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Resposta imune a malaria???

REVIEW

nature
immunology

Immunity to malaria: more questions than
answers

Jean Langhorne!, Francis M Ndungu', Anne-Marit Sponaas! & Kevin Marsh?

Mini Review

& frontiers | Frontiers in Immunology 19 August 2022
10.3389/fimmu.2022.914598

Innate Immunity to malaria: The
good, the bad and the unknown

Kai Pohl™ and lan A. Cockburn®

-Multiplas espécies de

Plasmodium.

- Diferentes formas do
parasita.

- Diferentes manifestacoes
da doenca.

- Complexa relacao de
adaptabilidade entre
patégeno e hospedeiro.



Ciclo do Plasmodium no hospedeiro vertebrado
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Adaptado de: Ferreira, Parasitologia Contemporanea, 2a. Edi¢éo, 2021.



Receptores RIG-I (RIG-I like receptors - RLRs)

Cytoplasmic replication of

virus produces uncapped
RNA with a 5'-triphosphate

Viral RNA alters conformation of RIG-1 and
induces binding and aggregation with MAVS in
a manner requiring K63-linked polyubiquitin
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RIG-I, MDAS5 - Detectam RNA de
fita simples, RNA de dupla fita ou
RNA complexado a DNA no citosol.

MAVS - RIG-I/MDA-5 ativados
sinalizam via MAVS para induzir
sinalizacao via IRF3 e IRF7 e induzir
transcricao de IFN do tipo I.

Murphy, Weaver, Berg, Janeway’s Immunobiology 10a. Edicdo, 2022.



Ativacao de imunidade inata durante a fase pré-eritrocitica
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- RNA de esporozoitos e
esquizontes hepaticos ativam
MDA-5 (familia RIG-1) — MAVS
— producao de IFN do tipo |

- Ativacao de células NK —
producao de IFN-gama —
ativacao de fagocitos
(mecanismos microbicidas) e
hepatocitos (autofagia).

- TLR2 — IL-6 e TNF -
inflamacao

Pohl K e Cockburn IA, Front. Immunol., 2022



Ativacao de imunidade adaptativa durante a fase pré-eritrocitica

Sporozoite

Infected hepatocyte
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Kurup S et al., Nat Rev Immunol, 2019



Imunidade humoral — fase pré-eritrocitica
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Kurup S et al., Nat Rev Immunol, 2019



Vacina anti-malaria

ﬂ Health Topics v Countries v Newsroom v Emergencies v About WHO v

Home / Initiatives / Malaria vaccine implementation programme
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As of October 2023, WHO recommends the programmatic use of malaria vaccines for the prevention of P, falciparum malaria in
children living in malaria endemic areas, prioritizing areas of moderate and high transmission. This applies to both RTS,5/AS501 and
R21/Matrix-M vaccines.

The first malaria vaccine, RTS,S, was recommended by WHO to prevent malaria in children in October 2021. The vaccine has reached nearly

2 million children in Ghana, Kenya and Malawi through the Malaria Vaccine Implementation Programme, MVIP, since 2019. https:/Aww.who.int/initiatives/malaria-

vaccine-implementation-programme



Imunidade celular — fase pré-eritrocitica
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Abbas, Lichtman, Pillai, 10a. Edig&o, 2022.



Eliminacao de hepatocitos infectados por linfocitos T CD8+ citotoxicos
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Kurup S et al., Nat Rev Immunol, 2019



Ativacao de imunidade inata durante a fase eritrocitica — TLR2

GPI - Glicofosfatidilinositol

Pro-IL-1f3
TNF

Gowda & Wu, Front. Immunol., 9:3006, 2018.



Liberacio de Hemozoina e Ac. Urico

merozoite

<+

https://news.vt.edu/articles/2008/05/2008-322.html

https://www.reddit.com/r/MicroPorn/comments/73e
dI5/oc_uric_acid_crystals_in_urine_4096x2304_x400/

Tillei L et al., Int J Biochem Cell Biol 2011



Ativacio de inflamassoma por Hemozoina e Ac.Urico
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Abbas, Lichtman, Pillai, 7a. Edi¢&o, 2012.



Ativacao de TLRs durante fase eritrocitica da malaria

e Squlzont burst
/c'.?.'; Hemozoln/DNA

- Hemozoina liga a DNA do
patogeno e ativa TLR9 no
endossoma

- Junto a ligacao a TLR2 por GPI
- Producao de IL-12 e TNF

- DAMPS - inflamassoma - IL1f3

Roppert et al., Sem Immunol 2007



Efeitos sistemicos de citocinas inflamatadrias
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Episddios de febre recorrente em malaria sao causados por liberacao
de mediadores inflamatdrios
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Desenvolvimento de febre decorrente de ciclo de
replicacao parasitaria e ruptura de hemacias infectadas —
DAMPS - TNF

https://i0.wp.com/www.malariasite.com/wp-content/uploads/2018/02/fever

Jpg?ssi=1



Infected
erythrocytes

Remoc¢ao de hemacias infectadas

- Depuracao de hemacias
infectadas no baco por
fagocitos (macrofagos)

- Ligacao CD36 — PfEMP1

Chua CLL et al., Malaria J, 2021



Imunidade adaptativa fase eritrocitica
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Kurup S et al., Nat Rev Immunol, 2019



Linfocitos T CD8+ citotoxicos eliminam reticuldcitos infectados por P.
vivax

GENESIS OF RBC

Proerythroblast Reticulocyte fos - - Effector
' : 41 CD8* T Cell
Immunological e
synapse
7 4
Basophil
erythroblast \ ;ﬁfﬁ:ﬁl |

/

| — (80 /
Reticulocyte 2 - parasite antigen ® 0

recognition

|

Polychromatophil : @ |
erythroblast N

\ .

Orthochromatic gm @ Granulysin
erythroblast I\@/} > Granzyme CD69 &=
* T &= perforin Kie7 e
Reticulocyte “-3 CD8+ T lymphocyte

l
Erythrocytes @6 @

https://www.medicinehack.com/2011/05/red-blood-cell-formation.html Antonelli et al., Immunol Rev, 2019



Imunidade humoral fase eritrocitica — antigenos de Plasmodium em
merozoitos ou na superficie de hemacias infectadas
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Kurup S et al., Nat Rev Immunol, 2019



Opsonizacao de merozoitos e hemacias infectadas

Chua CLL et al., Malaria J, 2021



Citotoxicidade dependente de anticorpos por células NK

Wolf AS et al., Front Immunol, 2017



Modelos experimentais revelam papel da resposta imune contra
malaria
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Oakley et al., Trends Parasitol., 2710):442-9, 2011.



P. falciparum — hemacias com morfologia alterada
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file://IC:/Users/dlcos/OneDrive/Desktop/ComparisonofDifferentClassification TechniquesUsingKnowledgeDiscoverytoDetectMalaria-infectedRedBloodCells. pdf



Malaria cerebral por P. falciparum
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Rosetas de hemacias infectadas — coagulacao; CD8+ citotdoxicas e NK

atacam endotélio

Chaudhary A et al., Bioengineering 2022



Tolerancia a doenca — Malaria € um o6timo exemplo — carga parasitaria
nem sempre se traduz em sintomas
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Raberg L et al., Science 2007

Percent of maximum

1004
90 4
804
70+
604
a0 4
40+
30+
204

104

Savare malaria
Milgd malaria

Asymptomatic
infaction

T T T
10 20 30

Age (years)

40 al

Cowman AF et al., Cell 2016




Questoes
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