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Imunidade ao plasmédio:
mais questoes que respostas

1) Intoducao

2) Mecanismos de defesa

3) Mecanismos de escape

4) Mecanismos de patogénese



Em 2016, cerca de 2,7 bilhoes de ddolares foram investidos para o controle e a
eliminacao da malaria no mundo, tanto por acées governamentais de paises
endémicos de malaria, quanto por parceiros internacionais.
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Imunidade ao plasmédio:
mais questoes que respostas

2) Mecanismos de defesa
3) Mecanismos de escape
4) Mecanismos de patogénese



Immunobiology of Malaria

Adaptive immune responses
(adults in endemic areas)

\

Clinically silent infections

Clinically overt infections

/

N\

Non-immune individuals
(children in endemic areas, non-immune adults)



Determinants of malaria syndromes
and disease severity

Parasitised organ(s) Local and systemic action

of parasite toxins
“~

Action of pro-inflammatory and Recruitment and activation of
counter-regulatory cytokines inflammatory cells

Appropriate regulation of immune
responses is key to disease outcome
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Os Toll Like Receptors (TLR) sao uma familia de receptores que

reconhecem padroes moleculares (PRR)

Diacyl Triacyl LPS
Lipoprotein Lipoprotein

Flagellin CpG DNA ss RNA ds RNA

Cell Membrane

Miyaji et al., Braz J Med Biol Res, 2011



Os Toll Like Receptors (TLR) sao uma familia de receptores que

reconhecem padroes moleculares (PRR)

Hemozoina + DNA
GPI Plasmodial

Miyaji et al., Braz J Med Biol Res, 2011



Malaria products and their bioactivities

Parasite product

Plasmodium falciparum
EMP1-family members

GPI
(glycosylphosphatidylinositol)

Haemozoin

Receptor and cell type

Endothelial and trophoblast cells :
ICAM1, VCAM1, CD36,
thrombospondin,

E-selectin, CSA, HA and CD31

DCs: CD36

TLR2, TLR4 and/or possibly C-type
lectins on several cell types, including
DCs, macrophages, endothelial cells
and adipocytes; CD1d and Va14-V(38
TCR on NKT cells

TLR9 on DCs

Pathological
and cellular effects

Binding directs parasite to the brain,
placenta and possibly other target organs;
CD36 engagement proposed to suppress
DC and macrophage activation

Induces widespread expression of genes
encoding pro-inflammatory proteins
(including TNF, IL-1, IL-6, IL-12, INOS,
ICAM1, VCAM1);

activates NKT cells; induces TH1- or TH2-
cytokine production

Contradictory reports: both TH1- and TH2-
cell activities; induces and inhibits DCs;
suppresses macrophages; induces IL-10
production; broadly immunosuppressive

Adaptado de: Schofield et al., 2005, NATURE.



Plasmodium life cycle

Plasmodium species
Human Rodent

P. malariae  P. yoelii

P. vivax P. chabaudi

P. ovale P. berghei

P. falciparum P. vinckei
P. knowlesi

Mota M.M. 2006



Que mecanismos efetores do sistema imune podem atuar
nos esporozoitos durante a primo-infeccao?

- Fagocitose direta por neutrdfilos e

macroéfagos (se houver reconhecimento)

- Opsonizagao ou lise pelo complemento
(via alternativa, lectinas ou classica se
houver anticorpo IgM de baixa afinidade

ou IgG adquiridos da méae)

- Neutralizacao ou inibicao da penetracao
(se houver anticorpos)

Opsoninas:
C3b e C4b na superficie de microrganismos se encaixam no receptor do C

(CR1) em células fagocitarias e promovem fagocitose.
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Figure 2-41 Immunobiology, 7ed. (© Garland Scnence 2008)






Que mecanismos efetores do sistema imune podem atuar
nos esporozoitos durante a re-infeccao?

- neutralizacao ou inibicao da penetracao
(principalmente IgG de alta afinidade)
- fagocitose ou citotoxicidade por

macrofagos e neutréfilos (opsonizacao
por C3b ou IgG)

- Aumento da fagocitose pelo IFN-y
produzido pelos linfocitos Th1

- lise pela via classica




Estratégias e Alvos Vacinais
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Malaria vaccine development: persistent challenges
Ashley M Vaughan' and Stefan HI Kappe'?
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RESULTS OF RTS,S MALARIA
VACCINE TRIALS

« Many trials have shown that RTS,S malaria vaccine is
safe and stimulates the immune system

« RTS,S efficacy trial in Mozambique — enrolled 2022
children aged 1-4 years

» 50% protection against severe malaria and severe
anemia

« Malaria causes 1 million childhood deaths per year in
Africa

« |f this vaccine could reduce by half the cases of severe
disease, we would be saving thousands of lives

