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Historické, socialni a medicinske aspekty infek¢nich chorob

,, Historie je svédkem casu, svetlem pravdy, esenci pameti, ucitelkou
Zivota, poslem z minulych veku “

Marcus Tullius Cicero

,V neustalem cyklu promen malé se stava velkym a velké nepatrnym”
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Tricetileta valka
1618-1648

., 31ESt1 Vyrusta z ucty a nestesti z nasili*“ Lao ‘c




Napoleonskée valky 1797 -1815
Generalové Mraz, Hlad a Tyfus
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Chripkove epidemie ve 20. stoleti

vysoka koncentrace
mladych lidi

stresové faktory

reservoar patogenu —
prasata, drubez, koné

migrace a promichavani
obyvatelstva -

zraneni

koncentrace nemocnych
v polnich lazaretech

e, g zajatecke tabory



Podminky pro vznik pandemie Spanélske chiipky

1918-1919
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TH1

Whole live, genetically modified _
or atenuated microorganisms ) [Exogenous a”t'ge”ﬂ
QerIicationﬁAntigenic structures,

TH2

toxins

: DNA Vactine

genetic information on protein Ag

~

structure, adjuvant protein (cytokines)
self adjuvant structures (CpG motifs)

o replication, no Ag structure (DNAy

L Glycoproteins, y )

!

|

Dead Microorganisms
Antigenic structures

Homogenates or fractionated }

=

Pure Proteins,

Polysaccharides, | 3

[Subunits}

l Peptides
— [T and B epitopes}




Vaccinology
Biology — Medicine

Immunology, Immunopathology, Cell Biology, Virology,
Bacteriology, Parasitology, Cancer Biology, Molecular Biology...

Chemistry: -Bio -Physical -Polymer -Organic

Colloids, Proteins, Lipids, Peptides, DNA, Polymers,
Polysaccharides, ...

Industrial technologies

Fermentation, Purification of Biopolymers, Organic Synthesis,
Production of Colloid Systems, Sterilisation, Lyophilisation, ...

Economy — Government - Health Policy - Anti-vaccination
Movement



Reverse vaccinology

Production of recombinant
protein/antigen
Synthesis of peptide antigen/epitop

A need for adjuvans and delivery
systems owing to low immunogenity



Liposome based recombinant vaccines




Classification of liposomes

@
\
Phospholipid bilayer — g
N
' Hydrophobic drug
& Hydrophilic drug
\

@ Interface-associated drug

MLV
(> 0.1 um)




Morphology of liposomes

Viewed by cr
@)




Classes of liposomes based on
their functionality

Stealth liposomes sterically
shielded , low non-specific

Interactions, long circulating

CATIONIC

CONVENTIONAL

% TARGETED




L_iposome-based products

Antimicrobial drugs Amikacin (MiKasome)
Amphotericin B (AmBisome) Econazole,
Nystatin

Anticancer drugs Doxorubicin (Doxil),
Daunorubicin (DaunoXome),Vincristine
(VincaXome), CisPlatin, Paclitaxel

\accines Newcastle disease, Avian rheovirus,

Dermatological preparations



uvans and rec




Reverse vaccinology

Production of recombinant
protein/antigen
Synthesis of peptide antigen/epitop

A need for adjuvans and delivery
systems owing to low immunogenity



4 b Block scheme of the
N-acetylmuramic acid o~ N o peptidoglycan of bacterial
~ ‘ cell wall

N-acetylglucosamine

Peptide
chain
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Minimal immunoadjuvant unit Pentaglycine
MDP bridge




Muramyldipeptide
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Peptidoglycan (n = 10 - 100)
MDP ("Muramyldipeptide", i.e. minimal immunoadjuvant unit)
GMDP (n = 1; "Glucosaminylmuramyldipeptide”, i.e. basic repeating unit)
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Analogs of MDP and GMDP developed as
potential Immunotherapeutics by pharmaceutical

Industry
HO HO
0 0
HO e
O v Q ~ OH
\  AcHN  OF \  AcHN
CH3;~ CHCO-L-Ala-D-GIn—O(CH,)3;CH3 CH3;— CHCO-L-Ala-D-isoGIn-L-Lys-OH

. H3C(H2C)160C
Murabutid (Inst. Choay, France)
Romurtid (Muroctasin)

(Daiichi Pharmaceutical Co., Japan)

HO : : _
Serious side effects e.g. pyrogenity,
15 Qulceration CH,00C(CH2)14CHs
@) on
\ AchN - OH Cﬁ C‘IHOOC(CH2)14CH3

