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VACINAS DE DNA

*Contextualizar
- Conceito

- Construgao
- Caracterizagao

- Resposta imunologica

- Vantagens e criticas
- Otimizagao




VACINOLOGIA

? Vacinacdo

- Vacinologia - Jenner 1796
- Roberto Koch - XIX - microrganismos patogénicos

- Louis Pasteur - atenuacdo

C v" Microorganismos infecciosos — atenuagdo
v' Vacinagdo — protege contra doengas

Y ’ 0 . 2
- VACINACAO: é o ato de se inocular nos seres vivos s e &,
= 0 A . . TUNOR Vle)arnoN%
estados ndo ativos de agentes patogénicos (vacinas) o e
para a criagdo de protegdo contra as doengas. | |




Divisdo do SISTEMA IMUNOLOGICO
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Innate immunity

Epithelial
barriers

Adaptive immunity

hagocytes
o ‘ :
gq
Complement NK cells
Hours //
0 6 12

Time after infection

**Sistema de defesa efetivo

**Adaptativa —> memdria
**Inata «—» Adaptativa



Vacinas
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Pathogen or pathogenic Carbohydrate structure on
component pathogen or self protein

type Internalization and
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infections and macrophages cells and
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"A vacinagdo simula uma primeira infecgdo”
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Principais tipos de vacinas

Table 1. Licensed vaccines are grouped into seven classes based on the method of production: live attenuated, killed whole organisms, toxoids/
proteins, polysaccharides, glycoconjugates, recombinant, and personalized blood cell re-infusion

Method of production Licensed vaccines

Live attenuated Smallpox, rabies, tuberculosis (BCG), yellow fever, polio (OPV), measles, mumps, rubella, typhoid, varicella, rotavirus, influenza
(cold adapted), zoster

Killed whole organism Typhoid, cholera, plague, pertussis, influenza, typhus, polio (IPV), rabies, Japanese encephalitis, tick-born encephalitis, hepatitis A

Toxoid/protein Diphtheria, tetanus, acellular pertussis, anthrax, influenza subunit

Polysaccharide Pneumococcus, meningococcus, Haemophilus influenzae B, typhoid (Vi)

Glycoconjugate Haemophilus influenzae B; pneumococcus (7, 10, and 13 valent), meningococcus C, meningococcus ACWY

Recombinant Hepatitis B, cholera toxin B, human papillomavirus; meningococcus B; hepatitis E

Blood cell infusion Prostate cancer

< Sipuleucel-T — células do sangue do paciente —» antigeno + GM-CSF —»
paciente

<> Vacinologia reversa —» informagdo genética —» antigenos (importantes;
conservados - variagdo antigénica entre as linhagens)



BACTERIA

e Mycobacterium tuberculosis (TB)
e Group A Streptococcus (GAS)

e Group B Streptococcus (GBS)

e Staphylococcus aureus

e Shigella and
pathogenic E. coli

e Salmonella
e Chlamydia
e Pseudomonas aeruginosa

¢ Non-typeable
Haemophilus influenzae

e Klebsiella pneumoniae
e Clostridium difficile

('

QY

PARASITES

* Plasmodium

e [ eishmania

* Schistosoma

e Trypanosoma

* Brucella

* Cryptosporidium
* Entamoeba

Doencas alvos - desenvolvimento de vacinas

<{> Vacinas desenvolvidas - efetivas em

VIRUSES proteger patdgenos com baixa

* Hepatitis G virus (HCV) variabilidade antigénica

* Human immunodeficiency

virus (HIV)

= Dengue < Vacinas - sem sucesso - patégenos
°* R irat tial vi R ~

i ijf;i;ﬁﬁﬂ?&ﬁ,)"”s( % com alta taxa de mutagdo (HIV e
* Epstein Barr virus (EBV) HCV)

e Herpex simplex virus (HSV)

e Enteroviruses

- Ebola | <> Vacinas licensiadas - anticorpos

i 0 "emormadlc By (neutraliza e opsoniza); sucesso

« Norovirus limitado em infecgoes controladas

por células T
% :
/ < Falta de entendimento da
. patogénese, de modelos animais e do

entendimento de quais fatores

» Chronic infectious diseases proTegem dlfICUITCl (0]

- desenvolvimento de determinadas
¢ Autoimmune diseases .

