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(US 7238522 B2) Claim 1. An apparatus for isolating cellular component of interest from cells
comprising:
(a) a first tank, wherein the first tank is used for holding a suspension of cells having the cellular
component of interest;
(b) a mixer in fluid communication with the first tank;
(c) a second tank in fluid communication with the mixer, wherein the second tank is used for
holding a lysis solution;
(d) a holding coil in fluid communication with the mixer; and
(e) a bubble-mixer chamber with a top and a bottom having:
(i) a first inlet in fluid communication with the holding coil;
(i) a second inlet in fluid communication with a third tank, wherein the third tank is used for
holding a precipitation solution, a neutralization solution, or a mixture thereof;
(i) a third inlet in fluid communication with a gas source;
(iv) a vent; and
(v) an outlet in fluid communication with a fourth tank, wherein the fourth tank is used for
separating precipitated cellular components from fluid cell lysate;
wherein, the mixer is a high—shear, low-residence—time—-mixing—device, wherein the residence-time
is less than or equal to about one second; the suspension of cells having the plasmid DNA from
the first tank is allowed to flow into the mixer; the lysis solution from the second tank is allowed
to flow into the mixer; a lysate-mixture is allowed to flow from the mixer into the holding coil; the
lysate-mixture from the holding coil is allowed to flow into the bubble-mixer chamber; the
precipitation solution, the neutralization solution, or the mixture thereof from the third tank is
allowed to flow into the bubble-mixer chamber; and a suspension containing the cellular
component of interest is allowed to flow from the bubble-mixer chamber into the fourth tank.
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Zehav = A
Bag FAe Y4749 AirMix 7% B 58E BAe

5 A=

M&2l= oA = o= T E o=

M| = a2 WO2019-232324 US 2021-0207075 A1 | EP 3802781 A1 | JP 2021-525521 A @)

M =
’ US2020-0017819 A
= —
Will’ WO2008-148010 A9 US 2009-0004716 Af EP 2153260 B JP 5793726 B2 O

(EP 2153260 B1) Claim 1. A large scale process for producing high purity samples of low copy
number plasmids from bacterial cells, comprising the steps of:a) producing a lysate solution by
contacting a cell suspension of said bacterial cells comprising said low copy number plasmids with
lysis solution; b) neutralizing said lysate solution with a neutralizing solution to produce a
dispersion that comprises neutralized lysate solution and debris and wherein the dispersion fluid is
held for less than one hour to separate the neutralized lysate solution; ¢) filtering the dispersion
through at least one filter; d) performing ion exchange separation on said neutralized lysate
solution to produce an ion exchange eluate; and e) performing hydrophobic interaction separation
on said ion exchange eluate to produce a hydrophobic interaction solution;wherein step a)
comprises mixing said cell suspension with lysis solution in a high shear, in-line mixer;

wherein step b) comprises mixing said lysate solution with said neutralizing solution in a bubble
mixer; and

wherein step e) comprises performing hydrophobic interaction separation using a hydrophobic
interaction column or a hydrophobic interaction membrane to form a hydrophobic interaction
solution;

wherein the method comprises transitioning from one step to a subseguent step substantially
continuously.

(JP 5793726 B2) &3 1 “te|zjof MEZZRE|S] D&% A2 DNA Z2jlAn|E 17|
POz 2HHo2 A, olstel 3 @) 252 MZ Mz detde sl Hl(ysis solution)zt &
= Zol elst & AH(lysate solution)S M =sH;

Setdl =2 0| 850 &7 Fdds S=tsho]
b

i
olr

A=

rot
I Ho

ol

b) Fslet 87U AslES TaE 2o A=
S o) HMolT stibel TS SHAIH 2MUS ofntsl; d) AV Faket SFAo| thsiAl o2

_21_



0fo

fil
i

&o
o]
<0
0
4
ﬂ

)
i

il

mur“_o
Kl

7ol
ol
o

=
]

110

)
E)

wr
ol

) UIA-|_ otof 7 iz
-I lA—l |_l' IA_I Al L
- (=} I k”
b H o J| KoM
S —l’Ll'

elztel

0
| 7t Xl =

7ol

ol
ol

ES

0io

F

=~ =
=2

=

1ol
o

m__m
[I[e]

@,
ol
H
ofn
B
m__m
[I[e]

_22_



1.

. 2IAHE F2 S0 X WY HE
]

Zydus Cadila (91

1) gREA

O 9% A 2fA} Zydus Cadila (A}oltix N EhHe 1952d A H
121, Cadila Healthcare2 = &

O Zydus Cadila®] WAl 7|4 AlE (VIQ)| A txHgo}l, Wy
3, 4%, BE JRIAF2 JAEFAA, AFFF volds, &
gtefol, 284 FuY, dEg 9 JdEHE WAl A vo|=
gl Bf T

O

Zydus CadilarlE® Q1% H%9| 47} v A3t AZFAdx o
2191 VaxiFlu - 45 AAHo g2 /W, Ax 2 ESA%

7} A 0] o

IS

O 2021'd 8¢ 209 A7 3 DNA 7|ute] Z 21419 wMalog 2
°]Z BT (ZyCoV-D)E /N or, dxdr g5 &
o

<1 ¥> Zydus Cadila ZH= 19 WAl Zycov-D

11) https,/m.dongascience.comynews,php?idx=48916
https.//www.mkhealth.co.kr/news/articleView.html?idxno=53050

https,//pharmajet.comytropis-ia/
https.//cnews.pinpointnews.co.kr/view.php?ud=202109080837505503cd 1e7f0bdf 45
https.//www.edaily.co.kr/news/read?newsld=03401366629244080&mediaCodeNo=257&OutLnkChk=Y
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O Fuls F¢Y AR = v HulA E(Pharma Jet)AhS] 31 &H-A}
FAA&F ‘tropis & o] &3] HFF. o= DNA ¥ N
o] R FEEE ZF Ul Foe] ofd, 3{ Y F
of gHow IHHYG WAAEIL FHI AF oY =45
Bl A sl DNA9] 5 &3 Ado] 75

O ApolzB Y 1x+ HF F 28Ut} 56Y At 247h 23}, 3x HF
S sloF &

O Il AAAAYEHEGL Aojrj= siLetete] IZZU19 # Al
A g #dste], 22 AL T3 AFAE A A vk 3

S @A AR % goldx At A¥EF T34 A

|

=2 =
Age] et TAA AR A Adstn Yot At o
B ggs A godn HEF (21.11.09)

12) https;/pharmajet.comytropis-idy/
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1. WO2021-214703 AT

M K| ALE
ity of A VACCINE AGAINST SARS-COV-2 AND 51 7 AbEY =5
o &/ PREPARATION THEREOF =Ae >

SRS | PCT-IB2021-053321 (2021.04.22) |&537MHE -
(=92 (S 2020.04.23) (== . ZH) W02021-214703 A1(2021.10.28)

Z ¢ 2l | CADILA HEALTHCARE LIMITED(N) | sj2t2] £35] -

IgE == tPA
Plasmid/ e Alad Mo
gk X} PATEL, Pankaj(IN) SHEF | Host design 7|; +SARS-CoV-2
(ehel A A) spike protein
M

The current invention provides a DNA construct comprising S gene or S1 gene region
of 2019-nCoV spike-S protein. The DNA construct of the present invention comprises
DNA plasmid vector carrying S gene or S1 gene region of 2019-nCoV spike-S protein.
The vector may further comprise a gene encoding IgE signal peptide or a gene
encoding t—PA signal peptide. The DNA construct according to the present invention is
further used in the preparation of an immunogenic composition or a vaccine for treating
or preventing corona virus or its related diseases.

)
12

781 A DNA construct comprising a gene encoding S protein of SARS-CoV-2 or a
truncated gene of S protein of SARS-CoV-2 optionally with a gene encoding signal

) peptide.

The truncated gene of S protein of SARS-CoV-2 as claimed in claim 1 is S1 region

or a receptor binding domain RBD that binds to the human angiotensin converting

enzyme- 2(ACE-2) receptor.

ATs3 A vector comprising a gene encoding S protein of SARS-CoV-2 orS1 region of S
(B8 protein of SARS-CoV-2 optionally with a gene encoding signal peptide.

74 The vector as claimed in claim 3 further comprising regulatory element(s) required for
(5% the expression of S gene of SARS-CoV-2 or S1 region of S gene of SARS-CoV-2.

The vector as clamed in claim 3 further comprising human cytomegalovirus
immediate-early (CMV) promoter, bovine growth hormone (BGH) polyadenylation
signal, kanamycin resistance gene or suitable combination thereof.

HF&6 The vector as claimed in claim 3 is selected from pVAX1, pCDNA 3.1, pCDNA 4.0,
(5%38) pCMV and PCAGG.

HF&7 The signal peptide as claimed in claim 1 or claim 3 is IgE signal peptide or t-PA
(548 signal peptide.

& 3812 The DNA construct or vector as claimed in any preceding claim is injected by a
(=3¢ needle-free injection or by an electroporator system.
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The gene encoding S protein of SARS-CoV-2 as claimed in claim 1, expresses S
protein of SARS-CoV-2 wherein S protein of SARS-CoV-2 has proline substitution
selected from K986P, V987P, F817P, A892P, A899P, A942P and suitable
combinations thereof.