CHg- CHCO-L-AIa-D-isoGIn-L-AIa-NH-CHZCHZO-I,D-O-CH >
OH
MTP-PE NovaArtis (Ciba-Geigy,Switzerland)



Analogs of muramylglycopeptides developed on IOCB
In collaboration with VRI

Transformations of MDP and GMDP molecules to norAbu-MDP and norAbu-GMDP analogs resp. led to
decrease or elimination the pyrogenicity and enhancement immunoadjuvant activity

HO

0
HO —

0
\ AcHN ~ OH
CH3—CHCO—L—AIa—D-isoGIn

ﬁ@ m\
AcHN ~ OH

AcHN
—CHCO L-Ala-D-isoGln

GMDP
Less pyrogenic and higher immunoadjuvant than MDP

Registrated by Russian company Peptek
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CH,CO-L-Abu-D-isoGlIn
norAbu-MDP
Less pyrogenic and higher immunoadjuvant than MDP
OH
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AcHN OH

CH,CO-L-Abu-D-isoGlIn

norAbu-GMDP
Nonpyrogenic and higher immunoadjuvant than GMDP



Adjuvans based on lipophilic analogues of
norAbuMDP norAbuGMDP

Activity domain

interaction with intracellular
receptors

o Bulky
. lipophilic
AcHN ™ O"! residue
CH,CO-L-Abu-D-isoGIn
Bulky
crrnnlipophilic
oH residue

\ AcHN
CH,CO-L-Abu-D-isoGlIn

A
{ ) Mendel
v Therapeutics

Ledvina M., Jezek J., Hi'ibalova V., Turanek J.: Liphilic analogues of N-acetyl-normuramyl-L-a-aminobutanoyl-D-
iIsoglutamine withs immunostimulatory activity, Czech Pat. CZ 296 720, 2006.

Ledvina M., Turanek J., Miller A.D., Hipler K: Adjuvants, International Appl.(PCT. Appl.) No. 0804989.2, 2009.
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Tested compounds
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mature
IL-1p.
IL-18

Pyrogen

CytokinesiChemokines

1156, 1L, TNFre, MCP-1, MiP-1cx

Fic. 1. Schematic of PGN structure. Shown are two examples of the
eneral types of PGN, Lys-PGN (from the Gram-positive bacterium,
. aureus, strain Copenha%n) and DAP-PGN (from Gram-negative bacteria

such as Escherichia coli). Ligands for Nod1 (red box), Nod2, and cryopyrin
(blue boxes) are shown. The putative binding sites for PGRP-S (green box)
and PGRP-L (orange boxes) are indicated. MTP, muramyl tripeptide; sPGN,
sol_gble PGN; GlcNAc, N-acetylglucosamine; MurNAc, N-acetylmuramic
acid.



Stimulation of innate Immunity of newborn kids against

Cryptosporidium parvum % %

HN

’
CH3(CHy)16Cs \ ACHN ™
(@] CH,CO-L-Abu-D-isoGlIn

N-L18-norAbuGMDP

J. Turanek et. al. Stimulation of innate immunity of newborn kids against
Cryptosporidium parvum by application of immunomodulator 3-D-
GlcNstearoyl-(1— 4)-norMurNAc-L-Abu-D-isoGln entrapped in liposomes.
Parasitology 2005 131: 601-608



Lyophilised liposomal formulation of
Immunomodulator NorAbuMDP LiposIMM/MTO05
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Liposomal vaccines

Biodegradable and nontoxic carriers for
preparation of corpuscular antigens

Simple incorporation or covalent attachment of
peptide (T and B epitops) and protein antigens to
the membrane or internal water phase

Preservation of natural conformation of
membrane protein antigens




Liposomal vaccines

Simultaneous Incorporation of antigens and
adjuvatns in one structure (MPLA, lipoproteins,
glucans, MDP analogues, cytokines)

Systemic, intradermal and mucosal application
Oral delivery

Control of the MHC | or MHC Il antigen
presentation Is possible (TH1/2 immune)



Preparation of IRIV vaccine
Epaxal-Berna
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Adjuvans based on lipophilic analogues of
norAbuMDP norAbuGMDP

Activity domain

interaction with intracellular
receptors

o _Bulk_y_
lipophilic
HO AcHN ™ O"! residue
CH,CO-L-Abu-D-isoGIn
©)
HO
AchHN  OH
CH3;— CHCO-L-Ala-D-isoGIn
Bulky
crrnnlipophilic
oH residue

\ AcHN
CH,CO-L-Abu-D-isoGlIn

A
{ ) Mendel
v Therapeutics

Ledvina M., Jezek J., Hi'ibalova V., Turanek J.: Liphilic analogues of N-acetyl-normuramyl-L-a-aminobutanoyl-D-
iIsoglutamine withs immunostimulatory activity, Czech Pat. CZ 296 720, 2006.

