%tbés in
ski n el ecinedids paaidnayarm&gslkuom @:ln@ﬁtamwlﬁehamdi & thtQewhe kifrieQ bl dRp &abib QMY

electrical wirli nq} Eﬁg a1 \];ﬁ%f arra%/ and handl e, assenbl y; 10043] Figure 9
shows t he®letiod DRUESEIRE 1AV EHRIOGECHORE O i Usags 1R “é%s%‘éatcﬁ%‘@naﬂf o
cl anshel |th§ﬁb&ltﬂ&n@?%ﬁ bOg ;ﬁ@;susaé M8is, mee 13%1559%& farpr%@é§hx§a!a19&md99 of

t he handl e between treat nent su@l ects: I ncl udi ng
i ndi vi duadiskigky diopgserreriessingne tbéﬂmiﬁsféxnaﬁrrays (" 9.3") side-view of
wel I s; and

SUMMARY OF THE INVENTION

ki n
1"
1" ,

[0028} In one aspect of the present mvention, 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 eiectroporation component is
capabie of delivening 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 puise of energy from the electroporation component and
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10044] Figure 10 shows the average expression levels of GFP in ani mals which
were injected with different anounts of the plasm d pSP5-12-G-P and el
ectroporated with the skin EP device using the skin el ectrodes array and
skin specific EP conditions (MA), conpared to el ectrodes and conditions
usual |y enpl oyed for plasmd delivery to the skeletal nuscle (LA).

100451Fi gure 11 shows a three-el ectrode needl e array where distance L =
lan, where n represents the nunber of electrodes and k represents a

ti P e i on
PLOROLL ! LY RS rAARBIELAUE e 18 0NRa 2, 44BN oL SRS 50 1 ©
respecti vakﬁm&mﬁmiesmmgdmmﬁhd&y of Eiﬁ@&?s]elafgndsrgy 43 mbﬂ‘ﬂ:ﬁesamgécaﬁ&t u@f t he

SEAT" expr ion levels at day 1 Eor vari ous | es al.ong with Iated
EL1SA resul ?éescfeﬁ tl%&%@f%ﬁ%lﬁ%w BRSO ”I} PPIGliPRCOMPYRBWS P8 gr aph
of 1G-1 exRiRSShethahiS¥ @hSrebBUL He)mAUBEY :Hpegﬁib% ahd Qdﬂatdﬁﬁt thk mﬂﬁs@éf energy

el ectroporation using the respective 1G-1 expressing plas
100491Fi gulelvarsd by gplekpsorfdraiomesowanei! fragentaih e coapiarg Samentgr een
fluorescent protein expression after 1D/ SQ plasnid adm ni stration foll owed

by el ectrop orgiisgpn ( I I t ferent
doses and vol uﬂédszg% th Ihz_g)]? %EC(R gth% :&c@ent BJ ?m%(%ﬁgt% %ﬁég}&&&%n% hfa'éj di é
EP (A), orasdchdliskionfifRed B)deliver a pulse of energy to a dsszred tissue of a mammal to produce

a constant current in the desired tissue similar to a preset current input by a user. The handle
, assembly comprising a skin electrode array having a piurality of skin electrodes in a spatial
arrangement, wherein at least one of the skin electredes is neutral during delivery of the pulse
of energy and measures impedance in the desired tissue; a controlier in communication with
the skin electrode array, the controlier controlling delivery of the pulse of energy through the
skin electrodes; and a2 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.

[0030]  In one aspect of the present invention, provided are methods of using the
electroporation devices of the present invention to deliver biomoiecules to cells of a tissue of
a mammal. In some embodiments, the methods comprise 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: insertinga
plurality of needle skin electrodes into skin tissue without substantially penetrating a muscie
tissue; and applving the pulse of energy to the plurality of needle skin electrodes to delivera
current equal to the preset current in the skin tissue; and measuring impedance of the skin
tissue with a neuiral 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 siectrode assembly having a plurality of needle

11



10050] Fi gure 16 displays a graph showi ng | evels of secreted enbryonic

al kal i ne phosphatase (SEAP) detected in pig serumat 4-11 days after pSEAP
adm nistration. Animals received the sane plasmd dose (1 ng), in either a
concentrated fomr ation (at 10 ng/nL) or a regular fornulation (at 2ng/nL)
(n=5/group). The data are shown as group nean responses SEM 100511Fi gure
17 illustrates non-human primte study design: Fig 17A shows that Rhesus
macaques Vi elcbimaies Z@e skl denoit Rs@mbDWndeisarics). o RetatdAtwigen)cufbniHl V- 1

i mmunogens and pl asm d-encoded rhesus IL-12 at weeks and t hen

0 and 4;
i muni zed YAWSEETVWEIRTEPTHIGHENEHBAR Este §f Agnpamalnith eplughtypiarsdigsigpnd 12,

Bl ood samql - &%ﬁt@a b | n%ﬁgﬁ (.
assays. ELII%EFS??%@% %)ug,r or #gg%&m%h%% é‘g‘%lgfﬂ%\%"%@eac I n%ngﬁpg!g{}% gﬁ and
ELI SAs weraequaral pulsed catrgwietshdcurdnt WBaveldm geBerafr ¢p th7 Bludiigpbingesdlasidnagr am

of the skin electrode arr nd handl e he .skin EP consi sts, .of. a

i ngl o us PP S Phafmasd B Sarpies BaedOR o Sythgshisaohuntt tofdsdes s i n
| engt h. Thebainiaky cénsadnt ashed to the handl e applicator of the device; the
EP procedure can ﬁe initiated by pressing the trigger button on the handle

applicator. fO_OSZ%FiRa#re 18 di spl a@ a ITCJ” aph show ng enhanced cel | ul ar
i nmune reWe@E & WIquWﬁﬁb@ W HS| o SQ co-injection of plasmd
encoded IL-12 followed by EP. IFNy ELI Spots were perforned two weeks after

each i muni zat iim-ZLResimé_ﬂﬁﬁ?er&@ BfRéisaing dopiiedLdrag MBideiRahfnadns, 8ag are
depicted as black bars with the data shown as stacked group nean responses

SEM  100%8teriugderstond byithgsk akidied ngtha gk bshisiirerpedn zenrseompanydry figwepanses t o
H V-1 i egens with IDSQ ER Ten weeks after the last imrunization,

ELI Spot assays were perforned to determ ne antigen-specific nmenory :
responses to gag and env in the IDSQ and | D/ SQ+tEP groups. The data are
shown as groupf0f83ah r d8pordesowSENAgrp005 dehirgune o2 hedkia pleysosesugeraphl

showi ng i nduct.i gn of, TH1 d not. TH2 nedi ated .cel Lul response foll ow ng
D S0 i S erhr U< whgh ingb HE At R e it S SBERA ormel | Spot
was per f ormed), afratw@ekindfint 0. BSS SBdurh mﬁidiﬂ@lqo;.tlm,rm@a‘ma%@ﬁ\go@h @nvasarci fic
TH2 response. Responses to env are depicted as white bars and gag are

depi ct ed &EEDdaselondrisS i bhdames (et B ssRoRh I w5 urden iR sEdgnusPngean 2 Ve¥ponses
SEM 0055) Ej Aol ; i j ' : and

gpl 60 (21% ]gg{r?tE %%%ﬁugggh’g%%u@ﬁeagg%ggf ectwggt %}tgl%ﬁe%géig’@?)tgé %PI% é,lg)%%‘%gnd 18.
Gag and esubcatatdone thyet is skusedjestendateatintheaidrhy; p24 and gpl60 ELI SA,
respectively, in the 1D/ SQ and | D/ SQ+tEP i mmuni zed groups. The data are

shown as gr OUpIOB?ﬂn r %?é?l?gfgéhoéﬂvslystem diagram of a preferred embodiment of the EP

devices described herein.

[06035] Figure 2B shows an exampie 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
mjection into the ID and SQ layersof skinin a 25 kg pig: (“2.17) shows the file name that has
been downloaded via the infrared port onto a personal computer or hand-heid device; (*2.2™)
shows the subject number, as entered directly mnto the skin EP device through the numerical
pad, as a prerequisite condition before the EP process could start; (“2.3”) shows the

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



[ 0056] Fi gure 22 displays bar graphs showi ng SEAP expression neasured in
different nmuscles in mce. Mce were injected with 10 gg C5-12- SEA!'
plasmid in the tibialis anterior (TA) nuscle or gastrocnem us (G nuscle
and EP after either 4s or 80s delay. Mce were also injected with 10 gg pf
C5-12-SEAP plasmd without EP (no EP). Serum SEA!' |evels were higher in TA
nmuscl e and G nuscle injected mce conpared to control mce that received

the plasmg ﬁﬁ%q@ﬁc&, vP;tﬁnile b3fdre Zdd berW &l EHE&GB&E tdry tt%ﬁ@%%@t%“ on

cassette wi thout the plasm d backbone (NB) and then el ectroporat ed had
hi gher SEAir miikpedogds, fiam”)NBe @ﬁb@lpuwrﬂw@uﬁlt@ (iHowpwres, A hd ' NE’ )ghoupélewer e

musc o (N el il s T RE ML L EhEHE i sl b TR B0e +
<0. 004). I\Arg@fthmjfem\exdgpﬁ&t@ortslmq;ombmmhtezeyuﬁisd mBpgher nexpoesstom L than
animal s injected |nt§ t he G,rruB Pnd | owering, the delay between injection
and EP i n Ofe CRATRRRRIAE PETE 8L H BIOTSART TGRS evice BE ot B as anpier cac

[0057] Fig gﬂ'u?se%afegd SRlkay §2le s%&@macﬁﬁ@%?&a En2y %oﬁ:c?:‘ e (S %ra?§ %%19 Rssue

quantified 1n mce after | ntramuscul ar intra i njection
of 50 it g rofistm; E@imepn}a@mnc&r@t(“@bmérﬁmnagﬁ@cﬁ@wbﬁe Oftmgmmb sequehdr; a.fgmnt in a
total vol 25 or res in

gr oups ad%’g‘f KALEF Sl“deﬁghnﬁ 2 5 @%% féf ééﬁﬁ § puggﬁg r?sdvﬁerﬂgﬂﬁ

adni ni st ersg@liBref@iiidn GORCRBA-badki f08 hid RReamttiddd, foPemQ;lQéﬁrpos%lst hough I D and
IMinjection sites y| el ded simlar overall scores when conpared to each

ot her. 100581Fi di spl ys bar shovm SEAP e ession, which
was driven by! g(ﬁatﬁubi fEEe ﬁ?%ﬂﬁ?@?{ EF%E@SRE?V@‘?’W@?C@Q@ #Rcl es
in mce Ufﬂ&ﬁ%ﬁu)!xﬁgh%iﬁsl@h‘El@@zFHde%@lNérﬁgﬁelecTz@G%uH&@%?}}Qsﬁ&@ﬁﬂn@kb@&xwﬁi’hé ested:
saline, saline + LGOS, water, or water + Saline + LGS fornulation at

0. 1A i n t seapTAlepigschash Shet-ﬂoh%ﬁ thé-10) gresiraak (3esE ) eh meanirobbsthe skisi KA ng
plasmd faqr t , r N Rakd i_el ded

G ani 11 cadriy Roade SERp AL SE bRl BrL athr A0 Al 621N i e
muscle (* Fhe@uOEP ﬁariceTsAPand2’(‘*332’k}O’FiEHJﬂssE@fesﬁ?amce\%ﬁﬁmWﬁrduhng@ﬁ al@sidised as
the plasm d fornyl at.i |ffe ces serum,SEAP | evel s were not
signifi caﬂg]s‘?sgﬂsr%i%m a%?ﬁg?ﬂ eﬂdft 5&2‘} etzné3é Jruscle (***P <0.04).
100591Fi gure 25 displ ays ti ters for antl - SEAP anti bodi es neasured 14 days

post-  treat me[uo3sivhi Eigweuehi . ghestanipl 6F e gﬁaf)E]@iiQﬁjspWyUf' dOwhda@d dathr r ent
in the G nuscl e when Iasmd was formulated I n saline + LGS and in the

TA nuscl eMipepsipdi meaﬁe%‘éaoqierﬁr{aBﬁeWéﬁrépf de{t@puim@amﬂﬁkmﬁPedez@edﬁew ®ys a
schemat i Cth% KA eL IR AR o0 in &y 818l 4C0 P A4 B (X125 2082 27A
di splays a £ st part O?’Fc fofh wehart g g«g (?%ctro(por at)l o% me%%?ne

skin EP device in Pulse 1 (“4.17), the voltage (“4 2.17) and current (“4.2.2"") as measured by

the skin EP device in Pulse 2 (*4.27), 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 (“4.47), Pulse 2 (“4.5™) and Pulse 3 (*4.6™);

{0039] Figure 5 shows a schematic representation of a skin electrode array,
including detaiied characteristics: (*5.17) side view depicting length and angle of insertion
end of a single needle-electrode; (*5.27) front view depicting angies and degrees for revere-

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

[0040] Figure 6 shows a visual representation (“6.17) and schematics (“6.2”) of
the skin electrode handle: (“6.1.17) trigger used to activate the impedance check and then

electroporation sequence; (“6.1.27) “LED"” displays green or red when the skin EP device is
13



functional flow 100621Fi gure 27B di splays a second part of the flowhart
of the electroporation functional flow DETAILED DESCRI PTI ON OF PREFERRED
EMBODI MENTS f00631The fol |l ow ng abbrevi ated, or shortened, definitions are
given to help the wunderstanding of the preferred enbodi ments of the
present invention. The abbreviated definitions given here are by no neans
exhaustive nor are they contradictory to the definitions as understood in
the fiel d wréyfiodteromaryngraaniongespitiecbb'6dvi atsied ctbefrodr ariapinskarietogiacen her e

to supple re.clearly .define the definitions kn in the ar
100earthe kBl elREFufpRR iR Wi 4d5igRls bR siP RbBropSialiO it o

is received ®in BRERFIcENGRNDY .S} irndSEt) wofesGohdss ddailiiRidBglcis@id cfetssale,

over the duration of an electrical pulse delivered to same tissue. The

el ect ri cal WiigSiagran gy e 614 bhinsper Whewetiehdr- i dkldehrmeic; fédszd bed
herein. Thi : Lp : : j otk er the
e of anco Bl o B A e A,

her ei n hashaskieeltbtaade hehderémioywinyr eherietiphywl BReirogpritst mideaapens:; {‘Baediack.

The feedback el enent ca sure, the resistangg of.the tissue (or cells)
{hr oughour TP R M AFT St PR Res SR BHde b it ) SNE P SH MG TRy Lo
to alter iddusheatdyiicdkd BRESIENE RAHaBE, (€267) schélﬁﬁtﬁﬁ)?%c}(ﬁ}ghﬁag%)d&ﬁnﬂ%rem
in sane tissue renmnins constant throughout the electrical pulse (on the

order of rredlelEdohddycheantic danmng seakets insidsakiselectrofedonde enbdpomitsd t he
feedback gagagcgggléﬁggpﬂspmﬁgomg&aK@&.k.@gscﬁ%ﬁgqeggmhg%@ﬁ"ﬁoﬁsggﬁ@h&du%

"current I's used I nterchangedbly an an € actTve response
of the prourcdedoskietaibR sbevn oeliguxehi;,ch conpri ses neasuring the current in
ti ssue between el ectrodes and altering the energy output delivered by the

EP devi ce accordingly 4.n order t ntain the current at constant, | evel .
Thi's constant I@Qﬁg? i s}} '%'frgsﬂs(e"og?} gﬁan%éne?lcﬁng ) "ior'ﬁl{gfi & iﬂ?)‘:?lhaB&I‘gaE g I'se
sequence gideah®cbeteantic bf patvi@ntl sodReffer abliyingtdng fhaesdbasdiiis caakens i shed
by the el ectroporation conponent, e.g., .controller, of the skin EP device,
as the el Betere e ipdividigl pesdiesplsrtrodes myfinelegrads pin é%fé‘qﬂilelﬁﬁfﬁdﬁ dandlgie
current in tissue between el ectrodes and conpare that nonitored current (or

current w thi nigoa3pue)rigited sRERSALE et e AR HABE ArPNOYS hindi@BdSembiy:
ener gy-out put adjustnents to maintain the nonitored current at preset

| evel s. In sone enbodi nents, the feedback loop is instantaneous as it is an
anal og cl osed- [04p] f e&igyge R shpwo s srhanatic rparessniahon et the arulthskip slegirodsr ei n

e S oo aBHCLE S AC LR AURDAES coRERLEhRBaid ) Pl Sierl REARY BP0
between treatment subjects: (*9.17) lid; (*0.27) bz-ise, mcludmg individual wells customn-

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

[6044] 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 elecirodes array and skin specific EP conditions (MA},
compared to electrodes and conditions usually employed for plasmid delivery 1o the skeletal

muscie (LA).

{0045} Figure 11 shows a three-slectrode needle array where distance L = kxn,

where 1 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 piasmids.
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[00671The terns "el ectroporation,” "electro-perneabilization,” or

"el ectro-kinetic enhancenent” ("EP") as used interchangeably herein refer
to the use of a transnenbrane electric field pulse to induce m croscopic
pat hways (pores) in a bio-nmenbrane; their presence allows bionol ecul es such
as plasm ds, oligonucleotides, siRNA drugs, ions, and water to pass from
one side of the cellular nenbrane to the other. [0068] The term
"decentralized current” is used herein to define the pattern of electrical
currents del i velO847lf r offigume 15 showus grave ¢if she FEAPr ogeession dgrslsof dahe!l for

el ectropor gt i e SCri r.el ereiln the patterns mnimze, or
pr ef er abl y@%aﬁ%s%ﬁ%{%s,a‘?c? qgl?ﬁ:%#?%%@@%‘? a’éﬁs\é@}arvoeﬁ%%rea ﬁ%ér%yrdélflé?@d heat stress
on any area of tissue being el ectroporated. [0069] The term "skin regi on"
(or "skin tissu@bi8las Hzmde hestohn apebbpBIGTB! sipressiondaul (mgetiniossr 1sdbder mi s,
and intradermc g"l D'%, i ntracut ane@us, subcgftjgnfous ("S '%W,I ayers or
spaces. ThBLREH PR CrFIgBERIAR IS TF FHRGHYS A58~ POEsHIS POUE The term

"W t hout substantially penetrating” as used herein refers to penetration of
no more than aboeds]! nPAguee 235 @TsPlaby fadteRbhCRlagk® titht repr@efl! @lernOfydiiit&fiest ,
and preferably no nore than about 5 nm, [O%éj The term "feedback nmechani snf
as used heeich sxpfeesian #fisr D/ deaud adrarisietinado g yisteetrenstatinn (P) dy pig

har dwar e (Qf_ bj i : i efo) i ance
o the destinsElbTHELRle oL Rl <P e R ok R PR B8 L e RS
of ener gy)cuaiotraryauspe &séht + E&1{A or preskrEb{B). current, and adj usts the pul se
of ‘energy delivered to achieve the preset value. The term "inpedance" is

used herein wh i scussi ng .t he. feedb nmechani and can . be converted to
a current val uzﬁbasgi:or TRYSS %?}ﬁyga é‘l‘a? Ruee %HS%EH?@WE%%’QFX%&?@“@P? h the
preset curghesphatabd(SEAPY ed:edtedid parsensh menlt], davbenepsedpackim®eRanissmhali S

performed by an anal og closed | oop circuit. [0072] One aspect of the current
i nvent i on "FEIed figsare Pigsmiskloss RS oip 1A 2 GANBYRIEE ormyfatiomet [firagEny or

i nventi on ;ageh 4 R&iruiadBh (i DihehBL ASLIMRL ﬁray&asm%fswﬁa@fo %&ﬁ%ﬁéﬁs@sd
ti ssue of a mammal and raintain a cons?ant current therel r? the tissue
bei ng prefe¥&¥l y intradernmic or a subcutaneous tissue. Preferably,

el ectroporation devices are skin el ectroporation devices ("skin EP

devi ces"). The in ER. i € [ e t.e th kin tissue
wi t hout substalllet%;gg Iprl) n\étlf’g‘f‘ﬁ%@‘%‘“ﬁ%ﬁ%ﬁ%‘s@%@%@? g%@g.ﬂfhg"‘% 3 ces
del i ver t Réepuinseapfes erves gymuhizalighicskith anleediiac ¢l 2atormedestigh) chHEan

penetrate.skin tissue, e.g., intraderm ¢ and subcutanequs tissue, and

el Tver ¢ HamteseS SH PAET Gismcatie Tt o A 20 HEEk DSt Ao R FBRENFEH 4 ¢ 1 ssue
over the quhati: @it @bset e PHlpsLaice@Ne @Yk A nd NE BB ELnRlEhtE eRRLALI ON
process. The responsiveness of the presently described skin EP device that

mai nt ai nsZRABXIBAYELT GHFEY AR WEHE TPimmmeciapsaxs - 1Bpais ikerq sericmohprd whekd
through acfigeaRack: FRAMARRNLE ELRG SID p R IR C Geadll £ 12,15, Fig 178

displays a diagram of the skin electrode array and handle. The skin EP consists of 2 single-use
array that has 3 stainless steel, 26 gauge electrodes, 3-5 mm in length. The array is attached to
the handle applicaior of the device; the EP procedure can be tnitiated by pressing the trigger

button on the handle applicator.

jOBS2} Figure 18 displays a graph showing enhanced celiular immune responses
to HIV-] immunogens with [D/SQ co-injection of plasmid encoded 1L-12 foliowed 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.

15



19 prevents heating of a tissue, and reduces tissue danage, pain and
contributes to the overall success of the skin electroporation technol ogy
provi ded. The feedback nmechanismis a functionality of certain software or
hardware (or firmnare) described herein, and preferably is a functionality
of the hardware. In enbodi nrents where the feedback nechanismis a part of
the software, such software is in digital conmunication with the controller

that controls t peration,Qf. t ski devi.ce d perforns th ts of
receiving i rrpedg)g)gg fr g?ﬁ"trﬁéeﬁlé%lg fsa i g Eislﬁ!avggggW%a? %rgo%&??ﬁ%wsﬁ@%trﬁg

i rpedance ifmtheey ©RRIDSY ERMenandkatjansid lng tieuizd:oe, BLISenekgys deld ver ed
to the desired tissue to nmaintain g%constant current in_the tissue.