*GSK , Walter Reed Army Institute the PATH Mala
Vaccine Initiative (MVI)—with grant money from th

I
& Melinda Gates Foundation. ‘




v'CSP (proteina circunsporozoita)

The CSP protein is responsible for parasite binding to hepatocytes’ highly sulphated heparan
sulphate proteoglycans (HSPGs), blocking the CSP protein through high avidity antibodies prevents
parasite binding to HSPGs and therefore prevents through an as yet uncharacterised mechanism the
parasites’ gaining entry into hepatocytes

GPI
Signal Central anchor
peptide RI repeat region RIl  signal
NH, ] Ry — | , | L | AJ}COOH

/ /
/ /
/ /

/l RTS,S vaccine S/ HBsSA
l J— HBsAgJHBsAg)

| &esag

Immunodominant “Universal”
B cell epitope conserved
(NANP repeats) CD4* T cell epitope

Polymorphic  Polymorphic
CD4*Tcell CD8*T cell
epitope epitope

The RTS,S is a fusion protein of the CSP and a hepatitis B surface antigen protein (HBsAQ)
expressed in fungi, HBsAg is a highly immunogenic component used for this purpose (12).

The RTS,S/A01E formulation reached 59.1% vaccine efficacy over 17 months of phase lll trials
after all three doses were administered.

J Clin Invest. 2010; 120(12):4168—-4178



Nature. 1967 Oct 14;216(5111):160-2.

Protective immunity produced by the injection of x-irradiated sporozoites of

plasmodium berghei.
Nussenzweiq RS, Vanderberg J, Most H, Orton C.

Protective lmmunit(aproduced by the
Injection of X-irradiated Sporozoites
of Plasmodium berghei
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"0 trabalho de Ruth e Victor Nussenzweig fundamentou a
concepgao e o desenvolvimento da vacina", afirma Joe Cohen, da
farmacéutica GSK Bio, autor do artigo no The Lancet que descreve
os resultados na Africa. O casal Ruth e Victor vive nos EUA desde
1964 e trabalham na New York University (NYU).
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Manipulation of Host Hepatocytes

m by the Malaria Parasite for Delivery
MamasifE nto Liver Sinusoids

Angelika Sturm,™* Rogerio Amino,?>* Claudia van de Sand,* Tommy Regen,’
Silke Retzlaff,® Annika Rennenberg,’ Andreas Krueger,® Jorg-Matthias Pollok,*
Robert Menard,” Volker T. Heussler't

“The merosomes discovery”

www.sciencemaa.ora SCIENCE VOL 313 1 SEPTEMBER 2006



Fig. 4. Merosomes do not expose PS at their surface for several hours
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(A) Detached cells were isolated at different time points and
stained with Annexin-V—fluorescein isothiocyanate and
propidium iodide.

(B) Merozoites accumulate Ca?* and inhibit the PS switch
in the host cell membrane.

(C) Detached, Annexin-V—stained cells at 63 or 75 hpi were
isolated with a micropipette and transferred to 24-well plates;
Annexin-V—positive or Annexin-V—negative floating cells were
separated and subsequently injected into mice. Mouse
parasitemia were determined daily for 2 weeks [four mice
infected with Annexin-V—positive cells (red symbols); four mice
infected with Annexin-V—negative cells (blue symbols)].

(D) TUNEL (terminal deoxynucleotidyl transferase—mediated
dUTP nick-end labeling) staining of floating cells at 63 and 75
hpi. Red, TUNEL stain; blue, Hoechst 33258 stain.



Que mecanismos efetores do sistema imune podem atuar
nas formas intra-hepaticas durante a primo-infeccao?

- citotoxicidade por células NK
(se houver reconhecimento)




Que mecanismos efetores do sistema imune podem atuar
nas formas intra-hepaticas durante a re-infeccao?

a Mosquito

e

......

Liver

- destruicao dos hepatocitos infectados por
linfocitos Tc1 (CD8*) especificos para
peptideos do plasmadio
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Naive T cell Activated T cell Exhausted T cell Reinvigorated T cell * CDB80, CD86

{ cozs
I3 mHC
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Proliferation ‘ Proliferation ' Proliferalion‘ ‘ Costimulatory ligand
Cytokines ‘ Cytokines ' Cywkines‘ * Costimulatory receptor
Cytotoxicity 4 Cytotoxicity ¥ Cytotoxicity 4 T Hp—

A interagdo PD-1 com PD-L1 determina:

-Inibicdo da proliferacdo e secrecdo de citocinas pelas células T

-Q sinal via PD-1 pode inibir niveis baixos de coestimulagdo via CD28.