Ledvina M., Turanek J., Miller A.D., Hipler K: Adjuvants, International Appl.(PCT. Appl.) No. 0804989.2, 2009. EU
and USA patent application September 2010
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Innate immunity







AF microscopy and TEM pictures of
rHSP90 metallochelating liposomes
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Masek et al. J. Control. Release, 2011, 11 (), 193-201.



TEM of liposomal bound rOsp C
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Dendritic cell- presentation of antigen,
regulation and direction of Immune response

Dendritic cell Activation of
anticancer immunity

Apoptotic c/

Bacteria

Immune
activation,
inflammation

Uric acid,
gp96, hsp70

neuropeptides

Necrotic cells

Hypoxia, ischemia,
inflammation,
mechanical stress

Current Biology




Dendritic cell (Langerhans cell)
in epidermis: phenotypically immature




TLR1
or
TLR6 TLR2

LRR domain

TLR4 TLRS

Plasma membrane

TLR3 TLR1""'_: TLR'_




mature
IL-1p.
IL-18

Pyrogen

CytokinesiChemokines

1156, 1L, TNFre, MCP-1, MiP-1cx

Fic. 1. Schematic of PGN structure. Shown are two examples of the
eneral types of PGN, Lys-PGN (from the Gram-positive bacterium,
. aureus, strain Copenha%n) and DAP-PGN (from Gram-negative bacteria

such as Escherichia coli). Ligands for Nod1 (red box), Nod2, and cryopyrin
(blue boxes) are shown. The putative binding sites for PGRP-S (green box)
and PGRP-L (orange boxes) are indicated. MTP, muramyl tripeptide; sPGN,
sol_gble PGN; GlcNAc, N-acetylglucosamine; MurNAc, N-acetylmuramic
acid.






Confocal microscopy of DC phagocytosed fluorescence labelled
liposomal vaccine and quantification of the process by flow
cytometry
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3D view of intracellular localisation of
fluorescent liposomes in DC




Intracellular localisation of liposomes
Confocal microscope Leica SP2
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Infection diseases transmitted by tick

Human ehrlichiosis — anaplazmosis — bakteria Ehrlichia chaffeensis,
Anaplasma phagocytophilum

Encephalitis - Flaviridae viruses

West Nile — Flaviridae viruses

Bartonellosis — bacterium Bartonella henselae

Babesiosis — protosoan Babesia

Rickettsiosis - bakteria Riskettsiaceae

Tularemia - bakterium coccobacil Francisella tularensis

Q fiver - Coxiella burnetti

Borreliosis — Borrelia b. surface antiges OspA, OspB, OspC, OspD,

OsnEa




Lyme boreliosis

Pathogen: Borelia burgdorferi, B afzelii, B.
garinii




TEM of liposomal bound rOsp C
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Titr anti-OspC IgP v séru

700000
600000

500000
400000

300000
200000

100000

experimental groups




Titr anti-OspC IgG2a
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Safety of synthetic recombinant liposomal
vaccine against cirkovirus (pigs, 1.d. application)




DNA vaccines




Dna Vaccine Time Line

1983 In vivo expression of DNA (production of
Insulin in rats , DNA-liposome) (Nicolau et al.)
1992 Demonstration of Immunogenicity (Tang et al.)

Genetic Immunisation
1993 Early protection studies

1996 FDA ,,Points to Consider*, (first US
patent, VICAL, San Diego,CA)

1998 HIV-1, malaria, influenza, herpes,
and hepatitis B in human trials



Gene of interest

Fromoter
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Isolation of gene
for antigenic protein
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Injection

Purification of plasmid

of replication

Antibiotic resistance gene
Cloning into a vaccine plasmid
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Production by bacteria

Local antigen-presenting cell
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Memorane Processes
mik,UF,diak

Plasmid /
selecti?(n)

Host selection Fermentation
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:¢: Disease
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Gene therapy

DNAvaccine

o
Pure plasmid 2,

trials Price of
pruducts

0

trends in Biotechnology
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Plasmid Vector

Adjuvant Unit

,0,.0
o -
&

(No mamalian origin) Col E1 O‘@(\ CMV, RSV

N\

CpG Motifs \

CpG Motifs

\
Antigen Targeted AG,

Cytokine
_ ILs (2,4,12,15,18),
ég? GM-CSF,IFN~y,
e  MiP-lo
&

CD86 (B7-1)

Heat Shock
Proteins

CpG Motifs

CpG Motifs /

BGH, SV40
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Electron micrograph of supercoiled plasmi
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Plasmid

The market for gene therapy products could exceed 45
billion USD by 2010,

A typical dose size (patients with melanoma) is 0,3 ug
but full treatments could require milligram guantities
(a role for suitable carriers)

Large scale processes for plasmid preparation
Bacterial gDNA < 10ng per dose (<10 ng gDNA/ ugcDNA)
RNA non seen on agarose gel or HPLC

Residual antibiotics 17?.



