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Number of deaths by cause, World, 2019

Cardiovascular diseases I 18.56 million
Cancers I 10.08 million
Respiratory diseases | 3.97 million
Digestive diseases I .56 million
Lower respiratory infections | 2.49 million
Neonatal disorders | 1.88 million
Dementia I 1.62 million
Diabetes I 1.55 million
Diarrheal diseases I 1.53 million
Liver diseases |l 1.47 million
Kidney diseases [l 1.43 million
Road injuries [l 1.2 million
Tuberculosis I 1.18 million
HIV/AIDS |l 863,837
Suicide Jl 759,028
Malaria il 643,381
Homicide Jjj 415,180
Parkinson's disease JJj 362,907
Nutritional deficiencies JJ 251,577
Drowning [ 237,242
Meningitis ] 236,222
Protein-energy malnutrition |j 212,242
Maternal disorders JJ 196,471
Alcohol use disorders || 168,015
Drug use disorders | 128,083
Fire | 111,292
Hepatitis | 79,176
Poisonings | 77,162
Conflict and terrorism | 62,985
Heat (hot and cold exposure) | 47,461
Natural disasters | 6,076
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Source: IHME, Global Burden of Disease (2019) OurWorldInData.org/causes-of-death « CC BY




Como as vacinas funcionam?




Adjuvantes

- Substancia adicionada a uma vacina para potencializar a resposta imunolégica
ao antigeno. O adjuvante mais frequentemente utilizado e o hidroxido de aluminio,
porém, outras substancias tém sido usadas a base de esqualeno.

https://www.youtube.com/watch?v=_EZoKhhbrY's



Vacinas mais utilizadas na Medicina Vet

Brucelose
Febre Aftosa
RENE
Cinomose
Parvovirose
Coronavirose
Hepatite Infecciosa Canina
Adenovirose
Parainfluenza Canina
Leptospirose Canina
Leishmaniose Canina




Vacinas de Primeira Geragao

* Vacinas compostas por patogenos vivos atenuados
ou inativados:

- Polio

* Sarampo

* Raiva

- Tuberculose



Vacinas de Segunda Geragado

* Vacinas compostas por proteinas recombinantes :

* Hepatite B
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Vacinas de Terceira Geracgao

* Vacinas compostas por genes que codificam
importantes imundgenos.

* Podemos fazer de genes importantes vacinas ?




As Vacinas de DNA nasceram da Terapia Génica
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Comparacao entre as vacinas tradicionais e de DNA
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Esguema de producao de uma vacina de DNA

Sitio de restrigdo
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Elementos importantes em um plasmideo utilizado em
uma vacina de DNA

Fig. 1

+ Sinal de poliadenilagdo

** Intron quimerico
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Comparacéao do nivel de expressao de B-galactosidase
plasmideos utilizados em vacinas de DNA
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Rotas de Imunizacao

Organismo
patogénico Plasmideo

ek
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Material genético Plasml'deo\

modificado \

Oliveira SC, Rosinha GM, Brito CFA, et al. (1999). Gene Vaccines: Immunological
properties of different delivery systems. Braz. J. Med Biol Res. 32(2):207-214.




Niveis de 1gG anti-Bgal utilizando diferentes rotas
de imunizacgao

[ pCay
B pCiV-Bgal

Lipossomo Injecdo Biobalistica

Azevedo V, Oliveira S.C. 1998. Vacinas de DNA: O Paradigma das Vacinas génicas.
Biotecnolgia Ciéncia e Desenvolvimento 5:40-43.




Gene gun ou Biobalisitca







Carrier Tube cc taining the
microparticles coated-DNA
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Gene Gun

Oliveira SC, Harms JS, Rosinha GMS, Rodarte RS, Rech EL, Splitter GA (2000).
Biolistic-mediated gene transfer of bovine herpesvirus-1 glycoprotein D induces
neutralizing antibody in its natural host. Journal of Immunological Methods 245:109-118.