H7EH16 = ) .
(%— _J_'.\_ §>|-) @ 2 = 51/52 g K386P-valTP
. — [ mo o
o cov S A
<A o] gA
S SEC-MALS Validated SARS-CoV-2 Prefusion Trimeric Spike Variant Proteins
The DNA construct as claimed in any preceding claim is produced by scalable
production process using batch or fed-batch method with suitable media compositions
A F822 comprising of yeast extract, tryptone, glycerol and other suitable ingredients available for
(=% high density E. coli culture. Also, temperature range from 30 °C to 42 °C can be
used according to the present invention to increase plasmid yield from bacterial
biomass.
The DNA construct as claimed in any preceding claim is purified by the purification
process comprising one or more of the following steps: (a) lysis of host cell containing
plasmid DNA; (b) clarifying the lysate by filtration to obtain clarified lysate; (c) treating
2803 lysate to removeendotoxin and other impurities; (d) purifying the treated solution of
EE step (c) with plasmidDNA using one or more of the chromatography techniques
selected from affinity chromatography (AC), ion exchange chromatography (IEC)
and / or hydrophobic interaction chromatography (HIC); (e) concentrating the
purified plasmid comprising of one or more following steps of (i) precipitation , (ii)
diafiltration and / or (iii) lyophilization.
o = digjo SARS-CoV-2 S CHHAlS stelozst= DNA eislo] sk 24l
[AlAlof 1: SARS-CoV-29| HME S RuX == S1 KXo &M =z 2]
[0130]
e ME S RUAAMEHS 1) I S1 FAMEHES  2)2| ofo|i MAEES
sMye NCBI(MN908947.2)7| et 2 A A =

o olzh e FE E X35, = Gene Artof 2lsf| stetM o=z BHY

[AlAlof 2: A7 RFA A Dol IgE =& t-PA A4 ®Elol=E2 3dsis 4wH
H =]
1. 5t7| 4742 M2 pVAX1i(Invitrogen, USA) ®lEfof| 2FRI5H01, 4712 vl A=t
ZVTC_COV1 (K1), ZVTC_COV2 (=£2), ZVTC_COV3 (£3), ZVTC_COV4 (X4)
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® IgE 2| Mg+ St
® t-PA 2] AME +S1

[

2. Z2tAn|= DNA =HH[ =2 DHS-aolA| dAXE

o
o= 22| JIEE AH8sto] E2tAn|=E 24

e
o

Hl 2k = miniprep S22l

=2t Moz 2P A& E& hexaPro X #2 Zt= SARS-CoV-22| S HiEE FG5i= Z2tA0|CE DNA
AH20| 2AI0 1 8L 20 oAlE Lo Tief Al=E 4 S (RHEotE S B E Ze|RE 2 foeets FHAN
1. SEQ ID NO.:: 11 - Amino acid sequence of full-length S gene (Hexapro) with IgE leader sequence
2. SEQ ID NO.: 13 - Amino acid sequence of full-length S gene (2P) with IgE leader sequence

[AlAlo] 13: DNA Z2lA0lE H=x=24d ] [0168]

a) M= 253l

1. MZ2| 2sl= 02M NaOH ! 1% SDSE Z &ste WS AL2510] gtstd HiHo
2 T3

3. MZ 8l22 dE w5 HAMEE = AZS 0Zfdepth filtration)oll 2lsh & st

(clarified)

b) ™A (purification)
S, HZE otMEMZLE 2ASHS HItslol 8H 9| pHE <2 pH 5504 =t

2. RNA 222 HMAHsH| 2lsll CaCl,g &7t

3. UF/DFoil 2|8t buffer exchange &

4. M3tEl 222 100 - 500 kDa MWCOl(kilo Dalton molecular weight cutoff) ZE{ &
At235to] & & 0f1H(diafiltered)

5 2ol wsgh A& (weak anion resin) & |

6. £7I2 20|2 w& 22|= TFFolAM 100 - 500 kDa Z{2= FIHMEE AI35t0{ X
&0{ 1}
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2. Inovio Pharmaceuticals(dl=3) + International Vaccine
Institute (=Xl UHAIA) +  Advaccine (Suzhou)
Biopharmaceutical (=3

1) =

O u|=9 Inovio Pharmaceuticals& HPV, ¢ 2 AWy #H -
Amozne A2 % WS 9% DNA oJefE s A%
F3 e AEEe 1Y

O 19793 AHERom, 20083 79 VGX Pharmaceuticals®} &
H &}
[o =

O Inovio ¢ =Z=Z1} 19 —T‘—E Al S INO-4800 o2 Eg
° AAsA A" DNAZS AU =S

vl E device?l CELLECTRA 20002 o3t
2o eGS0l 2020d 19 FE=H) 19 AR A

et orr

zz
7IMNESs FNEA B3 A kR A ALO] SynConAl £F O
2 WA RIS Fopyl (HFH SagFS AHEso
M-S Y]l
O =% oA Ztzk INO-48009] o4 AldS Wqstr] 9
3] Advaccine(F=) % International Vaccine Institute(= A4l
ok

AT4A, IVI)SF okst

O 2020 6¢¥ 3Y ZAIYAATAE FU AFYFFAAAE
HE olxHlee ZEUY19 WAl ZrEZF INO-48009 =
A4 147 24 AES Aty 93

O ZFoAe INO4800 I F=ro] Alwio] spakel sz} wial ‘IZu}

W(coronaVac)S  uxt  HEFE}E  o)lF ZY-HEx

13) https:;//www.datanami.com/2020/03/23/can-ai-find-a-cure-for-covid-19/
http://www.medisobizanews.com/news/articleView.html?idxno=80678
https.//wwwi.ivi.int/ko/ivi-inovio-and-knih-to-partner-with-cepi-in-a-phase-i-ii-clinical-trial-of-inovios-covid-19-dna-vaccine-in-south-korea/
https://www.inovio.com/dna-medicines-pipeline/

http://m.yakup.com/index.html?m=n&mode=view&nid=257191
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E’(heterologous prime-boost) U4 Ald 2714S 52U TS
(21.08.10)

O 2020 4€ Inoviox COVID-19 ¥WAl & H <] INO-48002] 14+ A
8 AP

PARTNER/COLLABORAT
PRODUCT INDICATION PRE-CLINICAL PHASE 1 PHASE 2 PHASE 3 e
COVID-19
INO-4800 COVID-19 (INNOVATE) T © rwmine (@) CEP|
IND-4802 Pan-COVID-19 B ]

<I¥> INOVIOY ZZY19 WAl #d ylo]xzg}el

O INO-4802: wefo] wad & 9t WolS=RE 7#de
el 2 AA" ‘ZEU19 Hol WHEHMIAo=Z HIA A,
54 w3 tsste QAE HE o4y WHolEd ds)
ZH3 =2 F33dA S 2 Aoz UEd

O ZZ19 HEuA FREAS w5 7] 98 2020 1085
B B#pd, Jfyd, QlE, oo}, yolx g}, Hotxze gty
3=, 9=, "o 2 dE 5 oA A afdod AA
Eddo] NES Fletal, HolEZRE Y F&H WO
(overlapping mutation) &2 3}2}%

HPV-TARGETED

" Cyepasia o e —————
VaX-3100  Ovepiasia H4SUL) B m?;,,b
F‘r{(;;"s.ﬂl;’:::::ﬁé’:aﬂ = m {China; INOVIO maintains giobal rights)
INO-3107 oAttt (e B | ]
MED10457 k lllll &Nﬁi i S— AslraZeneca
ST
IMMUNO-ONCOLOGY
Glioblastoma Multiforme (GBM) B | ] REGENERON
INO-5401
BACAVZ B #Penn
INO-5151 Prostate Cancer | & 3= T[]
dMAbL™
COVID-19 B AstraZeneca @ L'.'Q

. BMLLe MELINDA
o CIATES foundar

<71¥> INOVIO DNA o]¢kE wlo] = el

[
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PRECISELY DESIGNED
PLASMIDS (SynCon?®)

PROPRIETARY SMART
DEVICES (CELLECTRA®)

IN VIVO

&

+ O|'cH|2 9| DNA o|otF
SynCon®O|E2t= SHE S8l
=01

SHy Ane A HO8
CELLECTRA® £ 0|25}0] %X 3}&l
E2rOcE gy L D=

CELLECTRA E A279

A=3jEl BpADCE 2

= muyz A= X
{3

=L

* SynCon H{O[Z£Lt S + CELLECTRAE B2 H7| 225 AIS0HY 2t M=E LT S0i7tH
i HZ0| &2 1 JlENo= of DNA EZAO0EE HE7}
1 312 oz
£ SLES] DN NEE F2IAD|ST} S0 4 UEE & BN SYUS Mate

s

M2l ANRlES LS
= =o = + CIE DNA 3! mRNARb ZH2 J[E} St - g
=& fud S ie s AsE To walo Za B2 32g 4 U8 e
« 0| ME0| Z&&|H DNAZL oHH ofrf Y gtEE [ue
= - INOVIOE COVID-19 HH g =gt
SHR I dsio Rl 4074 ol&te] Y= E”;-! Egg Qg
AlEoM 108 H7 CELECTRA®2000
A0LE HY TAISE ARRY 22

<¥> INOVIOS] DNA ¢JekE #d 7|&: ZHAne HAZ A& AE7]7]

.,.
2

z

ot
2

INOVIO Technology — Powering Potent Antigen Specific

Immune Responses

INOVIO DNA medicines power a patient's immune system to generate
functional antibodies and killer T cells in vivo to fight cancer and infectious disease

Indenilify diverns
sirans/varionts of a
target vieus of cance:

ASA05s QOOe MOQUENCD
of selecied antgoen(s) from
chosen sirsna/vanants of
e LR BF EaRCET

Manutacturs DNA medcine
and deliver into muscla (IM) e skin (10} using
CELLECTRA®* proprietary smart device

Create oplirmal
Consensus Sequence for

ha seloctod ardigen

Immert SynCon sequance for mach
naleciod antgon oo @ saparte
procissty desigrnd planmad

.
Intramuscular Device for  Intradermal Device for
Pre-Cancers & Cancers Vaccines
6. Protective antibody and killer T
cells (CDB8) produced by immune system ¥
4 INOVIO

<71¥> INOVIOS] DNA = Al 7jut 24
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1. US 9669091 B2

M X| AbEF
Eé_“Eé_P-I Vaccines having an antig.en and interleukin-23 as 17 Abel e
& an adjuvant
EUHT US 14/775087 (2014.03.13.) S5 - 3H=
(=92 ($: 2013.03.15) (=2 . ZH2) US 9669091 B2 (2017.06.06)
INOVIO PHARMACEUTICALS
_ THE TRUSTEES OF THE , WO 14 | KR 1A | EP 14 |
2 2 2z E35
B UNIVERSITY OF ALE S o o on 12 | olEr oA
PENNSYLVANIA(US)
David B. Weiner(US) . o
e x} Jian Yan(US) zygg | PEsmd A
Matthew Morrow(US) 2 2H

Host design | 7| &

IL-23

Disclosed herein is a vaccine comprising an antigen and IL-23. Also disclosed herein

are methods for increasing an immune response in a subject. The methods may
comprise administering the vaccine to the subject in need thereof.
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A vaccine comprising one or more nucleic acid sequences that encode an
antigen and Interleukin—23 (IL-23) comprising p19 subunit and p40 subunit, wherein
p19 subunit of IL-23 is encoded by a nucleic acid that is 95% identical or greater to
the nucleotide sequence as set forth in SEQ ID NO:22 and wherein p40 subunit of
IL-23 is encoded by a nucleic acid that is 95% identical or greater to the nucleotide
sequence as set forth in SEQ ID NO:23.
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The method of claim 9, wherein administering the vaccine includes electroporation
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| VACCINES WITH INTERLEUKIN-33 AS AN 4 % ALY )
o & ADJUVANT
BEUUS | 50014-058727 (2014.10.02) | S SR |\ 00015054012 AT (2015.0416)
(B T (55« 27HY) o
THE TRUSTEES OF THE
UNIVERSITY OF
1 1 1
5 2 ¢ PENNSYLVANIA(US) ez &sf | 500 KT
INOVIO PHARMACEUTICALS, a a -
INC.(US)
WEINER, David(US) . .
ko X} VILLARREAL, Daniel(US) 2yes Plasmid/ | Al %

Host design | ZI& =33

Disclosed herein is a vaccine comprising an antigen and IL-33. Also disclosed herein is

a method for increasing an immune response in a subject. The method may comprise
administering the vaccine to the subject in need thereof.