Manufacturers

Cobra BioManufacturing UK
Fit Biotech Finland

Althea

Qiagen (Germany, USA)

Boehringer Ingelheim Austria

Fermentas Lithuania
PlasmidFactory Germany

MoloGen Germany
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Snadna a rychla priprava plasmidu

Snadna izolace, kontrola a skladovani
Moznost rychlé modifikace

Neobsahuje slozky s neznamym efekty

DNA neni imunogenni — moznost opakované
aplikace

V zakladni formé indukce Th1 odpovédi



Mechanism of DNA immunisation

Dendritic cell

®—.

Liposomal
DNA

somatic, MHC Il
negative ce

Inject TH2 Response

Keratinocyte
%" gene gun

Plasmid DNA

ANTIBODY RESPONSI




DNA vakcina

exprimovany
sekretovany

protein S
K exprimovany
t

3 ransmembranovy
protein




1 DNA vakcina 2 DNA vakcina 3 DNA vakcina

"cross"

"licenced DC" CpG prezentace
1) MHCI-Ag -TcR —
2; B7 - cgzac /" aktivace DC
3) IL-12, IFN-a,b (1) \ licenced DC"

1) MHCI-Ag -TcR / *
2) B7 - CD28
cD8j ¢cpsYY CD8j CDs J * 3) IL-12, IFN-a,b (1) .
CDS8

CD8y cps anergické delece
efektorové pamétové apoptoza

efektorové pamétové CD8

CD8) cps




Mechanismus aktivace
CDS8 T lymfocytu



CD8 T lymfocyt

DNA vakcina

®

©

4
B

[@ff’




1 DNA vakcina 2 DNA vakcina 3 DNA vakcina

"cross"

"licenced DC" CpG prezentace
1) MHCI-Ag -TcR —
2; B7 - cgzac /" aktivace DC
3) IL-12, IFN-a,b (1) \ licenced DC"

1) MHCI-Ag -TcR / *
2) B7 - CD28
cD8j ¢cpsYY CD8j CDs J * 3) IL-12, IFN-a,b (1) .
CDS8

CD8y cps anergické delece
efektorové pamétové apoptoza

efektorové pamétové CD8

CD8) cps




Mechanismus aktivace
CD4 T lymfocytu



DNA vakcina

CD4 T lymfocyt

sekrece
cytokinu



DNA vakcina

aktivace DC
\"licenced DC"

MHC || 1) MHCI-Ag TR

Y1) MHCI-Ag -TcR
2) IL-12

{ * / OX40-L, IL-25

efektorové pamét'ové

anergie

efektorové pamétové



DNA vakcina

@ 1) MHCI-Ag -TcR

l * 2) IL-12

/ OX40-L, IL-25, ICOS-L

efektorové pamétové




DNA vakcinace aktivuje
B lymfocyty k tvorbé
specifickych protilatek



DNA vakcina

B lymfocyt




Adjuvantni piasobeni DNA

DNA vaccine

ssDNA ——

(e.g. CpG motils)
B-DNA

d
Receptor? DAI?

Coban et al, 2008




Mechanismus indukce imunitni
CDS8 T lymfocytarni odpovédi na
»exogenni* antigen

Prenesena ,,cross“ prezentace



Prenesena prezentace ,,cross

1.
a) korpuskularni antigen - fagosom (NOX2) —
proteasom
b) solubilni antigen — receptor — ¢asny endosom
- proteasom -ER
- proteasom — TAP na endosomu — MHC |
vazba antigenu na scavengerove receptory — MHC
|
2. (vakuolarni)

andocom — “énent katensin N - zamdéna nentidiis MHC



TAP — zavisla ,,cross* prezentace

korpuskularni antigen

‘ Golgi ‘ER

fagosom
‘ \[0) ¢

» proteasom

esem faglysosom

solubilni antigen

proeasom

¢asny endosom

langerin
nékteré FcR

scavenger
recepto

& “®

lysosom

-»

casny endosom




TAP zavisla ,,cross® prezentace — korpuskularni
antigen

fagoesom

‘ \[0) ¢ ’