¢ Inflammatory disorders vacinas

e Allergies






Vacinas de DNA v DNA circular bacteriano
<> Plasmideo v' Extracromossomico

< Gene v" Replicagdo

v' Confere vantagem

Sitio de ‘ Gene

Promotor mdltipla
clonagem

» Proteinas importantes
Poly A | para o microorganismo

OR

Resisténcia
Antibiotico



Origem de Replicacdo

v' Sequéncia ho DNA — proteinas — abrir a dupla-fita de DNA — replicagdo
v' Vetores — A\ duplicar — bactéria

v pUC — Alta replicagdo

Plasmid propagation Vaccine synthesis

Resisténcia a Antibidtico

Promoter

Selection marker:::'::-»- . Signal sequence

v' Gene que codifica uma proteina

v’ Selec¢do do vetor em E. Coli

Vaccine gene

v" Kanamicina (pVAX)

Replication

o
region Poly A

ISS

**E. coli



Promotor Gene (DNA) — RNA — proteina

v Sequéncia no DNA — RNA polimerase —
transcrigdo do gene — sintese do RNA mensageiro

v' Sequéncia comum — conhsenso
var‘|a§oes - Pl"omO'l'or‘eS fr‘acos Plasmid propagation Vaccine synthesis

v Pewy — Citomegalovirus humano — promotor +
enhancer

Promoter

Selection marker Signal sequence

| Vaccine gene

Sinal de poliadenilacdo - Poly A

. o . . Replication
v' Sinal para adi¢gdo de adeninas no final do RNA region oA
mensageiro
v' Protege a molécula de exonucleases **célula mamifero

v Terminagdo da transcrigdo e exportacdo do RNA
para fora do nicleo;

v’ BGH,, — Hormodnio de crescimento bovino —
eficiente terminagdo e poliadenilagdo



Sitio de multipla clonagem
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~EMMMmA A
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| |
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Hind 11l Asp|718
|
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Bst?( I* Ncit
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GTGCCTTCTA

GAAGGTGCCA




Construg¢do

Gene — sintetizar ou amplificar

v' Escolher enzimas para clonar no sitio de mdltipla clonagem
**verificar os sitios de enzimas no interior do gene

v' Verificar se o gene apresenta a sequéncia Kozac (ACCATG) — inicio da
traducgdo

v' Verificar se o gene apresenta um stop cddon — finalizagdo da tradugdo

Gene

ATGGCCAAAGCCGCGGCGATCATTCGGATTCCATCGGTACGTAATGCG
GACTGCAGTCGATCCGGTAGCCTGATAGCGCTAGGCTAGCCTAGGTAT
TCGTAGCTGTACGTTTCAATCGGATCGGACATTGAGGAGGTGGATTGA

Sintetizar
TACTAGCTAGCACCATGGCCAAAGCCGCGGCGATCATTCGGATTCCATCGGTACGTAATGCG
GACTGCAGTCGATCCGGTAGCCTGATAGCGCTAGGCTAGCCTAGGTATTCGTAGCTGTACGT
TTCAATCGGATCGGACATTGAGGAGGTGGATTGATCTAGAAT

Amplificar
5 TACTAGCTAGCACCATGGCCAAAGCCGCGGCG 3
5" ATTCTAGATCAATCCACCTCCTCAATG 3’



Construg¢do

Amplificar
5 TACTAGCTAGCACCATGGCCAAAGCCGCGGCG 3
5" ATTCTAGATCAATCCACCTCCTCAATG 3’
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Construg¢do
« Gene sintetizado — gene no plasmideo ou sé o gene — purificados