Indeaukin 33 (IL-33)

29f

B 3 i

i ; ;

< g =

2 E g

FIG. 1
e
(CHE A vaccine comprising an antigen and 1L-33.

Hd7g
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The vaccine of claim 1, wherein IL-33 is encoded by a nucleotide sequence selected
from the group consisting of: a nucleotide sequence having at least about 95% identity
T &2 10 a nucleotide sequence as set forth in SEQ ID NO: 1, a nucleotide sequence as set
(&=3h) forth in SEQ ID NO: 1, a nucleotide sequence having at least about 95% identity to a
nucleotide sequence as set forth in SEQ ID NO:3, and a nucleotide sequence as set
forth in SEQ ID NO:3.

722
(E2 3 The method of claim 21, wherein administering the vaccine includes electroporation.
o
e WY HtEE TIMFI= st g bl oifHIETE ERstn], 2 2o
= |L-33Z dis] dl Alol = ojodele 75t
_E_A__llLH_g_ /\‘I,_”_ 332 45 —|E1 LHO'" I=|I=|°|‘o4 |_—|,_-IE oil':
e IL-332= CBD2} NLS7} gl= M=3 sEf(mature)2 Z=Ajst 4 2/ o0f matured el 9
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Disclosed herein is a vaccine comprising an antigen and IL-21. Also disclosed herein
are methods for increasing an immune response in a subject. The methods may
comprise administering the vaccine to the subject in need thereof.

i Lo
Mod{zzd &)

Kanamycin

iL-21
pVAX

Figure 1

Nad(qa}

CEN promoter

Himdnmi{=n)

Avgiaidl

bGH Polya

_39_



o
—

02t

?.
(cHEZ A vaccine comprising an antigen and IL-21
?.

02k
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The vaccine of claim 1, wherein IL-21 is encoded by a nucleotide sequence selected
X 1 Sh

A T2 from the group consisting of: a nucleotide sequence having at least about 95% identity
(=3 to a nucleotide sequence as set forth in SEQ ID NO:3 and a nucleotide sequence as
set forth in SEQ ID NO:3.

The method of claim 14, wherein administering the vaccine includes electroporation.

Sayg © 9% 9SS STMITIE ekt MR gl ofFuEsl estel, 2 wof
- ME IL-212 wal we o] 4stol Hoielg Zatet
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WISE, Megan(US) g =

2

Disclosed is a vaccine comprising an antigen and CDA40L, wherein the antigen may
be encoded by a first nucleic acid and CD40L may be encoded by a second
nucleic acid. Also disclosed are methods for increasing an immune response in a
subject, the methods comprise administering the vaccine to the subject in need thereof.
Further disclosed

is the antigen selected from the group consisting of a human
papilloma virus (HPV) antigen, a human immunodeficiency virus (HIV) antigen, an
influenza antigen, and a Plasmodium falciparum antigen.

A vaccine comprising a first nucleic acid sequence encoding an antigen, or an
immunogenic fragment thereof and a second nucleic acid sequence encoding a
CD40L, or an immunogenic fragment thereof, wherein the second nucleic acid
sequence encoding a CD40L comprises at least 90% identity to the nucleic acid
sequence of SEQ ID NOS: 1, 3, 5, 7, 9 or 11.
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5. W02021-173829 A1

M X[ ALE

Hi of VACCINES AGAINST CORONAVIRUS AND SR AL} =)

o 3 METHODS OF USE = <
Sue PCT-US2021-019662 (2021.02.25) i WO2021-173829 A1 (2021.09.02)
(Ead) o (55« 27HY) o

Inovio Pharmaceuticals, Inc. (US)
= 2 @l | The Wistar Institute of Anatomy and | Zf 22| &3] us 1
Biology (US)
YAN, Jian(US) . o [I0E 210 M
by X} BRODERICK, Kate(US) ZHEE HOF’;?S(::ZS/ i ;’:I + S full length
WEINER, David(US) 2| 23 an | A= gene

Disclosed herein are nucleic acid molecules encoding a SARS-CoV-2 spike

antigen, SARS-CoV-2 spike antigens, immunogenic compositions, and vaccines and
their use in inducing immune responses and protecting against or treating a Severe
Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) infection in a subject.

A nucleic acid molecule encoding a Severe Acute Respiratory Syndrome coronavirus 2
(SARS-CoV-2) spike antigen, the nucleic acid molecule comprising: a nucleic acid
sequence having at least about 90% identity over an entire length of the nucleic acid
sequence set forth in nucleotides 55 to 3837 of SEQ ID NO: 2; a nucleic acid
sequence having at least about 90% identity over an entire length of SEQ ID NO: 2;
the nucleic acid sequence of nucleotides 55 to 3837 of SEQ ID NO: 2; the nucleic acid
sequence of SEQ ID NO: 2; a nucleic acid sequence having at least about 90%
identity over an entire length of SEQ ID NO: 3; the nucleic acid sequence of SEQ ID
NO: 3; a nucleic acid sequence having at least about 90% identity over an entire length
of nucleotides 55 to 3837 of SEQ ID NO: 5; a nucleic acid sequence having at least
about 90% identity over an entire length of SEQ ID NO: 5; the nucleic acid seguence
of nucleotides 55 to 3837 of SEQ ID NO: 5; the nucleic acid sequence of SEQ ID NO:
5; a nucleic acid seguence having at least about 90% identity over an entire length of
SEQ ID NO: 6; or the nucleic acid sequence of SEQ ID NO: 6.

An expression vector comprising the nucleic acid molecule according to claim 1.

The method of any one of claims 7 to 9, wherein administering comprises at least one
of electroporation and injection.
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« [1261] pGX9501of Mel=E M

pGXISOTS] DA ST MWMEEE: Digk 28 M3

R

: AL0QATTRES, JITQUATILL GITICIRGLL. QoIRlsaile  CACOCOITRA  JALL AGCCAG
#1 TGIGTGAACE TEACCACCAG AACACAGLTG COTCCTOOCT ACACCALL AL CTTCACCAGS
18 GLASTCTACT RECCAGACAL AGTCTICASS AGLTCTGTEL TOLACAGCAL COAGGRALCTS
181 TTLLTGLCTT TETTEAGCAS JOTGALTTCG TROCACGOCA TOCACGTLTC TRGIACTCARL

rat GECACCARGA GATTTGALAL COCRGITCTT COTTTOAARG ATGGLGTGTA CTTTEICAGE

M ACAGAGAAGA GCAACATCAT COGAGOLTOG ATCTTTGGOA CCATCOTRGE CAGCARAALL
It CAGAGLETOL TRATIGTGAA CAALGICALT AAIGTGHTOA TCAAGOIGTG TGAGTTOCAG
221 TICTGCAATG SCCCTTTOCT GOGOGTGIAC TACCACALGE ACAACAAGTE CIGGATCSAG
281 TCTGAGTICA GAGTCTACAS CTCRRICAAL AACTGIACAT TTRAATATGY GTLCCAGLLT

£ TILCTGATGG ALCTCGAGEG CARGEACGNE ARLTTIRAGA ALCTEAGALS ATTTGIGTTE
ot AAGAACATCG ATGOCTACTT CAAGATCTAC AGCAADCACA CACCOATT AN CCTGETGADA
B4 GACCTGLCTE AGGGCTTONE TRICCTLEAG COTCTGOTGG ACCTROOCAT CGOCATCAAD

o ATCACCAGAT TLTAGALCLT GETGGULTTG CACAGALGET ACTTGACCLL AGGMGACAGE
TH AGCAGOGAET GOACAGCIGG AGCTGETGROE TACTACGIGG GETACCTOCA GLOCAGGASC
4n AAMCACAGTTY ATGACCCICT GLAGLETGAG C gv:.acm.t! TCAAAGAAGA GETEGACALS
3481 TACTTCAAGA ACCACACAT, TCCAGATGTG GALLTGGGAS ACATCTCTGG CATCAATGLL
S50 TCIGTGOTEA ACATCCAGAA GOARATTSAL AGGITGAADG AAGTGGICAA GAALCTRAAL
36 BAAAGCCTOA TOGACITGIA GRAGLTGLGEE AAGTACGAGE AGTACATCAR GTGHLCTTGG
3eet TRCATETGEE TOGGCTTLAT COCTOOOCTE ATLGLCATIG TRATGOTRAL CATCATGLTG
an TRLTGCATGA COAGLTGITD CTOTTGCOCTS AAGGLLITRCT GrAGITUTOG CAGLTOCTGS
gt AAGTTIGATG AAGATGACTL TOAGLCTOTG CTSAAGOGIG TUAAGCTGLA CTASACA

v [0510] SEQUENCE LISTING

. SARSCoV-2Consensus Spike Anfigen aminoacid insert sequence of pGX3501 (SEQID NO: 1) (IgE leader sequence underiined)
DNAInsert sequence of pGX9501 (SEQIDNO: 2) (IgE leader sequence underlined)

Single strand DNA sequence of pGX9501 (SEQID NO:3)

SARS-CoV-2 Qutlier Spike Antigen amino acid insert sequence of pGX9503 (SEQID NO4) (IgE leader sequence underlined)
DNAinsert sequence of pGX9503 (SEQID NO: 5) (IgE leader sequence underlined)

Single strand DNA sequence of pGX9503 (SEQID NO: 6)

CROI SRR
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6. WO2008-148010 AT

M X| ApEH
COMPOSITIONS COMPRISING HIGH
tigg of CONCENTRATION OF BIOLOGICALLY ACTIVE S ALY 25
o & MOLECULES AND PROCESSES FOR <
PREPARING THE SAME
Z2HS | PCT-US2008-064726 (2008.05.23) |5 *37HHS
(Z22) (S 2007 05.23) (B5 - 2H2) WO2008-148010 A1 (2008.12.04)
74 74 74
= 2 9l |VGX PHARMACEUTICALS, INC.(US) | 22| £35 US QEP' 1K7T |1 EN' é’i 2 |
niCy-
DRAGHIA-AKLI, Ruxandra(US) Cell lysis, M= | Zajane
dhod X} HEBEL, Henry(US) 2™ EF | Separation, 7|I = DNA -
CAl. Ying(US) Purification | = & , N
M= =

FO
12

Large scale processes for producing high purity samples of biologically active molecules
of interest from bacterial cells are disclosed. The methods comprise the steps of
producing a lysate solution by contacting a cell suspension of said plurality of cells with
lysis solution; neutralizing said lysate solution with a neutralizing solution to produce a
dispersion that comprises neutralized lysate solution and debris; filtering the dispersion
through at least one filter; performing ion exchange separation on said neutralized lysate
solution to produce an ion exchange eluate; and performing hydrophobic interaction
separation on said ion exchange eluate to produce a hydrophobic interaction solution.
Further, provided are compositions comprising large scale amounts of plasmid DNA
produced by the disclosed large scale processes

A large scale process for producing high purity samples of at least one
biologically active molecule of interest from bacterial cells, comprising the steps of:

a) producing a lysate solution by contacting a cell suspension of said plurality of cells
with lysis solution;

b) neutralizing said lysate solution with a neutralizing solution to produce a dispersion
that comprises neutralized lysate solution and debris;

c) filtering the dispersion through at least one filter;

d) performing ion exchange separation on said neutralized lysate solution to produce
an ion exchange eluate; and

e) performing hydrophobic interaction separation on said ion exchange eluate to
produce a hydrophobic interaction solution.
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B2 The method of claim 1, wherein step a) comprises mixing said cell suspension with
(&= 3 lysis solution in a high shear, in-line mixer.