~

‘ plioteasom




R eSEIT faglysosom
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TAP zavisla ,,cross* prezentace — solubilni antigen

w
DEC-205 ‘
i ¢

langerin

| proteasom
nékteré FcR ¢asny endosom







TAP - nezavisla ,,cross* prezentace




U cloveka ,,cross” prezentuji
solubilni i korpuskularni antigen
konvencéni DC (mDC-2)

u mysi konvencni DC ¢cD8*, CD11c*



DNA Vaccine Carriers

Naked DNA (1.m., unprotected against degradation)
Pneumatic Jet Injection (particle free, mm-cm below the

skin surface, strong shearing forces)
Needle (modified tatoo instrument), Electroporation

Gene Gun Delivery of Genes (epidermal, gold

particles) TH2 response

Micro-O rganisms: (Attenuated and genetically

modified bacteria - Shigella, Salmonella, or Listeria) (mucosal
Immunisation, incorporation of pPDNA into genome)

DNA-Containing Cochleates (oral)
Liposomes (all routes)
Polymers (biodegradable particles, mucosal, oral)



Dendriticke bunky

Obtizna transfekce
[ vitro lipofekce velmi malo u€inna

Uc¢innost in vitro elektroporace kolem 10-15% pro
Langerhansovy buiikky nebo DC odvozené z
progenitort; DC odvozené z perifernich monocyti
jsou resistentni k transfekci

Rychla degradace pDNA v dendritickych
bunkach, vrozena resistence k intracelularnim
patogenum (viry, bakterie), vyjimka HIV-1
N¢ktere virové promotory mohou byt 1 signalem
pro ohroZeni, snaha pouzivat somatické promotory
(promotor cytoskeletalniho proteinu fascinu)



Svalove bunky

Pomérné dobre transfekovatelné — Casty cil pro genovou
terapi (dlouhodoba transfekce, dlouha doba zivota)
Nevirove vektory nejsou prilis uCinnée ( na rozdil od
dobr¢ ucCinnosti napr. na transfekci jater nebo plic)

U mysi transfekce svalovych vlaken volnym plasmidem
v rozmezi 2-5 tydnu (1inhibiCni efekt extracelularni
matrix na penetraci pDNA, pouziti hyaluronidazy, rychla

degradace pDNA, 90% b&hem prvnich minut po
aplikaci)



Zpusoby prenosu DNA do bunék

Volna DNA

Virové vektory
retrovirove vektory
adenovirove vektory
adeno-asociované viry

Nevirove vektory
kationickeé liposomy
polymery

Fyzikalni metody
gene-gun, jet-device
elektroporace
sonopoaorace



Faktory ovliviiujici uspésSnost
DNA vakcinace

Immunogennost antigenu patogena

frekvence a zptisob podani, forma DNA
vakciny

davka pDNA

lokalizace antigenu (sekretovany,
membranovy nebo cytoplasmaticky)

vek, zdravotni stav
Z1voc¢isny druh



Formy aplikace DNA vakcin

lipoplexy rekombinované virové vektory

“‘,‘mmll'f'hh/ Sles,
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naked DNA

pDNAI

N\

virdim podobné partikule
bakterialni "ghosts"




Osud DNA v zavislosti na pouzitém chemickém
systému

hola DNA




' Hydrophobic drug &
& Hydrophilic drug &b ab “/

@ Interface-associated drug

N \ Aqueous Phase /
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Morphology of liposomes

Vlewed by cryoelectron mlcroscopy

A)\




Classes of liposomes based on
their functionality

Stealth liposomes sterically
shielded , low non-specific

Interactions, long circulating

CATIONIC

CONVENTIONAL

% TARGETED




Artificial Virus

*Fully synthetic particles OH Lng 27
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= i Figure 11-2 Schematic presentation of an artificial virus. Condensed DNA (with

o Resem b I eS a I IVe l cationic lipid, polycation, or polyelectrolyte) is encapsulated in anionic/neutral bilayers
with several functions (targeting, fusion) attached to the surface. Endosome-disrupting

- peptides or polymers can be also encapsulated. Furthermore, steric stabilizing polymer
atenuated VaCCI ne can have preprogrammed release (cleavage) rate to render particles after some time

interactive with cells. (Courtesy of S. Hansen.)
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Cataionic lipids of the 3rd generation

Teargeting groups: peptides or saccharides
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bilayer=5 nm