[0073] | n oRETAMEE Hi drEATISrant B PrESe FEMORKAEMGTERS o8 whdiet 1a the ID/SQ and

el ect 1 opor abjsonzpdR6omecanl HOURE &erAlBlhifrchRrddeskied tissue of a

manmal a pul se of "energy producing a constant current simlar to a preset

current input bg. a user. The el ectroporation device conprises an

el ect ropor at i onf082fponEigurar dspisre erapbtshoweng sagbdry of Thé and not Th2

el ectroporatj: Lhel ' F RO _one_aor f..t he
Vari ous. ol Brbare CTRENER b S ABOE L OB R R A 00 Mo B Beign
wavef or m geifien at A IL-i BhEtanees feefitraed atwavel 0 rondseg ger indidiphl b 24108 aéw-
status report.i.n | ement, conmuni cation, port, nenory conponent, power
sour ce,  anteHEReH SHRPISh. RFROSEHE Gt SRS WHE RreRagg gropisid as
conponent gan fuNGHi B 438 ROEn & 8RS oRhp Win $KiB &R sag¥jces, and the ot her
el ements are separate elenents (or cohnpohents) rn conmunication with the
ei ectroporation conponent. In some enbodi nents, the el ectroporation
conponent can fl0#EX i onFigaredl displhgee grph sieneatndktiehel sl (31 £Pardegril6es,

whi ch can | n.commuRication wt i ]l othe e s-of the skin. EP

devi ces ségz?g?%lP?Sﬁgfﬁgl3?%8%18%8?%??%ﬁqégh%J%Lﬁg??#ﬁggﬁwg§3hﬁnﬂwe%ntion
i's not |intitedvehydedimirel @yent sndfp 160 ELSKA Nefpcthenli 0L shedRVS kDASQ PP t s of
one el ectronechani cal qor mechanical device, as the elenments can function as
one devi céMFHINZEd FEWAT dhe dalacRTIOE iR BOYMMAINCaPPBIFS ® TMone anot her. The
el ectroporati on conponent is capable of delivering the pul se of energy that
produces the cogeant FPhFES disflaisiear GOk @B InESSEAP aRfedsfl HE8S @ in

f eedback nmechani sm_ The skin electrode assenbly includes an el ectrode array
havi ng a phfierantimusclesingiire Mice preredaigsted with 18 paiGiSal 2-8F AR pipemistie thevibiakiei n t he
skin el ect j : LoVl .
eIectropoﬁggﬁgﬁ%§gﬁg§ﬁéﬁgg%ﬁg&§%P§€§?§H§§%§H%g§t gg“ggf%%%%ﬁggéﬂ%k@ %ough

t he skin eleechisodgsicdAvith éa st pdRE-IBF SEAR pplsmidavithyutdP &loi BP)eSaahSEdes i S

neutral duri del] i ver. f th | se of energy and neasures inpedance in
The. dosi r Serel et bl 2 Gumintie B0 CLTple FICHASHAR COMP S e SBFBRTFOBSt at f on
conponent reckRed freealackwitash api (swg@m-agp eliveiniRecdBasit ethrbdRadaRae and
can adjust the Eulse of energy delivered by the el ectroporati on conponent

t o mai nt avithpwdhenipsnid heckbory @HY) ang e giperoperier st gher PHaAP traelh adNBi ssue
is skin ti : 53 L Ntr: i i.ssue.
L 007a 1 gfa B L G N e E LB B B S hs? * e
EP devi ce€spreiEARdn HerigbmicaMajustic {NAcsi @nglarel enBAt4S O ¢ BO0EPNBe&(sces ar e

shown in the diagr re for illustrative, purposes ly as not al
functionafmawgﬁéﬁg§ﬁgFgu%%%8§Q3}éﬁggwegﬁﬁugﬁgﬁaﬁhﬁﬁ%ie%ﬂgﬁ%évéﬁgﬁF“Fs
descri bedthaf shigfaiEnRfted hfo HRrEMas®R: indnedbonaht ay}agaﬁemsrhingc@mmd-ﬁﬁihe
sequences of events that are enabl ed by the hardware can be controll ed by
sof t war e, thid Ad@uesls Beg e fetsiid pfelicelpEssiglement of the device is the
controller in this exanple. One exanple of a controller can be seen in the
schemati c showgos) Fi gipu@e 2BaisMBistiar ropid sHHGHO G0N MriRadihegome
enbodi nent s | \é\ma ?}exas%lr nstr un‘%lﬁ{s_ rr%%%BOFMQ_gor _ e?%)Pt}gelrxgm!G%H 668%5%0A.

Qt her al termgeiafier swamustular@EMaoe iIKgwmal ¢l hiosstigkicf P8dwg of €W -BETP of
electric i i i r e bl lustratiy xanpl es,
above. | 1007ENT i SERAG AR, oIRGB B gl ool Rl S

el ect r odesspectovetiu €iFPeapresodswadngleend gotipyaintinismrat Basg/mdndngneftenabl vy
needl e el ectrodes. Preferably, the neefd e el ectrodes are capabl e of
contacting an intraderm c or a subcutaneous tissue w thout substantially
penetrating a nuscle tissue. In sonme enbodi ments the skin el ectrodes can be
nounted on a base, which can of plastic material, form ng a repl aceable, or
exchangeabl e, skin el ectrode di sk having an array of skin electrodes (or
skin array or skin needle array) which can be used in association wth the
skin EP devi ces described herein. In sonme enbodi nents, the skin el ectrodes
can be fromabout 1 mMmmto 20 mm | ramto 12 nm 2 mmto 10 nm 2 mmto 7
mmin length; or about 5 mMmmin length. In sone enbodi nents the skin

~ N a B ~ N a B B I



[0076] I n sone enbodi nents, the skin electrode assenbly further conprises:
an activator switch, and a status indicator for reporting activation of the
skin el ectrode assenbly. In sone enbodinments, the el ectrode array conprises
at | east three skin electrodes, and preferably the three skin el ectrodes
have a spatial arrangenent that is a triangle. Preferably, the triangle is

an isosceles triangle. In sone odinents, the electrode arr i ses
three skinc%?%E?&Bg%@‘ 1§FFV%§B?%3333“§§W§H°P@%E%@ﬁ&g Pfﬂgﬁéﬁgg & ng
si des of Simd M §GAGbA sRedidddsasaiiffovdralMichids WaRs thmpdrbd BB, kodi ment s,
the el ectrode array is disposable and renovably connected to the skin

el ectrode assean%ﬂ Preferably, the disposable electrode array is a skin
el ectrode di sk, [08%% noFigupe &f dispklyy bat Faphk shpveing ¥ ddexpipssien; which was
sterilizab 7 : %Wﬁi J L .1 j l.ect r.odes
can delivébgﬁﬁé9%%f%gﬁng enSﬁg@gFﬁggkggggﬁﬁfgkﬁégghéﬁfﬁgPﬁ&hﬁﬁgg%%%&
enbodi ment ayrehtettplgariak ptagmef foskilatia] eotteoedt salgansadiek HLES, whaer,puvaer of
energy int centrali.zed pattern, through the cantr f the skin

ol 060 odesLamdting eyl AL AL eAdE aRa THEIDROGraae e aTERoT o
input by asM$Rls fReil g BhOGHT BRAKNAEE QkoCRRRP AN cleckBp&ANE: 8100 DRIALS, the
programed sequence congé%ses a plurality of pul ses delivered in sequence,
wher ei n eaegnifpshgelogfer BRAP pavalsahianithosg fecpiyingds 1 A gordied apermemscloy* Pt 0.0P2&5t  t wo
active ski | ecis 0 j al i ance,
and wher oi 1 € G SYTRATCh O SBRT THRE S 1R SRt b e BRI R BRREE )
di fferent diffeeades 8f sch@aSEAP W eBctdry sotsignificahefot thedesmusdid) baneernéutheal ski n
el ectrode tha QF§§ur§3 i npedance. 100781l n sonme enbodi nents, the feedback
nechanisnﬂ?@“%%r r8d*by either hardware or software. Preferably, the

f eedback mechanismis perfornmed by an anal og cl osed-loop circuit.
Preferably, t hi{§05f9?edQﬁ?dﬁre@g@ﬁpﬁay@t&%‘s}foﬁ&tﬂ§EAﬁQn@ﬁ}dielﬁle%mﬁrmﬁa}@%ostht i's
preferably a real -tine feedback or instantaneous (i.e., substantially

i nst ant andGasneas oty picdegheplin aRias FeBrk Wi dhhh gleyrabir tetemysal wher
response tj | JRAL $ 1. dNGanNAW e i3] he
inpedance&éﬁﬁ%%g%%ggggggsg?gghgﬁand g%nnun?cé?%énﬁhggi%%gggﬁgg&%gggﬁé

f eedback meohali@¥y and the feedback nechani smresponds to the inpedance
and adjusts the pulse of energy to maintain the constant current at a val ue
simlar to th set..current., S imen .1 he feedback chani sm
mai nt ai ns the ioodr%é antI*ﬂl@}Ju“‘re rzgénéls%%?%t% %él%ﬁsgﬁggg%e Fé\lg?%}ﬁtegtn%fgau%%y N (ila tng t he
del i very afattshe pul se of energy. [0079]1n sonme enbodi nents, the skin

el ectroporation device also includes a controller that receives the inputs

fromthe user controls e.electr ratio onmponent .to deliver the
pul se of ener gaﬁgé}cor &f‘%ﬁj etzg‘l‘t ﬂ‘épzﬁ%ﬁ?%q Rag %’fg?réog'ﬁ%ﬁp fitelectrpppgation
control | eruncBdnal €6l ve the inputs fromthe user and control the

el ectroporation conponent to deliver the pul se of energy according to the
inputs. Preferably, the controller is a single chip mcrocontroller.

[0080] i n some WP mbiause 22k displwphiecord PHEOIRS T EPaHA) e soorgréion
control | efncMiliaCRogan be responsible for controlling various peripheral
devi ces connected to it or associated therewith. The controller is
responsi bl e for managi ng the el ectroporati on procedure, which includes
oper at | onBESUIRERRDEPERIBEHINAT RREHERIEERIMBORBAESTS i 1] ng sequence or
constant-current pulse pattern for the el ectrode assenbly by controlling
the current walP86Xr m gendligworg abpyismsy pothaiterpdi dpdedions eretessn tneht be
determne if el r ion. p r : nsi.ng..an
processiHﬁhﬁggpg%%ﬁﬁgﬁég%%gﬁf§E@gégg?ﬁg @%@gJgggnVﬁ%ﬁngﬁa?hg%Pﬁfg?ﬁ%tion
(5) transdsfittionggiebekdre apor ab heandahaistios am exthey atradttects daiehintems ce vi a
t he conmuni cations, port; .an 6) savin d retrievjng el ectroporation data
(- g Vol 4geeaiet oups asid Sliplagey ot Py B SHAGH P TIHRE ORTPIFREE can
operate \gpisRbAVRhRrOElcid Y dOsRE eraaRPinitoat kidwn Whh€hral | ows a user to input
desired pul se paraneters and programed sequence (including el ectrode

firing sequence) and control the operat4on of the skin EP device. f0081]In
sonme enbodi nents, the controller includes or is programed using



software that efficiently processes information fromboth a user and tissue
that is undergoing skin EP and controls electrical energy output to deliver
to the tissue a constant-current. Programmed can include any one of a
nunber of pul se paraneters that are presel ected before el ectroporation,

i ncludi ng preset current, programred sequence (of electrode firing
sequence), pulse duration, pulse nunber (in train of pulses), allowable
error around thgogdjesetnd trmebastdilli BrPAt0GE 8@ heleRCR! WANY 2aEkeRI OGERSI NY
inputs and factoring sane in order to decide electrical output can occur
Wit hin t hereerivet Prot¥peengsl BY adispyce 8T cglis| dsdiningnepi¢ dpsupceigr thephedtionatflap,
wthin 1 mLlLj - r r a ] - S S apnd nore
pr ef er abl v w T PG el dP R BsPE? e LR RRT RO B s B
enbodi mentdscttopbstipr dvessdaethmitierain. rBal curiameredtainszs i antanaaipsiaye ink®id8211 n
an exanpl e. of qpegabiow.of th%@fkin EP dev%c%s describgd,hereLn, t he

cont r ol | erSE4HO'FE e Ol sles gt PR RS LRoT BF P OTG OR dpr s atifeth &8 uence
by at | easfas§@delibd clehRnUpSE: My RANSE RRINEMOLE Rledl Lk I NRcRback RRARREESS!
current. In one enbodi nent, an anal og cl osed-|oop feedback circuit

cont i nuoushsaswgitin rasipance 9é thedissued ar edlssttemzhentrtheduratiyn cddhapsisernyd chse

vol tage a L - t a ti ssue resistance
changes, g@%fgré%%%8§ﬁf%pﬁ?%%gg%£@$§??§§ﬂégﬁm%hégﬁ%éaﬁuV@%mﬁﬁgﬂﬁ%ﬁ *Bul se
ti me | engtchrbmsinbeen tivgie Byhadetdonsgnt heoudbsitr e efadierlt pudsd o8 Mhe bRicZ @F 0.

When t he seguence ?f§gy%ses i.S over, the controller can review the waveform
data and SPEFSCPRLSILEE PR RYEE IUPYIERt T AOPASTHOG TG ths Bedarh SImATST de a
wi ndow of -Bfhatesal@Hislict he preset current during the el ectroporation
sequence. 100831The controller can be a single-chip mcrocontroller,
preferably a processor that has one or nore of the follow ng properties:
abundant 110, &M68bar dhsderpifesdirek” aronpaudecdbasis uspterd disrchangesily embi ve
mermory capahil it Yes LJX - 2 ri ses. a,lexas
ot r Umontob bEYeiReOR P HRAb RN fon D000, PRI Bor R HAR R i

el ect r oporatrémin Esoedetvrce sleamodes and diarieg tha dnergstoapst daiverehpyrhe EPdevivd t h t he

hardware, and..is preferably f.irmare cause it resjdes pernmanently within
and rune. FROHPRETLIHG 8 AN BB f gLt 1T S oBMBB AT ROPESet he

sof twar e peri@enBridgodhgiefibt bk fadde dehithbe s cl@GREVirsiEmah dPHERLYS flc S

i nput, receiving information fromthe needle el ectrodes on resistance in
pul se rec&edbach 1y pesamplished by therdepiroppraliei ePmpAIENaaEvseitiegerepitbe skiv &P out put
based on 2 e .t hi : Weln! el act 1] : e.
1008411 n SRSk 5l ghetich Mo thriilis SHE & LR O g M s
current westetersiegederat opmbaredirrmaonitozt icomeni(brrcutae velhectissogas apteas
conponent _and ithlgctrical,gonnyqi&gtg%n g%th the.skiq?electrode assenbl y;
the curr et SHATFSPETEGRHE P e PR SV RIS A SOt o SHATHA (S Ay BTN WEHF or m
for deli vamyesehieedlghinkbie tebbdiglen] ho dRdBakasdy ¥ instat:86018 267ROMH MBRES, the
user inputs a progranmed sequence to the el ectroporation conponent, which
connunicd@@?dﬂﬁﬁ’%Fﬁﬁ?%nned sequence to the current waveform generator,
wherein the current waveform generator is capable of generating the current
pul se train wegeée)r M BeCoRA Hidriofechiie apLQYiHdRG: REQEIATERL SRONENG es
Preferably, the current wavef orm generator 1s a power-transistor anal og
circuit. Wﬁ@l@ufﬂm@mfm%w&ﬂsrwgefﬁéﬁgﬁﬁﬁd venclgerrad ghamacadeatent pul se train
wavef orm that passes through the el ectrodes of the electrode array in
accordance wt e ame Ueng e . - [ IS f.erably
square in shadgogﬁd t eg%unbegcﬁﬁﬂgﬁpgesﬂggﬁﬁg%%%gghggbfﬁ% %%%?&%F%Cor

fir mwar e enhadepert B ys fisagnnerdhond@blyies@s refane thone gfrefaesmbhyrafid om 2 to
5 pul ses, . and e.preferably 2 to 3 pulses. e pulse.is applied to each
ol bot r o S8t T FuBE B omeriiot 8 PaPar SRored f ¢ Bitrsrine{ BBen et

dur at i on a#iods GREMHIGURE sechr AtBasdiidd, dHgonuthetasphiRiudangt ibhe .pubsgridain is
programmabl e by the operator and ranges fromO0.1 Anperes (A or Anp) to 1.5
A in i ncPaEFR™ OBt sifr af the cqliplasfReraipide WRi¥Tor t he present invention, the
pul se anplitude is below 0.4 A, and preferably between 0.1 and 0.2 A (see
Figures 2 and 3). The anplitude of thel8ul se train can be adapted as a
function of the individual tissue resistance, both between individuals and
in targeting different areas of the body, preferably skin tissue, of the
same individual. The current waveform generator can conprise a general
power -transi stor analog circuit, which can function under the direction of
the controller. 1008511 n sone enbodi nents, the skin el ectroporation device
al so includes an inpedance tester capable of testing for establishnent of
an electrical connection between the skin electrodes and the desired

ti ssue. The inpedance tester can be used to determ ne whether the skin EP



10086] The i npedance test is an operator progranmable feature, controlled by
software or firmvare that can be disabled during the operation. The

i npedance tester may be conposed of general operational anplifier anal og
circuits which function as directed by the controller. (0087] The i npedance
tester can function as a safety feature in the skin EP device. It can

i ndicate, for exanple, whether all of the el ectrodes have penetrated the
sane tissue andi@egj I Ctht (SANBEnGaERRLSBRE 15 %&%E&@&?déﬂﬁquéﬁﬁ&hwth
air, especially dry air, have an extrenely high resistance.

el ect r opor akeftonalsugents delivdred rionothe vaneusgicedie eonttreddhamey's nHthe penedpasien t he
tissue (a rgglsg§%§&gih%§inmhgg,ge %i%%'mﬁth.skin eleg%rogfs and ski.n EP
procedures?, e Tesut tihg el 8EEFods RSTFAgRE R 85 AT NI By Gl s,

whi ch m ghtcdiavseel fthradropetatiba FEIgied Yot OEe QR Qa0 fisdub Beis b BieSdpotnel. al so
damage the skin EP device. For this reason, overload voltage protection may

be inpl enented ¢ revent excessive voltages on the el ectrodes. In sone
enbodi nents, t h’é'g@ﬁect &g?)E?PEt SHR 18E0R c&’f?zg}é'lﬂl}ﬂ;é%e 425 ByedtipTaR AtfErE do skife

saf ety feajiune d%iﬂ%ﬁle&ﬁﬂs}aﬁgﬁm%@d?m‘ic}‘(af])”@ﬁﬁt\‘&;ﬂ%aﬁe&d&,%u%ﬂn@&isf(‘“ T)ﬁagéﬂsve“ ng
t he pul se of ener% to the tissue when adjus;nent to the pulse ner gy
woul d yi el @ sazagp| 'égémat@@m dobenal ondludgenwsals. tisRegar dl ess of the el ectrical

| oad (e.g. air, skin or nuscle tissue), the over-voltage protection may be
engaged (or saf ca e b hl l »200V _for a riqd of no
nore than 1 rrs.ﬁ?-)sﬁ}t hgr %Eg?épggg 1%1%?%%&:&6 tééclbfr g@%ﬁ?ﬁr%]da Sj US\?\%Z]F%E’I% ,pe%frs =°1 to
5. |If the reneratiovof tagerqphat gohi bmrerdagesby o olgedt €4y, s@ple) 6 hidrgganed) ,
FC). goes to_approximately O V. until the next electroporation pulse is
fired. mhﬁF@@FﬁB”§EWWe@5n§@9W€E“F% in the off state, the voltage across any
el ectrode pair preferably does not exceed 10V. 100881l n sonme enbodi nents,

the skin el ect nopuyat iR @8N G&dBh&OmMEEHRhEES ad usdiaNREQ BTk OG0 8 Mprbddss
comuni cation with the el ectroporation conPonent. Preferably, the waveform
a 1

| ogger i s PEHpEKICeD D RIRE IR Ok PaEPRED i atiTewargh | Whith Partdssciaceiaer and

wavef or ns | L] the. ' pul I re
preferab|f?g@ﬁﬁgﬁgég?é?ﬁgTgggﬁfggggggﬁﬁﬁgéﬁg%‘@%@%ﬁ%ﬁﬁgag%éggg%%%?égf on
vol t age amdlseof ceargy)weniet praventatalug, prafeeatdy c2060, mdmd)ss thepulseodatrgyThe

wavef orm | .ogger,. by .sanpling and ni,t or.i.n he ,paraneters of fhe .

el ectr OpOIngI i 181%13%‘57 "e‘?re%ﬁﬁagil%r;ﬁ}eﬁ%nhég’%e‘%%m? 8BTS0 &S HV e S IN%0s si bl e
probl ens  &nofeadhatis ineti@isGLdrid Jag Be kbnvehed @Y€ Blrrdd abilud B8t Bed DRk k0N
procedure fails_or does not achieve desirable results. An exenplary sanple
rate is 2000 BIIPE eYNRAEIEOSEEHAS PR G alnenrpeaed srefodiaet, thy “feadback- 3
current pyl.ses;Hif- e er@g&ﬂeﬁgﬁgﬁ)g\qﬁ%ég@m 15‘%’ ﬁg@g_pl ary total sanple period is
2208 ms wth sanplihg starting approxi mately ns before the first pulse
is fired and stopping about 50 nms follow ng the last pulse in a 2-pul se
pattern. The vB’IGgglge &ing asngerad fte cumeny EfvenHen weslatidio fuatcirficadiondedea 12- bi t
digital r L1 Q0 WM : : eTa] A It ("LSB") linearity. The
current o af BERELLB ol il GRS (PUAGL L BERE b s Bl dist W kg er oo
(md) and themeditdagenmaeefoestmticesealt titsron, thhoesh:elbqimefrefeadl yinbaisahicloeast 1.0

V. The wavef orm | ogger be. conposed of general operational anplifier
anal og of MEGTEEoR B SRAFGEN G BPLLPD (CRRRE e SBAbetigPoratn 4BI%5T or use
with the conh Beldeflces AN TEXANPES cféf/i_cémluvgﬁyﬁfaggn@én@@@@fhe%taﬁart?sg&ee&rhﬁ&dtC for
skin delivery of DNA forrulations is tabulated in Flgure 2C (pl ease refer

H

to "2.5")subypgady penasgHes e rER: Heste Sunrsie? sfiedeeredehvpdheamilemidesrieee al so
i ncl udes 1 t j i i ] Lon.wth the user .and.the

el ect ropcf?‘[z;btu %%Q}é]orr]r%gxée%%&%g ‘{lﬁ%tf: &g Vi %?%g%ggfs\éﬂeog & ’eglgflé‘?rﬁléc iaﬂ%ut
comands sahditapnuumrser taddeitvirethe ppisd ofcoamgands maditdiin the @beednt OPIhain thn

conmponent,. Prefe aﬁ% . the input device is_.a nuneric keypad or a touch
or ben. st &L o BRI Rterey e uR sBbR g e B be
ent er ed byspansi QpRSAl e présant@y dHdEed Gkl EY Radcd Batehhiagns 1 @bhhlcu884B2) . In a
preferred enbodi nent, the nunbers input_into the keypad are displayed on a

li quid crisEeafeddsgsisarepmpliesey thragehia feqdbackmaseaerays inghpskinddidemise privgr ammed
are the el ectroporation pul se current,is npedance test enabl e/ di sable, and
el ectroporation firing delay. The features related to the keypad can al so
be directed by the controller. An exanple of the information that is useful
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 (nms), pulse current (Anp), and the swtching
pattern for the needle el ectrodes of the skin electrode array (subject
identification nunber, as well as all the electroporation conditions are
automatically recorded and avail able for anal ysis). One exanple of the



1009011 n sone enbodi nents, the skin EP devices can further include a status
reporting elenment for displaying or otherw se notifying the operator as to
the status of the systemlIn sone enbodi nents, the skin el ectroporation
device al so includes a status reporting elenent in communication with the
el ectroporation conponent. Preferably, the status reporting elenent is an

i nformati on di splay panel, an audible notification, a light-emtting

di ode, or a_co t hereof The status I8 orting el an re ort
I R N S T AR e e

const ant cucteptof tHhese e&tﬁﬁpb‘iatfo@ﬂ@ﬂnbl@gy@rwméﬂ STﬂﬁYeeﬂﬂﬁdkLkﬂ@c}ﬁHmm is a
information display panel, such as a liquid crystal display ("LCD') (such

as, Lumex fiesiapivedpstan wﬁﬁ‘ermé)aidgva&r@f%%wy) dsecribgd herpiar and peaferab s 51 ay
type and i grREeSRLAN L OAPARIE Bfcnibalms itkré ol f f each.
The LCD is al sg prlef erably eqﬁl pped vxflth a bé‘?k’e f&%ﬁ%&t a?a%g&ﬁ %f %{V\n&tched
on and of f theypolwearnssuc Scaﬁwamggluedlng tcommSiGtios wﬂlhftbaf cmtriober thatywoatrsiothee

e, 220229 BHindl s b Eb e Pt pe BB pde T it FiberPapy trnsul

di fferent s@adedide asd &mfariak iRdmbydahbeo30d bread @u@én: hhd Eﬂﬁ@i{ﬁv tROfuiAND! e,
t he volune of the buzzer may have 3 programmuabl e settings nd range roughly

from 60 t FrgwydRiwrediodiefwieetste o REPBIN § FWanhe oy ndhe txspne sound

pressure |l evel range is only given as reference. The sound | evel is deened
acceptable if ihots aumlokale@mb&lﬁeﬁ@f%pe&%hmmah ;(r&n@eda@oé%m oftfiof
mlitary corrpound) if set to its highest |evel I's not ud in a
qui t e envidestaeenniigered tagelofrf b @alpsifed tisate Otf@ mmmlalowaéste df enly pzloﬁucanlgjatl on,

the SKIN EP I e di ode.