BsaAl NheI Xbal

1 origin

Ampcillin | 25d 3F>
\
4000

GS44314-4 pBSK gD-%ﬁERVIII
4330 bps

-

BamHI

GS44317-4 pBSK gD-EGFRuVIII
pUC origin ZOOU\

« Gene amplificado Molde "\

& Primers

dNTPs
Enzima
Tampdo
Agua
NheI XbaIl

— purificar




Construcao

« Gene

GS44314-4 pBSK gD-EGFRVIII

4330 bps

3000
BamH|

GS44317-4 pBSK gD-EGFRUVII
2000

pUC origin \

XbaI

NheI

Enzimas de
restrigao




Construgcdo — enzimas de restricdo

Restriction Enzyme

Restriction

Microorganism Name Site
'_!I Vv
Bacillus amyloliquefaciens BamHI1 G GLAR T GG
CHCT AT G
- A
Brevibacterium albidum Ball T QG CanlCsniA
A CHCGEEGET
< A
Escherichia coli RY 13 EcoRI1 G| AT T C
CiTi T ARG
O
Haemophilus aegyptius Haell Pu G C G C|Py
CcC G G C P
Pyll\ < u
Haemophilus acgyptius Haelll GG Crse
C C|G G
= vV
Haemophilus influenzae Ry HindII G Py PaccAC
CirA PuJ\Py T G
V
Haemophilus influenzae Ry HindIIl Al A G C T T
Tt GO A A
< A
Haemophilus parainfluenzae Hpal G A A G
G AT ST G
Vv
Hacmophilus parinfluenzae Hpall c|C G G
(o JE @ o o)
. v
Providencia stuartii 164 Pstl C:T QU CHRAN G
G/l\A C:iG TG
v
Streptomyces albus G Sall (@ § [ e @Sl @ - e e
C:rALZQHC T/I\G

Table 2.1:

Restriction enzymes

NheI

5'...GVCTAGC...3’
3'...CGATCVG...5’

G CTAGC
CGATC G
Xbal

Bi: T TAGA 8
320 RQATOT %

T CTAGA
AGATC T



Construgcdo — enzimas de restricdo

Clivagem do Gene
NheI XbaIl

GS44314-4 pBSK gD-EGFRuIII
o 4330 bps

GS44317-4 pBSK gD-EGFRYI E n z i m a S d e
restrigao
ANY Alvo
~ | Enzimas
Pstl HindIll BamHI Smal : 'I:ampﬁo**
xx
AATTCCTGCAGAAGCTTCCGGATCCCCGGG v Agua
GGACGTCTTCGAAGGCCTAGGGGCCCTTAA Temperatura/tempo




Construcao

Clivagem do Plasmideo

>

XS sowe H

S35egsat Enzimas de
restrigao

— purificar




Construgdo — ligagdo

~HindlIlIl

Stickyend

Sticky end

Recombinant DN&

BamH]I1 Smal '

AATTCCTGCAGAAGCTTCCGGATCCCCGGG
GGACGTCTTCGAAGGCCTAGGGGCCCTTAA

DNA Ligase

ATP (or NAD*) ey

H

DNA strand —3'—0— l —0—5— DNA strand
0
—J

New 3'- 5" phosphodiester bond

Plasmideo \

%_ Inserto

Ligase

Tampdo™*

Agua
Temperatura/tempo

Synthetic polylinker

DNA
ligase

— transformacdo E. coli

Mistura de ligagdo




Construgdo — enzimas de restrigdo — ligagdo

NTTC




Construgdo — enzimas de restrigdo — ligagdo

Pst1  HindIll BamHI Smal

AATTCICTGCAG'AAGCTTICCIGGATCIC'CCGGG
GGACGTCTTCGAAGGCCTAGGGGCCCTTAA

Vector

Synthetic polylinker
DNU
ligase
Plasmid cloning vector **Plasmideo — religar
cleaved with EcoRI **Inserto — invertido
**Klenow
/NheI N Xbar N
5'..GYCTAGC...3’ 5... TCTAGA...3
3'..CGATCLG...5 3 AGATGT...5
: CTAGC T CTAGA

\_CGATC G/ \_AGATC T)