Routes of Application

Intramuscular

_1Mueeosal: Oral, Nasal,VVaginal, Rectal,
Lung, Sinovial

Intravenous
Intraperitoneal
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Aplikace DNA vakciny do svalu

Image
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Max = 864.72
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Click # JW20050628160730 Group ID: Mouse11,12
Tue, Jun 28, 2005 16:07:43 Experiment: Mestecky imin
Bin:M (8), FOV25, f1, 120s Label: 120s lateral 062805
Filter: Open Comment:. bin 8

Camera: VIS 13083, SI620EEV Investigator: Zinn/Mestecky



Aplikace DNA vakciny do jater
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Microenhancer Arrays

o Solid frusto-conical microprojections

e Designed to disrupt skin barner function

e Enables delivery of DNA vaccines to epidermis

Figure 3. Electron
micrographs of
uncoated (a)
powder-coated (b)
Or evaporalive
film-coated (c)
MEAs




Epidermal application

Figure 4, Tissue
distnbution of
fluorescent micro
spheres applied 1o
Yorkshire swine (Fig
4a. D) or excised
human cadaver skin
(Fig. 4cd)viad o6
ateral MEA passes
or unassisted topical
apphication
* MEAs disruplt
stratum comeum
allowing
microspheres 1o

access epidermis

« Stratum comeum
prevents access of
lopically applied
microspheres 1o
epidermis




Intradermal application

Devices and Histology

MICRONEEDLES -

e Hollow microcannula

e Minute and minimally-invasive

e Needle length designed to restrict DNA vaccine delivery to the dermis

Figure 1. Microneedle penetrating swine Figure 2. Delivery of fluorescent
germis |L—.'r~ “fron microscopy by H ’~;,-,.';,'v microspheres 10 the dermis oy
EL'I "l‘,*'ll.rh’l_’]'.',’_‘n;lru}._‘| microneedle




Intranasal delivery

BD Dry Powder Nasal Delivery
Platform

Nasal Delivery Device for Rat
Experiments
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TRANSCUTANEOUS

Solutions through research
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Elektroporace
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erapeutic Platform Based on Electroporal

Cell Membrane Cell Membrane Cell Membrane
Before Pulse During Pulse After Pulse
ell retiams 10 oNgINS! State)

cal pulses, inducing pores to open in the cell
sing uptake of useful drugs, genes & DNA vaccines

A simple and effective system of delivering drugs or genes Into cells mﬁﬂﬁﬁ

Electroporation applies brief electn
membrane and dramatically increa



Vyuziti elektroporace

Vnaseni farmakologicky vyznamnych molekul
(hydrofilni povahy) do bun¢k

Genova terapic a DNA vakciny - In vivo a In Vitro
transfekce bunék (antigeny, rustové faktory, cytokiny,
enzymy) vnaseni DNA do bunék pro ucely genove
terapie

Protinadorova elektrochemoterapie - zvySeni selektivity
a u¢innosti chemoterapeutik (bleomycin)



Elektroporace in vivo

Vliv na ucinnost elektroporace
velikost, tvar a morfologie bunék

viskozita a vodivost extraceluldrni tekutiny (struktura
extracelularni matrix)

Elektrické parametry
nizky pocet (2-10) sttedné dlouhych (1-50 ms) pulst pi1
nizké frekvenci (1-2 Hz)
série velmi kratkych (200-500 us) pulst pi vysoke frekvenci
(10-1000 Hz)

Typy elektrod

ploche¢ elektrody, priloZené zevné ke svalu nebo koZznimu
lemu

jehlovite elektrody pro intramuskularni aplikaci

Needle array — multilektrodové aplikatory s rotujicim
elektrickym polem



Srovnani uCinnosti elektroporacCni transfekce pomoci
Sestielektrodoveho a dvouelektrodového aplikatoru

Q-

LUs/30 seconds (Log1o)
(o))

No EP 1EP 6 EP

Fig. 1. Increase in gene expression in the muscle by electroporation
Porcine muscle was injected with 100 ug of pMAS-luc in 500 wl PBS
at five different sites in the quadriceps muscle. followed by no elec-
troporation, electroporation with a single-needle electrode (1 EP), or :
six-needle array electrode (6 EP). Luciferase activity in the excised tissue
was measured 24 h following administration of plasmid. No EP vs. 6 EP,
P < 0.05 by one-way ANOVA followed by Tukey's multiple comparison

test. Error bars represent S.EM.
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METHOD

Syri nge,Electrode Device for Simultaneous Injection
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Vliv extracelularni matrix na elektrotransfekci
mysiho svalu