T &3 The method of claim 1 or 2, wherein step b) comprises mixing said lysate solution with
(&= 3h said neutralizing solution in a bubble mixer.
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7. US 7491537 B2

M K| ALE
iy of Nucleic acid formulations for gene delivery and 1Y AbEl o=
o &l methods of use =
E2HS US 11/561847 (2006.11.20.) S5 - 3HE
(Zll) (S 2000.03.03) (== . ZH) US 7491537 B2 (2009.02.17)
Z - 2l: Genetronics Biomedical
_ Corporation(US) X UsS 5| WO 37| JP 3A |
o] o] ol E s
ER six| A2/Xk INOVIO Hae S EP 324 | CN 124 | 7|EH1A
PHARMACEUTICALS, INC(US)
Jason G Fewell (US) Formulation M ol lutamic
ek g X} Fiona MacLaughlin (US) SHER (Megze 7|_'%_ Zoié/ g
Louis C Smith (US) SFah)

A nucleic acid formulation for use in gene delivery comprising a nucleic acid and an
anionic polymer is disclosed. Examples of the anionic polymer includes anionic amino
acid polymer or poly-amino acid (such as poly-L-glutamic acid, poly-D—glutamic acid,
poly-L-aspartic acid, poly-D—-aspartic acid), poly-acrylic acid, polynucleotides, poly
galacturonic acid, and poly vinyl sulfate.

Figure 6
6x10°
ok % 5x10°
a
E«mo’—
£
&
E 6
;Sx‘io-
£
=2
T 2x10° -
[+4]
@
L 110"
g
04
1 mg/mL 3 mgfmL 1 mg/mL 3 mg/mL
pLC0888/saline pLCO0888/poly-Glutamic acid
A method of delivering a nucleic acid encoding a therapeutic gene product to a cell
comprising:
& 5H introducing the nucleic acid encoding the therapeutic gene product to a cell in a
o o
CE formulation comprising the nucleic acid formulated with an anionic polymer selected from
L . . - . . . . .
the group consisting of: poly glutamic acid, poly aspartic acid, poly galacturonic acid,
H7E

poly vinyl sulfate, and co—-polymers of glutamic and aspartic acid, and salts thereof,

wherein the anionic polymer is non-encapsulating and the formulation does not include
a cationic polymer.

_48_



T2 The method of claim 1, wherein the anionic polymer is selected from the group
(%8} consisting of poly glutamic acid and poly aspartic acid, and salts thereof.
o EzS2FE A=z FHE FAHX MY HA oI A=z, 2 WHIE2
EZe| 25 HAH = MAdoM MI|FMEg 2Ex3510], gAZAS SIHAII=d
s83te oy
¢ 20/24 ofojtt FEtA el E2SFEME HEUH g8 SHA, M2 L9
DNAZ} AlBE 4+ o0, MEsidoz So £t 2ag0| Hast & + US
- Ba-l-2seise] UEE oo #8892 o 10mMel HME Zalan|c=
DNAe| A5 gdal x=§sto], Z2|-L-2F&&tm DNAZE Z&HE %, 5M NaCle|
AS goig HIIsH0 150mM NaClel %E S5z xHste] HES
o M A z=gred [0090]
Preparation of Formulations
Formulations were made by aliquoting appropriate vol-
umes of sterile stock solutions of water, plasmid, polymer,
buffer and/or 3M NaCl to obtain a final plasmid in an isotonic
solution. The total plasmid concentration of all formulations The DNA/anionic polymer formulations were preferably
was measured by UV absorption at 260 nm. The osmotic prepared by aliquoting appropriate volumes of sterile stock
2MY pressure of selected formulations was measured using a Fiske solutions of plasmid, anionic polymer and 5M NaCl to obtain

One-Ten Micro-Sample Osmometer (Fiske Associates: Nor-
wood, Mass.). The percentage of supercoiled plasmid was
measured using 1% agarose gel electrophoresis followed by
fuorimaging.

Plasmids were formulated in 5-10 mM Trs, pH 7.5 or
saline (150 mM NaCl) or mixed with a polymer in isotonic
saline. Plasmid used for injection was formulated with vari-
ous polymers in an isotonic saline solution. Typically. the
concentration of plasmid was 1-2 mg/ml in saline, or formu-
lated with polyvinylpyrrolidone (PVP. 5%) or 6 mg/ml poly-
L-glutamate (Sigma, St Louis, Mo.) in saline.

Anionic_polymers_included poly-[-glutamic acid (p-I.-
Glu). sodium salt. of various molecular weights (degree of
polymerization (DP) of 9 (Sigma P1943), degree of polymer-
ization of 10 (Sigma P1818),2-15 kDa (Sigma P4636),15-50
kDa (Sigma P4761) and 50-100 kDa (Sigma P4886)), poly-
D-glutamic acids (p-1-Glu) of 15-50 (Sigma P4033) and
S0-100 kDa (Sigma 4637), poly-L-aspartic acid (p-L-Asp).
sodium salt, of 2-15 (Sigma P5387) and 15-50 kDa (Sigma
P6762) and poly-acrylic acid (pAA), sodium salt, of 5 and 60
kDa. The polyamino acids were purchased from Sigma (St
Louis. Mo.), while the poly(acrylic acid) was acquired from
Fluka (Switzerland).

selected final plasmid and anionic polymer concentrations,
The anionic polymer was added 1o the DNA solution prior to
adding salt for tonicity adjustment. Thus. poly-L-glutamate
formulations are preferably prepared by combining an aque-
ous stock solution of sodium poly-L-glutamate (sodium salt
of poly-L-glutamic acid) with a stock solution of purified
plasmid DNA in saline or up to 10 mM Tris, pH 7.5. After the
poly-L-glutamic acid and DNA are combined, the solution is
adjusted to a final concentration of 150 mM NaCl by addition
ol a stock solution of 5M NaCl.

The osmolality ol each formulation was measured using a
Fiske One-Ten Micro-Sample Osmometer (Fiske Associate,
Norwood Mass.). Formulations were also characterized by
measuring the optimal density at 260 and 280 nm, and by
determining plasmid conformation on a 1% agarose gel.
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M K| ALE

INCREASED STABILITY OF A DNA

I:II-EI;IQ_I -
o4 % FORMULATION BY INCLUDING o Af| AMEY =
POLY-L-GLUTAMATE
Z2H S | PCT-US2008-083785 (2008.11.17) |&5 *37HHS -
(5 912) (21 2007.11.16) (== . 271e) WQ02009-065121 A1 (2009.05.22)
~ 3 Us 24 | WO 1A | KR 14 |
o] o] ol E s
= g ¢l | VGX PHARMACEUTICALS, INC.(US) | sl 2] &5 EP 174 | CN 12
Formulation .
by x} DRAGHIA-AKLI, Ruxandra(US) oyo= (Metse M5 [poly glutamic
POPE, Melissa(US) SEAN) 7|= |acid

is

related to DNA vaccine formulations having
enhanced stability comprising at least one DNA plasmid capable of expressing an
antigen in cells of mammal and poly-L-glutamate; wherein the DNA plasmid is present

Aspects of the present invention

in the vaccine formulation at a concentraton of at least 1 mg/ml, and the
eof poly—-L—-glutamate is present in the amount of weight that is 1 % of the amount of DNA
plasmid. Some aspects of the present invention is related to methods of stabilizing DNA
plasmid in a DNA vaccine formulation. Additionally, the present invention is related to
methods for introducing a DNA vaccine formulation having enhanced stability into a cell
of a selected tissue in a recipient.
A DNA vaccine formulation having enhanced stability comprising at least one DNA
=k plasmid capable of expressing an antigen in cells of mammal and poly-L-glutamate;
(CH®  wherein the DNA plasmid is present in the vaccine formulation at a concentration of
& sl at least T mg/ml, and the poly-L-glutamate is present in the amount of weight
that is 1% of the amount of DNA plasmid.
A2 2 The DNA vaccine formulation of claim 1 wherein the vaccine formulation is stable at
Z=£35t) room temperature for at least 24 hours.
He 3 The DNA vaccine formulation of any one of claims 1-2, wherein the vaccine formulation
(E& 8 is stable at 4 C for at least 24 hours.
e EZZ-L-ZFEHOIEE EZFAZHCZMN ot Mol S71E DNA ZzjAnle oY
A HEez, E2|-L-2FEHO0/EJ}I DNA Z2lAnD|E o %o FZoz &
=M E gt
o A7 #A MEel DNA Zztan|=7F A20AM 22, 4 TolA 90 o| A+ =¢ot oF
Hets stold (= 7,89,10)
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9. US 6752781 B2

M x| AL

%“Eé_s’-l Durable hypodermic jet injector apparatus and 17 Abel e

& method

ER/AHS US 10/057052 (2002.01.25.) S5« 3HS

(=9 ($: 2001.06.08) (=2 . ZH2) US 6752781 B2 (2004.06.22)

_ INOVIO PHARMACEUTICALS ;

o| o ’ olgl E3 71

= ¢ el INC.(US) gz 55 us 34

ap o X} Sergio Landau(UsS), Tyu= Mt ME | M7|HMZ a2k

Daniel Williamson(US) I|l= 7|l=

A gas—powered, durable, needle-less hypodermic jet injection device ( 10, 210 ) includes
a hand-held injector ( 12, 212 ) which receives into an injection cylinder a volume of
liquid medication to be injected in the form of a high velocity jet capable of penetrating
the skin without the use of a hypodermic needle. The injection device provides an
injection orifice, and an injection piston. Forceful movement of the injection piston

e causes a high velocity injection jet of liquid medication to be expelled from the injection
cylinder via the injection orifice. The injection device includes features which improve its
usability, particularly for users with hands that are possibly weak, feeble, or arthritic, for
example; and also includes additional features which improve manufacturability, durability,
and cost effectiveness of the device.