(such as, “COMEY Sari Y, SHEPRES tatbhdofr bPB I by Dlegerpitiab dehind o
whet her tmempnsﬁts ans]ctmﬂsﬂwﬂlo@momt:ox&hfand[a&ﬁﬂﬂeld%h@ﬁ@ﬁs@@hb’iy Theel&dt blz%non
reporting elenments incluyde a visual confirmation of the success

gener at i orf BPORH BBt IP% 209 BEIPYAC O O BES % thoviTiys Fﬁ@eéféﬁﬁﬂ@t*@rﬁ?of t he
electric pulse SRAENE LonkPLNErRAD QL TBRY ,geﬁekﬁopmgdaﬁ@g Resl: SREQRA ! i on

process (or el éctroporation sequence) t he it a list three
or five nusggealinput gictrignt, stalts reporting’ elﬁmwé, ¢(mm@ac¢tloofpotthwemuhscexnmhemhe

el ectropora ti on ul se. was _nor and a
Y17 i ondic gt wery ?c%%&%@vef éAWncCr)x in sg%le%gltbgﬁmgel(}g glﬂ eFe ?;for%té)lnlc)gmpggl czﬁ’ul se

Was "abnor m
nust achi éme:na;ﬁ ad meﬁm&@%fﬁhe iidﬂeEBeéwm,razﬁnme étﬁer&&nﬂﬁ&&l’ré fpdapsldgme@l or a
"0" will edls S?lnthe LCD. ertfﬁ pul se achi eved | ess than 90%
of the se ﬁ?’u‘“ ?ft“* S g ﬁ?ﬂ%’é‘“i"%‘l%r‘fﬁﬁ’n&il frapﬂflaiw%qompeécr&u dp| Eyped.

Fur t her NnDERpodiRRnts ONE Slec@itfdr ANE caGBorfedl E8Mimn@fontBSncADRIk TR 1PULSET yar ©

di spl ayed. For exarrpl e, for a five pulse electroporation sequence set at
current ofkio ES duypss, th}peﬁnsi@smeommeaa@m“@thesnﬂrﬂti;er@mwsps' thneki® EB Anps,
respectiv S as _"Low 0% age
80% . [oogi‘%{?‘“’s sQatud ity eqr&?ﬁ“%‘gg?cﬂ{ ABEBHES, T P reoSS‘gr‘%‘i"ﬁ“%‘FP T R

i ncl udes aae@m:’nmmoef&telshm Hiotdvicenexcamgunparatdf one wedtvonicoRargdagetmeipaiiadli on
conmponent éHE 28 enbo[%%nents, B{ée comuni cati ons port that can be
used to uB‘F"é%?daS BEEPBPOF 4L FOTHOREY AIGFHCE ST 2 SFBAER S@Wéﬁsﬁh@“@%@%‘@ﬁl c
devi ce, su@h oﬁ@a@tﬁéﬁﬂ@@@ie&rd}%ﬁﬁ@ﬁ%mf&féﬁﬁh@ pabR- ogdehvegﬁ’%tlﬁgbuﬁgoﬁme@@r sonal
digital assistant PDA") or personal conputer (" or view ng

pur poses. heRsp@cabing Coﬁsﬁ@t esTerLini eadasisprslissos, and @Chlﬁem&ﬁdmbk gethaalsm.

comruni catji .0 Tra scel ver:
AT Svs: ach R Rty 24 @%"1%3[3 %&%ﬁ%’% QE%}&JJ%O pf\)l“fﬁF t (:"Euslfc%“ or TI
TI R1000) . m[a()s@%a]llarrangmnen’ﬂmrhmrémtskm didegrodk agsereblgotaeopo et pulsa cdemtrg)e al so

i ncl udes no onent in ni cation electro at.i.on
conponent TR SRERGT LT GHENE G gt 6P “EF St bt PSP RN BS fhibiat a and
oper at i NG:iAoARR LAY iSast Biedhabluyalit beskireaBinbdsORRRMEN lufi S8R5, oAb
AT45DB321B or AT45DB321C-TU) is nonvolatile, neaning it retains its data
even if tIVECsKi Ry el MeasTe orredanse da rise dyaradeishs anglcomgrnispiss dbd  on
waveformdata only can be saved to menory during the active periods of the
el ectroporation pulse train. During thg inactive periods, sanpled data only
can be stored to nenory if either one of the waveforns exceeds a specified
t hreshol d. For exanple, these thresholds nay be a voltage threshold of 2 V
and a current threshold of 10 mA. Data stored to nmenory during the inactive
periods of the current pulse train may be tinme stanped so that the tine

i ndex of the data is known once the waveforns are reconstructed. Provision
may be made for the storage of up to 40 sanples (20 ns) of data that occur
during the inactive periods of the pulse train. Storage can be limted to
20 ns because the software can specify that the remai nder of the




1009411 n sone enbodi nents, the skin el ectroporation device also includes a
power source in comunication with the el ectroporation conponent.
Preferably, the power source is a battery, and nore preferably, a battery
such as a lithiumion, nickel nmetal hydride, |ead acid, or nickel cadm um
battery. In sone enbodi nents, the power source is preferably a battery
(such as, two 6V Panasoni ¢ LC- RO64R5P 4. 5Ah, two 6V genesis NP7-6 6V 7.0
Ah) and is responsible for providing power to each of the skin EP devices
circuits. Theaslancstedhe elscironesitign omPPRRRt v dIhe dgredblasiymsebasisne sparsceiye gower
supply for o} er Lk: i I power
capacity pﬁ\tﬁe&rﬁ"@u‘ggﬁeg or B?E%l :‘uﬁ%%glg{{]félg&teég%%%?gﬁg)%éﬁﬁ%%ﬁg%E)e\;%v{e}?poégaﬁé{gci ty
power supptompamentib enatiin értconaane boram. genema embodifiatsphedesisiMiisebissRich as,
E- Swi t ch R5CBLI LKEF%@ or, any DPDT 10Ak@%5elannunt rocker switch) controls
power to tA&USIENR PRy FUREUTELFRYS USTe08 TAOREIC HSSYSr of f In the of f
position, all electrical connections to the el ectrode assenbly are
electrically neﬁoml WEL D st 6 @ BkSend i SFan I WRE pleSerted ERBEHIRES: cFAEEP] I N
one aspect of the present invention, provided are el ectroporation handle
assenbl i esdqvines praidderis e Adliorm fnetonfl Yemerts b thpEP visrices galsbewnin daer gy

to a desir IS - - " : t | h

o roq t1 egaeRH et PulRRTRbLEA0HER: i SARBEANLIEUAL Sl M D
assenbl y cdhpnbaiimenta Bichreletaacisrdosteibad matyriand thg hardplarer fahdtfopalnd oSddch
electrodes in a atial arrangenent, wherein, at, | east one of the skin

el ect rodesﬂ?@%ef}ﬁ“ﬁémﬂaﬁsr@ <Hets et Fespal ﬁ@bbm%ﬁa@wsﬁé? S’/G%fﬁf'f’nﬁ%%l%ur es

i mpedance {ghwhhe a6asichiBeh hirsiBUeTheteh@Aldidhdm o it EARTEURINGALInaD1IM ik Anik he
skin electrode array, the controller controlling delivery of the pul se of
ener gy thr@aghic hens Rkanie of p cordler gandreseqp dhthefshenpdicshewn moFigue @8dback
mechani sm i ck - gnﬂgi i r f1

har dwar e, Wﬁ%ﬁ@g@?@%&ﬁ? ﬁg}% ?rééésur e |b§n)g}e %ﬁ%g aﬁ(rg%m %@%ﬁgﬁtmrs\é\?g@gi%

el ect r ode @aMbtac)aFECIRAZH0hA sOtheS alenatigy caletol learaedknowi tntegkettilict in thai nt ai n
the constant current. 1009611 n sone .enbodi nents, the skin EP devices al so

i ncl ude a Wfﬁ?e@fréc@{ ‘?Wm%?fgl c@‘“é%aﬁlﬁ%ﬁlpg@gs?eeﬁé?téﬁgl‘? exqmplesn2iqiFe assenbl y
includes three elenents: a skin electrode array (preferably, a skin needle
el ectrode arraypg7sa Stidlssihe bribbdaémy, tHeGkinlcRPOGdds BG nbhBe GbAbEG, &hdaldie SKi n

EP device, and an activator switch. The array can include any nunber of
needl e el dBES GAESNFUSLHH BINg Ars3pr W ATFIFRPBhRecd|Sagiparodsy r Bredgsatint e nagide

pref er abl yeiﬁc%bééd&e%gamy][H%%nfafm & LEPARINRNG Q:s%BmRér%E&‘sf Ay oaner

nunmber of electrodes, preferably 7 electrodes or less. In a preferred
enbodi mentspbatdréiaie eclegrziwkd nmebde tissudelraormenitdohentuthaskianttccatepcisies t hr ee
needl e skin el ectrodes pl.aced | isosceles .fornatio with the |.arge

si des of 8" Or’%l[egnoél %‘ﬂaese’s‘ﬁ’éa}f ¢ aosfg)]%ﬁ ¢ ?%%T%aﬁ f%rimsm%ﬁé%véar?g%{le’iog XA 18’ to be
i mpor t ant skoreiddnedpdisk @apag e Rz AbMsieh eletibdes (dredkth genesakirofned@neay)
consequently qualjty of the skin EP. The s %tus,of t he_skin EP device is
pref erabl Whi%?%h?%&S@éﬁnt%éD%wa|Véﬁfa§1§e§°bfr_ @’- LI TG HetREed dEest Lt sonifs

I ndi cat or $hS4ERnASIHE B8n CfeciBIeS cdrfEld Fom WL Nnfk@f RN Mﬁ{%uagmﬁ-oj Af:s and
progranmed to flash intermttently to signify various steps of the

el ect r ode tf | ¢ inmg Zgey irehea inTergtth anaitoat dewemdeneth aletsomatwmbodmicnts theiskin

pr ef er abl se i nkiia I f,4he,el ectrode. firjng sequence
(6. 1. 1) et BBE AR Dot af st e P TR e p s 2 BERO R Bl e and
can be operdtredy, thenbietiyctfadem whrecehecty 6pamhahijetpte @i 0 eatge( O some
controller), The wreless handl e assenbly can receive information fromthe
el ect ropoF‘%PPQ}WeEE%%&FSGCFS?e’é Yipinag (B R R EHosagrabg e e _
sequence gAf opuk BRI RaREPRVET SrosAfshAahinas. A8 BUhSBnRiIERRLIY: dfviBe desi red
tissue and maintain the constant current in sane tissue. The wreless
handl e as8erbesiet aisa theirararannist wrthatkibaraveayd Ge sian clepaesies eerteddartohol ds
an el ectrj e . f i rat.l , LI dl e
RSserbl y TS e ada Tre T aea e rachan S bratue ark il i Eh 2hg 080
closed-1oop circuit. The wirel ess handl e assenbly can dock with the

el ectroporati on conponent and exchange, i nformati on and provi de one or nore
of the functionalities of the skin EP devices described herein. [00981ln
sonme enbodi nents, the electrode array is disposable and renovably



connected to the skin el ectrode assenbly. Preferably, the disposable

el ectrode array is a skin electrode disk, and nore preferably, the skin

el ectrode disk is sterilizable. [009911In one enbodi nent of the present
invention, the skin EP devices include a replaceable skin electrode disk
whi ch can be renovably nmounted in the handl e assenbly. In a preferred
enbodi nent, the replaceable skin electrode disk is nounted on the handl e
assenbly of the skin EP device. Figures 6.1 and 6.2 depict the side view of
t he el ect r ostatedrintayhy skén, 2nd thenghy he@s 20 Benerate g \milgom efecBichckhdurgigxthe £le

el ectrode di sk Qﬂgegwfkg&glity of needl e skin el ectrodes nmounted on a
support sttt ure f i spatial arrangenent for penetrating the selected
tissue, in particular skin. In a preferred enbodi nent, the spati al
arrangenent i s |a6%6}r c ulnsonslehtbodinreass, the pidneldtalie sdeembiglfiedter odesriser amhe
needl e array on the handl e si.de of .the skin electrode disk are bl unt-ended
and debur r&EHVAESYITEANE R SIS RBCAN O CRBIRmASHTVAT On %ff%‘éf-’&ﬁj‘m Regfro f%‘%y'

fittings i dhe HadlBentdNBe BRAMER LRf6TRERRIY: ROUSASHAR RIeatdtRiad, and
connector fromthe needle skin electrodes to the pul se generator or skin EP

devi ce.  preferablygbaheeE skin edecpedsdiar eeisnah®oatanspmentips ismdaange. Jepferably,

el ectrodes, j n. .t he. ski j.ce I @S|[ iLn the
repIaceabﬁgé%ﬁ?gggﬁggg?%ﬁéq§¥gﬁigﬁgh?ﬁgéggﬁégh’ggéﬁﬁgg%. ﬁimﬁ ar é%

pr ef err ed seiftdiro@ntspariaie aphnyedks njisobelaageidhgie dkving eiwof § odes laghsindts of

three 31 _needle skin el ectrodes. | n additional preferred enbodi nent,
the cent erP@f ot ﬁé’“ﬁ“h’t“e’@nﬁgedi“e”gl?i Wr@%%?vﬁ § #?EFPE‘? ATY B PERAsaRe #fay in

t he shape (of, @nf\PEIMREL: QNI 1S GiEih RRDrBK Bsethl9S PRéfeRbIUMANPobRBbdirdaase of
3 mm [00101]In a preferred enbodi nent, the needle Skin electrodes are

stored st ariy & 4 srimelspende fdisk, peloRerg PriEraliyt @mskiniedpgtredegdisk ingteriizdblias f or
rapi d change of the skin electrode array between treated subjects, while
mai nt ai ni ng ea in bk Yn i i - o

enbodi nent s, a%gpggragﬁéﬁﬁéégﬁgﬁgé&gs ro??&ggs ofk?ﬁﬁﬁg%gﬁé%fgﬁégpg%he

ski n EP defEmesy inshdectntedatd mitsmatie stres crebedinehacthe ptbealnf of tkén gkitrodaredl| e
array can functionp as,a positive egative,. or neutral el ectrode. For

exanpl e, &&" gﬁﬁ'ﬁh[ﬁeﬁuﬁfeé’gﬁerﬁﬁn A gﬁ%f’%&%rﬂ?’éﬁ‘“ﬁﬁﬁ’ﬁ@h@é cEREH ogﬁléecikr‘rbde can
function agcRod@8hddr¥BroghRBinbd ¥Quaice Qhl tHe@sbdraMmed IR B ihﬁut%ﬁ@h&@é}%? in
Figure 2C is depicted in which electrodes 1 through 3 becone the positive
el ect r ode thafisaaRIrg@Incomgionent 1 lRGOHRHERINBERS. APrATRELBIEL $ABUISE CHRPIBEDSI t e
vertices ; ' - "2 sdhueiiceS Ba&RM, : ; of f,
one positi E/uéglgﬁ(g?E{ﬁlgesﬁ%ergilgﬁeéeigf@? réllq'e’ - fort.ﬁ&%:1 I urmo)f%e Iﬂﬂﬁh@l :ng%fi%g?s In
sonme enbodeimenddshy sthieasttec tacipposkan elorraionpotierne cutrpr ¢istwda thoomaasirker ; a

wavef orm generator in.electronic c ni i 0 i.th.the controller; a
wavof or m TBRBRS A MR oA ‘GO COMRA Eaet Ol Ay 4G PEBE Forer 8o Bl a
battery eligftdnt 0at loy a€c crasesiceecive skiveelvanabe Wnhoeieratdl skid BRceadt thal | er
can receive an input fromthe user, instruct the waveform generator to
del i ver tAéapAsd@Pefanghergy to the desired tissue according to the input,
and comruni cate data to the waveform | ogger according to the pul se of

ener gy del i ver ggvgiand iWhghebRnddi@cRat the FadBbRM N eRani8h 86 bérksraled GhaLGe to the
wavef orm generator, the battery being a lithiumion, nickel netal hydride,

| ead aci dhargwamiorfadtwasa diregrabba thedesgbagmaschpribinys perfaened by iae anadlag ofsed-abl e.
The port ajl L C ] i t , itabl e. for
Tmss vacoPRECTEN ¢ SRR, ARCTBRSAL b DAY & X6, BOGK. 180 P BTS00 11
sonme enboghiefeedtis soteal-hemeplfedent omusthiaoequsp(ieyi sbdastially mettaodsecot assi ng
the skin el ectroporation devi.ces _.described herein.t eliver the pul se of
energy to r t S 'm | ar

S FE T O (oG B P BECE RS HBs (D G bLhn |
to a pres@t neufd) @RkirbdPMbaddyesand §¥edanth en MR RS tifet UElecorhMEBE NG
plurality of needle skin electrodes into skin tissue w thout substantially

penet r at i impedanende | tae tipesiback mealRrayh| ApA ne t Thedbach sweckynisen sysgyndsotot the

pluralit yirxﬂ)fedancs and adjusts the pulse of energy to maintain the constant current at a value simiiar
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needl e skin electrodes to deliver a current equal to the preset current in
the skin tissue; and neasuring inpedance of the skin tissue with a neutral
one of the plurality of needle skin electrodes and using a feedback
mechanismin the el ectroporation device to adjust the pul se of energy
applied in response to the neasured i npedance to nmaintain the current
delivered to, the skin tissue constant. |In.one exanple of a preferred

enbodi ment ' FHISHEEHEES [BFOTRFRY WHENSIRIN P20k INee A THEPRHEISIPoPNEa%i ng
through anc,gl8eidnenasiaty A0 ifuRehbaRs) 1. $8AUENEAISHEY RS ﬁ;&a&fa@&g?t ed in the
flow chart provided in"Figures 27A and 271WIn partlcu?ar, 2/B710 in Fig.
27B shows a bl owup of the "produce current pulse" step and depicts the

f eedback nechadﬁgﬁﬁ whincpmysr epladgpenys.i the pleinf dedogosjiomdedaabioy inslhwised- | oop
circuit an L; -1 ( i n sky). . 1001051 In
cone. enbodt HaRRe e Fect el ot BBt uleh Bl AL BOR A oorionsafBE B or 1 o
appl yi ng tdgivauhsguigfofenepgscchniingat éremmmes whebhe embbéaiehisCiak cammtlachni S
made between . the desired skin tissue a$d needl e skin el ectrodes. In_some
enbodi ment’§CSYHES TR GAE 1BF UL AV ERTHE SOROE BREMPOPFTH sleliy ertheayise one
DNA vacci ng eh&t o6 rbafle Wildinsial brkRtbA b chirdlie 4 PGHEIRRROUS clok sk er

[ 00106) In gon§§enbodﬁaents?&?hernethggs of theeprese%t igve%tion ?ﬁblude
recording data conpiled by the el ectroporation device fromthe delivery of
the pul se of er{@‘?f% t onspEe gebeHBENEIaNFIeNeY gbthe skin EP deype ithd cantrodene
enbodi ments,; Mie 115V BN PLRV : rising the
st eps of:\%Pgif%?ﬁggéﬁéslﬁ%fgiectﬁggg assgﬁgﬁgpﬁggi%3&%9%§W%§E?“§lngneedle
skin el ectasmdiagsd thHeeewsthi Thel eotobeteisassporniyic i for ehaetingchk demmrpoiatat i on
with a currené mavgfgrnH nerat or ; contagting skin tissue of a mapmal with
the pluraPf{§o8F HekdI'e® SrPPSTALRRS BI&F&SRS\M(% BRETL B SPaT CEPP2 N8Rt i ng a
muscl e ti ssifn& ot ERislaRARIcnt ANEE SRREY FitahaRIcRE66d Edsebly Y &Rubfin8 MR 9Y
fromthe current waveform generator to the plurality of needle skin

el ect r odeSUFEH WaVeDIR 2SRIUh PErEBHEIZ IMpRdanse fealéng tg Betergninndpessroppration

cont act ed k] | : j Yy ent. .. 1001081 In
sone. embod S pLaE Eied By ReR RS ARt Rt Ok E R Bliding treaper 0
conpri ses stansasformhagnj (Fp edancring pletiepocaiiralztaad aakkrrial slssteonyd dehica viaeut r al

one of the plurality of needle skin electrodes; and co ni cating the
measur ed TEREEE A o 2o F R B R B T TR F S0 B AT cat | on
Wi th the eufdeblirvedvehal FoEeRei@y 0The Whafdlieh ciléhetfE dRacKwER D aRL#Mad] ust s
the pul se of energy. delivered fromthe current waveform generator in
response ERPICAEOT é@hﬁ@@”i RSB HEB! €65 iR PHIsGRaRaTR TS SbRIC EapimRad|ssquenats t ant
current. kL jataterel o d i L. Si.: R @ d by an
anal og C|§§§%$F%8% C|réﬁ?@%§lﬁ%&$§£%§%R§§%$E§QE®§%§$%%E¥§$?E%Lg§Vice, and

t he measuring and conmuni cating steps are perfornmed instantaneously

t hr oughout t hel088klat i &nsasie emecdyubria B¢ ceneqligy includes or kQPeQOM@iesmgpect of
the prese i.nvent i rtains. i i.n.ERP devic i ch enable in vivo
el ect ropogrz)a |a6?1t%(%ltfe ‘lg%rR Ipé%:ﬁ’ %Ss‘,“??&&qﬁaig“%&bé’ﬁlj\we%‘f@?{%‘%@éﬁw ‘g% red
skin tissden 6P sKicneeklekctrical aenes enbodiondbisr foh@e sisdur FRrdevi-a@snpr ovi de
a constant-current electric field to kin tissue of interest through a

t- a
skin el ect’P AT olr 2y opRaTs BT P OLPWSR HEATHET SRt PR gtecperore
bi omol eculi&uoPbRti&E! In81u@ingS fletbt @frepki Profgl ukapeous
(SQ and/o%zfgﬁradernal_(thﬂtissue, Tﬂg%gfﬁﬁ&%saggéﬁiggl%&%ﬁﬁgehga%urrent
pul se tr dcpusnael drrdurdipn. passsemnbeninyh of Prdses), adewabdegTop Arotths rieye!
el ectrod - ar | | uenc nd_can be
o or e Ban e g et e B A BER el Pl AR R R 400, 2
capabl e afccotmnt aotpungars kcaur twisisuehe siuciioasofSQ ekectrbhit idsi and Wat ot
subst anti al enetrafing a cle tissu h kin EP devjces produce a
current piEEEE; ML RO D RS BETRTO N T e GRIdT (e bard BRES of 't he
skin array in accordance with a programed sequence and can be nonitored
and recorded during the procedure (see Figure 2C). The needle skin
el ectrodes are capabl e of contacting ifgradernic or subcutaneous tissue
W t hout substantially penetrating a miscle tissue. [00110]U. S. Patent No.
7,245,963 and U. S. Patent Pub. 2005/ 0052630 di scl oses system di agrans of
certain el ectroporation conponents that can be used in accordance with the
present invention, where they are adaptable into or as part of the skin EP
devices. Each elenent is described therein in terns of the hardware
functionality of such elenent. The entire content of each of these
publications is hereby incorporated by reference in their entirety. The
sequences of events that are enabl ed by the hardware are controlled by
software or firmwvare or conbination of both, as described herein.