Typy elektrod




S. Tollefsen et al.

mcatde madeofmsynngeswnthgold
ay-like' electrical field. The electrodes
‘ 'wnth a holz for i injection of DNAA







Aplicators
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Transfekce In vivo u mysi




IN VIVO u mysi

Transfekce




Transfekce In vivo
s pouzitim elektroporace
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ibu oflnkm muscle tissue following injection between two n
er insertion or injection through two needles during insertion

Single needle injection results
' "hdistrbubon of injection
~ volume around injection point

* Most of the injection volume is
not located where the optimal

electrical field is

» Controlled injection through two
needles during penetration
guarantees perfect distribution
and ideal location between
electric field and fluid




Genetronics’ EPT Devices

EPT Gene Delivery

Renovo

o Features same safety and performance
characteristics as the Medpulser

» Generates pulses optimized for
delivery of plasmid DNA molecules
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Each “needle path” has received 25 micrograms of DNA encoding B-gal
encoding plasmid

Perfect match between electric field and injection of DNA

B







AKktualni situace u DNA vakcin

DNA vakcin testovano u
experimentalnich zvirat

vakciny jsou chvaleny pro veterinarni
pouziti

V soucasnosti (2011) neni DNA
vakcina schvalena pro klinické vyuziti u lidi



AKktualni situace u DNA vakcin

DNA vakcin testovano u
experimentalnich zvirat

vakciny jsou chvaleny pro veterinarni
pouziti

V soucasnosti (2011) neni DNA
vakcina schvalena pro klinické vyuziti u lidi



Klinickeé studie s DNA vakcinami

* HIV, SARS, HPV, hepatitida B, chripka, hemoragicka
horeCka Ebola, zapadonilska horecka ...
e malarie

* karcinom ledvin, pankreatu, prsu, prostaty, plic, moCoveho
méchyie, hepatocelularni karcinom,
* melanom



/aver
Prenosny elektroporator pro praci v terénu
neni dostupny (jsou ve vyvoji)
Proces je do urcite miry bolestivy (lokalni
nebo uplna anestesie)
Transfekce pomoci elektroporace vykazuji 10-
1000 nasobn¢ vysSsi u€innost ve srovnani s
volnym plasmidem

Stale neni optimalizovany proces, velka
variabilita vysledku

Testovany aplikace 1.m., 1.n. a 1.d.



Adjuvans for DNA vaccines

Aluminium and Calcium Salts (1.m.)
Liposomal lentinan (glucans) (p.o.)
Monophosphoryl lipid A (i.m.)
Muramyldipeptide analogues

CpG motifs (integral part of plasmide DNA)
Cholera toxin, HSP



The role of CpG motive iIn DNA
vaccines

- frequency 1/16 in bacteria and 1/60 in vertebrates (methylated
In vertebrate DNA

- like patern of cytokine (IL-12, INFy)

- an evolutonary adaptation to
augment innate immunity in response to bacterial infection

- T-cells independent and antigen nonspecific activation of
, stimulation of B-cells to proliferate, secrete Ig, IL-6, IL-
12, protection of B-cells from apoptosis,experession of

MHCII and B-7
-direct activation of monocytes and macrophages
-activation of to secrete various cytokines and

chemokines



Secrete:
IL-6, IL-10, Ig
Express:
class Il MHC, B7-1, B7-2
| Proliferate:
| become apoptosis resistant

W

Th1 cell and
CTL proliferation

o

> Class || MHC
B7-1, B7-2

\ ADCC
acrophage

Monocyte  Cytokines,
chemokines

Immunology Today




Conclusion for DNA Vaccines

1 CpG-DNA or CpG-ODN can be used as a
vaccine adjuvants
2 Two active parts of pPDNA vaccine

2 1. inseft encoding the protein antigen (accesory protein -
cytokines)

1 2. CpG-S motifs directly stimulating B-cells and Thl
cytokine expression



Advantages of DNA Vaccines
Subunit iImmunisation with no risk for
Infection

Presentation by both MHC | and |1
Ability to raise TH1 and TH1/2 response
Focused Immune response

|mmunisation of neonates (colostral immunity)

Easy of development (cloning of genes)
and production

Stability of vaccine



Disadvantages of DNA Vaccines

Limited to protein Immunogens

Potential for atypical processing of bacterial
and parasite proteins

Lack of long term experience with use of
DNA vaccines
Patents: VICAL (san Diego,CA) , Wistar Institute (PA)

University of Massachusetts (MA), GENEMEDICINE Inc.
(TX)