A gas powered hypodermic jet injection device, said device comprising:

a device body having a forward end; an injection cylinder at the forward end of said

device body, and said injection cylinder having a cylinder bore in which an injection

piston is sealingly movable to cooperatively define a variable-volume chamber for

holding a dose of liquid medication;

said injection cylinder defining a fine—dimension injection orifice in liquid flow
HAF&1 communication with said variable-volume chamber to receive and discharge liquid
(ch ==  medication as a forceful high velocity jet upon forceful movement of said injection piston
AF&) in said cylinder;

a power source in said device body for forcefully moving said injection piston in
cylinder in response to communication of gas pressure to a gas pressure piston;
power source including a source of pressurized gas for selective communication
said gas pressure piston;

said
said
with
a trigger assembly for selectively effecting communication of pressurized gas from said
source to said gas pressure piston; and
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a lost motion preventing mechanism selectively drivingly connecting said gas pressure
piston to said injection piston;

wherein said lost motion prevention mechanism includes said gas pressure piston
defining a bore, an injection ram interfacing at a forward end with said injection piston
and adjacent to an aft end portion thereof being received into said bore and being
selectively associated with said gas pressure piston, and said lost motion prevention
mechanism in a first condition selectively allowing relative axial motion of said gas
pressure piston and said injection ram, and also said lost motion prevention mechanism
in a second condition selectively coupling said injection ram to said gas pressure piston
for axial motion in unison therewith.
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A method for delivery of an agent to a cell using electroporation is disclosed. The
method includes positioning a first electrode and a second electrode such that an
electrical signal passed between the first electrode and the second electrode passes
o ot through the cell. The method also includes passing an electrical signal between the first
O electrode and the second electrode, the electrical signal having a frequency greater than
about 10 kHz. In one embodiment of the method, the electrical signal has a bipolar
waveform. In another embodiment of the method, the electrodes are positioned at a
treatment site, e.g., a tumor, for in vivo delivery of an agent.
An electroporation system comprising:
a. an electroporation therapy apparatus comprising a body and a plurality of electrodes
disposed in the body;
HTE1 b a connector that provides electrical communication between the electrodes disposed
(ch= in the body of the electroporation therapy apparatus and an electroporation instrument;
H+8) and

c. an electroporation instrument that delivers a therapeutic electrical signal, wherein the
therapeutic electrical signal comprises an electroporation signal and an agent movement
signal.
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A method of manufacture for a drug cartridge assembly. The method includes providing
a drug cartridge, providing a nozzle sub—-assembly, and sterilizing the drug cartridge and
nozzle sub-assembly. The method further includes assembling the drug cartridge and
nozzle sub-assembly together in a configuration that enables ejection of liquid out of
the drug cartridge through the nozzle sub-assembly. The method further includes filling
the drug cartridge with a liquid, such as an injectable drug. The method may include
separate sterilization of the drug cartridge and nozzle sub—assembly, using different
sterilization processes. Portions of the method may be performed prior to sterilization
within a first cleanroom, with subsequent steps being performed in a second cleanroom
having a substantially lower particulate—per-volume rating than the first cleanroom.

A method of preparing a sterile drug cartridge assembly, comprising:
providing a drug cartridge;

providing a nozzle sub—assembly, where the drug cartridge and nozzle-sub—assembly
are adapted to be engaged together to enable ejection of liquid from the drug cartridge
out through the nozzle sub—assembly;

assembling the nozzle subassembly and otherwise preparing the nozzle sub-assembly
for sterilization in a first cleanroom;

sterilizing the nozzle sub-assembly;

sterilizing the drug cartridge; and

positioning the drug cartridge in a ready-to—use position within the nozzle sub—-assembly,
and filling and sealing the drug cartridge, where the positioning, filling and sealing are
performed  within a second cleanroom, the cleanroom having a
particulate—-per-volume rating which is at least ten times lower than that of the first
cleanroom.

second
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A multi-chain protein can be produced in a subject by intramuscular injection of one or
more vectors that code for the chains of the protein and, optionally, by applying one or
more electrical pulses across the injection site. A preferred multi-chain protein is an
immunoglobulin. This approach to antibody production has various applications, including
for expressing multi-chain proteins in vivo for disease therapy and for eliciting an
immune response to one or more foreign antigenic determinants of the expressed
protein.

Use of at least one expression vector in the preparation of a pharmaceutical
composition for use in production of a protein, wherein said at least one vector (i)
encodes a protein that comprises at least two different polypeptide chains and, when
injected into muscle of a subject, (i) results in production of the polypeptide chains and
secretion of the protein.
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The present invention relates to a modular electrode system, and its use, for facilitating
the introduction of a macromolecule into cells of a selected tissue in a body or plant.
The modular electrode system comprises a plurality of needle electrodes; a 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. In a preferred embodiment of the present invention, an operator can grasp the
plurality of needle electrodes that are mounted on a support structure and firmly insert

in a body or plant. The macromolecules are then
into the selected tissue. The programmable

them into the selected tissue
delivered via the hypodermic needle
constant—current pulse controller is activated and constant-current electrical pulse is
applied to the plurality of needle electrodes. The applied constant-current electrical pulse
facilitates the introduction of the macromolecule into the cell between the plurality of
electrodes. Cell death due to overheating of cells is minimized by limiting the power
dissipation in the tissue by virtue of constant current pulses.

A modular electrode system for facilitating the introduction of a macromolecule into a
cell of a selected tissue in a body or plant, comprising:

(@) a plurality of needle electrodes for penetrating the selected tissue, the plurality of
needle electrodes being mounted on a support structure and arranged in a spaced
relationship, and

(b) a constant-current pulse generator subsystem in electrical communication with the
plurality of needle electrodes for applying a constant-current pulse between any plurality
of electrodes.
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An apparatus is provided for injecting a fluid into body tissue, the apparatus comprising:
a hollow needle (6); and fluid delivery means (12, 10), wherein the apparatus is adapted

29f
to actuate the fluid delivery means (12, 10) in use so as to automatically inject fluid into
body tissue during insertion of the needle into the said body tissue.
X 2 5H Apparatus for injecting a fluid into body tissue, the apparatus comprising: a hollow
(o & needle; and fluid delivery means, wherein the apparatus is adapted to actuate the

fluid delivery means in use so as to concurrently inject fluid into body tissue during
I
g7¥) insertion of the needle into the said body tissue.

A 2 Appatatus as claimed in claim 1 adapted to automatically inject fluid into body
) tissue during insertion.

Apparatus as claimed in any of claims 1 to 3 , further comprising means for sensing
when the needle has been inserted to a sufficient depth for injection of the fluid to
commence.

A& 6 Apparatus as claimed in clam 4, wherein the sensing means comprises an
)

ultrasound probe.
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A needle—free injection device in which a gas cartridge or other source of pressurized
gas is used to advance a piston and forcibly expel injectable fluid out through an
injection orifice. When a gas cartridge is used, the gas cartridge may be moveable from
an initial position to an actuating position in which gas is released to drive the injection,
S and a recoil inhibiter may be employed to prevent the gas cartridge from moving back
- to the initial position. A gas cartridge seal may be disposed on the gas cartridge and
moveable with the gas cartridge to seal the gas cartridge against an interior wall of a
gas cartridge housing. The needle—free injection device may also be configured so that
sealing is compromised upon full advancement of the piston, so as to de—pressurize the
device after delivery of an injection.
A needle—free injection device, comprising:
a piston configured to be advanced during delivery of an injection;
a gas cartridge disposed within a gas cartridge housing and movable relative to the gas
cartridge housing from an initial position to an actuating position, in which a pierceable
sealed opening at a forward end of the gas cartridge is pierced by a piercing member
to enable pressurized gas to be released from the gas cartridge to act upon a
& 5H rearward end of the piston, thereby driving the piston forward to forcibly expel injectable
(o & fluid out through an injection orifice; and
5 755 a recoil inhibiter configured to constrain movement of the gas cartridge after delivery of

the injection so that the gas cartridge is movable from the initial position to the
actuating position during delivery of the injection, but is prevented from moving from the
actuating position back to the initial position after delivery of the injection is complete;
wherein the recoil inhibitor includes a ratchet structure that is formed in an elongate
slot, and where a paw! device includes a resilient leg that ratchets against an edge of
the elongate slot as the pawl device is moved forward relative to the gas cartridge
housing.
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A needle—free injection device, including a plunger and a spring operatively coupled with
the plunger. The plunger is slidably disposed within a fluid chamber, is retractable to
draw injectable fluid into the fluid chamber through an injection orifice, and may be
advanced within the fluid chamber to forcibly eject injection fluid out through the
injection orifice. The spring is configured to be compressed during arming of the

ey injection device, and decompressed during discharge to forcibly advance the plunger
within the fluid chamber. The injection device further includes an actuator operable to
cause the spring to be compressed during arming of the injection device, and
selectively operable prior to decompression of the spring to cause the plunger to be
moved to a desired position within the fluid chamber.
A needle—free injection device, comprising:
a housing;
an elongate shaft;
a first spring stop member;
a second spring stop member, where one of the first and second spring stop members
is threadably engaged with a threaded portion of the shaft;
% 73k a spring disposed between the first and second spring stop members; and
(g @ plunger secured to the second spring stop member and slidably disposed within a
HT3H fluid chamber, the plunger being operable to be retracted to draw injectable fluid into

the fluid chamber through an injection orifice, and advanced within the fluid chamber to
cause the injectable fluid to be forcibly ejected out through the injection orifice,

where the injection device is configured so that, when the injection device is in an
unarmed condition, and upon rotation of the shaft in a first direction, the first and
second spring stop members are brought closer together to compress the spring,

where the injection device includes a latching mechanism configured to latch the first
and second spring stop members together upon full compression of the spring, so as
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to maintain the spring in a fully compressed state between the first and second spring
stop members,

where the latching mechanism includes a latch member that is pivotally connected to
one of the first and second spring stop member and configured to move through the
housing when the one of the first and second spring stop member moves through the
housing, and

where, when the first and second spring stop members are latched together, the first

and second spring stop members are configured for movement through the housing
while maintaining the spring in a fully compressed state.