Construgdo — defosforilacdo

Blocked! || reclosue

KT

**Plasmideo — religar

/

Plasmideo

Fosfatase

Tampdo

Agua
Temperatura/tempo




Construgcdo — Transformacdo

Transformagado

Mistura de ligagdo




Construgdo — Selecdo

QOO

Recombinant DNA plasmids

Recombinant
bacteria

Ce ®_ Sele

Colony carrying non- Colony carrying

v" PCR de colonia
*primers - diregdo
v' Clivagem
*enzimas - direcdo

recombinant plasmid recombinant v' Sequenciamento

with intact lacZ gene plasmid with
. disrupted lacZ gene

eDGlea

FVRX‘EE.\RJN

eDGlea

PYAXgDGlea_T7p

eDGlea

Bacterial
clone

DGLea
PYAXgDGLea_T7p
Consencus

el6lea
pYAXgDGLea_T7p

1 10 20 30 40 50 60 7 80 90 100 110 120 130

ACCATGEGGGEG6CTECCGLCAGETTGREGGCCETGATTTTGTTTGICGTCATAGTGGGCCTCCATEGGGTCCGCRRCARATATECCTTGGCGGATGCCTCTCTCS
uwmmmmmmummmmnmmﬁnﬁntmmnnr1ﬁ1rm1tnr:nrnnrnEnt:r:tnrnnnnrcmmnunnrnmturnsnsm1ﬁu:vl:vl:vcmmmu:mmntmnrmn
++++aaCATGOG6GGG6C TECCGCCAGGTTGREGGCCGTGAT ITTGTTTGTCGTCATAGTGGGCC TCCATGOGGTCCGLGACARATATGCC TTGRCGATGLC TCTCTCAA

531 140 150 160 170 180 190 200 210 220 230 240 250 260

TTTCGCGGCARAGACCTTCCGGTCCTGGACCAGC TGATGACARAGCATCCACCTARCAGACGAGGARTCAGCT TTGAAGTGGAGCCCAGT TGGAAGCCCGGGACCGTTTARARARCTGGTY
TTTCGCGGCARAGACCTTC cmvcumnc:nncmnmn:nnnn:nv::n::rnn:nnn:nnnnnnnnn:rvmnnsvsnsnsuunmmnsmmmmmvnnmmmmnm:cmm
TTTCGCGGCARAGACCTTCCGTCCTGGACCAGTGATGACARAGCATCCACC TARCAGACGAGEARTCAGCTTTGAAGTEGGAGCCCAGT TGGAAGCCCGGEACCSTT TRRARARCTGGTE

61 2 280 290 300 310 320 330 340 350 360 70 80 390

G A GGG TG TATGATGAGTGETTCTECTGGHICAGTCCTTATTTACGCCCTTHAGAGMARTACAGCTGAGONR
ACATRGAAGACATTGACTAC TACTCATCCATTTCARGCGTTGGARCCATCGTTATGATGAGTGGTTCTGCTGEGACABTCCTTATTTACGCCCTTTAGAGRAARRTACAGL TGAGEAR
B BaCAC AT TACTACCACGARLGAARALTAC AT CCAT TCARGCTT SoARC AT TATGATGAGT AT TCTECTORCABTCE AT HTACACLC T RGAGMAATACALCTORGOAR

. 400 a1 a0 a0 a10 as0 a50 a7 a0 430 500 510 520

AGAGGGCTTGCATGAAGAGGATGGATCTTCTGAATT TCAARTAAATGAGCAGGTCCTTGCTTGCTGGTCTGATTGTCGTTTTTACCCGGCCARAGTCACTGCTGTTARCAAGGATGGTACT TACACTGTG
AT GG GAGCAGTCCTTGCTTGC TGO TE TG TGTCOT T TACCEGGCCARGICHE GCTGTIRACARGGATGETACTTRCACTGTE
RGAGGGCTTGCATGAAGAGGATGGATCTTCTGARTTTCAARTARATGAGCAGGTCCTTGCTTGCTGGTCTGATTGTCGTTTTTACCCGECCARRGTCALTGCTGTTRACARGGATGETACT TACAL

521 530 540 550 560 570 580 590 600 610 620 630 640 650

AT AR T AT CAGAATA TCTGOG TAATCCTAGGCCTAMGAMCAGATCACARRAGTCTTTCATCRTCTCCTGATA
T AT A A ARG CAGAATAT T GGG TRGECC TR GAMCAGATCACAA
AT GATEORO TG TICRGHCTCTCAARCATRTTCATATCRAGCT ¥ TCEAARAATCAGAATATY TG AT GETACACTARGAAACRGATCHE RARRGIC T1TCATCATCTCCTonT