Safety Issues

Production of pDNA and its formulation
according to Good Manufacturing Practice
WHO:Guidelines Assuring the Quality of DNA
\Vaccines, 1997, Tech Rep Ser No-17

Integration Into host genome undetectable for naked

plasmid (construcion of plasmid, avoidance of the sequences
possibly mediating chromosomal integration, retroviral, lentiviral)
(effect of carrier - liposomes, bacteria)

Tolerance (neonates ) only one case in mice immunised by MA

Anti-DNA Antibodies (no evidence from the experiment with

lupus-prone mice)

Effect of antibiotic resistance gene




Futre Promise

Preparation of monoclonal antibodies

New approach and precise tool for the study
of Immune responses

Screening of protective effect of multiple
different microbial antigenes and their
combination (library immunisation)

Development of vaccines for veterinary
application
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DNA vaccines are not yet licensed in many
countries, therefore national authorities are
not experienced with this kind of product
and do not differentiate between gene
medication and gene modification. Within
the EU two opposite points of view are
maintained as regards DNA vaccinated
animals.



Gene medication or genetic modification?




Different regulations and interpretations




The EU definition of GMO




The EU difinition of genetic modification




DNA vaccines -Problems

Safety of DNA vaccines — proved

Efficacy — still real problem in large
animals

Field experiments in large animals —
condemnation of cadavers — economical as
well as ethical problem

GMO - artificial problem (pig, broiler,
mule)

Food safety - ? Consumption of residual

plasmid? Spreading of the antibiotics
racictancre Aanac



Plasmid Vector

Accesory and Adjuvant Unit - minicircle
a0 = -0
O(\g\(\ ro/”oier
: \
CpG MOUf{ CpG Motifs \
Antigen
Cytokine
ILs (2,4,12,15,18),
& GM-CSF,IFN-y,
e MIP-la

CpG Motifs (52’ CD86 (B7-1)

Heat Shock
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Proteins



Risk and uncertainity




Real time PCR format — SYBER GREEN |

SYBR Green
Primer " ' P I‘I

Polymerase




Plasmid pVAX Hsp60 TM814 (pDNA) persistence:

Real Time PCR (RTPCR)
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Quantification of the pDNA In bovine musles by the
means of Real Time -PCR
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Site of pDNA vaccine application in cow
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Vakccination of calves with the DNA vaccine
against ringworm (trychophytosis)
M. COCCyQgeus
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Plasmid levels in calf muscle (injection site) after
administration of 10 g pDNAX in 5 weeks old BalB/C

mice.
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Persistence of DNA vaccines in large animals

Code | Group (3-4 bulls/each group) 1. immunisation 2. immunisation
1 500 ug DNA 400 pl 500 pl
2 500 pug DNA + 500 pg ML-455 400 pl 500 pl
3 500 ug DNA + 2.5 mg CDAN-DOPE 600 pl 800 pl

v
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Site of pDNA vaccine application in cow
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Persistence of pPDNAX In beef after 1.m.
administration

Interval between

pDNA copies at the injection site

pDNA copies opposite

pDNA copies

- . : a
IS GRS il copies/ 500 ng DNA to- injection site distant PDNA copies DLN
groups sation and slaughter _ N _ total (n=6)
(n=5) muscle (n=4) muscle (n=3)
(days)
242 <LQL (2); <DL (2); Neg. (1) 0/4 0/3 0/6
pDNA 277 74; 36; <LQL (2); <DL (1) 0/4 0/3 0/6
284 <LQL (5) 0/4 0/3 0/6
242 20; 16; 15; <LQL (2) 0/4 0/3 0/6
DNA + B30-Nor- - 50- 92- 09+ IA-
AbuMDP 270 93; 29; 28; 92; 24; 24 0/4 0/3 0/6
201 13; 13 ;11; <LQL (1); Neg. (1) <DL(1/4) 0/3 0/6
270 288; 220; 200; 30; <LQL (1) 0/4 0/3 0/6
DNA:cationic 277 229; 170, 135; 39; 39 0/4 0/3 0/6
liposome
complex 291 149; 64; 46.; 19; 18 0/4 0/3 0/6
298 <LQL (5) 0/4 0/3 0/6




The content of pDNA In bovine muscle
tissue after 7 month from vaccination

Site of application(M. coccygeus)
: 0-3x10° copies/g muscle tissue
Symetric non-vaccinated muscle: O copies

M. coccygeus . O copies (Musce In the vicinity of the M.
coccygeus)

Lymph node draining the site of vaccination: O copies

Characterisation of the site of application: no pathological
changes in the muscle, no signs of inflamation, (increased
local temperature, oadema, pain, tail mobility)