Expressao de B-galactosidase in vitro




Novos equipamentos descartaveis
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Injecao Intramuscular




Apresentacao de antigeno na imunizacao génica
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Resposta Imune gerada
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Células Musculares expressando o antigeno de interesse,_




Analise da producao de citocinas ap0s imunizacao

com o gene que codifica a proteina
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Mecanismos utilizados para modular a resposta
Imune na imunizacao génica
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O uso de DNA encapsulado em microesferas
para potenciar a resposta imune




INTRODUCAO

Nanotecnologia
Nanos = Anao
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Nanobastoes de Ouro

\\\“ \<l\

él\ = m()_nj-l{{

Dreaden et al., 2012



Nanobastoes de Ouro




Apresentacao de antigeno encapsulado nas microesferas
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Microesferas de PLGA
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BIOSSEGURANCA DAS VACINAS GENICAS




Preocupacoes com a Biosseguranca
na utilizacao das vacinas de DNA

1. Integracao do plsmideo no genoma da célula do hospedeiro

1.1. Ativacao de oncogenes
1.2. Inativacao de genes supressores de tumor

2. Risco potencial de uma reacao autoimune



Calculo da frequéncia de mutacao induzida

-A probabilidade de um plasmideo integrar no genoma
-de qualquer célula é de 1/150,000 (6.7 x 10 -5).

-A probabilidade de um plasmideo produzir uma mutacao
em um gene especifico € de 1/5,000 (2 x 104).

-A probabilidade de uma mutacao induzida por uma integracao
do plasmideo é de:
(2x10%) x (6.7 x10 %) =1.3x 107

- Sabendo que a frequéncia de mutacao espontanea de uma célula e
de 2 x 10%, a probabilidade de uma mutacao causada pela vacina
de DNA ocorrer € 1.000 vezes menor do que a frequéncia de
mutacao espontanea que ocorre em uma dada celula

(Nichols et al. 1995).



Vacinas contra COVID-19

https://youtu.be/KZ9EM2NBhOQI



MRNA Vaccine

| Researchers toke the
part of the virus' genetic
code that produces the
COronavirus spik
ein ond Ccoat it in
lipid nonoparticles
allowing it to gain entry

into the body's cells

COVID49
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creates ! ond
octivates T-calls, which
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If @ COVID-19 infection
occurs, antibodies and
T-cells will fight the
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MRNA vaccines are a new type of
vaccine to protect against
infectious diseases. To trigger an
immune response, many vaccines
put a weakened or inactivated
germ into our bodies. Not mRNA
vaccines.

Instead, they teach our cells how
to make a protein—or even just a
piece of a protein—that triggers
an immune response inside our
bodies. That immune response,
which produces antibodies, is
what protects us from getting
infected if the real virus enters our
bodies.



Table 1| mRNA vaccine complexing strategies for in vivo use

Delivery system type

Commercial transfection
reagent

Protamine

Protamine liposome
Polysaccharide particle

Cationic nanoemulsion

Cationic polymer
Cationic polymer liposome
Cationic lipid nanoparticle

Cationic lipid, cholesterol
nanoparticle

Cationic lipid, cholesterol,
PEG nanoparticle

Dendrimer nanoparticle

Route of
delivery

i.n.

i.d.

s.c.and i.n.
V.
i.d., i.v.and s.c.

V., s.c.and i.s.

i.d., i.m. and s.c.

i.m.

Species
Mouse

Mouse, ferret, pig and
human

Mouse
Mouse and rabbit

Mouse, rabbit, ferret and
rhesus macaque

Mouse
Mouse
Mouse

Mouse

Mouse, cotton rat and
rhesus macaque

Mouse

Target

OVAHS

Influenza virus*®**?, melanoma*®,

non-small-cell lung cancer’®, prostate
cancer’®?213! rabies virus®®, OVA3°21% gnd

Lewis lung cancer*®

18,52

Lung cancer®™
Influenza virus®®

Influenza virus®, RSV*°, HIV-1 (REFS 50,97),
HCMV?3S, Streptococcus spp.t®, HCV and

rabies virus®’

Influenza virus®*, andHIV-1 (REFS 110,111)

202,203

Melanoma , pancreatic cancer’®

HIV-1 (REF. 109) and OVA?®3?