651 660 670 680 630 700 710 720 730 740 750 760 770 780
T A G AT A TAAAGICAGARAGCGACCCAAGEAGCC TCATAAAGARCAAGTTAATCTGTICTLAMR
AGAGAA

16T TTRARGARCAGAGARRRGCARCAGTGAATGT GAAGARAGACARRGAAGATAARCLC T TAAAGACAGARRAGCGACCCARGCAECCTGATARRGARGEARRGT T
BRCORaGAAET T TAMRGARCACACARARGEAACA AT CAGARAEACARGA T ARCEETTAAAGREGAAANCCORECEANGERGCTonT AARGAACOMAATTAATCTaTTCTon




Producdo da vacina de DNA

Bacterial

chromosome

) & \
%
Transformed

]
E. coli cell survives

Cells that do not

take up plasmid die
on ampicillin plates
Independent P it
plasmid replication

SSNID

l Cell multiplication

Colony of cells each containing copies
of the same recombinant plasmid

vacina - Kit



Caracterizacdo da vacina de DNA

v Quantificar — espectrofotometro
v LPS - LAL
v" Clivagem/analise de restrigdo

v Transfecgdo — expressdo proteina

Vacinas de DNA
Transfecgdo De’recgao

Células HEK




I'munogenicidade da vacina de DNA

. Elisa o o \\\ wwwwwwwww

Anticorpos !
g e i oAnlibOd

g \ do bago
Imunizacdo -

Elisa
Citocinas

Proteg¢do/Terapia = Doenga




Sintetizado
Amplificado

\ clivado clivado

Gene 4w Plasmideo
ligados

\ ]
|

transformado
E. coli

PCR
Digestdo
Sequenciamento

Plasmideo Recombinante
DNA recombinante

Produzido E. coli

’Quan'rificado - concentragdo e dosagem de LPS
Clivado

Expressdo de proteina
Imunogenicidade

Caracterizado —




Como funcionam?

*Intramuscular
*Midcitos - energia
*Entrada na célula
Endocitose/proteinas
*Entrada no nicleo
Mitose
Poros

Vaccine formulation
and adjuvants

Optimized gene " ¢ Muscle site
of interest Ef\ %“Q ”\ of inoculation .
VA — & 5 DA

WS e,

Next-generation
delivery methods

T

-
—_—
-~
p—
F i
———
-
-
-
-
-
-

Exogenous
antigens

:—.h —————————————————————————————————————————————————

; ® @

: Direct transfection O Direct transfection

! of myocytes of APC

| / \

! o

I

: MHC |

i Myocyte APC MEC]
1 e

I

i oo . ~ Endogenous
I @ o / \ @ antigens
i Shed exogenous o Apoptotic or

| antigens © © \necrotic bodies

! o

:

|

|

i

|

Linfonodos



®

Draining lymph node



CTL

o-_Cytokines
O / {(help for CD8+ response)

Nucleus —

Transmembraneg
or secreted
antigen

0
MHC Cl IT o
Endosome O(yCytokines

—— Exogenous protein
antigen

Help for Ab response




Imunizacdo intframuscular

J Expressdo de proteina

» 10-30% células musculares
sdo transfectadas

» DNA persiste por mais de 19
meses

» Expressdo dose dependente

Vacina de DNA-luciferase

Science, 247: 1465-1468, 1990; Human Molecular Genetics, 1: 363-369, 1992.

J Expressdo de proteina — resposta imune

Table 1. Protection of mice against a lethal A/PR/8/34 (HIN1) influenza virus challenge by inoculation of pCMV/H1
DNA in saline

Route of Dose, No. of survivors/
DNA inoculation* ug no. tested % survival
pCMV/H1 iv., i.p., i.m. 300 21/22 95
i.m. 200 18/19 95
iv. 100 10/12 83
i.n. 100 13/17 76
i.d. 50 9/12 75
s.C. 100 4/6 67
i.p. 100 0/6 0

pCMV /control Various 0-300 3/24 13

Science, 259: 1745-1749, 1993; Proc. Natl. Acad. Sci. USA, 90: 11478-11482, 1993; Proc. Natl. Acad. Sci.
USA, 90: 4156-4160, 1993.