A PN PN A A A A I L p——



and operate the firing of the electrodes in the skin el ectrode assenbly.
The relay matrix can control each of the el ectrodes, preferably needle

el ectrodes, so that each electrode is in one of five states: off, positive
| ow vol t age, inpedance-neasuring input, positive high voltage, and negative
(regul ating) high voltage. In one enbodinent, the relay matrix includesll
doubl e pole, double throw (DPDT) relays that create a swtch matrix. 10 of

those relays_are driv using a set of .shi.ft .registers connected to.the
soral " per PRy SRt pitkade ko Per ey kBP] 3 hSane ERoRURent PSS
sl ave in, pR6ésebca intSlMde drsnstppmesised to the Data-In pin of both
74VHC595 (or approved equivalent) shift registers. The 74VHC595 has 2 cl ock
i nputs. The universal seri al S}/nchronouslgsynchronous comuni cati on

i nterface cl aoclY$ACLKIn 4 Grmpls of peisHeR Pelieskn e densmidesagpd baeincths ck

i nput (S i L L : [ o =N W regi.ster.
Separ at o 6ome AT B pae P e o B Bl A s Ak D LB

regi st er cthodksieRGstalt cokentripuita of sedpreset chwek. datoac fermbodinteat, shiahsiog
register, in ralle into.the output register,. The result i s the same
Gort al OB ey el bR B b S B B iR o on
cl ocked i r\:'h@vbﬂf@eQy%lwdtacfc_@gﬂ&te%ctr@&estab@ueotﬁl%ef BsstbaRb@ince changldBkkgdp) 0
drive the actual relay coils, the outputs of the SPI port circuit feed 2

ULN2003A (it Appraviederegurndihepelye sheHanmEre Wap iapedidiap bepnimas by settig the chi p

i s basically; n | Lo t4 I :

(13, 17s) - (ARl R cRRR R bRk fleny AR s SOF; RPN 0o 11
- el i m natthegavdiemésohrilalergit erendthedivodeisn tHiEriesipagissueweasiutaicafwitdwy r el ay
coils is tied to 15 %ol ts, whi It t.hethne%a&i ve side of the coils is pulled
to ground TAPSLHRMHES PIRE 683 A" %&?%. © CIRCOPGTa S UPiBre are 3 sets of
relays in the contact matri x. An exanple of a relay contact nmatrix can be
seen in Figur e [@&3] TheTHelcbstolRetan te aaigitad Hiyy mlcrbdko) &| gytersone ps@kssof
contacts swi tches the posi ti%éﬁ rail fromthe | owvoltage,

i pedance-FASUPIGE DEFIAGE UK t A/ QoanP e prPhertiteioft her
set of conoastSnkimpthe, AR hGLAMBWHIGHIRNG. DEYRlIMBlRdnDLBEWRRR BN

i npedance- neasur i % circuit and the pulse-cdrrent regulating circuit. Thus,
t he posi t icompogestani=yay lobtayneds grogrssdy mspé3Po Pt Safevanchnmbrgat thy etepsaifltise t o

ei ther do r.ent r i.npedanc rement . The. next
set of releg?{sw}lgogspﬂle& (gé-er gliea%‘dsctéiﬁ do %oﬁasg{?ﬁs%g?néllmacggﬁ‘%%?éeghaﬂw&%@g&?ne for
each el ectpradetebiyswhivele bdaugol assidey pératantitat with@cintades fromethd Biaglelche
positive or, negative rail. The last set of relays is just an_inline set of

contacts PYCRFIERIEah STBRFREPITG HellF SOIUFEPHE e RGP hasihe| peludsr

negat i ve. TQel A LQ0ick s shdpt, Odcelvit: ih RbAYH HIInRGE SeedleleM bR bh Yesis@ndrEant
only to connect” the load to the appropriate electrodes in the desired way.
The pul selbpulsarperdangesses. OF eirtes! hEEH. pebalvong sigetriog! cotput kased eroretdivesd| oad.
The volta r. . e ens. . fore any contacts are opened.

Si nce theg[l gﬁt“zg?#éEhdorbhﬁ%}t%ntg?fil}glvfegmé\%ﬂ%@ "when current is being applied,
the life of the contacts can be greatly extended. 100114] One exanpl e
of a current pil0§¢} pr dulsoed chrpodimeniskibn kP devtiopemtips dshiosvalso indRidgeiee 3. 1
and 3.2. Fi ure §f1 and 3.2 shows thC%timavet%c%hm of eacrtl current {)ul se. The
wavef or m PEFANSEEY SR ST P SHTRTHACA0 YL $0Mi TG SIPHTOPRGURE COBPRISN: N (¢ | )
20 Ms maxbigitftal Seintdunitgtdn With (e skin eRQirbde ABethBTUthe BitHewWiddbih foheral? i NS
100 ps. Fall time ( tf ): 20 jus paximum, Nomi nal current ( /" ):/, E
(0. 1A, 0. gRerayngAcurrent puispfrainsygiorm for Geliyprpighroughiuifa skip elécrpdela98mbRl i s the
| 0ad resi i aRRE RBLURRAARKONE, Hnkde pﬁoﬁlaﬁ%aggsu&eé %o %ﬁ@g@i&@ﬁ%@we 3.3

and 3.4. Only the curreni waveformis specified i'n Figure 2. The
shape component, which communicates the programmed sequence to the curremt waveform
generator; wherein the current waveform generator is capable of generating the current pulse

train waveform according to the provided programmed seguence. Preferably, the current
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of the voltage waveform depends on the inpedance seen by the el ectrodes
while the current pulse is firing (during th ). The voltage waveformis not
specified during ti since the inpedance is unknown during this period. The
vol tage across any el ectrode set during t, is OV. 1001151 Al t hough
not wanting to be bound by theory, it is believed that el ectroporation
makes use of the sanme structures and forces a high ionic flux through these

structures“gng.o enigg or enlaéggaﬁ theocondu¥§%. Nﬁ%@llié‘or di el ectric
el ect rodes “4r OB{’)&%& TH° TS PHAIAICES HEUL J0E ST S YR EH T ETCVEY f4ges,
propor ti onaénetfe b Rere phiad GeinkeivRen thiQagketsdane erddPOsSd RBrrshem

The protocols used for electroporation are defined in terns of the
resul ting e & P aHsE pilddhe prorsraIN e B enh d el ainEs prderabiiisquerg in' E )

is the fie "130) i qb@€ =), '

bet ween t hg}%gf gﬁ%é%sger%?gg%%ﬁﬁeed\ﬁé%?% [o ig('(ifl(fgg}V)natr"é%ISM{i %f%ﬁ%lgg%gen an

i ][rpor Ej ant v:a]&ggﬂm]emd h?rawb?tﬁbPﬁﬁ@héFf ISQ]Pb?saah(bmgmmffeml}Q n‘og&_rpdlsllae Cde![ ivery
of a drug or. bio cule into e ce 0 e subject. Accqrdingly, it is
o bl o2 Blisc BT Sar et bt B 8 Einp Brbod B A it 2% 9P Mg S s
protocol s ByraghindicB:rdat Ru& 6f 10z Nhe debRfubk FRde y@hé@@@istpb@&ma&egf%t i onal
to the di stance between el ectrodes. However, a caveat is that an electric

field can erergjereaenags framd. i Aepgeeswitons AMRIUP dtded] ieirstamentied O(li Aeln dneow of
ions is no . ¥ ' i.eld).. h _not_ ting to
be bound by Pgagy 10y pe Pt I Bt BhERS SnBidu el 02U BB "D
not el ect rbawdndl. Hapil.2 Adsec Fiygract anda) i Tre aofplititie of KiepuEPude\che BE Sdaptatir ent
waveform generator will.distribute a.constant-current e|lectrical pulse to
heC pl ur ot R B I TER b SE FOEDCE T Pt s e E oy ent
OCCUr'S i N AfRLLAMNNES BieddGOPErLaN sER @\ed, | IPhPREAL SndEUEII10Phe ThSent
perneability of the cells in the area of decentralized EP increases and the
bi onpl ecul WavgfaTId BHCRGT ki Goprishe gsapial ppwehsansishiT eselog) disoist whigkcheat i ng
and da”agﬂﬂgmkﬂ§m8§%he&mmhb%éﬁ@ecomﬂﬂk [00117] One aspect of the present

i nvention pertains to Skin evices for introducing bionolecules into one
or nore cells of an animal, in particular skin, formor SQ vaccination

pur poses. Pref db@dfly, Intrermslembobnanby itiwesin electoguctiot ldevibé esoliretudessn t 0

skin tissue, such as SO .qr 1D tissue,.by de|livering and nai.ntaining. a
const ant PP EATEE I EEmTE PSRk B SRt R i e G bR ok B R PR s cal
pul se del iskpregooliss 0 MR desthadiksR T i, imbBéanbaiteeteadlhe Lha (S8t aictRbe
handl e assenbly_is non-conductive %ng designed to provide a user an easy
means for NHEIARE CRYCEhE B e%fﬁ‘? o1 ROPFTGERe eabemBrayion it e 45yl Bt ed
tissue, in.paLtddsadineSbied skitidthboliiAals QS@ab@iEhl gsgggfg&m%&éﬁﬁ%sh&'men

el ectrode di sks with snap-on nounts on the han user to quickly
att ach andndd&taadte skineclereredéseisoidiane elzeod podecittinstkdhe Bavde. &IP tosstmept kar by api d

(and sterile). change . n.treat ﬁu@ie The power source of the skin
EP device%”%%ﬁﬁ%?Y%gfgg%%@ggféipgéﬁg or dség$ﬁcfﬁéa%FgFﬁ%&ﬁ@fguﬁg%é%s and
use of an pedeahmeisiakangtibf bisancotmhasrpbkeDhRQUR)C teliSpaRRGEEaUSi1<Qnd the

i nconveni ent, as for instance in.a{gg;s va?cination Purlng a bioterrorism

attack. SIECTONGHLPSPIHEPEHIIOE I WECT 5 (e TFEPorHRbUBEINS! BOW IR FHENS ssue,
such as S@yand.kibhibiip IME gedifCh HEE DA DIASH d5: 1A agSHNES rhper BNA

vacci nes and plasm ds not being nutually exclusive), ‘genes, "therapeutic
drugs, or iropstienceaganst snabjgdelith ethet wapsise ik Aleainyaloonenhiamet ngdagemtesn the

Pref erabl y, i I - e DNA plasm ds that can be expressed in the
cells of %ﬁégggggéygﬁﬁgﬁ%ﬁ%§?%'ue, and the bi onol ecul es for skin EP

delivery can include nore than one bionolecule. In some enbodi nents, the
bi ool ecul se al®@8ENA Fhasnpelentchitast is an operator programmabie feature, controlied by

software or firmware that can be disabled during the operation. The impedance tester may be
composed of general operational amplifier analog circuits which function as directed by the
controller.
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[00119] The DNA plasm ds used with the present invention can be those
useful for gene therapy, i.e., the transfer of selected genes into a host
for purposes of preventing, aneliorating, or curing an injury or disease
state The DNA plasm ds can express the gene of' interest in the mamal
using the skin EP devices to aneliorate synptons of a disease, to reduce

t he pat hogenesis of the disease, to elimnate the root cause of the

di sease, or to %ﬁ@ﬁent t he occurrence of the disease. The encodi ng gene in
the DNA pl asni d U084 e The HBRERRACSTHE S UREH Yasisakl Tratgminthe sinBR Avics:
source. Gen@ah NRALARY fcf Btkniife, MHOMEASh rhirei Q8RAEL SRk L £aug ad Sgﬁé B3%€8nd such
as cystic fibrosis or nuscular dystrophy. Gene therapy can also be applied
for the trestigeihtcapidetagibhshed Prledteadapkry conthet wehesr, efpethaty HNAapl asve dis

encode a growt h.horpone rel easi.ng hornpne or insulin growh factor-1,

whet her - syRegee s B aSeics) TroRRePSRIRR RS andiibe oF FURCITERGS Fradhent s
thereof. penetrafe@QRRG}sub Na SEMBoeIION] WBHH SealtrhiewDNAKRI asdiodss BeLeimidrh t he
present inventjon can be introduced to cells of the mammal for vaccination

pur poses, BHOCFHETSY tBE TSRITRG sleREede; oftagssicau dedhausardsof valishwhigh meghabrys s,

i nfluenza, QUEm Ibles [ l.e.. | gme
exanpl es, ?ﬁngNA 5%%5%@%@ﬁggﬁgSggggﬁgkiEfﬁﬁﬁﬁﬁ#%ﬁ?&é?ﬁggéiggﬁﬁﬁﬁﬁﬁaéﬁhic

f ragnent s whson everlogt otliggsiprotection milidpientoraaitb psevedt edtasg e tdtagesoathebe
used as bi | ecul.es for delivery to the skin tissue by skin EP include
Chemot her BT e 4G SPS AT R s RET TRRER 1By e e Gdsive 2 ef PceaindiPudi ng
bl eonyci n, saf@p Garned hust aidlfage &'pl’imhﬂ&verﬂ@%@ IGYICE frim deRVRRP kRtHulke of &%y
mtomycin C and cisplatin. O her chenp-therapeutic agents are known to
those ski | PAEF §i55u¢ RerA USRS todBmP e ¢isum@yivPuereldaiokazd abovuidie ngltapse

Merck | nde@&p. | Re AL i9Mhe RESALS %zﬁaflteft"?‘zgj, §f<intJraﬂﬁﬁgégﬁ{sg%?ﬁ%?&gp{&@/ e

("delivery agents") are al so contenp s bi ono elrvery and

can include;, N-al kyl.nel am and, para-chloro Uty be te. In.

ebod et O HT U PHE BPOI0 SR wE T PaY BRSO L CPBRi0 S apaas ofa
further bionolecul e forpdelivery along with, prior to, or subsequent to the
DNA pl asmitfsmeie s Rac di idi voltagearrosd giceiredtal angnavhsie inior & LONAT Bleaset ds or
DNA vaccines. In enbodi ments where the bionolgcules are DNA plasm ds or DNA
vacci nes tvioltegepretetmnemdegts (o sdxiprass trigdeasdjet? goeotbepmrexintaaty Vi wsikit than

i mmune response, a further bi Lecul e far l.ivery.along with, prior to,

or subs eql?g)ﬁ{%:l?%r °P HEHW‘%E)? géﬁ?@éﬁé}% %‘f\lﬂm\l}a&g&jeﬁ’é‘éﬁ ‘gi“bt BAE SHS 1ot &lg8hes for
protei ns whicehafydiédoRte paihpiateatli Néods MBLAR cEEBPONSE agai nst such target
proteins. Exanpl es of such genes are those which encode other cytol cines
and | ynphoki ne h as al pha-interferon, gamma-interferon, platelet
derived growt h?(?@?f or a[(‘lf’B@)e,mb? ntsy 1§, Sl@ﬁﬁe@???%ﬁioﬂe@%ﬂe AFOoMEHIesatt or
(EGF), | Lwavefohndogdek irffeorhhanRicatioh-wWith tHe-el&brobbradién cdrhporkens: Px%/felr\ﬁi , {80, CDB6
and IL- 15 including |L-15 having the signal sequence de?ete andV

opt i onal | Vaveferndesss: tshearshlgwalreqeejieg dscrormrtiogEvoli@ehend germs wahéfotmsmay be

useful In 7 : I.ng. - | l-8 NTES

L- sel ect i g&ugﬁg% 'egtg?%]&gfyg g%&%e]pd%zg f %ﬁ%ﬁ%ﬁfﬁ REGERM 17e VR Va1,

Mac- 1, pl 5@Gg85; cPESAN rebGlMeE]ecirGiiviiin ioGAd did oGRSt whatdorgs aM &R 2 @(CSF,

| L-4, nutantiforns of p@%18, gtmg%¥CD4CL, vascul.ar grow h factor, |L-7,

nerve gro Cova e HCpgem ept or,
PP IESRE 87ond, JIe TN PIOER fiseHe PY SRS APfmeRq e th etpfithsc

Fl't, Apo- decdpdraidBlprdoed BB3enabBAMR, ushPR- Bceift Bad bABEs D Eie phibmR:

KILLER, TRAIL-R2, TRICIC2, DR6, Caspase I|CE, Fos, c-jun, Sp-1, Ap-1, Ap-2,

P38, p65ReIIust pDEings AR SPRIEBAT ap| ABIOPeAEeN p@oniue faAPT HoesSAPadhisdNK,

interfero ¥ I c.. TRA CDR?S,

TRAI L- R3, IR E?%E?S'%iﬁﬁ?m&%ﬁéﬁ%ﬁ% - g@tﬁo%mﬁ’l%eﬁe ?b%k%mwl A,

M CB, NKGAgadNIoCHEZE} cink@R18)1sdNIoCS TR sdNBRAms T ARx ehARR tantsdnepdrional
fragments. eof .. : 01221 One of. ordinary skill understands that
numar ous ERATEEE i mRling DT e B e R i elr e i SURa N e

Wi t hout degaitd aguf 5O FolewWERE hellasapolsd Hes SHORE pafert. B PERSR ML B EAT i ON.
The skin EP devices can include any nunber of eFectrodes, such as a
three-electrode array arranged in a diﬁéerent pattern, which can be seen in
Figure 11. The distance L is chosen so"that the energy intensity at point B
is one .third of that at point A After three pulses, (1to 2,2 to 3 and 3
to 1), point B has received a cunul ati ve dose equal to that of point A As
the nunber of electrodes in the array is increased, the distance L
necessary to yield a unifom energy distribution becones proportionately

| onger. L=kxn where n is the nunber of electrodes, and k is a
proportionality constant. Thus, by selecting a greater nunber of el ectrodes
a greater volune of tissue can be enconpassed. The optimal nunber of skin



adm nistration of plasmds into the DI SC space in a reasonably | ow vol une
and ai ds in enhancing expression and i nmuni zation effects. The conmonly
owned application and patent, US Serial No. 60/939, 792 and US Pat ent No.
7,238,522, respectively, are hereby incorporated in their entirety. EXAVPLE
1. OPERATION OF THE ELECTRO KI NETI C DEVI CE ("SKIN EP DEVI CE") FOR SKIN
ELECTROPORATI ON [00126] First, the power to the skin EP device is
turned on. The firmvare remains in the idle state until input is received
fromthe usflefork@ ndydkqualnified 8d £ OPBf ldRNrHRAURBES with PRRSVWRIHdSnemt er ed
to obtain an introductory pronpt on the LCD. At this point, the handl e
assermbl y dckiRat Breasipy t B¢ pwrept sgyeiprmTiseolyser shpwd reafeeabldy deminipest 10

pr ef er abl : j i it i i i i dat a
o “every umiEHrSind daRt vb ik \AE ol Fllepro BB R by SRt or e
usi ng a nurervayvefoeypegier fhebdiconobeteflgenéral optratonelmmpdi fiehami@adniicoisingr ed as
an I D or SQinjectijon,i, reasonabl. |1 injection volune, ideally 25-
200 skin 1¥EBHEE Dt AG {roRT B ronTPT by T ol At xRl SSken ¢ o
conpl et el Yy SfoRAUPEbet Kirdciig6d foPskiRB &R Wb TDNAToRR T s Y (2B Z B Griguke user
is then pronpted, via a "beep” fromthe buzzer, to press the activation
switch to gappeeierie “efact roporati on sequence. After the activation
switch is pressed, the firmware establishes whether or not the inpedance
tester is enablgshyi!f Gk MRBOAMER:! BRI&in LRCANRNEH acl U ARBTHNRLL ay

i mredi ately pertor a series of I npedance nmeasurenents. The firmware tests
t he i npedammue dbaetavmetirce! @otmodmsomintith the by aDCthealldcageoration comfjodek2hg Af t er

th | ectrod h [ ted into the t t ti ,..and duri th
| mpedance "EHCORCT RSy Ol ERane IR ERTTERES B SOBELPIRENE B InPHEOPERTd at t he

el ect r ode tei@ltropdfatien EsnplRBR. PeefeRBY! Betifai: det;iech %Qﬂﬁr%rié‘k;@rw{@‘& Atbuch
electrical contact with the target tissue in the patient. ese

measur eneftrsemar B ¢y Perisd therpkip B deeEesorpesaimg s meterh neyydegintarehey &

achi eve a Le:.r ] o) F Y RA OIS an [ t.he i npedance
t esting, gﬁ%g% LEDae%t }eﬁ‘ggn e as’s%r y 8%@?)?%??reg%gdo%}gﬁcﬁgg?nkﬂp@%ance
measur enentmbémiitiput antd dhegkegpadoare tibspbptd wi lal haabiogstalt diepladlCD 1LEDpdal | st ay
red, the LCD will djsplay the error, .and the fi.r re will return to the
e st a Beremelers o) B Shorb igleh Hhe 1R e biptinh B8 s bty i o

em tted, ani@@RatiEhOfleditponandlifnSaQMIIY fdafurdsrtlate@itdnd NSpEH SRLRYHPT ONPL S
the user to press the activation swtch to continue. The firmvare waits for

t he handl 8irgdeq RaatheGANERSE A Pemée puishayforpaiion tha icwsiul Aereiediepyettrence.

I f any key; i Sk o | Se fot B gerRifl] 1 | ;Wi
be sounde%magcgg%lﬁé%ﬁdr%??%\?\na?ﬁlﬂfﬁg? E‘?ﬁ S?%Cl%#ésl ?@S%@tﬁggﬂgn%bgﬂ &‘8@%8& The
firmware pwipterreqiescd, he-wiir img(ssegdencechagule wiith {oedulsy ctilvent pliing), ag!

program sgl ected. Durin he, del i ver f .eac | ectric pul] se or | se of
reray. ¢ s ErTiRg fate b ub ety o’ Bl o bl Pefisotan (Bl

r esi st ancricABRSUBE Huhber] evetiat geihelele8stigrad @ cohMEb@NELaSithMicall PrefRRbdt ai n
the desired current. In essence, the processor begins the pul se sequence by

setting tHE qyaditielr sl Ry SF PERPlT ¥V Infamatien thas wepi dyelecama®inn val ue
entered by B§Elor the BALAWRY S eadbiRGKed ROPVL ir?Figur@@@Kx%tgghaqgsﬂﬁvgng oop
circuit) continuously maintains the desired output” current by adjusting the
vol t age aidpiiifedtionneskeridiecl et the glestrepsraiie contierts atd sssuenticalé)i rstoated e
changes. ring..t jvery of the pul se of energy, the processor records
t he pul seave %)Q%%rgﬁ%b%ssbcessor ends the pul se when the pulse tine |length
has been net by setting the desired output current to zero at such tine.
When t he sequelié®ijof pusmesemisodovents, thhekipEPcdeysos canefurtBwsinting: waxek or m
data and alerts the gperdat @r. i f tf}le currenI.vvaIs1 not within the se

par amet er'§PYUPE AFRECE CEREY BB ST SHI1EH!SE BYUeHELD® PREHELEF, 0ithe M Hé‘hFhe user
of whet heysikhenebae bnbRmatt Al S@teRtPoRtioh 18D nMARs b 3l YepSfinB Ot -
100130] en the EP sequence is conpl eted successfully, the skin EP device
returns teFTRHE iP ACETSIAIAEOD THEY B FeFAPPIEPD wPBIDaenE oRT ¢ TeTRAbY O BEtuE he
successf ggqu Welph ; 4 Ganf - L0l |.0m he,

conpl et gll?lp of E%Hgﬁgé? };] i“gfggﬁilug’gtciéepgﬁjeﬂna?!égmﬁ%ﬁ%\?\ﬁ“ﬁ%@%@ ’asié\%kg‘grrll%g?“ the LCD
will exhibit alist of three or five néherals, either "1 " or "0", one for
each of the pul ses of the el ectroporation sequence. A "0" indicates that
the pul se was normal and a "1" indicates that the pul se was abnormal. More
specifically, each pul se nust achieve at | east 90% of the set current to be

described as normal or a "0" will be displayed in the LCD. If a certain
pul se achieved | ess than 90% of the set current, the pulse is abnormal and
a"l" will be displayed. Furthernore, the | owest and average current of the

abnormal pul ses are di spl ayed. For exanple, for a five pul se

N o~ I



EXAMPLE 3. PLASM D DESI GN, DELI VERY METHODS, AND EXPERI MENTAL STUDY IN PIGS
[ 00132/ Plasm d construction. pEGFP-N1 (Cd ontech, Mouuntain View, CA) used
in the experinments described herein, encodes a red-shifted variant of

wi | d-type GFP which has been optim zed for brighter fluorescence and hi gher
expression in manmal i an cells (excitation maxi mum = 488 rin em ssion

maxi mum = 507 rim) pEGP-NLl encodes the GFPnmutl variant which contains the
doubl e- am @iodq ot Tecsnbinsttion thdra. Ofe Phes Bdotiag EktmeaanchnSeporbnfianakioh of thBe

codi n equence of.the EGE ene ntai ns .nore than 190_sil ent base

Changs Wi BHebaT Y RbTEHE Ao fanan Eua Sl Fan e ar . Daese SalBacaae

fl anki ng EfRediamey heefe SOMIGHiaash displdy F02Bku GRS dARRbAL 9TD")
I n

initiation site to further increase the translation efficiency

eukar yot i dsediar.d-unsyiENHI0GEEISH) attied- L isgreierab ottt chemmendisiidysyEGRP gene
di rect pr i ] e 3 f EGE PRNA, The, vect.or
backbone gFgﬁﬁﬁ%ﬁf§?§@@§£8év%§ﬁg?33?n Fgfhéggfgé%*%oﬁe%'fhﬁﬁﬁ%?ﬁ%ﬁﬁ%%||s
expr essi ngqtippedSvida Facaritghgent cadbaswoinhed or mesd S bameensoAsDRLE SwitdAeDENs
consisting%Pf the Sv4Q e rlé{e%a ter, the neonycin/kananycin resistance
gene of T P”’éﬁﬂ’ndﬁ‘f’y%&é y a6t O iaﬁﬁ'gif’s‘[‘oﬁt‘lﬁ&?ﬁ"{% Eudhiedsreluzgspictrest Wyhi di ne
ki nase ge _2drq) loVat ¥ , > : ' : d
Py e e b s e R
kanamyci n cpetsiikt dndee softwire gofrmwarg fer pRORRE, e belokbohthediugmr prpundds a

pUC19 ori gi I.Gat.l I ] j . .COl.I_and an flL origin for

singIe-st%gﬁﬁgﬁﬁ%ﬁgh%@g%ﬁggfoﬁgK%gﬂg%g%%ﬁggg¥ﬂgfgc‘ﬁg%%ﬁp {Fﬁﬁfﬁﬁﬁéﬁgions.