_61_



17. US 7922709 B2

M X| AbEF
"é“?é_f’-l Enhanced. deli\./ery'of haked DNA to 'skin by 517 ALl sy
=S| non-invasive in vivo electroporation
EHHS US 11/291459 (2005.11.30.) S5 - 3HE
(=92 ($: 1998.07.13) (=2 . ZH2) US 7922709 B2 (2011.04.12)
_ . - JP 1A | US 74 | EP 3AH |
o] o] ol ==
= ¢ ¢ Genetronics, Inc.(US) oz 59 WO 171 | 7|Et 27
ap o X} Lei Zhang(US), oyg= Mt ME | M7|HMZ a2k
Dietmar P. Rabussay(US) Il 7|l=

)
12

In vivo methods are provided for using an electric field to delivery therapeutic or
immunizing treatment to a subject by applying non-invasive, user—friendly electrodes to
the surface of the skin. Thus, therapeutic or immunizing agents can be delivered into
cells of skin for local and systemic treatments or for immunization with optimal gene
expression and minimal tissue damage. In particular, therapeutic agents include naked
or formulated nucleic acid, polypeptides and chemotherapeutic agents.

A method for delivering an isolated polynucleotide species that encodes a therapeutic
gene product into skin cells of a subject, comprising:

a) introducing about 0.05 pg to about 100 pg of at least one isolated polynucleotide
species encoding a therapeutic gene product into each of one or more skin tissue sites
of a subject; and

b) substantially contemporaneously with the introduction of the isolated polynucleotide
species, applying one or more electric pulses across at least two noninvasive electrodes
to generate a total charge transfer of about one mC to about 1000 mC per skin tissue
site so as to allow the polynucleotide species to enter cells within the skin tissue site,
thereby delivering the isolated polynucleotide species into skin cells of the subject.
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The present invention relates to a modular electrode system, and its use, for facilitating
the introduction of a macromolecule into cells of a selected tissue in a body or plant.
The modular electrode system comprises a non-symmetrically arranged plurality of
needle electrodes; a 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. In a preferred embodiment of the present
invention, an operator can grasp the plurality of needle electrodes that are mounted on
a support structure and firmly insert the them into the selected tissue in a body or
plant. The macromolecules are then delivered via the hypodermic needle into the
selected tissue. The programmable constant—current pulse controller is activated and
constant—current electrical pulse is applied to the plurality of needle electrodes. The
applied constant-current electrical pulse facilitates the introduction of the macromolecule
into the cell between the plurality of electrodes. Cell death due to overheating of cells is

ok minimized by limiting the power dissipation in the tissue by virtue of constant—current
pulses.
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A modular electrode system for introducing of a macromolecule into a muscle tissue
in a body, comprising: a plurality of needle electrodes for penetrating the muscle
tissue, the plurality of needle electrodes being mounted on a support structure and
arranged non-symmetrically around a centerpoint, and a constant—-current pulse
generator subsystem in electrical communication with the plurality of needle electrodes,
wherein the constant-current pulse generator subsystem is capable of applying a
decentralized constant-current pulse between any plurality of electrodes and the
plurality of needle electrodes are constructed from a material that will make
galvanic contact with the tissues; and a programmable constant-current pulse
controller having an impedance meter in electrical communication with the plurality of
needle electrodes and the constant-current pulse generator subsystem, wherein the
programmable constant-current pulse controller is capable of maintaining a constant
current independent of any resistance change in the muscle tissue during the
decentralized constant-current pulse.
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Needle—free hypodermic jet injection devices having an actuation system to effect an
injection from a drug delivery system. The actuation system includes an injection force
assembly adapted to transmit a driving force to the drug delivery system. The actuation
system further includes a trigger assembly adapted to alter the actuation system
between a plurality of configurations including a fired configuration in which the injection

2ot force assembly transmits a driving force to the drug delivery system. In some
embodiments, the device has a recoil restriction system including a restriction member
adapted to couple the recoil restriction system to the trigger assembly and a recoil
member coupled to the injection force assembly and movable relative to the restriction
member. The restriction member limits movement of the recoil member once the recaoil
member moves a predetermined distance relative to the restriction member.
A needle—free injection device comprising:
a drug delivery system including a nozzle having a drug chamber and an outlet orifice,
the drug delivery system adapted to expel a volume of liquid from the drug chamber
through the outlet orifice;
an actuation system including:
an injection force assembly adapted to transmit a driving force to the drug delivery
T system; and
(hE 4 trigger assembly adapted to alter the actuation system between a plurality of
d7d) in which the

configurations including a fired configuration
transmits a driving force to the drug delivery system; and

injection force assembly

a recoil restriction system including a restriction member adapted to couple the recoil
restriction system to the trigger assembly, and a recoil member coupled to the injection
force assembly and movable relative to the restriction member, wherein the restriction
member limits movement of the recoil member once the recoil member moves a
predetermined distance relative to the restriction member.
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Described is a device and method for administration of molecules to tissue in vivo for
various medical applications, the device comprising a single hypodermic injection needle
and at least two spaced elongate electrodes which provide for the ability, when the
needle is inserted into tissue, such as skin or muscle, to pulse tissue with a
non-uniform electric field sufficient to cause reversible poration of cells lying along or in
close proximity to the track made by the needle upon its insertion into said tissue.

A device for electroporation of tissue in vivo for delivering therapeutic substances into
cells of a tissue comprising:

a single electroporating needle having a tissue—piercing tip, said needle comprising:

a shaft that is elongated, hollow, and adapted for delivery of a fluid comprising a
therapeutic substance to said tissue, said shaft having a length running from one end
of the needle to the tip of the needle at an other end of the needle, and

at least two electrodes exposed along an outer surface of said shaft that are adapted
to produce a generally cylindrical electric field, said at least two electrodes spaced and
electrically isolated from one another and situated spiraling and parallel to one another
along the length of said shaft;

an electrical energy source; and

electric conduits capable of connecting each of said at least two electrodes to the
electrical energy source, wherein when said shaft is inserted into said tissue and said
at least two electrodes are energized by said electrical energy source, said at least two
electrodes are in contact with said tissue and are capable of generating the generally
cylindrical electric field in a treatment zone surrounding the length of said shaft, wherein
the at least two electrodes are configured to transmit electric pulses from the electrical
energy source that have a current in a range of 1 mAmp to 400 mAmp so as to
cause cells in said treatment zone to become reversibly porated so as to allow said
cells to take up said therapeutic substance.
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Needle—free injection devices having a drive assembly to provide an operative force to
effect an injection and a dosing assembly to prepare the device for a subseqguent
injection. In some embodiments, the dosing assembly is configured to transfer injectate

2 of from an injectate source to the injectate assembly. In some embodiments, a portion of
energy available to the drive assembly urges the injectate towards the injectate
assembly. In some embodiments, the device includes a nozzle assembly having one or
more ports.

A needle—free injection device for delivering serial injections comprising:

a body configured to house a plurality of systems;

a delivery system adapted to deliver an injection, the delivery system comprising:

an injectate assembly adapted to eject a volume of injectate responsive to application of

an operative force to the injectate assembly, the injectate assembly having a nozzle

assembly including a chamber and one or more ports, each terminating in an outlet
HFE1 orifice, the nozzle assembly further including a plunger selectively movable within the

(==  chamber;

AFE) a drive assembly adapted to provide the operative force to move the plunger using

energy from an energy supply; and

a dosing assembly configured to transfer injectate from an injectate source to the
injectate assembly, wherein a portion of energy available to the drive assembly urges
injectate from the injectate source to the injectate assembly; and

an actuation system adapted to actuate the delivery system for delivery of an injection,
the actuation system comprising:

a trigger assembly configured to restrict selectively operation of the drive assembly.
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Aspects of the present invention relate to electroporation devices and methods of using
same to effectively facilitate the introduction of a biomolecule into cells of a selected
tissue in a body, in particular skin such as intradermic or subcutaneous tissue. In some
aspects, the present invention is a skin EP device, which produces a pulse of energy
and delivers same to the skin tissue using a skin electrode array and maintains a
constant current in the same skin tissue based on user input, including a preset
current, and allows the storage and acquisition of current waveform data.

An electroporation device 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 comprising:

an electroporation component capable of delivering the pulse of energy that produces
the constant current in the desired tissue, the electroporation component having a
feedback mechanism;

a skin electrode assembly including an electrode array having a plurality of skin
electrodes in a spatial arrangement, wherein the skin electrode assembly receives the
pulse of energy from the electroporation component and delivers same to the desired
tissue through the skin electrodes;

wherein at least one of the plurality of skin electrodes is neutral during delivery of the
pulse of energy and measures impedance in the desired tissue and communicates said
impedance to the electroporation component; and

wherein the feedback mechanism can receive the measured impedance and can adjust
the pulse of energy delivered by the electroporation component to maintain the constant
current.
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A method is disclosed for delivering molecules such as pharmaceutical drugs and
nucleic acids into skeletal muscle in vivo. The molecule is first injected into the muscle
at one or multiple sites. Immediately or shortly after injection, electrodes are placed
flanking the injection site and a specific amount of electrical current is passed through
the muscle. The electrical current makes the muscle permeable, thus allowing the
molecule to enter the cell. In the case where nucleic acid is injected, the efficiency of
transfer permits expression of protein encoded by the nucleic acid in an amount that
exhibits systemic biological activity and which generates a robust immune response.

A method of immunizing a mammal, comprising:

a. administering to a muscle tissue of a mammal a first composition comprising a
protein or peptide antigen;

b. following administration of the antigen,
electroporative electric stimulus; and

delivering to the muscle tissue an

c. following delivery of the electroporative electric stimulus, administering to the muscle
tissue of the mammal a second composition comprising an expression vector that
directs the expression of a polynucleotide that encodes the antigen,
performance of the method immunizes the mammal against the antigen.

wherein
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The present invention is directed towards materials and methods of delivering
biomolecules to cells that define an organ, the organ being in situ, and electroporating
cells defining the organ by delivering to the cells an amount of energy effective to

2 ef electroporate the cells. The present invention is also directed towards materials and
methods of expressing heterologous polypeptides in organs of a subject and
electroporating cells defining the organ by delivering to the cells an amount of energy
effective to electroporate the cells.