J Expressdo de proteina — células dendriticas e macréfagos

N 3
-
i‘\

Vacina de DNA-GFP

J. Exp. Med., 186(9): 1481-1486, 1997. J. Immunol, 160(12): 5707-5718, 1998.




Vantagens

o Facil construgdo e produgdo

o Produgdo de antigenos especificos Em comparagdo as outras tecnologias:
o Ndo reverte na forma virulenta; ndo Microorganismo vivo atenuado
requer métodos toxicos » Reversdo para forma virulenta

» Ndo pode ser usados em individuos
imunocomprometidos

o Pode Sler estocada e transportada - Vacinas inativadas/subunidades
estave

o Induz resposta celular e humoral

» Induz principalmente resposta humoral
o Ativa células T CD8* (citotéxicas)  * Necessidade de adjuvantes

Criticas

o Integragdo/mutagdo/instabilidade
cromossomica/ativagdo ou supressdo de genes

o Autoimunidade - DNA
o Resisténcia ao antibidtico
o Indugdo de tolerdncia

o Baixa imunogenicidade



Vacinas de DNA - triagens

Table 2 Findings of DNA vaccine clinical trials

Well-tolerated salfe
No integration of DNA
No autoimmunity
No tolerance

Antibody responses l 2Pré-clinicos

Th (helper T cells) responses l

**Prova de conceito - DNA - Resposta imunoldgica

Vacinas nmmmp Seguras nmmmmPp Parte dos microrganismos

Ca Baixa imunoestimulagao



nmmmp Bgixa imunoestimulacdo

nY < Ineficiente captura da vacina pelas
"f < células — entrega inadequada

Fraca imunoestimulagdo

Transfeccdo Estimulagdo

Pathogen or pathogenic Carbohydrate structure cn
Intramuscular administration Body wmmnen;:& F pathogen or self protein
S

\ /] C-type Internallzalnonand
\ TLR \_J lectin anﬂgen presentation

degradacéo %E/ % :_,C:
1 Co-stimulatory and \ N

adhesion molecules ‘%
l‘ro/mneproducuonr///} ) fl " Q(x
J N

Administration site| Administration site
(Extracellular) (Intracellular)

degradagdo

i
‘(Escapo by e.g. blood) ' (Migrating cells)

Other tissues Other tissues
(Extracellular) (Intracellular)

—
(Uptake mainly by

scavenger tissues
and SEC)

Mature DC

* High MHC class | and Il expression
* Chemaokine receptor expression

¢ Adhesion molecule expression

¢ Co-stimulatory molecule expression
*Degradado - 0,1% transcrito (B7-1/B7-2, TNF family)

*Escala (50ug - 50uL / 19mg - 19mL)
*Resposta protetora difere entre os animais *Parte do microrganismo



Transfecgdo

Estimulagado

Estratégias de otimizagdo - segunda geragdo de vacinas de DNA

Y4 AV Y4 AV
|
Deli ' DNA VACCINE
chivery Prime boost
Plasmid Gene Formulations/
methods/
optimization optimization Adjuvants strategies
devices
DNA vaccine as the
Transfection- Gene gun
' N - ™ - e . i
Ovtimizati t facihitating hipids first dose followed
Optinuzation of %‘p e:::l“;‘:‘; ll'f;“:t
transcriptional - gen e‘ E by booster with
clements Microparticulates Electroporation
~ - different vaccines
- J
Optinuzation Classical (eg. recombinant
withun target adjuvants - -
. ntranoda s
Use of nunimal G0 injection Tt
plasnud
backbone Muscle
At : necrobzing
Optinuzation at agents ‘ .
37 end of target Topical dehivery
gene methods
N .
Inumunosuppressive
regulatory T cell
inlubitors ; ;
Biological
adjuvants
Molecular
adjuvants
. 7\ 7\ . 7\ v,




(1) Plasmid optimization
Plasmid multiple

Restriction on . Restriction
enzyme cloning region e
site] Yy ¥ site 2
N smaller Promotor
" backbonesize . (HCMV ou RSV)

Gene
Promoter Poly(A)