Squar e wawezietThe souns hesstige tbvilrasdelis exXpeiveneeererdtk ETHe somaY 18dd] BRcGRRdi t i ons

are stated indjvidually for each exgjl%(’i nt. In all cases, constant current

was used ARCSHa9IeliifiSAUGRIGN 2 YRIEHFTY IBIMAN 7 Sdarm.op mplyagicompound) if setto

m | | i secondsizhett £9¢1 BB :¥hdthoPDEd $CARLRBLNRER: (@.gidéﬁéfﬁcéfﬁﬁisﬁg E}% [oQegeSkin EP
0 [

. t
devi ce el ectroporation device (previously used t el 1ver ono ecufes to

the skel etexkl A gddispn. cbntSiHiihNedP PEVICEUray bareguipped with al lightetnerting afiodei ve
|1 b, 2= [ i t eel I | ect. : ted
o an- Lonbut 4 SR PRt S e B oD e P B LR P st Consi ot

of three Rbetyaupeusiolsitiknsd ah ot €¥s steel needle el ectrodes in an isoscel es
triangle formation (two long sides are 5 mmin length, and the short side

is 3 min |len , unted on non-conductive material .. 100134]

| ntranmuscul ar Rﬁ?gctrgﬁgﬁ?gﬁﬂggﬁ?ﬁsﬁﬁﬁFWﬁekW&?@‘ Bif? Kyt P figmeRe m xed
gender, t {he@Bcde Sl genWaeHS oPln 8@ric Weldlbriv@k Qs FHREMEE the L3mpAlok 8f tmwer e
used in the OF? studies. Aninmals were housed in individual pens with ad

i bi t um agled—s PRisE PEBEEMdAn WaE sTbotimest dRilowing eaclh Elestondrasios pascass Ons wer e
diluted ipfe e gﬁgﬁ : ' ' it b TPLC
purified 3&#’5?%5% aP§§§?g tﬂ%%ﬁgﬁL-g a?gﬁégggg%gg§%£§g£%$§%%%SHOff On Day
0 of the ‘@Xpeeiformath ofthepasismills elgsireporstmuakquence gt TRIimBohtandt tha ucEP

I id | ut i NolW¢ Ly .inj d ID and/ d i bed.
bas pl ac ATt AERy G HE SR DA%k FPESt e Bongei: ok cufar o

wher e t hanisijagigition isist @0vRST Pk aeeclrent tohe: sisddbel &f ndrh@l sayagewiisich that
each injection site could be easily identified and dissected. Al major

surface BRGYe]EESetsDndreBybPHE A IFFHarhg"ant dis prioprenatles auljcect i on
site.  abnombPdBR 4 SkiNLEelhRGdd @nnhemgres)hﬁ%w@a%n@>§§&9§e%u tqu ghd the
injection sites identified. A 2.5 cmsquare area of the skin, subcutaneous
ti ssue anrtneamshpilbesanpdisplaxstd. berdeamylengr afiscpdsawesropomrbck stjednye shitssect ed

at each injecti site,. The di ssected are s _observed in a darkened room
Gsing o CTETGhy-4Rmiiak phlies (DS EhEts0ne0 6 P3P ab R et Pty

anal ysi s 00f ¢ theilekpdiesisiadns aveias “Dawpbies Avbage demonstrat ed suffici ent

fl uorescence were photographed using a digital canmera. Sanples with no or
very mnor flugrescence were nqt photographed. The fl uorescence was scored
on 2 0 to 5 sSHIET by FRPEE HOAIVERS U TS TPorHIEn Feaise RIS &

assi gnedc@muhesforWpbfl MAOchHOKEERANGEE the leRclBRSEHdNAbmMIGIR. NPtBH S
havi ng very mnor fluorescence observed but not photographed, and 3 to 5
assessed fromthe fluorescence photogridphed. Sanples were saved for

hi st ol ogi cal exam nati on. EXAMPLE 4. COVPARATI VE STUDY [ 001371 Data
fromall tested condition was tabulated. Figure 10 presents only the
conditions were average scores were above or equal to 2, while the nmaxi num
possi ble scoring is 5 (for scoring explanation, please refer to paragraph
[0099]). As the data shows, the best overall results have been achi eved
usi ng the skin-specific skin array (first row, Figure 10). Wil e the next
group (second row, Figure 10) has the sane nunerical score, it is to be
noted that for the skin array ("MA") only 50 pig of plasmd formulated in




| NTRAMUSCULAR DELI VERY I N PI GS 45 1001381 The delivery and
expression of concentrated doses of CW-GHRH and CW- SEAP pl asm d del i vered

intradermally (ID) or intramuscularly (IM in pigs were conpared. The
results denonstrated which delivery nethod yields the highest expression in
pi gs using both secreted proteins (SEAP, GHRH) as well as testing SEAP

I mmunogenicity in pigs for the first tine. f00139] Aninals were

housed i ndinbétiigkhty, tAOéhnat@liéa@hesbr! @it cin Baysd tdApiSldEIbetBRYafbn FVefBdhs wer e
wei ghed and bl ed, then anesthetized. Pigs (n4/group) were injected with 1
ng of CMW-SEAR dhertemr-dgenic dyvicso el 35 3 bandieldmersonalogmpites &4, Sockelr yi ng
concentr at Her - - d J A o I : i S were
cl ot r opor ot i aey e e B L e ar P ber (Al Gt 3 ine AZhRL

Phar maceut Preédrahly.| the comBlumeatBeds IportRé\ad 9A22) sér{zh comedingstiosdon kilcdhseeand

pul ses, 1 second.hetween pulses, 3 to . ) WM varyin rrent (0.1
to 0.5 Arrp‘f%aﬁﬂg‘s&mgﬁ’oé—t (5?“{%‘&%;]331?8861?' gc%‘ggf%%ﬁm%%&éﬁggﬁa&#gg%ﬁﬁqlg&'?ed for
24 hours tmEn®asthgciobhip MEEDYREr O TIANMKIGD). Ml that did not fully recover
within 2 to 3 hours post-treatnent were noted. Pigs were wei ghed and bl ed

on Day 2, 4, 7,9 and 11. Food and water was available ad |ibitumfor the
length of the SPBW). BirowEmaeELMEHESt tBE S5 clestaporagmppevien lbingluEes SAs,

GHRH, and . Ghsdy- cobitBhéntlin EXRRRICIR #lih HOURLDYBPREY cofh@HRL Pﬂh@%@rﬁéry Dose

I nj ection Volurre | Mor
component can store electroporation waveform data and operating parameters. Preferably, the
memory component (such as, Atmel AT45DB321B or AT45DB321C-TU) is nonvolatile,
meaning it retains its data even if the skin EP device is off. To conserve memory,
electroporation waveform data oniy can be saved to memory during the active periods of the
electroporation pulse train. Duning the inactive peniods, sampled data onty can be stored to
memory 1f either one of the waveforms exceeds a specified threshold. For example, these
thresholds may be a voltage threshold of 2 V and a current threshold of 10 mA. Data stored to
memory during the inactive periods of the current pulse train may be time stamped so that the
time index of the data is known once the waveforms are reconstructed. Provision may be
made for the storage of up to 40 samples (20 ms) of data that occur during the inactive periods
of the pulse train. Storage can be limited to 20 ms because the software can specify that the
remainder of the electroporation sequence will be aborted if anyone of the thresholds is
exceeded for a cumulative period of more than 20 ms. An electroporation waveform data set
requires about 2 kB of memory when the above compression technique is implemented. The

memory component of the skin EP devices preferably contains sufficient memory to save at

least 8000 puises (each pulse 1s stored separately).

[0094] In some embodiments, the skin electroporation device also includes a
power source in communication with the electroporation component. Preferably, the power
source is a battery, and more preferably, a battery such as & lithiumn ion, nicke! metal hydride,
lead acid, or nickel cadmium battery. In some embodiments, the power source is preferably a
battery (such as, two 6V Panasonic LC-R064R35P 4.5Ah, two 6V genesis NP7-6 6V 7.0 Ah)
and 1s responsible for providing power to each of the skin EP devices’ circuits. These circuits
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inciude a low voltage/low power capacity power supply for the controller and its peripherals,
a low voltage and low power capacity power supply for the impedance tester, and a high
power capacity power supply for the current waveform generator. The power switch (such as,
E—Swit_ch R5CBLKBLKEFO, or any DPDT 10A panel-mount rocker switch) controls power
to the skin EP deyices and can be erther on or off. In the off position, all electrical connections

to the electrode assembly are electrically neutral within 5 seconds afler power is turned off.

[0095]  Inone aspect of the present invention, provided are electroporation handie
agsemblies (or “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. The handlie assembly comprising a skin electrode array having a plurality of
skin electrodes in a spatial arrangement, wherein at ieast one of the skin electrodes is neutral
during delivery of the pulse 61” energy and measures impedance in the desired tissue; a
controller in communication with the skin electrode array, the controller controliing delivery
of the pulse of energy through the skin electrodes; and a means for performing a feedback
mechanism, wherein the feedback mechanism s performed by software or hardware, which
receives the measured impedance from the neutral skin electrode and ad}usts the pulse of

energy delivered, if needed, to maintain the constant current.

10096] In some embodiments, the skin EP devices also include a skin electrode
handle assembly. Preferably, the handle assembly includes three elements; a skin electrode
array (preferably, a skin needle electrode array), a status indicator for reporting the status of
the skin EP device, and an activator switch. The array can include any number of needle
electrodes in one or more different spatial arrangements, and preferably include odd number
of electrodes and also preferably a lower number of electrodes, preferably 7 electrodes or less.
In a preferred embodiment, the needle skin electrode array 1s circular and comprises three
needle skin electrodes placed in an 1sosceles formation, with the large sides of 5 mm and the
small base of 3 mm; this placement 1s believed to be important for the pulse pattern and
electric field generation, and consequently quality of the skin EP. The status of the skin EP
device 15 preferably indicated on the handle assembly through the use of status indicators,
such as on¢ or more LED’s, which can be in varying coiors and programmed to flash
intermittently to signify various steps of the electrode firing sequence. The handle assembly
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activator switch is preferably used to initiate various steps of the electrode firing sequence

(“6.1.17).

[0097]  Insomeembodiments, the handle assembly is wireless and can be operated
remoiely from the electroporation component {or controlier). The wireless handle assembly
can receive information from the electroporation component {or controller), including the
programmed sequence and pulse parameters, and deliver a pulse of energy to the destred
tissue and maintain the constant current in same tissue. The wireless handle assembly can
include an internal battery or a capacitor that holds an electrical charge for its operation.
Preferably, the wireless handie assembly will inciude the feedback mechanism, preferably the
analog ciosed-ioop 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]  Inone embodiment of the present invention, the skin EP devices include a
replaceable skin electrode disk which can be removably mounted in the handle assembly. In 2
preferred embodiment, the replaceabie skin electrode disk is mounted on the handle assembly
of the sikin EP device. Figures 6.1 and 6.2 depict the side view of the electrode array (“6.2.3”
and “6.2.57). 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 1s 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 msertion into the complementary electrical contact
fittings in the handle. The handle preferably houses an electrical connector from the needle

skin eiectrodes 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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needle skin electrodes. In an additional preferred embodiment, the center of the three needle

skin electrodes fali in a circular array in the shape of a formation inscribed by 2 sides of 5 mm

and a small base of 3 mm.

[60101] Inapreferred 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.

{60102] In some embodiments, a programmed sequence is provided for the
operation of the skin EP devices, which controis 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 position. 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 coiumny), 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 controlier; 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 ¢lectroporation 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 penetraiing a muscie tissue; and applying the pulse of energy to the piurality of
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needle skin electrodes to deiliver a current equal to the preset current 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 electroporatidn functional seguence such as
that depicted in the flow chart provided in Figures 27A and 27B. Inparticuiar, 27B.10 in Fig.
27B shows a blow-up of the “produce 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.

100106] Irn some embodiments, the methods of the present invention include

recording data compiled by the electroporation device from the delivery of the pulse of energy

- 1o 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 tissue of a mammal with the plurality of needle skin
electrodes without substantially penetrating a muscle tissue of the mammal; and applying an
electrical pulse of energy from the current waveform generator to the plurality of needie skin

electrodes for a time and under conditions effective to expose the contacted skin tissue to a

substantially constant current.

[66108] In some embodiments, the applying the eiectrical puise of energy step
comiprises: measuring impedance in the contacted skin tissue with 2 neutral one of the

plurality of needle skin electrodes; and communicating the measured impedance to a feedback
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10 nmg/ L 100 M. IMO.1 Anp 4 [ 001401 SEAP expression was neasured in
serum sanpl es using a chem | um scent kit Phospha-Li ght Chem | um nescent
Reporter Assay Kit (Applied Biosystens, Bedford, 46 MA), per nanufacturer
instructions, as seen in Figure 12. The lower limt of detection for the
assay is 3pg/nL. SEAP |l evels were higher in groups that were adm ni stered
dilute plasm d versus the concentrated plasmd in IMinjected ani mals

el ectroporated at 0.5 Anp (43% higher, *P = 0.024). Very |low | evel s of

det ect abl encSEnRIpmotleitmcaeempigaebni Witk Beurarenons it rmageneialy e hadin| i
1001411 SEAPR used in this.study is a ) ' t ' .cits an
i Mmune reE%SR%C IP%Chfﬁl 1%%1. d’l"hstés 9rréé sazsr“e?rf};%}% B%@‘ée?éa&n?%gtgfl Cpgg%o&ﬁé‘ée%ﬂg} ng an
ELI SA was gperdfter iedspoasdid e mesulet Smpedanbe te @ainthin thdheubgraaphilys basrzni n

Figure 13. The anti body response .in serum sanples at 11 was graphed
with the S&Fdn ISEAF‘_W flpaen ey thE)é’iﬁ_d‘ﬂc. ’fr?f_é“a%‘é %H?T?%D@gb%%‘\}g?% Cg%ﬁ?& es

yi el ded agppg; L henk igﬁ'ﬁ%f HEERAPbIRBHYediEL 8RS the measuring WA Lt ufddRihe
expressi on was neasured using a downstream hornone in the GHRH axis,

i nsul i n- | btkps age pevfdimkad otstmtaneis!y tEPughouT ee dussin of teamiidse{ seerayi n t he graph
shown in Figure 14. 1G~1 is nore stable protein in the serumand readily

measur abl e usi A8y @gd hpggésrp%ftﬁkgﬂes§%ﬁh%n§§]ﬁ' Jlsrg{s%"&gq% <Bh EPNLy kL, which

post-injection group a ered non-concentrate

pl asmi d | Mablik MvOelbcrponsios offiameltcties, fdrexgmpleDoA pianhsl anwedesedceint r at ed

plasmd IM(CIMO0.5 A). 1001431 The Eifﬁscgl fs indicate that the vol une
r

and rout el$Pe Phikde £5Hi5n prae gmbshigrertis, skim VIGeS RO & SOBTIRH-YFrent

expr essedqand. 888 EL &5h 0L §iASredN BB BEE 8RE G dhe@TRirAS tant RRBRaBERL €1 NS.
There was a significant difference befween concentrated and

non- concemtrpdtcadn Divbiermoleale mio eollp pbslictnd skbrtisaee. PiefRAbORINFERRgpUSs (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 muscie tissue. The skin EP devices produce a current puise 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 ZC). 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 mcorporated by reference in their entirety. The

sequences of events that are enabled by the hardware are controlied by software or firmware

or combination of both, as described herein,

100111]  In some embodiments, the electroporation component of the skin EP device

comprises an electrode-connect relay matrix, which can facilitate the programmed sequence
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1001441 1 G~ 1 expression was higher in animals injected I M and

el ectroporated with 0.5 Anps current intensity. Lower current intensities
gave | ower expression levels, but the small nunber of animals nmade the
difference non-statistically different. EXAMPLE 6 SKIN EP STUDI ES I N PI GS
Material s and Met hods Ani nal s 1001451 Young hybrid pigs of m xed
gender, three to six weeks of age, with weights between 25 and 40 kg, were
used in the reI| dies (n=5/ up).. An'nals wer housed at
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were group housed in pens with ad |ibitumaccess to food and water. Animals
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experi me nt pcﬁe (deMiple titdw (BPDDEeya tiraeckeah B fswech matrixanit cxffthoae fedby@ yreirgeeen
quorescen rote ich h s heen. pti.nd zed far brighter
f1 uores cen }(ﬂeﬁeg‘&?ﬁr@%‘?" ﬁ’ i fzr}gf‘? @éﬂltﬁgﬂc@é@égﬂ?g&t PO ki mum

488 nm e%%ﬁ}a@i@m’ﬂ?{xﬂ@@?}[—s 299 1, E}{’&ter&ltm}Fs%Hx%ne‘ébéH%‘&ﬁ@a@aVHﬂﬁ%Mo%mt er
(CW) was driving the expressi on of a secreted enbryonic al kal'i ne

phosphat ask\EEEARP) o1 approkied thEMEﬂQ sBdisrastascfbe 74WC§95pﬂ1%§ wicgk wapgtsugha i n
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pi g experi nent ed_usi n ci al

avai |l abl e Lﬁu‘fefs(aée%@go Cmous gm%%}"%h}? mte ncd% mﬁ%’av\er e at

| ess t han d&nﬂel:tﬁlﬂbtﬂeghxfﬂ&gzﬂ&asiutlempwsm@tﬂs@f@mrﬁg@l@ﬁms&i toAhif{ Endmsaf e,
Charl eston, SC). Pl.asm d preparations vvere(% %géed in st |Ie wat er and

f or mul at ed™ B g REPRRT SFRETAPERPOSD NP Y P { P bP 8 89 it éfogagem%r. 5 |tDa

average) (RIGMRCK Eloci&ﬁbﬁ@ usel/kd clodiatd Y RIm e %ﬁ;fﬂ'le'_r%ktfe% ﬁfjpz@éiley% th )e() output

Phar maceuti cal's, [rmmune Therapeutics D vision
| nt r ader mrcglswb&@pmebushqsamﬁwal ghtagyehidied antp hﬂ@tShIéitmglﬁtean‘wtéiee@herdmor ation

(EP) [00147%1?5‘%%” & rBftheES(\gplgd}e q%e On\éq§ ghavi}l%)ghed an'd anesthetized with

i sof | urane ' on it enance ' sites on each
fl ank were shaved and cl eaned carefully. One inch bl ocks were marked of f
using tattoo i MOIfidy [Tatdiveitiseatiidl rdat dool, thEactpuplcising SPipoptedtiio feedds

delivered,] ent er o t he, bl .o ceiv SQ.i nj ections; at
Va1 ous BRI A BTy Be AR PP BR B Y biTES LeF o Ssen b dn
dose, i nj aghi SfbpeRlcbmRidr Bipadir PHetion 5&3@@&1@?}4&) 408 bnkOQultut a8 s an

200mg/ 1004L), current_ anplitude and pul se I ength were varied and biopsies

of the tr&neEd kigkdacksinds agosyied elwma?ma thﬁ@isférﬁ@reqﬁer%é@ﬂvseﬂ”bmw@ms&ﬂt he
| dent it i e3¢ gt Lecdil8E IR SRIIRSyhiRNAL ARG aObe Ml 35RCE S akb Lagg! | ons

were taken an uor escence was neasure days post-injection. nuneri cal
scor e wastwatghuhatet2fEsephrtsn t he area of distribution and fl uorescence
intensity, as conpared to the sanple with the highest expression (0 = no

f1uorescence, Rl%l ﬂ}St rI‘h e%mt?oﬁe jays in the contact matrix. An exampie 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 tmpedance measurement. The next set of relays is the S-relay set of polarity relays.

These relays, one for each electrode, swiich 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 aliow each

contact to be 1solated as neither positive nor negative. To improve the life of the relay contacts,
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bri ghtest fluorescence, greatest distribution). Square wave pul ses were
used in all experinments, and adm nistered using a skin EP device, the
CELLECTRATmM devi ce (VGX Pharmaceutical s, |nmune Therapeutics Division, The
Wbodl ands, TX), which can deliver an adaptive constant current (constant
current as experience by the underlying tissue). In all cases, adaptive
constant-current paraneters were between 0.1 and 0.4 Anps, with 2 or 3

pul ses, fo ]|l b L > : W\ one .
Cecond bet s B B D D BB By e
el ectrode dhe aylspoewimpasicy cisat thor pispveltagase wuaeni toNhe ERdwHIbe roltagezor

circular arra cmdiangter) of five equall aced 21-gauge sol
st ai nl ess §W§%f&#@%HFgoégi%ﬁ?%&ﬂgfmﬁ%ﬁn %ap%ﬁgagﬁgﬁ_%%ﬁ@ﬁ%%ﬁ@émﬁﬁ‘€$¥a|
the 1D/ SC skiteh wigadhae@liebéin@aasice ansiiB ol g vhtatRIas b2 Gregayetamieli d

stainl ess steel needle electrodes, 3 mmin length, placed in an isosceles
triangle formation (twg long sides are 5 nmin | ength, apnd the short side
is 3 nmin |_eng&0fél}1,4(1 motfAE BETHHE Nt e e atSE Pspéuﬁe&tet@%aﬁkl% Es&ew% Sng'U_re
178). [001§19Fig£‘re@$pan@3.2t bggum.ﬁ%a RIS wh MheL& b &ornDb SRR RGGK hitsERLM th |
ng pSEAP, as éeither a standard plasm d preparation at 2 ng/nL (500 gL,
sim | ar towavefo:M pangmeeieiserey, or as a concentrated plasnid preparation at 10
ng/ mL (100 pL), and SEAP expression neasured up to 11 days after plasmd
adm ni strati on. gﬁg?g)p l.ect | ﬂ)and SEAP assay 100150) On days O, 4, 7, and
| :

11 of Exp. 2, an % et ghed at 8:30 AM and bl ood was col | ected by

jugul ar vein p%ﬂgtﬁ&e ;?gﬂ)N1CFKg@INER serum separ at or tubes. Bl ood was
al lowed to clot™f% iéf‘ 18 R a?'roon1tenperature and subsequently

centrifuged atiﬁﬁﬂ?%ngi&%ﬁuﬂ Jmiand the serumstored at -80C until
er

further analysis. m sanpl es were thawed and 50gL was assayed for

SEAP activity usjifqyhig,PBnespha- looght Chem | um nescent Reporter Assay Kit
(Appl i ed Biosystens, Bedford, MA), per nmanufacturer instructions. The | ower

limt of detectd gm0, 108 @2%SRYmiks 3pg/ ML More concentrated serum sanpl es
were diluted 1:10 in mbuse serum before assayi ng

Nominal current (7, ):/, €{0.1A, 0.2A, 0.3A ... 1.5A) £ 10% of /, during ¢, and
with R, <100 . 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 Figare 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 7, }. The voltage waveform is not specified during ¢, since the
impedance is unknown during this period. The voltage across any electrode set during ¢, is

V.