A method of delivering a biomolecule to a cell that defines an organ, the organ being
A 338 in situ, comprising:
(cj®  delivering the biomolecule to the organ, and
ekl providing an amount of energy to the organ effective to electroporate the cells that

define the organ.
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A nozzle assembly for a needle—free injection device. The nozzle assembly includes a
nozzle body including an injectate chamber and one or more outlet orifices and a
plunger configured to move through the injectate chamber toward the one or more
outlet orifices. In some embodiments, the plunger includes a first portion and a second
portion removably joined by a frangible region. In some embodiments, the plunger
includes extensions configured to couple the plunger to a drive assembly of a
needle—free injection device.

e
(cH =
)

A nozzle assembly for a needle—free injection device comprising:
a nozzle body including an injectate chamber and an outlet orifice; and

a plunger configured to move through the injectate chamber toward the outlet orifice,
the plunger including a proximal portion, a distal portion and frangible region along
which the proximal portion and distal portion are configured to uncouple upon injection;

wherein the proximal portion is adapted to rotate relative to and away from the distal
portion about a longitudinal axis of the plunger upon injection, the rotation being
sufficient to prevent the proximal region from catching on the distal portion when the
distal portion is withdrawn;

wherein the proximal portion remains in the injectate chamber upon retraction of the
distal portion from the injectate chamber.
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Devices and methods for delivering an electropermeabilizing pulse of electric energy to
a tissue surface to enable delivery into cells in the tissue therapeutic substances. The

= device incorporates a source capable of generating a sufficient voltage potential to
deliver a spark across a gap and delivers same to the tissue surface.
A method of enabling the delivery of therapeutic substances into cells of tissue of a
mammal by using a spark electropermeabilizing device to  deliver an
& TL8H electropermeabilizing electric voltage potential to the surface of a mammalian tissue,
_ comprising: generating a voltage potential sufficient to jump a gap of predetermined
2;1;) distance; delivering said generated voltage potential in the form of a spark that can

jump said gap to the surface of the mammalian tissue without causing macroscopic
damage to an integrity of the surface of the mammalian tissue; and delivering the
therapeutic substances to cells within the mammalian tissue.
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Embodiments herein relate to the field of injections, for instance needle-free injections,
and more specifically, to methods and apparatus for spring—driven intramuscular and

2ot intradermal injections. Provided in some embodiments are needle—free injectors adapted
to deliver intradermal injections, as well as vial adaptors that are adapted to function as
spacers when used with a needle—free injection device.
A needle—free injection device comprising:
a body terminating in a nozzle;
a fluid reservoir housed within the body, the fluid reservoir being adapted to receive a
fluid injectate;
a plunger disposed within the fluid reservoir;
s A shaft to which the plunger is mounted such that when the shaft is driven forward, the
(ol & plunger is responsively driven forward;
7 a spring—driven propulsion system having a first spring adapted to apply a bias force to

the shaft and thus to the plunger to cause ejection of the fluid injectate through the
nozzle;

a lever adapted to arm the spring—driven propulsion system; and

a rod extending between the lever and the shaft, the rod configured to transmit a load
force between the lever and the shaft via a body of the rod so as to load the first
spring, wherein the load force is opposite the bias force.
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This invention comprises an improved electroporation electrode system comprising a
single needle and a ring or donut shaped electrode wherein the difference in surface
area of the electrodes provide for a substantial reduction of current density near the
surface of the treated tissue and a more concentrated current density sufficient for
electroporation only in tissues adjacent to the terminal portion of the single needle
electrode. Thus, this invention provides for targeting specific tissue for electroporation
and also should provide for lessening the sensation of electric current in the treated
tissue.

An electroporation system for delivering a molecule into cells of a focused area of
tissue by providing a differential current density to a mammal, the electroporation system
comprising:

a) a geometric planar ring electrode with a multiplicity of electrically conductive
projections thereon, wherein said geometric planar ring electrode is electrically isolatable

into two electrically conductive halves;

b) a tissue-piercing elongate electrode having a proximal and a distal end, said
tissue—piercing elongate electrode having a nonconductive portion and a conductive
portion, said nonconductive portion lying between said proximal end and between about
25 cm and at least 0.1 cm from the distal end, said nonconductive portion comprising
either an insulator coating on said tissue—piercing elongate electrode or a nonconductive
material;

¢) a housing associated with said geometric planar ring electrode and tissue-piercing
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elongate electrode;
d) a charging unit for charging a capacitor; and

e) a computer in electrical communication with said charging unit, said computer
comprising software capable of performing programming functions for said system;

f) wherein the tissue—piercing elongate electrode defines a plurality of apertures that are
positioned on the conductive portion of the tissue piercing—elongate electrode such that
there are between approximately 10 and approximately 100 apertures per centimeter of
length of the conductive portion, and the apertures are spaced around an entire
circumference of the conductive portion and have a diameter in a range of 30 microns
to 80 microns, wherein the aperture positioning, spacing, and diameters are configured
to provide even distribution of an injection fluid over an entire length of the conductive
portion.
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The present invention relates to dual depth electroporation devices capable of

2 oF electorporating both muscle tissue and skin tissue in a single application in order to

generate a broad immune response in a subject, and uses of the same.
A dual depth electroporation device capable of electorporating both muscle tissue and
skin tissue in a single application, comprising:
a electrical pulse generator;

HTEH an array in electrical communication with said electrical pulse generator, said array

(cH =%  having a first set of needle electrodes and a second set of electrodes;

d7E)

wherein the first set of needle electrodes is for intramuscular delivery of a first electrical
pulse, the first set of needle electrodes having a length of about 10mm to about 35mm,
and the second set of electrodes is for intradermal delivery of a second electrical pulse,
the second set of needle electrodes having a length of about 0.01mm to about 4mm.

_76_



30. WO2011-109406 AT

M X| AL &t
Htgd o] | A TOLERABLE AND MINIMALLY INVASIVE SKIN e -
o & ELECTROPORATION DEVICE <
FAHS | PCT-US2011-026701 (2011.03.01.) |5 *3/MHE )
(S (2 2010.03.01) (=5 - 2712) WO2011-109406 A1 (2011.09.09)
_ INOVIO PHARMACEUTICALS ., |[KR1A | P14 [ CN 124 | US 1A
o] o] ’ ol ==
ER INC.(US) H2e S | EP 14 | WO 1A | 7|EF 1A
BRODERICK, Kate(US),
MCCOY, Jay(US) P
7 7 17| M= 2
wext |  KEMMERRER. Stephen V(US), 2ME= sMox | NT | HVlHs ad
7|& 7=
LIN, Feng(US),
KJEKEN, Rune(US)

A novel electroporation device for the delivery of vaccines that is both effective in
generating a protective immune response and tolerable delivery to a subject (or near
painless); and also methods of using same device to vaccinate a subject against a
variety of infectious diseases and types of cancer in a near painless.

What is claimed is: 1. An electroporation device capable of delivering to a subject a
tolerable electrical potential to layers of epidermal tissue between stratum corneum and
basal layers that results in electroporation of cells in said tissue comprising:

a voltage generator; and

an array having a plurality of electrodes in electrical communication with the voltage
generator;

wherein each one of the plurality of electrodes are spaced apart from each adjacent
electrode at a distance of about 0.5 mm to about 25 mm; the voltage generator
delivers via the electrodes an electrical potential of about 0.1 volts to about 50 volts to
the epidermal tissue; and

the electrodes have a tip on the distal end that is blunt with a sharp point allowing the
electrode to penetrate layers of epidermis tissue between stratum corneum and basal
layers, and delivers the electrical potential from the voltage generator to the epidermis
tissue.
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The present invention relates to oral electroporation (EP) devices that are able to
generate an electroporation causing electrical field at the mucosal layer, and preferably

2 of in a tolerable manner. Further, it includes the generation of a protective immune
response, cellular and/or humoral, using the oral EP device along with a genetic
construct that encodes an immunogenic sequence.

A device for electroporating cells of a mucosal membrane of a mammal,
wherein the device comprises:
an electrode microneedle plate,
X 7 5H a counter electrode plate,
(of = a main housing in physical communication with said microneedle plate and counter
P electrode plate, wherein the main house is in fluid communication with a syringe

capable of storing a pharmaceutical formulation for delivery, and

an energy source in electrical communication with said microneedle plate and capable
of generating an electric potential and delivering said electric potential to said cells
through said microneedle plate.
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The disclosure is directed to a device for electroporating and delivering one or more
antigens and a method of electroporating and delivering one or more antigens to cells
of epidermal tissues using the device. The device comprises a housing, a plurality of
electrode arrays projecting from the housing, each electrode array including at least one
electrode, a pulse generator electrically coupled to the electrodes, a programmable
microcontroller electrically coupled to the pulse generator, and an electrical power source
coupled to the pulse generator and the microcontroller. The electrode arrays define
spatially separate sites.

A device for electroporating and delivering one or more antigens, the device comprising:
a housing;

a plurality of electrode arrays projecting from the housing, the electrode arrays defining
spatially separate sites, each electrode array including at least one electrode;

a pulse generator electrically coupled to the electrodes;

a programmable microcontroller electrically coupled to the pulse generator; and an
electrical power source coupled to the pulse generator and the microcontroller, wherein

the electrodes are configured to deliver an electroporating pulse to cells of epidermal
tissues, and wherein the microcontroller is configured to adjust parameters of the

electroporating pulse of each electrode array independently.
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Provided herein are linear nucleic expression cassettes and methods of using same in
a non-invasive method of vaccination. The method combines electroporation and linear
DNA constructs encoding antigens to elicit antigen—specific immune responses.

AT
(cH =
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A nucelic acid construct capable of expressing a desired antigen in cells of a subject,
comprising:

a linear expression cassette comprising an antigen encoding sequence selected from
the group consisting of SEQ ID Os: 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, 33, 35, 38, 44, 46, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216, 218,
220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, and
sequences that are at least 98% similar thereof; or antigen encoding sequence encoding
an antigen selected from the group consisting of SEQ ID NOs: 1, 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 39-43, 45, 47, 48-193, 195, 197, 199, 201,
203, 205, 207, 209, 211, 213, 215, 217, 219, 221, 223, 225, 227, 229, 231, 233, 235, 23/,
239, 241, 243, 245, 247, and 249, and sequences that are at least 98% similar thereof.

_80_



34. WO2

017-112898 A1

M X| Ab et
ZElo] ELECTROPORATION DEVICE HAVING A 3 R ALl 2|
¥ BATTERY PACK WITH POWER SWITCH <
HWS | PCT-US2016-068413 (2016.12.22) | &5+ Z7HHE .
(Esigl) (©: 2015 12.22) (= ey | NO2017-112808 Al (2017.0629)
_ INOVIO PHARMACEUTICALS , [KR1Z | JP 124 | CN 124 | US 12
2 el ’ 2| 55
== INC.(US) AEESH ) B wo 12t | 7let 82
g X} STADELMANN, Beat(US), = mMoy | AEEVIES 2
KEMMERRER, Stephen(US) 7|lE 7=

An electroporation device having a battery pack including a plurality of battery cells and
at least one lead in electrical communication with a circuit board. The battery pack
including a safety switch and a controller for selectively placing the battery cells in
electrical communication with the one lead. Where the controller is in operable

2of communication with the safety switch such that when the controller detects one or more

operating conditions the controller instructs the safety switch to electrically isolate the
lead from the battery cells. The battery pack also includes a manual switch, and where
activation of the switch causes the controller to instruct the safety switch to electrically
isolate the lead from the battery cells.
A handset of an electroporation device, the handset comprising:
a housing defining a volume therein;
a circuit board at least partially positioned within the volume;
an electrode extending from the housing and in electrical communication with the circuit
board; and
a battery pack including:

g7 e a battery pack housing,

éi‘;) a plurality of battery cells positioned within the battery pack housing, a first power lead

in electrical communication with the circuit board, a second power lead coupled to the
plurality of battery cells and in electrical communication with the circuit board,

a safety switch positioned within the battery pack housing and coupled between the first
power lead and the plurality of battery cells, wherein the safety switch is adjustable
between an ON state, where the plurality of battery cells are in electrical communication
with the first power lead, and an OFF state, where the plurality of battery cells are not
in electrical communication with the first power lead.
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A handset for an electroporation device having an improved signal generator. The signal
generator includes a primary winding and a plurality of secondary windings where the
plurality of secondary windings are coupled together in a series configuration. A storage
capacitor and the fly-back diode are coupled to each of the plurality of secondary
windings. The signal generator includes a signal amplifier, and a power switch. The
power switch is configured to supply a voltage from a power source across the primary
winding.