59,108 59,141
]

Influenza virus , melanoma
Moloney murine leukaemia virus, OVA,
HPV andc olon cancer®®

20,85,112 22,94,95,205
’

Zika virus ,influenza virus
RSV, HCMV, rabies virus®’ and

melanoma!*?

Influenza virus, Ebola virus, Toxoplasma
gondii® and Zika virus®

HCMYV, human cytomegalovirus; HCV, hepatitis C virus; HPV, human papillomavirus; i.d., intradermal; i.m., intramuscular; i.n.,
intranasal; i.s., intrasplenic; i.v., intravenous; OVA, ovalbumin-expressing cancer models; PEG, polyethylene glycol; RSV, respiratory
syncytial virus; s.c., subcutaneous.
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Antigen expression (in APCs)

* Carrier efficiency

* Presence of dsRNA

* Presence of unmodified nucleosides
* Sequence optimization
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* Expression in DCs
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Table 2 | Clinical trials with mRNA vaccines against infectious diseases

Sponsoring Vaccine type (route of Targets Trial numbers Status
institution administration) (phase)

Argos DC EP with autologousviral ~ HIV-1 e NCT00672191(ll)  * Completed'®
Therapeutics Ag and CD40L mRNA:s (i.d.) e NCT01069809 (Il)  ® Completed; results NA
* NCT02042248 (1) * Completed; results NA

CureVac AG RNActive viral Ag mRNA Rabies virus NCT02241135(l) Active®9!
(i.m.,i.d.)

Erasmus Medical DC loaded with viral Ag HIV-1 NCT02888756 (ll) Recruiting
Center mRNA with TriMix (i.nod.)

Fundacio Clinic Viral Ag mRNA with TriMix HIV-1 NCT02413645 (1) Active
per la Recerca (NA)
Biomeédica

Massachusetts DC loaded with viral Ag HIV-1 NCT00833781 (ll) Completed'®
General Hospital mRNA (i.d.)

McGill University  DC EP with autologous viral HIV-1 NCT00381212 (I/ll)  Completed'®
Health Centre Ag and CD40L mRNAs (i.d.)

Moderna Nucleoside-modified viralAg  Zika virus NCT03014089 (I/ll)  Recruiting®

Therapeutics mRNA (im) Influenzavirus  NCT03076385 (l) Ongoing?

The table summarizes the clinical trials registered at Clinicallrials.gov as of 5 May 2017. Ag, antigen; CD40L, CD40 ligand; DC,
dendritic cell; EP, electroporated; i.d., intradermal; i.m., intramuscular; i.nod., intranodal; NA, not available.




Facts about COVID-19 mRNA
Vaccines

* They CANNOT give someone COVID-19.

— MRNA vaccines do not use the live virus that causes
COVID-19.

* They DO NOT affect or interact with our DNA
In any way.
— MRNA never enters the nucleus of the cell, which is
where our DNA (genetic material) Is kept.

— The cell breaks down and gets rid of the mRNA soon
after it 1s finished using the instructions.



Vaccine Side Effects (Adverse
Events)

 Side effects are expected

 When the body’s immune system
mounts a response to a natural e
infection OR vaccination the result is &
local and/or systemic inflammation

* Local inflammation: injection site
soreness, redness, swelling

« Systemic inflammation includes fever,
muscle aches, headache

» The stronger the Immune response, the
more prominent the side effects

p  The healthier the individual, the
stronger the Immune response

Vaccine

. °n%




Desafios para o desenvolvimento de vacinas




Antigenos alvo?
Qual é o tipo de resposta imune eficiente ?

baixos niveis de protecao

utilizacao de adjuvantes para potenciar a resposta imune