[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. Metaliic 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 formula E=F/, where ("E "} is the field, (V")

1s the imposed voltage and ( "d "} is the distance between the elecirodes.
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for SEAP activity. Al sanples were read using LUM star Gal axy | urninoneter
(BMG Labt echnol ogi es, O fenburg, Germany). Results Exp. |. [00152] The

hi ghest GFP scores were achi eved using both the skin needle electrode
array and the I Melectrode. However, the optimal results with the IM

el ectrode required using double the plasm d dose at the identical
concentration, 100 ng of plasm d fornulated in 100 AL as conpared to only
50 ug of pl asni @01 BlnulTht dectiinfigdinginsigy & ha&d%ngﬂkimpong@dti@whgcﬁomdeumray
(Figure 15),. rthernore e, .1l sec
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endpoi nt thiahdle &;fthblﬂ«wy}edstmdp hasiie dsaatii saop- mnﬁ&ttﬁ%rrd@saigrteﬂcb prmaezarkseg ag

endp0| nt titers of 88g§m?nd, eg% en p |(nt titers of 1600. Finally, the
Fﬁ

co- | mruni ZAEPSMERRS SIS AiBR . ciéstigie gspBUli Pl FFeid e,
pol ari zed phARURALsK:IE IR N8 R-488n Qﬂﬁ@fo@ﬁtﬂ@f&e@l&é sRih diderBddedid ket sAss@Ymol¥RS eri al s
and Met hods Ani mal s

on the handle allows a user to quickly attach and detach the needle skin electrode disks, and

allowing for rapid (and sterile) change between treated subjects. The power source of the skin

EP devices can utilize battery packs for use in the field where access and use of an electrical

outlet or other power source 1s dangerous or inconvenient, as for instance In a mass

vaccination duning a bioterrorism attack.

[00118] Biomolecules for delivery into cells of skin tissue, such as SQ and ID
tissue, include DNA plasmids, DNA vaccines (the DNA vaceines and DNA plasmids not
being mutualty exclusive), 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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1001551Rhesus macaques (Macaca nul atta), were individually housed at

Bl OQUAL, Inc. (Rockville, MD), in accordance with the standards of the
Anerican Association for Accreditation of Laboratory Animal Care, with ad
| i bi tum access to food and water. Animals were allowed to acclimte for at
| east 30 days in quarantine prior to any experinentation. 1001561 Pl asm ds
1001571pGag4yY, pEY2E | -B, and W.V104 plasm ds were used in this study.

pGag4Y contai ns an expressi oqn cassett ncodi ng for a protein of HV.
e Cagty o Tnab e BEr e it THdbe REREN s oetioht dgbiey e bibgen.

Carlsbad, GA)e thhQbndBibhBEEIS IHWYme REYGREINE, BOPLAMSuRNLE N £555AN:GRsset te
encodi ng for the envel ope of HV clade B. W.V104Mis a plasm d encodi ng a

rhesus IL-12 gene. Plasm ds were obtained using a commercially avail abl e
kit (Q agen |ncl001&Mat sthe P plemudysgy withileprsem vertisnsanks Gosguspissien t han

0.01 EUti gneat%e% ,SHJ. etﬂe l?z}éng%érn .Qle?ecgér é&ﬁgg%ﬂb f‘rd%lr férgﬂigxgc%gg ?i(') P%?rg%n ston,

SO . Plas prepariati’ons were dilut sterilé water d 1%
wei ght / wei gheliohtidy, poduying agingiraomdiscasodate M isdDNA(HAARLG.can kRacaver gge df

(Sigma, St, Louis, M), further I-FPLC purified at VGX Pharngceuticals,

| mune Theletit g IE)%‘W%% BHE t%ﬁ“"l‘%&a@ﬁﬁ&é fo W?ﬁoritﬁéﬁf%%tf RGP
1001591HI Viclhia th’e_?lfé%ﬁcfg%ﬁesYﬁff%eQ@eﬁéé?{o%ﬂnﬁM@@eiraot@%e DERBBisBdsk MRiFstewht h (N
= 3/group) and without (n = SIgroup) EP, using CELLECTRATm adapti've

const ant cilie resTeBre efdld decapadhe encedmgpsices 81 thaPbleylammd cakbha heterdfogous

el ectrode arrays.. |l ni e p - ni mal
vere bl ed SveRyins TRl Rt e SR B Pk B PR e B0,
first two dammadindizakésoaschdeldvser fidofls 2r mysofiaedgiropiy. Gaae Hievapandangésashe ( gag
and env) and |L-12 expressi | asm an adj uv , LN a vol ume of

200p. L, spipficd o dhotaee qr}gﬁ“@aﬁ SHeiaatis %&éna%&nﬁﬁ? D'T%elagfats’ééa%%ta t wo

| muni zat | QRS YRIrEi0RE FlQENB Hottidne Gr inslTBn @Fov@AGR (Wl IVwHARE sHBiHaRdo danda
plasm ds (3ng total) at the higher plasmd concentration (10 ng/nL) to

achi eve t Hermhs gheil-lpngis o indse! fragments therenf i cal vol une as the previous two
i mmuni zations. El ectroporation conditions were 0.2 Anps constant current, 2

pul ses, 52 ns qagm]' eﬂ]g,me\eénwdi&mﬁg&hggx\pggra%,ﬁg#sgse%wiﬁltf?@grfgé@h!n%ﬁdo

n
1001601Ani mal s re bled every two wee uration o e study. 1
nmL of bl ocdnwengraikécotets bhthEDE&mzides vadeBlisn wampeses swlindmdatioy agtiasidar d

Fi col | -hypague centrifugati on and .t hen resuspended in conplete re

e um ( KOV G0 e S 3 TR e P SR e RO Cogep P Gogne 11V, e

heat - i nactexyabRd fietsdimeborhipeess afc MNA Aadridipleapedipfesd IpbRpekRD. thhtghdl
streptomycin, and 55uM L p-nercaptoethanol.) RBCs were |ysed with ACK |lysis
buf f er (CAWBREREBIOTBEP BT VIEREPISR Ut her f ord, NJ). Enzyne Linked

| mmunosor bant Assay (ELI S21)

[06121] 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,
inciuding bleomycin, nescarcinostatin, 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
ransmembrance delivery (“delivery agents’™) are also contemplated as biomolecules for
delivery and can include: N-alkylmelamide and para-chioro mercury benzoate. In
embodiments where the biomolecuies are DNA plasmids or DNA vaccines, a further
biomolecule for delivery along with, prior to, or subsequent to the DNA plasmids or DNA
vaccines, 1s 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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1001611Ni nety-six well plates were coated overnight with 100ng/ wel | of
reconbi nant HHV-1 I11B p24 or gpl20 (I munoDi agnostics, Wburn, M) to
determ ne H 'V gag and env responses respectively. Plates coated with

100ng/ wel | of bovine serum al bum n served as a negative control. Plates
were bl ocked with 3% BSA-PBST for 1 how at 37C. Plates were then incubated
with four-fold serial serumdilutions for 1 hour at 37C. Goat anti-nonkey

| gG hor seradi sh peroxi dase conjugated anti body was then added at a 1:10, 000

di lution (dMg-Bhromadiieatitkit Awmhefde rébdnst,@ fiftBerdith@scuad@r bElbebBalied Wwial, 1
hour at 37C, Tetranethyl benzi dine (R& systens, M nneapolis, MN) was used
to devel opPridido.dir Sulssqugnt tor e AN G PEsHISOTS P BRFCIREL HS ONE PRBOYE. 260pt o8 al

densi ties {CDl RS LRRD PASILE L ROLOZI 0% SIS RIL L Ehe ekgdef | ned

as the reciprocal serumdilution that resulte es t
gr eat er t hdrsutinigemstadne thave wage @Eodabiier oftokines BRAlywwaihobineEmayne diphzk ed

| mmunospot, a ELI Spot 0 31ELI Spot f b i or
e e S A B
responses gpRiefinslel eV A BGHURL-Nantl-png -4 hg -numberirofe, $PQLSII-Ng, tMEC,
negative control wells fromthe wells contai ni n]gt; pepti des. Results are

shown as tHSHERRS vad He 1 spdidingdl-11 by irpinersimpt wsyenspdelend and eptianelly| i cat e
ol L LE e 0 ok 01 SHA Doy Skeatnl s L0yl o o
encoding: MCP-1, MIP-1T], MIP-1p, IL-& RANTES, L-selectin, P-selectin, E-selectin, CD34,
GlyCAM-1, MadCAM-1, LFA-1, VLA-1, Mac-1, pI50.95, PECAM, ICAM-1, ICAM-2,
ICAM-3, CD2, LFA-3, M-CSF, G-CSF, IL.-4, mutant forms of IL-18, CD40, CD40L,
vascular growth factor, IL-7, nerve growth factor, vascular endothelial growth factor, Fas,
TNF receptor, Fit, Apo-1, p535, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4,
DRS, KILLER, TRAIL-R2, TRICK2, DR6, Caspase ICE, Fos, ¢c-jun, Sp-1, Ap-1, Ap-2, p38,
p65Rel, MyD88, IRAK, TRAF6, IkB, Inactive NIK, SAP K, SAP-1, INK, interferon response
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, TAP? and functional fragments thereof,

j00122]  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 1s one third of that at point A. After three
pulses, {1 t0 2, 2to 3 and 3 to 1), point B has received a cumulative dose egual to that of point
A. As the number of electrodes in the array Is increased, the distance L necessary to vield a
uniform energy distribution becomes proportionately longer. L = k x n where n is the number
of electrodes, and k 1s a proportionality constant. Thus, by selecting 2 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 tc be transfected and how far it

15 dispersed between injection and electroporation.
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[ 00165] Rhesus nmacaques were inmmunized with optim zed H V-1 gag and env
constructs and plasm d-encoded rhesus |L-12 per designed specified in
Figure 17A; the device used in the pigs experinents were also used in the
non- hurman prinmates (Figure 17B). Three animals were i muni zed by | D SQ
injection and three animals were i mmunized with I1D/)SQ injection foll owed by

skin el ectroporation (1D SQ+EP) . (rﬁ gglﬁg were i nmuni zed five tinmes at
weeks 0, 4, 8, 12, 16. Blood was ¢ very two weeks and ELI Spot

assays were perfor med two weeks after each inmunization, while ELI SA assays

were performed pour3weekspridemveaoh id ARt ZRkirBd Eﬁhh@ﬂﬂkuﬂ@%ﬁp&s It
[ 00166] The i nduction of tﬂe cel lul ar i mune response after each

i muni zat | Suiiey Weesiond e tiage Eagpies. pepstndirtygrrseienyd crppadapenel thew dose
i mruni zat i 0 e S v P ups
nad very vaoR ons BRel®by 3 45y b shE ok R B BielsBhF R ko
Irl(iSNEI)eg; B\éﬁﬁ?&np felsl S | (rtlkdl e e e;samt;aﬂolédgﬁ/emos'gt;méol\%sm an](;m:n i pled
Lher Do o it snrinsTem BF SU° Rohoba Ahcsedl £6 MR oL ey “Bbser vod
a very m%ocﬁﬁ&dti‘éh@ﬁfﬁu@%@%ﬁ@n tcpidaﬂvw a:gvztrnﬁstu\é@gésqm @mldnmmsz\%ﬂog@s we
used a higher dose (1lng per antigen) of DNA for the next three

i muni zat i medficativas pithmevemspongddidpel i otose rbpenged siegmibed beminl yiliwbe h t he

third i munpizati t he
ED/ SQ+EP aPS”entdgg’o %%{21?6 ‘Pﬁﬁ? @Hpﬁgﬁgg"&%?@:g{dl]f‘gﬁgﬁﬁiw%g%%%ﬁﬁ%g

anti gen- spﬁmnciddcto Ny N olttueb oo faisd ip@er(cﬁs&imﬂﬁz SFU 106 PBMCs). The ani mal s
were inmunized for a fourth tine with the | ng dose of DNA. A three-fold

previ ous | mmuniSUERER TSRS 15 ARG TOBMNEDS PAe ol Yhakenep qeviess |0
I mruni zat i @Eribe@hdrvigmivatigh DB AUogEent@s®s tre NA W dodestiakiBnsieltat icamibbiad 10 a
doubl i ng of the IEI@% response (1466 - 762 SFU 106 PBMCs These hi gh | evel s

of anti gerfuapBiEs pfIRNALE PR Baumes B2t fi oRtiEIZh 0 de fiyestigrha &, prefesgbly smiall
I
| mmuni zat @@cdo%‘léoﬁumg??aeﬁf prgzge PEMGers TE).! ast sansegyabga&'c&@ {hg;; o1

doubl ed the anpbunt o ucing cell's 1n the SQ group
SFU 106 PBMBsifatohkhoridh REAICoResponse sudiOB8 167Y/ i er greerct g DNAgfolame abust

menory T cell res se | ect of .a successful vaccine. To

val ikt o frERRE s e AR TP AN AR T BT R ol P ot

i nmuni zat |f&"§am%h&x§ﬂﬁ§ o8N A/ § BowaSo etk Eed nhér=\Weaksbiafgh®f qthabast DNA

vacci nat i on ( ure 19). The ED/ SQ+EP group had a nenory 1FN% response that

was tw celt I plglerriat he ED/ SQ group (998 290 and 449 108
SFU/ 106PBNCs respectively). TH2 T cell Responses [00168) Studi es usi ng gene

gun for skin Imwm]zatﬁh@@mamﬁsnﬁmm}sasea«mﬁ thd@kih NS gEiQR Afthd 'gizes@mased T
cell responses. However has been shown that this bias could be reversed

to a TH1 nefslpims@nlife fpnniﬂatepmn@nﬁa%\@d alsyEg éd@fvmbﬂ@&t@d of Kewn dedessiapdry of
rhesus |IL: [QI\@ ‘(g 5rq f et her
its co- de i ve?negatput gf ea&It 3 ann%zlg)&]lk 9& {7on r%fe W‘E g)gi ?delg grf]aggxr}(?ﬂél gure
20). The tetahhjqﬂid thnt oldeanbed en: speoorfiy owﬁHﬂ mpmﬁfs mnsdmhlamm;mﬂn by an
I L-4 ELI Spo 5_ rthef ation. ni s in
he ED SO oh SR AER S i e E M PE2bonts pagye Skarpies, B2 DI
plasmids used in these studies can be formulated at concentrations greater than or equai to 10
mg/mL. The manufacturing technigues also inciude 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. Serial Neo. 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 technigues described herein allow for
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SFU/ 106 PBMCs) and only one animal in the | D/ SQ+tEP group had a positive

| L-4 response (136 SFU 106PBMCs), suggesting a predom nant TH1 response.
Hunoral Responses 1001691A weakness of DNA i nmuni zations lies inits
inability to induce antibody responses in non-human primtes and in hunman
clinical studies. Each group's ability to induce both H V-1 gag and env
specific anti body titers to reconbi nant p24 and gpl60 anti gens was

determ ned by an ELI SA assay (Figure 21). For both antigens, thel D) SQ group
did not shaimisisgatichi efgritsnadd inpotdy IDiSesmicé 1@ remdpaiintiow ivblamke. andhwds B/ SQ+EP

group devel oped a | ow | evel .of antjbodi.es atter the second | ow dose

Pmuni 2at | SR EHBETIE] P T BTa0T iy aPs camEPak rrieURCETBh Y
anti bodi espa@s $68RAATNEI60IIe Wo%ad Ofs Bltded | ¥eTEsh WaSHidicEi9agethetdbyt he
third i mmini zation with the high dose of DNA (22201000). Anti body titers

wer e boostiseprperrisd ghtheientighr t h i muni zati on (8800 4000). The env anti body
responses also reflected the results we observed with the gag antigen with
the LD/ SQ group having lowtiters (<50 endpoint titer) and the | D SQ+EP
group reaching a maxi mnum endpoint titer of 1600 800. IMvs |ID SQ

El eet roporanon 1001701Rhesus macaques were i nmmuni zed three tines with the
sane HV gag, envEXAMPREL OPEFAERIN ST HISERESSIRGIANERIS/REVACEL . Ong/ nL
by I Minmuni zati on. Conparing the induction of cellular imune responses,
both the I M and thetSKBOEPIRIE¥SCHYFGRBHIN EI @ETROBORAANMMr oduci ng cel | s
after the first two i munizations. In contrast, inmmunization by |ID SQ+EP

resul ted in hi gioisy el FirsefindBovcgaghaskih BRAYvict Is@limedbl. Ghe GREwRIIBmERS e

i mmuni zation conpared to | MFEP. After two inmuni zations, the |D SQ+EP group
had H V gafthsndipsiateungii inprkis fesatveduipi thsce Thsiert 8t clesoppivb BEFEQyERsp?
1001711 | ~ i e f e f ivery
nto the PG s R e R s g S P AR AR BE SERIL VT,

t hose achizeseatilyaddtieatot MR 1 pe@sciabhe udy therTalite alnunGenpeasieably ofublernmune

responses .i nduced b | ectr ration.via. lMor D route.. |F LI Spot
nd oY oAl aRn Al YA Ranetsr P B S R P RE GG et e
I muni zat ifpBHuALE: i§ FE?:\M}ab}y entered using a nuB$AVRER . DAVLYACIENAT AN didn M CE

USING SICIN EP A, Plasm d constructs . o
than administered as an ID or SQ imjection n a reasonably small injection volume, ideally 25-

200 skin liters and the skin elecirode array is inseried into the skin to completely surround the
injection area which is easily visnalized. 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 i;
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
D 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, a red LED
on the handle assembly is lit. If any of the impedance measurements fail, 2 long error “beep”
will sound, the handle LED will stay red, the LCD will display the error, and the firmware

will retumn to the idle state.
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100172) A ubiquitous cytonegal ovirus (CW) pronoter or a nuscle specific
synthetic pronoter (SPc5-12) drives the expression of human secreted
enbryoni ¢ al kal i ne phosphatase (SEAP) in the p SEAP-2 Basic Vector used in
nouse experinents 1 and 3 (Exp. 1 and Exp. 3). A red-shifted variant of

wi | d-type green fluorescent protein (G-P)-expressing plasmd, pEG-P-NL1,

whi ch has been optim zed for brighter fluorescence and hi gher expression in
manmal i an cel | s _(excitatjon maxi num = 488 nng enj ssion maxi mrum = 507 rim
has al so been Jgé]cﬁi?n H_Ll MEPEFPES Pt g}?ﬁ%#’?ﬁ%dﬁ@‘(‘%@p? gpgen L @hibas wer e
obt ai ned UphiQ AsGATR G ald He @y@!éyg;bbﬁpislthe 0630 SResh Mee actPBRESWRERN CA) .
Endotoxin levels were at |less than 0.01 EU ng, as neasured by Kinetic

Chr omageni eontipge. TEnfioesvadre waighar the arrhe acbEptiorGovisbrie bspudhedizgiiiNa comhist r uct s
wer e gener.at ed apal yzin ri i sequences from 16 .H5 wiruyses that
nave provent rapdeer Bt Abngh P TRl N LSl R WRRET BRI R B e
These sequenaRd angtie wownll eadedo tHedtetshes. Los Al anos Nati onal Laboratory's

I nfl uenza Sequence Dat abg,]srgéy Afte eneggéi,ng t he consensys sequences, the

constructs wer a0®30 ni 2§ far P ERPrEegHEITe 25 FeFGRcHBY PRBLSAYI t i on
of a Koza ' Mo ' AR RNA, L gl :
construct rév\%%gg?ﬁgﬁd ?ggg?tgggg}h{%?%aﬂgel%vgxpvectlg)lr%% %é%%?yggrgr@m%glr@? sbad,
CA) . Unl essnimdigataduisiotityeumpius baseg|castit desprtapamateiwnd imbreetatdet tisseel fon

sterile water and fornul ated 1%.wei ght/wei ght wi th poly-L-gl ut te sodi um
Sai 1 (oo R Thns e s 45 R el Tt ept b Begeso; Gelfsb® piged
purified abqudkde Rhafipaedtdieabsipul dimeneT eF Bpaife peSetBuMbRiveRe ABed by

Wbodl ands, TX). B. Reporter Gene Experinents in Mce 100173) This study
tested théUsd| P ey atsierdaxik edsl 6nabinaSERtosst-IEEEpeEsPRERYOHEY BIaHE#ds t o
det er m ne ;\hiChe£4 QRO B4 ABR R A RAGESardoli ' , lag
time (ti néwt}!ggl\?\c)eenﬁig{t]jgect:ig% cglﬂsé 8n_set o% aepl(pelgetﬁ?%%)sg?%{?ig)n o}ﬂ@%%#%tﬁx%{e% on and
target nusedue résrpact clergrselwingthadd: varndiBodpldeefaicry, thn proetsomesoads the

el ectroporated usi ng.the CELLECTRATmM skin EP. device (including use of 3 x
26 gauge. ErELrPiedy TP BReoPtihG kPl Pl Bt R B Y or 1
i nj ecti onsetting B0 Hiddted bbipat dumeht to@xped susdnimd. BXien (B9 seq@&d RS p@lkesGOIveBl 6 mi ce
(n=10/group) were injected with 10 ug.of a plasm d, expressi ng SEAP under
the cont r BIE PEICCESORTRYIEIvE IREFERVE T Al alerts tsopmmsios i thgameest wos rtapiing nt o
the tiDbi alyeSe@Rt8ld@ dlribPhheUecIBpdbRaNe idise; tHalebPUSOHRinh ' of 4
or 80 secoﬁdgt%and 0. 1A -(!:;?nstaer?t ?:urrentgaA (:‘onter(l%%Li groil?% reeehgéi%gé@a?%e

pl asmi d i fhetehrstrTporgliantsogrentPor(tNorER) waaduiltyicone groups of animal s received
in equi nolar concentration an expression cassette with no plasm d backbone

NB), but id i t t ] ' I - I,
TA hhd G miscl Sewl b VARG G Fp AR e Bepe RRBIEDA g 1
(Exp. 2),regroupshordeeatars Therd nfdhenersealicoffdotagidn of thhisunOess fuf) g@lkerap GM=EG-P, i n

a total vaglune.of 5 or L, .respecti.vel for a.final plasmd .

concent r at'fone g?old 8+ fogif’w?“gﬁé?ﬁ@?pl@ﬁ‘?’%%fﬁhﬁi SRS R‘%‘?e S@E‘&FE’B‘E;; FAPNEDS T

di ssect edeaskbdyuait@, il 5Chevif@&AiIbR SISV et GKBR nakdradd HeLesrencs Wasipreasur ed
5 days post-injection. Treated area was scored by an i ndependent observer

blind to %Rect hentiesicddiesiectproratianaeaisRee o dlipadicatesiprtivd e voe sp@ahas
cal cul at %dlﬂaﬁegxdfﬁgte% G ﬁ@%eﬁireas%!bg il Wib @R A4kaf), gg&gﬁ%%ﬂ@%&ﬂ&%%' ty, a

S
corrpared to the sanpl e Wt est expressi on uorescence, no
di st ri butlean20% ofthbsét ginras to Heldesnrived enuematyre 40wl tehdidpldybatr thel) CD[I00176]

In the third . | ment e 3) o, 16 . 5. M gt f
{otal of 0 OUSpa ARG [EARTE 55 AR B8 PRy Mg 2epdh w tn
50 pg of HeMispHRAR. FatihcHRormid Jovakst vl yidged airradl 8f iensbrlosdhi fgsesS@d | ne 1%

LGS, water, water 1% LGS) and current intensities. Animals were .
el ect r opSHRIREC Vi RX NG dGHdE C PR ElSRECRITHIPD P BHUFNF g e al ERBRRE of B5 BRIS0 0. 2A)

For I Mi nf £6LdsANadns SdARvIAnRr 0. SATMSCIN 0.3 Amps, respectively, © 0 01 0 17 will be

displayed as well as “Low: 60% Average 80%”. This control mechanism is essential when
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Table 2. Goups for the CW- Goup Formul ati on Cone (ng/ L) Total Dose
(ugthnima I) EP SEAP formul ation experinent 17in mce (Exp. 3)

delivering vaccines for therapeutic or prophylactic applications. Should the vaccine delivery
be inadequate, there is a high probabulity that the antibody or celiular responses needed for

ireatment or protection will not be achieved, and the subject at risk to developing the disease

(Roth et al., 2005).