A handset for use in an electroporation device, the handset comprising:

a housing;

a signal amplifier positioned within the housing, the signal amplifier including:

a primary winding,

a plurality of secondary windings coupled together in a series configuration, wherein a

storage capacitor and a fly-back diode are coupled to each of the plurality of
secondary windings; and

an array having a plurality of electrodes in electrical communication with the signal
amplifier.
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An jet injection and electroporation device for use with an agent cartridge defining a
volume containing a pre—-measured dose of agent therein, the electroporation device
including a housing having an axis extend therethrough, a nozzle at least partially
positioned within the housing, and a cavity sized to receive at least a portion of the
agent cartridge therein. The device also includes an array having a plurality of
electrodes extending therefrom, a propulsion cartridge configured to operatively engage
the cartridge when the agent cartridge is positioned within the cavity; and a power
supply in electrical communication with the array.

An electroporation device for use with an agent cartridge defining a volume containing a
pre-measured dose of agent therein, the electroporation device comprising: a housing
having an axis extend therethrough;

a nozzle at least partially positioned within the housing;

a cavity sized to receive at least a portion of the agent cartridge therein, and wherein
the nozzle is in fluid communication with the volume of the agent cartridge when the
agent cartridge is positioned within the cavity;

an array having a plurality of electrodes extending therefrom;

a propulsion cartridge configured to operatively engage the agent cartridge when the
agent cartridge is positioned within the cavity; and

a power supply in electrical communication with the array.
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An electroporation device with a needle array removably attached thereto, the needle
array having a body, a shroud movable with respect to the body between a rest

position and one or more actuated positions, and an auto-lock assembly. Where the
auto-lock assembly is adjustable between a locked configuration, where the shroud is

ey not movable with respect to the body, and an unlocked configuration, where the shroud

is movable with respect to the body, and where biasing the shroud from the rest
position to the one or more actuated positions and back to the rest position adjusts the
auto-lock from the unlocked configuration to the locked configuration.
An electroporation device comprising:
a handset, the handset including:
a housing defining a mounting point, and
a signal generator positioned within the housing; and
a needle array removably couplable to the mounting point and in electrical
communication with the signal generator when the needle array is coupled to the

T EH mounting point, the needle array including:

(BHE 5 pody,

HTE

a shroud movable with respect to the body between a rest position and one or more
actuated positions,

an auto-lock adjustable between a locked configuration, where the shroud is not
movable with respect to the body, and an unlocked configuration, where the shroud is
movable with respect to the body, and wherein biasing the shroud from the rest
position to the one or more actuated positions and back to the rest position adjusts the
auto—lock from the unlocked configuration to the locked configuration.
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A method and device for electroporating adipocytes in the adipose layer of tissue,
where the device includes a frame, a first electrode coupled to the frame having a first
contact surface, a second electrode coupled to the frame having a second contact
surface, and where the first contact surf ace and the second contact surface define a
treatment zone therebetween. The method including positioning a fold of tissue between
the first and second electrodes such that the treatment zone formed between the two
electrodes includes an adipose layer of tissue and no skeletal muscle.

A method of electroporating adipocytes in the adipose layer of tissue, the method
comprising
providing a first electrode having a first contact surface, and wherein the first contact

surface has a first perimeter;

providing a second electrode having a second contact surface, and wherein the second
contact surf ace has a second perimeter;

obtaining a fold of tissue;

positioning the fold of tissue between the first electrode and the second electrode such
that the first contact surface of the first electrode is facing toward the second contact

surface of the second electrode, producing a treatment zone therebetween, and wherein
the tissue positioned within the treatment zone includes an adipose layer of tissue; and

applying an electrical signal to the first electrode and second electrode.
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M K| ALE

VACUUM-ASSISTED ELECTROPORATION

Hl-lg_g_l =
o3 =l DEVICES, AND RELATED SYSTEMS AND XY e SN
METHODS
Z2MS | PCT-US2021-023344 (2021.03.19) |S5 «S7HH= B
(5 912) (=: 2020.03.20) (=8 . 22 W02021-189012 A1 (2021.09.23)
. INOVIO PHARMACEUTICALS _
A ¢l ’ Az S35 ra fa
Eg: INC.(US) el 53 us 124 | WO 1
FISHER, Paul(US),
KEMME, Andrea(Us),
urgd X} SCHADE, Eric(US), oyEs Moy | AE (E7IES 2
MCCOQY, Jay(US), 71& 71&
BRODERICK, Kate(US),
GENEROTTI, Alison A.(US)
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A device for vacuum-assisted in vivo electroporation of tissue includes a housing that
defines a chamber and at least one opening into the chamber. A port extends through
the housing, is remote from the at least one opening, and is connectable to a vacuum
source. The port is configured to communicate vacuum pressure from the vacuum
source to the chamber. A plurality of electrodes are positioned within the chamber and
are configured to deliver one or more electroporation pulses to a targeted portion of
tissue extending through the opening and held in the chamber responsive to the
vacuum pressure.

A device for vacuum-assisted in vivo electroporation of tissue, comprising: a housing
defining a chamber and at least one opening into the chamber; at least one port
extending through the housing, wherein the at least one port is remote from the at
least one opening and is connectable to a vacuum source, such that the at least one
port is configured to communicate vacuum pressure from the vacuum source to the
chamber; and a plurality of electrodes positioned within the chamber, wherein the
plurality of electrodes are configured to deliver one or more electroporation pulses to a
targeted portion of tissue extending through the at least one opening and at least
momentarily held in the chamber responsive to the vacuum pressure.
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VECTOR

T= AM(E)EH L g
[INIVITROGEN - 1 page] pVAX1TM is a 3.0 kb plasmid
vector designed for use in the development of DNA vaccines.
The vector was constructed to be consistent with the Food
and Drug Administration (FDA) document, “Points to Consider
) on Plasmid DNA Vaccines for Preventive Infectious Disease
., INVITROGEN: Indications”, published December 22, 1996 (see FDA “Points to
pVAX1 (Catalog no. o, .
.| Consider” below). Features of the vector allow high-copy
V260-20) 25-0256 L . . . .
number replication in E. coli and high—level transient expression
INVITROGEN . . . .
of the protein of interest in most mammalian cells.
HOMEPAGE o
pVAX1TM was constructed by modifying the vector,
(WWW.INVITROGEN. ) . .
. pcDNATM3.1, to accommodate the following considerations put
COM), [Online] o .
] ) forth by the FDA Center for Biologics Evaluation and Research
<URL:https://tools.ther o - . .
pVAX1 . (CBER) in its document, “Points to Consider on Plasmid DNA
mofisher.com/content/ . . . . S
Vaccines for Preventive Infectious Diseases Indications” (Docket
sfs/manuals/pvaxi_m
. no. 96N-0400).
an.pdf> [revision
date 2 March 2012] |\ \/ax19] vendorel introgenoll Al St st pVAXToll cf 3t
ol x€¥ 2, pVAX1I2 pcDNA3.12 modifyst 9 E{0[Dq,
1996 wadllE FDA ZEAlol Fsto] AHEEHASS
(,_{Ef9919”1(7)4§51 Efm) WA EslolMs EP 1117421 B1(1999.10.05. &%)
= S T 23lollA] DNA vaccination vector & 3ILI2 pVAXIE
Ab235t ol pVAX1 vectorel 7k Al7]= 19967994
Alold Hoz FHE., maiA s Al™oA VAXT
vectorE 0l&3F DNA YAl Jf8F Jl=2 XI7AAIT}
Jls8t Z/==2 EEHE
[atd o] MAE] . The plasmid may also be pGX001 (Inovio),
which is modified from pVAX1 (Thermo Fisher Scientific,
Waltham, Mass.). ..Example 4: Plasmid Construction and
Structure
The vector backbone is pGX0001, a 2998 bp modified pVAX1
expression vector under the control of the human
cytomegalovirus immediate—early promoter (hCMV promoter).
The original pVAX1 was obtained from Thermo Fisher
Scientific. The pGX0001 backbone includes the kanamycin
US 11154602 B2 . . . L
pGX0001 _ = resistance gene (KanR) and plasmid origin of replication (pUC
(£ 2018.12.13. &5) . . )
ori) for production purpose. Those elements are not functional
in eukaryotic cells. The map and description of the modified
expression vector pVAX1 (pGX0001) are shown in FIG. 4.
Modifications were introduced into pVAX1 to create pGXO0001.
These modifications are listed in Table 4, and no issues have
been detected regarding plasmid amplification and antigen
transcription and translation. No further changes in the
sequence of pGX0001 have been observed to date using
pGX0001 as the backbone. Base pairs 2, 3 and 4 are
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changed from ACT to CTG in backbone, upstream of CMV
promoter.

TABLE 4
Madification Base Pair Description
C>aG 241  in CMV promoter
C>T 1158 backbone, downstream of the bovine growth
hormone polvadenylation signal (bGH polvA)
A== 20092 backbone, downstream of the Kanamyein
resistance gene
Cc>T 2493 in pUC origin of replication (pUC ori}
G=>=C 2969 in very end of pUC Ori upstream of

RNAScH site

P INOVIOZI &8st US 10130705 B2(2014.10.02. &¢)
AlAlofoll A pGX0001 vectorE o] 8¢t Tl A dis] A5
a4 Y22 z#x=z2 JHAISIH, olF =g uiAl
Zl&sol eolgzsl US 11154602 B22o| AlA|ooll A
pGX0001 vectore] = utH sl = o AMMISHA
A3t AS. INOVIOOM XdEHo=z pVAXIS
modifyst vectorol pVAX11} [FAlst stde LLERH,
ctol pVAX1olA ME 57lE wHASH modificationo|
=3t pVAX13m S2st 852 AlBHSo=z HER
Es5l2 dgls #HsSIXl= 22 ez oasHo
pGX0001 vector S o|&3F DNA YAl g J/=2
Al AAIZF Jts 3t 7/== EEHE

o 1o
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