Enhancer ' Poly A
D ! OR
Direcionador de
n  Origin of Selectable . _
« \replication marker nicleo - SV40
Resisténcia
- Antibidtico
Select
*High GC content —> Maotivos CpG
* Species-specific
codon utilization
« Consensus immunogens o
» Targeting sequences @ Gene optimization
» Nuclear localization sequences
« Ubiquitin
. GOC GOC ACCIRTG GRT T6G ACT TG ATC TTA TTT TTAGTT GCT GCT 3CT ACT AGA GTT CRT TCT TAG TAG TAS
» Glycosylation changes
* Helper epitopes Kozak Efficient leader sequence Gene of Stop

sequence interest codons



Adjuvessrzs

Neutral Microspheres Mineral salts, Cationic ISCOMs
liposomes alum liposomes

O

@ % O o OO
O o O o
(o) o) O o
@ =¢‘§ @ % 0800 g ?
Tl Tl Tl
<

W/O Oo/W PRR/TLR agonists Saponins

emulsions emulsions

Depot /carrier Immunostimulation and carrier

**Melhoram a resposta/direcionam — Protetora

<- Deposito do antigeno
<> Captura do antigeno
<- Apresentagdo do antigeno
<> Moléculas coestimuladoras

< Quimiotaxia

Selegdo do adjuvante

< Natureza fisica e quimica Ag

<> Resposta desejada
<> Idade da populagdo
< Rota

<> Ativando resposta imundlogica ("inflamagdo™)

Tjgor T 1/T,2

Immunostimulation




Enhanced ,
— antigen uptake Adjuvant
Surface PRR activation (for example, @ and antigen
(for example, MPL binds TLR4) MF59) %0 °.°

Immune cell
presentation |CeIIuIar response]

o?)
Endosomal —
TLR activation Naive
(for example, CD4
imiquimod T cell IL-4
Ty2cell | IL-13
IL-4
Oe IL-12
o—0
of Neutralizing
¥ antibodies
|Humoral response|
Inflammasome

activation

(for example, alum)

O PAMP or

Eosinophil Pathogen
- Monocyte
S S [Immune cell
NKT :} recruitment
| (for example,
Neutrophil MF59)

Dendritic
cell

Mecanismos de ag¢do




Rotas de Imunizac¢do - melhorar a transfecgdo

Intramuscular

Subcutaneous

Intradermal

» /ﬁkm)
Subcutaneous
~ layer

N“

‘ -~

~ ~ ~  Muscle
L - e

Lymph node

NONINVASIVE inoculation LCs
DELIVERY

"Gene-gun”
PARENTERAL
DELIVERY administration
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Elzrrodurasdy

© Controlled, millisecond
electrical pulses are
applied to the needle
electrodes, which then
form an electrical field.

a Syringe and needle electrodes
are inserted into selected
muscle tissue, and the DNA

vaccine is injected.

trapped DNA vaccine

© The electrical field creates © The trapped DNA enables cells to

temporary openings in the produce antigen designed to control
cell membrane, allowing cancer and chronic infectious
signficantly greater diseases such as HIV. The antigen
amounts of the DNA can also trigger antibody production
vaccine to enter cells. to prevent diseases.

Arana g2l (znz Sun)

Pequena quantidade
de DNA

Particulas
de ouro

Antigens presented
to the immune systen
invoke humoral and
cellular response

**Inflamacdo
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...em resumo - otimizagdo

Gene

Efficient
Strong Enhancer/ AU(: Ini}iation T,rnnina':;.n of Efficient
Promoter O T TR— 4. Poly-Adenylation Signal
Human or Human Growth
Simian CMV RNA/Codon-Optimized Gene Hormone pA Signal

Altered nucleotide sequence to remove post-transcriptional restrictions

Selection Marker for
Growth in Bacteria
(Kanamycin)

Plasmid Backbone <
with Efficient Origin of
Replication for DNA

Production in Bacteria

Combination of DNA Vaccine with <+——
Molecular Adjuvants to Increase
Immunogenicity (i.e., Plasmids expressing
IL-12, IL-15, IL-2, GM-CSF)

=P Delivery Sites: Delivery Methods: <
Intramuscular, skin, * Needle/syringe of naked DNA
intranasal, oral, | « In vivo electroporation of naked DNA

intestingl, vagine! * DNA formulated in liposomes

* Needle-free injections using
gene gun, biojector

* Nanoparticles
« Skin patches

Plasmideo
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