EXAMPLE 2. DATA ACQUISITION AND STORAGE

[00131] The skin EP device software or firmware enables real time data acquisition
and storage in non-volatile memory. Figure 2C illustrates a first portion of data that may be
collected during the electroporation process. The first section of the file header contains the
file name (*2.17) and the animal number (*2.2”), The columnar data {“2.3") describes the
pulse in sequence, the wait time before pulsing, the pulse width, and the puise current for each
of the three electrodes. Figure 2.4 1llustrates a second portion of data, which identifies the
configuration of each electrode during a given pulse sequence. Figure 2.5 illustrates a
formatied version of a third portion of raw data for the same electroporation. The file is
downloaded from the skin EP device as a Microsoft Excel CSV file. The data are copied and
pasted into a template Microsoft Excel Spreadsheet file. Columns in the spreadsheet represent
measured voltage (V) and current (Amps) during the electroporation pulse as well as the
calculated tissue resistance {Ohms}. Data downloaded after smalier electrodes were used in

pigs’ skin vielded almost double the skin resistance than after using larger electrodes (700 Q

to 2200 Q).

EXAMPLE 3. PLASMID DESIGN, DELIVERY METHODS, AND
EXPERIMENTAL STUDY IN PIGS

[00132] Plasmid construction. pEGFP-NI {Clontech, Mountain View, CA) used in
the experiments described herein, encodes a red-shified variant of wild-type GFP which has
been optimized for bnighter fluorescence and higher expression in mammalhan cells
(excitation maximum = 488 nm; emission maximum = 507 nm.) pEGFP-N1 encodes the
GFPmutl varant 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

43



1234567910 11 12 13 14

changes which correspond to human codon-usage preferences. Sequences flanking EGFP
have been converted to a Kozak consensus translation inittation site to further increase the
translation efficiency in eukaryotic cells. SV40 polyadenylation signals downstream of the
EGFP gene direct proper processing of the 3' end of the EGFP mRNA. The vector backbone
also contains an $V40 origin for replication i mammalian celis expressing the SV40 T-
antigen. A neomycin-resistance cassette (neor), consisting of the SV40 early promoter, the
neomycin/kanamycin resistance gene of Tn5, and polyadenylation signals from the Herpes
simplex thymidine kinase gene, allows stably transfected gukaryotic cells to be selected using
G418. A bacterial promoter upstream of this cassette expresses kanamycin resistance in E.
coli. The pEGFP-N1 backbone also provides a pUC19 ongin of replication for propagation in
E. coli and an {1 origin for single-stranded DNA production.

[00133] Electroporation conditions. Square wave pulses were used in all
experiments. Electroporation conditions are stated individually for each experiment. In all
cases, constant current was used at 0.1 - 0.4 Amps, with 2 or 3 puises, for 20 or 52
milliseconds/pulse, and with one second between pulses. The control skin EP device
electroporation device (previously used to delrver biomolecules to the skeletal muscle)
contained a circular array (1 cm diameter) of five equally spaced 21-gaunge 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
triangie 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. Amimals were housed 1n individual pens with ad libitum access to food and
water. Endotoxin-free plasmid preparations were dijuted in sterile water and formulated at 1%
weight/weight with HPL.C 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 ieft upper comner 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] Ski# collection. The pigs were exsangumated 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 fiuorescence 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. Sampies were saved for histological

examinahon.

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 1s 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
uL. Furthermore, using the optimized conditions for the skin electrode array, the procedure
time was substantially reduced: the ohserved 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 resulis.

EXAMPLE 5 INTRADERMAL DELIVERY COMPARISONS WITH
INTRAMUSCULAR DELIVERY IN PIGS
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5555555555 100177)In all cases, animals were acclinmated for 3
days, wei ghed and ear-tagged. Food and water were available ad |ibitumfor
the length of the experinment. On Study Day O ani mals were wei ghed, bled and
anest heti zed using the conbinati on anesthetic for rodents - xylazine (37.5

ng/ m; 0.05 ni/ 30 grans body melght) ketam ne (1.9 0 016 nm./1 O
grans body wei g0} lacﬁmdﬁ%wryrﬁ@ (EBPEBiTRimoncatpey dﬁE?SIQf G rsHBEHEpd

vl S0 SRS AT O B PP LSS PRI TS,
col | ect ed bimeaedndse esnltsdefogaehtddonnsiofidiveryseethiod mplds the highest expression in
pigs using both secreted proteins (SEAP, GHR1II) 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 bied on Day 2,4, 7, 9and I 1.

Food and water was available ad libitum for the length of the study. Blood was collected for

SEAP, SEAP antibody ELISAs, GHRH, and IGF-L

Table 1. Experimental group summary.

' OEP n=

Group Plasmid Dose Injection | IMor
Volume 1D current
] CMV-SEAP 10 mg/mL 100 ul D 0.2 Amp 4
CMV-GHRH :
2 CMV.-SEAP 2 mg/mL 500 ul D 0.2 Amp 4
CMV-GHRHE
3 CMV-SEA?P 10 mg/mL 100 1L M 0.5 Amp 4
CMV.-GHRH
4 CMV.-SEAP 2 mg/mL 500 pL M 0.5 Amp 4
CMV-GHRH
5 CMV.SEAP 2 mg/mL 500 ul ™M 0.4 Amp 4
CMV.-GHRH
6 CMV-SEAP 2 mg/mL 500 L M 0.3 Amp 4
CMV-GHRH
7 CMV-SEAP 10 mg/mL 160 ul ™M 0.1 Amp 4
! CMV-GHRH

[00146] SEAP expression was measured in serum samples using a chemilumiscent

kit Phospha-Light Chemiluminescent Reporter Assay Kit (Applied Biosystems, Bedford,
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pl asma and then aliquoted into tubes on ice for SEAP assays and anti- SEAP
ELI SA, as perfornmed previously with mnor nodifications. After Day 14, all
ani mal s were exsangui nated under ‘surgical plane of anesthesia. C. Analysis
Bl ood col |l ection 10017810On days O, 4, 7, and 11, mce were wei ghed and

bl ood collected via retro-orbital bleed into mcrofuge tubes, respectively.
Bl ood was allowed to clot for 10 to 15 mn at roomtenperature and
subsequently centrifuged at 3000xg for 10 min and the serumstored at -80C
until furt My, zenalaysfreuresmaPuctionn gs seenBETuredadr hs warepliag ohdqastiehiaidd and

50 pl was sa f or P_act] V] ; I ‘N I

Phospha: Li BN ERCHILLRERedR o s bl e B e R R B
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in control hlg}ﬂfécﬁpe;so-gg@ci‘“fe%loé"elfsﬁ% %{eég@F@glﬁg%g H’é’tﬁflﬁg‘géﬁli‘%ﬁlddéts?WthmAl I
sanpl es weLe Liedfedimng LUM star Gal axy |um noneter (BMG Labtechnol ogi es,

O fenburg, Germany). SEA? indirect ELISA [00180] Inununogenicity to the
human SEAP pr ot[8¢341jvasSEieRisasd enthisstudycee snanproiesn 400 thoniltegcirsdinhingde

procedur e. . Mg, B! SO LEREHER! Sl ARl BLERRLS SIRIERM Ll s 11 ed

human pl ac osphatase 1n contai ni n

nanogr ar nsinweld reqifits batrmRed iacienicalh sabkaln Meuphas Mhabrsted( Bispimg ) seret ni ght
at 4C. Pl ates were decanted and washed three tines. Plates blocked using 1%

BSA ( Si gnepmples 6t B50b ieesiapisdi WiPaS sepRahd ntFse bt it g opietBdeed for

2 hours r ‘@Eﬁ?xgdlést ; i@da%%dé‘[h@ﬁi dsemepeiRivdlil wied 1: 100 fol |l owed by
serial di ﬁﬁ%%ns f 1}{7'%?n % BSA ( igsma)c in l0.‘0 % Tween 20 in PBS in

separ at e di | ut i[@H4p] at@SRHTxerdstioe kvas groasironh twag adéavarstredn fiommnglimttess. 100

ul of dil t est. serum was ded wel |l ..a i ncubat.ed _at roam
enmer ot ot TRE RSS! inSi iR MR TR bR et R 0 AR B B e
Secondar y i@pfghRady IWesis@hdratetle pfoadibinthedthim BBdSadioaeistgbit edndiintl DGE-

hor ser adi sh _per oxi dase) _1: 1000_in 1% BSA i.n 0.05% Tween 20 in PBS and

i ncubat ed [ RLA kit Sqrgp iy 'é*ﬁffé‘rséflai"fél.iWSE’L"&“%?’V@%‘B@%%@C i9HP HRIRSEed100 ul
of ophenylenedi am L1856 5PRS AeldmMass addgd 6Bkt ed N 0.1 M
citric acin§9§§¢%?g£§n§$%%§g§2%%¥% n;§100 5? of 1 M Hfé%? g\c/g% addeedd to
stop the rceamctiraed plabeidibbitcBWasAeasured at 490 nm on Spectramax Plus 384

plate reader (Mghooul ar Devicos. Sunviel 6, Gl IRie SIS 80 Mg SEAP
expression 1 s depe de on e target muscle "

important role in expression 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.

100144} IGF-I expression was higher in animals imjected 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 hybnd 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 Stilimeadow, Inc., Sugariand, TX, in accordance with the standards of the
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[ 001811 Expression was increased if the SEAP-expressing plasmd injection
is admnistered into the TA (Figure 22) versus the G nuscle, at both 80s
and 4s lag tinme between injection and EP using the skin EP device. \Wen the
SPc5- 12- SEAP pl asmid was injected into the TA nmuscle, serum SEAP | evel s
were 285 fold higher than in control animals that received the plasmd in
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injection un er 5Al gg%{“?‘é%’? ?ogo%cgfétgl}{%ﬁdg ﬁfﬁ%%ggﬁﬁ%@@fﬁﬁ’ég% e'r%éu tlsg%l/erier%b @EAP

| evel s of BfustdinkBas Vo di hbighesccthanfoodmtd whtsr. (ABE1BAls wese acolimER] oAtlawl s, P
<0.003; G 4% vs. no EP. controls, P < 7.7 E-06). Wen plasmd fragnents
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hi gher than the NB 80s group (P <0.008), while TA 4s was 37%eh| gher than
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PRIMATE Sg{ &hdependent observer blind to the identities of the treatment groups. Photographs of
dissected skin sections were taken and fluorescence was measured 5 days posi-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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brightest fluorescence, greatest distribution). Square wave pulses were used in all
expeniments, and administered using a skin EP device, the CELLECTRA™ device (VGX
Pharmaceuticals, Immune Therapeutics Division, The Woodlands, TX), which can deliver an
adaptive constant current (constant current as experience by the underlyving tissue). In all
cases, adaptive constant-current parameters were between 0.1 and 0.4 Amps, with 2 or 3

pulses, for 20 milliseconds/puise or 52 milliseconds/pulse, and with one second between

pulises.

[00148] Two types of arrays were used in Exp. 1: the electrode array previously
used for intramuscular (IM) EP which is a circular array (1 c¢m diameter) of five equaliy
spaced 21-gauge solid stainless steel needle electrodes, mounted on a2 non-conductive
material; the ID/SC skin needie electrodes consisting of three 26-gauge solid stainless steel
needle electrodes, 3 mm in length, placed in an 1sosceles triangle formation (two long sides

are 5 mm 0 length, and the short side 13 3 mm in length), mounted on non-conductive

material (see also Figure 17B).

[00149] In Exp. 2, the amimals were 1njected ID/SQ and skin EP with 1 mg
pSEAP, as either a standard plasmid preparation at 2 mg/mL (500 pL, similar to an TM
injection), or as a concentrated plasmid preparation at 10 mg/mL (100 pL), and SEAP

expression measured ep to 11 days after plasmid administration.

Blood collection and SEAP assay

[06150] Ondays 0,4, 7, and 1] of Exp. 2, animals were weighed at 8:30 AM
and blood was collected by jugular vein puncture into MICROTAINER serum separator
tubes. Blood was aliowed to clot for 10 to 15 min at room temperature and subsequently

centrifuged at 3000 x g for 10 min and the serum stored at -80°C untii further analysis.

{60151} Serum samples were thawed and 50ul was assayed for SEAP activity
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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for SEAP activity. All samples were read using LUMIstar Galaxy luminometer (BMG
Labtechnologies, Offenburg, Germany).

Resulis

Exp. 1.

[00152] The highest GFP scores were achieved using both the skin needle
glectrode array and the IM electrode. However, the optimal results with the IM electrode
required using double the plasmid dose at the identical concentration, 100 pg of plasmid
formulated in 100 uL as compared to only 50 pg of plasmd formulated in 50 uL with the skin
needle electrode array (Figure 15). Furthermore, using the 0.2 Amps, 2 puises, 52 ms/pulse, 1
sec between pulses, which we determined to be the optimized conditions for the skin EP, the
procedure time was substantially reduced: the procedure time is only 4-5 seconds when using
the skin EP device, and 80 seconds when using the IM array. As a general rule, a smaller

volume (more concentrated solutions), with an adequate plasmid dose was found to yield

better results.

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. Amimals were administered the same
plasmid quantity, ! 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

[60154) 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 [FNy 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
immunegenicity in the [ID/SQ+EP group was also seen in memory T cell responses with the
ID/SQ+EP group having twice as many antigen-specific IFNy-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 aiso resulted in a Ty polarized immune response as determined by

an IL-4 ELISpot assay.

Materials and Methods

Animals

|00155] Rhesus macaques (Macaca mulatta), were individually housed at
BIOCQUAL, Inc. (Reckvilie, MD), in accordance with the standards of the American
Association for Accreditation of Laboratory Amimai Care, with ad libitum access to food and

water. Antmals were allowed to acclimate for at least 30 days in quarantine prior to any

experimentation.

{00156] Plasmids

[006157] pGag4Y, pEY2EI]-B, and WLV104 plasmids were used in this study.
pGagdY contains an expression cassette encoding for a gag protein of HIV. The Gag#Y gene
was subcloned into the expression vector, pVax (Invitrogen, Carlsbad, CA), for further study.
pEY-2E1-B contains an expression cassetie encoding for the envelope of HIV clade B,
WLV104M is a plasmid encoding a rhesus IL-12 gene. Plasmids were obtained using a
commercially availabie kit (Qiagen Inc., Chatsworth, CA, USA). Endotoxin levels were at
less than 0.01 EU/ug, as measured by Kinetic Chromagenic LAL (Endosafe, Charleston, SC).-
Plasmid preparations were diluted in sterile water and formulated 1% weight/weight with
poly-L-giutamate sodium salt (MW=10.5 kDa average) (Sigma, St. Louis, MO), further
HPLC purified at VGX Pharmaceuticals, Immune Therapeutics Division, The Woodlands,
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[00158]  Immunization

100156} 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 deliveredl 0.2 mg of each of two HIV antigens.
(gag and env) and IL-12 expressing plasmid as an adjuvant, in a volume of 200pL, splitinto 2
ID/SQ injection sites per animal. The subsequent two immunizations were performed using
Img 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

1060160} Animals were bled every two weeks for the duration of the study. 10
mL of blood were collected in EDTA tubes. PBMCs were 1solated 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 [U/mL peniciliin,
100pg/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 ovemnight with 100ng/well of
recombinant HIV-1 II[B 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
ditution (MP Biomedicals, Aurora, OH) to the plates and incubated for 1 hour at 37°C.
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Tetramethylbenzidine (R&D systems, Minneapohs, MN) was used to develop the plates and

reactions were stopped with 2N H,S04. Optical densities (OD) were then measured.

[60162) 1gG 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)

[00163] 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

[06164] 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 I1L-12 per designed specified in Figure 174; the
device used in the pigs experiments were also used in the non-hurman primates (Figure 17B).
Three animals were immunized by ID/SQ injection aﬁd 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, §, 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

[G0166] The induction of the cellular immune response afier 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/1 0°
PBMCs and 85 = 34 SFU/10° PBMCs, respectively). A second low dose immunization
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doubled the number of IFNy-producing cells m the ID/SQ group (173 £ 77 SFU/1 0° PBMCs)
and tripled the response in the ID/SQ+EP group (287 * 34 SFU/ 10° PBMCs). Having
observed a very weak cellular response foilowing the two low dose immunizations we used a
higher dose (Img 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 [FNy-producing cells (383 = 162 SFU/10° PBMCs). The
animals were immunized for a fourth time with the Img dose of DNA. A three-fold increase
in IFNy response was observed in the ID/SQ group compared to the previous immunization
(376 + 210 SFU/ 16° PBMCs). As with the third immunization, delivery of the high dose of
DNA with skin EP resulted in 2 doubling of the IFNy response (1466 = 762 SFU/ 10°
PBMCs). These high ievels 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/1 0° PBMCs).

Memory T cell Responses

[00167] The induction of a robust memory T cell response 18 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 445 + 108 SFU/1 0° PBMCs, respectively).

T2 T cell Responses

[00168] Studies using gene gun for skin immunizations have demonstrated the
induction of Tu? biased T cell responses. However it has been shown that this bias could be
reversed to a Tyl 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
iead to an induction of Ty! biased response (Figure 20). The induction of antigen-specific
Ty2 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.

Humaoral Responses

[100169] A weakness of DNA immunizations lies in its mability 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 détermined 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 %mmunization {endpoint titer: 100+50).
However, a greater induction of antibodies was seen after the dose of DNA delivered was
mncreased 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 res;)dnses
also reflected the results we observed with the gag antigen with the ID/SQ group having low

titers (<50 endpoirit titer) and the ID/SQ-+EP group reaching a maximum endpoint titer of

1600 = 8GO,

IM vs ID/SQ Electroporation

{60170} Rhesus macagues were immunized three times with the same HIV gag,
env and rhll-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} Inthese 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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H5 ref, seral, 600 DNA Constructs 1H V Env 3 ade A 2H V Env C ade C 3H V Env
Clade D 4HV Gag 5HIV Pal 6Flu H5 7Flu NA 8Flu M2 NP 9HPV 16 E61E7

Table 1. Comparison of immune responses induced by electroperation 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

Total gag and env responses e
{(SFUM0"% PBMCs) ;

Llise 251 | 95 38 Jag2 = 161 635 2 171
2| 223 = 76 |376 % 21011924 = 417466 + 762
3lo042 311927 % 191 5300 + 3781465 * 762

......538 Endpoint Titer
11 <s0 <50 150 | 2200
2] o | <s0 | 400 8800
3 <0 <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 vanant 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/ug, as measured by Kinetic Chromagenic LAL (Endosafe, Charleston, SC).
Consensus HA and NA constructs were generated by analyzing primary virus sequences from
16 H5 viruses that have proven fatal to humans in recent years, and over 40 human NI
viruses. These sequences were downioaded 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 (Invitroger, Carisbad, CA). Unless indicated otherwise, plasmid preparations were
diluted in sterile water and formulated 1% weight/weight with poly-L-giutamate 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 betweer injection and onset of electroporation), formulation and target muscle impact
expression and antibody leveis. Animals were electroporated using the CELLECTRAT™ 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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{60174] Ina first experiment (Exp. 1}, groups of C57/BI6 mice (n=10/group) were injected
with 10 ug of a plasmid expressing SEAP under the contro} of a muscle-specific synthetic
promoter (pSPc3-12-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]  Inthesecond expeniment (Exp. 2), groups were mice {(1=4) were injected with 50
ug of pCMV-EGFP, in a total volume of 5 or 25 plL, 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] Inthe 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 ug of CMV-SEAP
(at 10 mg/mL) at varying formulations (saling, 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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Tabie 2. Groups for the CMV-

“Total SEAP {formulation expenment

Growp Formition Core | 0056 £ 1 inmceErp 3
)

1 Saiin 10 50 0.2 5
2 Saline 10 50 01 5
3 Saline 10 20 0.2 5
4 Saline 10 50 01 5
5 Saline + LGS 10 &0 0.2 5
6 Saline + LGS 10 50 01 5
- Saline + LGS 10 50 0.2 5
g Saline + LS8 10 30 0.1 5
9 Water 10 50 0.z 5
10 Water 10 50 01 5
11 Water 10 50 02 5
12 Water 10 50 21 5
13 Water + LGS 10 50 02 5
14 Water + LGS 10 50 01 5
15 Water + LGS 10 50 02 3

Water + LGS 50 01 5

76 10

[00177]  In all cases, amimals were acc.iimated for 3 days, weighed and ear-tagged. Foed
and water were available ad libitum for the length of the expertment. On Study Day 0 animals
were weighed, 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), acepromazme (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 coliected via retro-

orbital bieed and allowed to clot. All coliected blood was centrifuged to isclate 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 pl 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
control species-specific serum before assaying for SEAP activity. Al samples were read using

LUMIstar Galaxy luminometer (BMG Labtechno}ogies, 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 piacentai alkaline phosphatase in PBS (100 pi containing 100 nanograms/wel}
ofhuman placental alkaline phosphatase (Sigma)) overmight at 4°C. Plates were decanted and
washed three times. Plates blocked using 1% BSA (Sigma) in 0.05% Tween 20 in PBS

{biocking 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 ul of diluted test
serumn 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 pi of o-
phenylenediamine (OPD) substrate per well was added (0.67mg/mL) in 0.1M citric acid
buffer and incubated 8 min; 100 plof 1 M H;:SOA 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 expresston is dependent on the target muscie

[00181] Expression was increased if the SEAP-expressing piasmid injection 1s
administered into the TA (Figure 22) versus the G muscle, at both 80s 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 hugher than in control amimals
that recetved thé 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’ polyadenyiation
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 expressionin 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 édministered C5-12-SEAP
and NB without EP (No EP) demonstrated negligible SEAP expression.

GFP Expression

{0'0182] GFP expression was visualized afier 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 ID (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 n 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.&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 lugher SEAP
expression than animals that received identical LGS plasmid formuiation, delivered at 0.2A
constant current. Nevertheless, the animals that recetved 0.2 A plasmid formulated into water
vielded significant lower SEAP iévels 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 formutated in water + LGS (Figure 25), although ths did

not attain statistical significance du¢ to high intra-group variability.

EXAMPLE 9 INTRADERMAL DELIVERY COMPARISONS WITH
INTRAMUSCULAR DELIVERY IN PRIMATES

PRIMATE sera

AlVietnam/2003/04 Hi titers on 1% horse RBC
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- PRIMATE
Group 1D Study Group Hi titer wk 6
4497 C 80
H5 + M2 4498 c BO
M CELLECTRA™ 4489 C 40
1 mg per plasmid 4500 C 80
4501 c <20
4520 B 160
H5 + M2 4521 D 80
ID CELLECTRA™ 4522 D 160
1 mg per piasmid 4523 ) 40
4534 D 160
4508 G 160
H5 + env + 2 HPV 4510 G <20
IM aione 4511 G <20
1 mg per plasmid 4512 G <20
4513 G <20
4529 H <20
negative controi 4530 H <20
4531 H <20
4532 H <20
4533 H <20
HS ref.
sera 1,600

DNA Constructs
1 HIV Env Clade A
2 HIV Env Clade C
3 HIW Env Clade D
4 Hiv Gag

5 HIV Poi

B Flu M5

7 Flu NA

8 Fiu M2 NP

9 HPV 16 EG/ET
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4 H Negative Control 5 VA 0 TOTAL 40

10 HPV 18 EB/ET
1 L12
Study No of
Group DNA Consiructs Animals Route of Admin  Dose
DNA i
A 1+243+4+5+11 5 CELLECTRA™ 1 mg/Const
DNA D
8 142+3+4+5+11 5 CELLECTRA™ 1 mg/Const
' IV
c DNA 6+3 5 CELLECTRA™ 1 mg/Const
ib
D DNA 6+9 5 CELLECTRA™ 1 mg/Const
%)
E DNA 7+8+10 5 CELLECTRA™ 1 mg/Const
o
F DNA 7+8+70 5 CELLECTRA™ 1 mg/Const
G DNA 1+6+9+10 5 IV Syringe 1 mg/Const
H Negative Contral 5 N/A

TGTAL A0
Rhesus macaques were immunized in these studies. Animals were acclimated for 2

[00185]
months prior to the start of experiments. The study progressed as follows: Week 0 -
performed 1st immunization (plasmid dose administration) and baseline 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 uL per site, the formulation
was split into a 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

formuiation in one single site.

[00187] The CELLECTRA™adaptive constant current device used in the pigs experiments
and nonhuman experiments described in the Examples, above, were also used in these non-
hurnan primate experiments. The electroporation conditions were as following: for the IM
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100185] Rhesus nmacaques were inmmunized 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 i mmuni zation (plasm d dose adninistration) and

ot i waRee R et R ol BB ool 3R 03 ARBS eIh BTt s,

above, and puisced denticiapbawv gl Pashal mjbﬂmnBERe&EH%rmeéﬁhe (igeg@sn Andd, i N
above table% The Correct i nj ect.ion volune for each group designated I M
CEL L ECTRAF"4SB0RERIGECTRIRA RAGORHIZHS WeIg el naiMB R GUP @ se HBree PHIsey, B sec

admi ni st r atdenn, befweeﬁ B%erEQhﬁ'e&ﬁﬁil dn@le?&?rbﬂﬂaﬂ&{ ume surpassed 100 pi, per

site, the formulation was split into a nunber of injection sites (2, 3, or
6 depend|n3 on how nmany t ot al ggwof vacci ne were adm ni stered). The aninals
t hat recei 888\ |ﬂf%€f”@ﬁ€@)ﬂ dioyi({fdnissdne ropnleyerp Wrmre@tedamhmeptne

The pios eope PR AR D e LR s O e '

above, mer@vahg@iusEHCnmn&hﬁ&eThemhﬂﬂmﬂwaxMﬁﬂhﬂﬁﬁ%bﬁﬁ@ﬁﬁﬂh&uﬁhﬁnaiSSC

el ectropor tions. were follow,.ng; faor the DA 64 injection and
el ect r opor 3?1 d&#&&%&ﬂn R %ﬁaggi %rr?stj"\f\‘y‘thé‘gm@ leﬂ 1 asspys WEEPPHOMSE N t hr ee
pul ses, 4 seGuR) a¥-vREtNEBRN P hasdd dsm?m@tﬂﬂ Rn@fdr GhRCEOROLALE A bibsy the
1D injection and el ectroporation grottos the conditions were: 0.2 Anps, 52
msec/ pul secelihibedanprewssied fersivareiar spulyalios éie sptomd rnohupigpaut(blosd catiebted

el ectropor glutlnatlon Inhibition (H') Assay - nonkey
sera were ??%bnmég %%ﬁﬁégce r destroying enzyne (RDE) by diluting one
part serumw th three parts_enzyne and i ncubated overnight in 37C water
bath. The enzyne was inactivated by 30 mm i ncubati on at 56C fol |l owed by
addition of six parts PBS for a final dilution of 1/10. H assays were
performed in V-bottom 96-well mcrotiter plates, using four HA units of
virus and 1% horse red blood cells. The data presented herein are the
results after the second i muni zation (bl eed collected before the third

i mmuni zation). Wat is claimed is:iiCS L. L P 1. An electroporation device
conpri si ng: an el ectroporation controller conprising a current
wavef orm generator, a waveform |l ogger, and a controller, wherein the
wavef orm | ogger and the controller are in operable comruni cation and the
current waveform generator is under operable control of the controller; and
an el ectrode assenbly conprising an electrode array having a plurality of
skin el ectrodes in operable communication with the current waveform
generator, wherein one skin electrode of said plurality of skin el ectrodes
is in comunication with the waveform | ogger; wherein:
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the el ectrode assenbly is configured to receive a pulse of energy fromthe
current waveform generator and deliver said pulse of energy to a tissue

t hrough the skin el ectrodes; the one skin electrode is configured to
be in newiral BULiG: use and to nmeasure the inpedance in mammlian, tissue
and to conmuni cate the neasured i npedance to the waveform | ogger: ™

the waveform |l ogger is configured to record the current waveform and
electrogpration VOltagﬁ“@ eF.com‘runi.cate t he current waveform and

el ect r opor at i‘OhSEFPS Yr& CUBREY8# er ;. and the controller is

confi gured t QpadjddgbpdritgorC WohRMllcrWVaMahatiiy 98 Nekade dvhlyebhe %&k&&&£ yavef orm
generator to thereby maintain a constant current. 2. An el ectroporation

devi ce wenfamddgge. ad 4 saatrotler. whdesi thedvaviebsmeloggeranddmmeintgllpuirs én of

energy pr.oduci ng..a constant .current simlar to a preset current .i t by a
iser - whgrapf kAR eIRh At At vl kel RaPRE o S P8 ver s a

pul se ofthesar@Yet Bad produces a constant current in the desired tissue,
a skin el ectrode assenbly of said device conprising an el ectrode_ array
havi ng a pl urglglesroge agiepvle cepprigins enj fledrodp Arfay| hapzan el 9fedd ves t he
pul se ofy SAEEAY, I HLOTLENS Ldelon Gl C L Eﬁ#&Qﬂﬁ&%ﬂg Elbr F'Vers
sane toef%ggéggPPédﬂ%%ssgé t roﬁahlgheesgﬁh el ectrod %?“ﬂéh@ﬂgﬁﬁﬁ %%st one
of the pkiuraddcirtoyic of sk plurditeof sladekcirsdayas it @omednicatiorewits dle Wakdferen
delivery of the pulse of energy and neasures inpedance in the desired
tissue “eommuni cat es sai d i npedance to a feedback nechani sm of the
el ectropor at i gR,&£enmponent of said device; and the feedback mechani sm
recei ves the neasured i npedance fromthe neutral el ectrode and adjusts the
pul se of enetlpyelemtody essethblyyistcorfigired ta Bparvakirmisecdrpengeitont tenmineb@i n t he
const ant\:va%gf%rrqgngtgénerator and deliver said pulse of energy to a tissue through the skin
electrodes;
the one skin electrode is configured to be in neutral during use and to measure the
impedance in mammalian tissue and to communicate the measured impedance to the
waveform logger;
the waveform logger is configured to record the current waveform and
electroporation voltage and communicate the current waveform and electroporation
voltage to the controller; and
the controller is configured to adjust the current waveform generated by the

current waveform generator to thereby maintain a constant current.

2. An electroporation device when used 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,
wherein:

an electroporation component of said device delivers a pulse of energy that
produces a constant current in the desired tissue;

a skin electrode assembly of said device comprising an electrode array having a

plurality of skin electrodes in a spatial arrangement receives the pulse of energy from the
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3. The device according to claim1 or 2, wherein the tissueys;iskin tissue.
4. The device according to claim1 or 2, wherein the tissue is subcutaneous
tissue or intradermc tissue. 5. The device according to any one of clains

1 to 4, Jhebfddidhosibie®! HEt JARRS &l REQRLE Ricgh&L ikQdetroRNdWciiiye rods,
or conductive filmareas. 6. The device according to any one of clains 1

to 4, webrctpdest he skin el ectrodes are needl e el ectrodes. 7. The devi ce of

claim5 or 6, erein the needle el ectrodes, are capabl e of confacting an
i aderm o 6t 9SG of M BOST o€ B PR AE bE AR R SBALBFR Do
muscl e tdeBedte. of e Pill& GEWNERyAGED hibalged OmPBYan@d n Othe CdeBirf® tibsicOarld
wherein skin el ectrode assenbly conprises: an_activator switch; and a
stat us icABiatest spidr eppidanery tacei edbedk orcabpeiskiol Blee clachaporaBeenbl vy .

component of said device; and
the feedback mechanism receives the measured impedance from the neutral

electrode and adjusts the pulse of energy delivered by the electroporation component to

maintain the constant current.
3. The device according to claim 1 or 2, wherein the tissue is skin tissue.

4. The device according to claim 1 or 2, wherein the tissue is subcutaneous tissue or

intradermic tissue.

5. The device according to any one of claims 1 to 4, wherein the skin electrodes are

needle electrodes, conductive rods, or conductive film areas.

6. The device according to any one of claims 1 to 4, wherein the skin electrodes are

needle electrodes.

7. The device of claim 5 or 6, wherein the needle electrodes are capable of
contacting an infradermic or a subcutaneous tissue without substantially penetrating a

muscle tissue,

8. The device according to any one of claims 1 to 7, wherein skin electrode

assembly comprises:
an activator switch; and

a status indicator for reporting activation of the skin electrode assembly.
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MC 9. The device according to any one of clainms 1 to 8, wherein electrode
array conprises at |east three skin electrodes. 10. The devi ¢& BflFel ai m 9,
wherein the three skin el ectrodes have a spatial arrangenment that is a

triangl 11.vIh Vi ' wherglng tgeg t i [ L.spscel es
triangl?? 1§ﬁgf%2@§g5?%£9§%q@?g?}%%ﬁﬁ mhé?%i%t?h% %?%%ggﬁgg§?$?gﬁéfe has
si des ofcompnmesi at ldasinthtde samdelectivdse of 3 mMmin length. 13. The device
according to any one of clains 1 to 12, wherein the plurality of skin

el ectrodes delivers the pulse of energy to the tissue in a decentralized

patternyg 14.1hetRYi 6 cRfimChaivieldn WREhAIN ske cRIHb@s hveOly Shdriar
el ectrodes delivers the pul se of energy to the tissue in the decentralized

pat t er n auraegemenhthatsratiriebglof a programmed sequence. 15. The device of
claim14, wherein the programred sequence causes at |east two active
(non-neutral) electrodes of the plurality of skin electrodes to deliver a

plurality. of ﬂiﬂcfe@ﬁ:eidﬁcﬁiﬂﬂlwﬂﬁfﬁerem&éQidﬂg%d@ﬁn%@’@@@@s&ﬁ@ﬁgl&u' se of the
plurality of pulses is delivered by a different one of said at |east two

active skin electrodes. 16. The devi ce when used according to claim2 or

f ' . L % g i in:the.f k
a0y, one 8! CHaLUB S Lkt 85 ARPENURELA G SR naRLEL U0 eggeck
accor di agl & baselodidmua ipfergtly one of clainms 3 to 15 as

13.  The device according to any one of claims 1 to 12, wherein the plurality of skin

electrodes delivers the pulse of energy to the tissue in a decentralized pattern.

14, The device of claim 13, wherein the plurality of skin electrodes delivers the pulse

of energy to the tissue in the decentralized pattern under the control of a programmed

sequence.

15. The device of claim 14, wherein the programmed sequence causes at least two
active (non-neutral) electrodes of the plurality of skin electrodes to deliver a plurality of
pulses in sequence, wherein each subsequent pulse of the plurality of pulses is delivered

by a different one of said at least two active skin electrodes.

16. The device when used according to claim 2 or any one of claims 3 to 15 as

appended to claim 2, wherein the feedback mechanism is performed by hardware or

software.

17.  The device when used according to claim 2 or any one of claims 3 to 15 as
appended to claim 2, wherein the feedback mechanism is performed by an analog closed-

loop circuit.
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appended to claim2, wherein the feedback nmechanismis perfornmed by an
anal og closed-loop circuit. 18. The device when used accorgi-ng: o cl ai m
17, wherein the neutral electrode neasures the inpedance in the desired

ti ssue agd comsuddviat edet heed mMoeddamgetct olairhel ¥ eebraek threshani sdactane t he

f eedback nmechani smresponds to the inpedance and adjusts the pul se of

ener gy CeFaREEhil WRranceoRshe resisqsd Hede aaf campmnietes el mped@cere e eset
cur 1 ent godBaclT B AGNUEC i Ghe YSEBaAC LGN Qe Molfhe MASIERS

f eedback Mechani Sm Malntal ns the Constant current conti nuous y an

i nst ant ad@etsshypudsr offegetdydo dedinteiartie ofnstdnecypudis et ofalensmgjar to £@.pradee devi ce
according to any one of clains 1 to 19, wherein the el ectroporation device
conpri sé& rr%iﬁsafety feature consisting essentially of a voltage cap that
prevents the device fromdelivering the pulse of energy to the tissue when
adjustnment to the pulse of energy would yield a voltage above the voltage
cap. 219. Th@hdekice vdwoordd ngeardingrig come 0% vdicaginghd feedbad, mettensim sai d
devi ce cor rjs%i ac n%roll r that r cekyesttpe in uts.frgg;@ user Fnd
cont r ol FHRY L tYBHSF SETOH COHPEHER: “omaaraber s thduing &y ey
accor di ggk ke TRHESy. 22. The devi ce of claim 21, wherein the controller is
a single chip mcrocontroller. 23. The device according to any one of
claims 1 to 22, wherein the device conprises a current waveform generator

| 1coPer 3! @ TRIMMALEALIRARIY Nl R B AL WicClo, SR BE HooRgS waier el 1
the curfént waverorm generator generates a curreént pulseé train waveform and
del i ver getibecanrient splahsRaturatonsivangboemidly dthevdkica cap et pettentaggendl y.
24. The device according to_any one of clainms 1 to 23, wherein the device
i s undeflcaprefran livemy B rese P BRI IP 1t Usye rdeAsdprstaenide e pige of

progranggggfﬁgggﬁggdgq@hg Ehbggﬂ%\gg&ég ‘wavef orm generator capabl e of

gener at I ng rent pufse train wa rmaccording to the programed
sequence. 25. The device according to any one of clains 1 to 24, wherein

t he devjce c rises a current wavef.o nerator consjsti essentially of
a power é][r anilggfi%vﬁceawﬁp@g}quﬂra@ﬁiop_e of clranngig ?to 5& wherem saljd Jevﬂ:% compleqses y
a controlier that receives the imputs from a user and controls the electroporation

component to deliver the pulse of energy according to inputs.
22. The device of claim 21, wherein the controller is a single chip microcontroller.

23.  The device according to any one of claims 1 to 22, wherein the device comprises
a current waveform generator in operable communication with the plurality of skin
electrodes, wherein the current waveform generator generates a current pulse train

waveform and delivers the current pulse train waveform to the skin electrode assembly.

24, The device according to any one of claims 1 to 23, wherein the device is under
operable control of a controller by means of a user-input programmed scquence
controlling a current waveform generator capable of generating the current pulse train

waveform according to the programmed sequence.
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26. The device according to any one of clainms 1 to 25, wherein the device
conprises an inpedance tester that tests the electrical conneétl%nprbet ween
the skin electrodes and the tissue. 27. The device according to any one of
cl ai s o 2 2rein t.he device ¢ Ll wayef orm | er_that records
ol ctropbrac i O SRS RoblG SR SR SRDERST ia 2oRl ek bR GVEE Frhb el Fvery
of a pul seurtdnt eneefin ge@Batod BdrstiaNf eSeREABT HiaNvicd-tRNYisORendbg erakts 1 to
27, wherein the device conprises a waveform | ogger that records

el ectroporation voltage and current waveforns at a rate of 2000 sanpl es per
second. >@9. FEadEH £EAREAD UnDInk B BMMONS, 95, EhalMPind dEOc2Bympgtel n he
devi ce conprises an I nput device that receives input cormmnads %y a user and
comuni cat mspetimecel tagert thaormnbks cleoir@alconmhedidnebetaeerc ther gid clavafes rami
generator. . 30. The device of claim?29, wherein the input device is a
nuneri c ReYPEE or a touch screen. 31. The device according to any one of
clains 1 to 30, wherein the device conprises a status reporting el enent
that reports confirmation of a generated pul se of energy and delivery of a
const ant2%cur rBrt devi@Ziccaitmgde wng @nobf claansml 34 26 whkereinrthe bevis¢ atmpriseeport i ng
el ement is an.infarmatiqn displ.ay panel, an audible gptification a

i ght - erfl TR dAREST ol teBigF PP atPHiPe gP e gmlriamgl, R REgsr di ng
to any qRatifdouelyaivi®e Beli@r3df a PHIRE 6F Budrde device conprises a comuni cation
port for uploading electroporation wavefonn data to an external electronic
device. 34. The device according to any one of clains 1 to 33, wherein the
devi ce npri-Ses, a. Menpry. componen r.Stori el ectr ration waveform
dat o or Boer At e BR B oL @bIEL P 38 EhGEBEILIN B L o
any one awfaef@h®gdertiBat 34cordh@é@topotdlion doMi@edQiphSesveforRQVE k raodf Cce.

2000 samples per second.

29, The device according to any one of claims 1 to 28, wherein the device comprises
an input device that receives input commands by a user and communicates the input

commands to a controller or current waveform generator.

30.  The device of claim 29, wherein the input device is a numeric keypad or a touch
screen.
31. The device according to any one of claims 1 to 30, wherein the device comprises

a status reporting element that reports confirmation of a generated pulse of energy and

delivery of a constant current.

32 The device of claim 31, wherein the status reporting element is an information

display panel, an audible notification, a light-emitting diode, or a combination thereof.
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36. The device of claim 35, wherein the power source is a battery. 37. The
device according to any one of clains 1 to 36, wherein the electgggﬁzﬁrray
is a disposable electrode array that is renovably connected to t He o--

el ectrodg assgnbl.y; : [ f [ : rein .the disposabl e

el ectr og%' array (#és(dcae a?%)rgﬁ; ﬁ8%$¥8§§ ng?%@l g%.gz’rﬁié\,é}glg\% %g&gg c g?‘%ﬁ?ﬁ;eg&

wher ei n 4 kemskinivagbecioroder dpRkding sleardgoraadbl eavédOmm Tiea devit exaegdr di ng
to any one of clainms 1 to 39, wherein the device conprises: a controller; a
wavef or FERBICAEICi n el ectroni ¢ communication with the controller; a
waveform | ogger in el ectronic comunication with the controller; and a
battery electrically connected to the waveform generator; wherein t he
control 13dr r édeidesgeancardpgtto irpone béclagey | té AStwhatia thé deview edroprines
generator to deliver tEF ul.se of ener Y, to the %Qsired tissue according to
the i npdt™CRAY COMARTCAE g@“ﬂ%ﬁ CFBP“ETH‘g A FET BT AP BSG PHERB PATARED t he

pul se ofyrenessyecdel i vered; and MCSLLP

35. The device according to any one of claims 1 to 34, wherein the device comprises

a power source.
36.  The device of claim 35, wherein the power source is a battery.

37.  The device according to any one of claims 1 to 36, wherein the electrode array is

a disposable electrode array that is removably connected to the electrode assembly.

38.  The device of claim 37, wherein the disposable electrode array is a skin electrode
disk.

39, The device of claim 38, wherein the skin electrode disk is sterilizable.

40. The device according to any one of claims 1 to 39, wherein the device 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;

wherein

the controller receives an input from the user, instructs the waveform generator to
deliver the pulse of energy to the desired tissue according to the input, and communicates

data to the waveform logger according to the pulse of energy delivered; and
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the battery sends an electrical charge to the waveform generator, the
battery being a lithiumion, nickel nmetal hydride, |ead acid, or nickel
cadm um battery. 41. The device according to any one of clainms g9 40,
wherein the device is rtabl e, . An ectroporation hanpd assenbly when
Used to deri var PaTsk FeBRh Bichicgl e ohe R bLERA bl U RERTPSR
produce ALGams iaNhickerh@nthydAdeNeaddesd, e dickbissdeish Malt@fy. to a preset
current input by a user, wherein: a skin electrode array of said
assenbly having a plurality of skin electrodes in a spatial arrangenent
conpris at - ' o) i.At.aiped: Ln: ri del i very
of The i oo P EHsPaEed il AP RIIRL 1.8 AT hnb Rl R bR Sblae
nmeasures i mpedance in the desired tissue and comruni cates the inpedance to
a controller of said assenbly in comruni cati i i t he

Y 8n mn{h it; .and
control 1% i MEEIRTIME MR S ERRYRERRDr ted dRidgT e ecR el BUREY 818 the
del i ver ¥icGted ASuPUE fraffm AREPAULLE OBt BErailiifl uf) REHEPHSSe sBllflr 00 8
f eedback nmechanism of the controller receives the measured | npedance from
t he neutpreset siciant elpstby adeeramberaidj ust s t he pul se of energy delivered, if
needed, to maintain the constant current. . 43. The.hand| e assenbly when
Lsed: accor di AR RFETR F55 VABKEINETAD TaRine SPBETIUE Sk o elshosab e
and remayabll Vindhf@68e tohPrithieanand|Be aggestvodAhaintiited AN Rraf 988AP! Y When
used according to claim42 or 43, wherein the skin el ectrode array
conpri sdslivdiy ed hRinlss| elcencogie sviseini wid gt estapiepedeitrsl glackiodp graasured5. The
handl e assenbl v.when, used..according to.a one of, clains 4 0. 44, .wherein
Che ski AOBr0Es BHEE usHEREsFE RS H b A e SyRagi o ookl "
assenbl yssshiy hS@eReEodtbinngt @ ay one of clainms 42 to 45, wherein during
the delivery of a pulse of energy at least two of the plurality of skin
el ectrodes afle gertraller dRdcmBUBFatige Withuths| paufrabiskigy plecipde coEds the

neutral delivery of the pulse of energy through the skin electrodes; and

a feedback mechanism of the controller receives the measured impedance from
the neutral skin electrode and adjusts the pulse of energy delivered, if needed, to maintain

the constant current.

43, The handle assembly when used according to claim 42, wherein the skin electrode

array is disposable and removably attached to the handle assembly.

44,  The handle assembly when used according to claim 42 or 43, wherein the skin

electrode array comprises three skin electrodes spatially arranged in a triangle.

45. The handle assembly when used according to any one of claims 42 to 44, wherein

the skin electrodes are 5 mm in length and 26 gauge.

46. The handle assembly when used according to any one of claims 42 to 45, wherein
during the delivery of a pulse of energy at least two of the plurality of skin electrodes are

~ active and one of the plurality of skin electrodes is neutral.
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