Nature Immunology 8, 239 - 245 (2007)

Coestimulagdo negativa






- A invasao da hemacia é facilitada pela secrecao de enzimas na réptria

- A interacao firmel/invasao depende de proteinas da superficie do merozoita e
da hemacia:
e P. vivax: Duffy binding protein 1 e 2 (parasita) e fator Duffy (RBC)

e P. falciparum: EBA-175 (parasita) e glicoforinas (RBC)

Initial stages of
invasion

4

i .
Discharge of
@,

B apical organelles
“ 9‘ (e. g. rhoptry secretion)
-
6 5
PVM formation

Fonte: NHI



Que mecanismos efetores do sistema imune podem atuar
nos merozoitos no inicio da infeccao?

- fagocitose ou citotoxicidade direta por
neutréfilos e macréfagos (se houver
reconhecimento)

- opsonizacao ou lise pelo complemento

(via alternativa, ou classica se houver
anticorpo IgM de baixa afinidade ou
|IgG adquiridos da mae)

- neutralizacao (se houver anticorpo)




Que mecanismos efetores do sistema imune podem atuar
nos merozoitos na infeccao tardia?

- neutralizacao ou inibicao da penetracao
(principalmente IgG de alta afinidade)

- fagocitose ou citotoxicidade por
macrofagos e neutréfilos (opsonizacéo
por C3b ou IgG)

- Aumento da fagocitose pelo IFN-y
produzido pelos linfocitos Th1

- lise pela via classica



Que mecanismos efetores do sistema imune podem atuar
nas formas intra-eritrociticas no inicio da infeccao?

- nenhum




Que mecanismos efetores do sistema imune podem atuar
nas formas intra-eritrociticas na infeccao tardia?

- nenhum (a nao ser que antigenos
do parasita se fixem na superticie
das hemacias)




Que mecanismos efetores do sistema imune que efetivamente atuam na malaria?

Anticorpos IgG de alta afinidade

Linfécitos Th1 (CD4*) Ativacac
macroéfagos por IFN-y (aumen
da fagocitose)

!

Anticorpos IgG de
alta afinidade

IgG especifica contra
antigenos do parasita
expressos na membrana do
eritrocito



Imunidade ao plasmédio:
mais questoes que respostas

3) Mecanismos de escape
4) Mecanismos de patogénese



Estratégias de escape

Estratégias modular a resposta imunoldgica do hospedeiro

e Crescimento intracelular em células com pouco ou sem
apresentacao em MHC classe 1

e Nao deixar a hemacia infectada passar pelo baco:
citoaderéncia (apenas R falciparum) e variacao antigénica

¢ Interferéncia imunologica: anergia, inibicao da resposta
celular contra estagios hepaticos



Estratégias de escape

Estratégias modular a resposta imunoldgica do hospedeiro

Malaria-specific
and other
antibodies

Marsh et al. Nature Immunology, 2008



Estratégias de escape

(CD36)

_, 1. Interagdo entre iRBC e células Dendriticas
| <B&=  pode inibir a maturagdo das células Dendriticas

(@) Low parasitemia:

dendritic cell maturation

!

Activation of T cells,
proliferation,
migration

!

(b) High parasitemia:
dendritic cell paralysis

\ . ( ® Hemozoin
4 TLR-9

/)

Activation of T cells,
failure to proliferate,
failure to migrate

L

Activation of B cells and antibody production

Urban&Todryk. Journal of Biology, 2006.



Estratégias de escape

2. Hemozoina pode inibir a ativacao de macrofagos

TLR9



Estratégias de escape

3. IL10 produzida pelas DC e macrofagos inibibe a
ativacao de LTCD4+




Estratégias de escape

4. IL10 e TGF-B produzidos pelos LTCD4+ inibem a
geracao de células de memoria (efetora e central)

T [ Ag ] na infecgdo aguda

e Inapropriado “priming”
e Apoptose




Estratégias de escape

5. iIRBC induz apoptose e deplecao de células B de memoria
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Estratégias de escape

6. iIRBC induz respostas humorais para alvos polimorficos

Short-lived
e Hipergamaglobulemia
e Aumento do catabolismo de Ab
2 |; | & andater e Ativagéao policlonal
< | 3
{ \1 :
| N
\Bm(un -
1 \// |
4
. =
Long-lived '

THA1

IgG2a



Estratégias de escape

7. Variacao antigénica

HA CSA TSP ICAM-1 ELAM-1 VCAM-1 CD36 PECAM
P-Sel. (CD31)

{
e
MY

.+ Microvasculature .

Sequestration

\

PIEMP1 variant antigens

—s

Antigenic distinct waves of parasitasmia

CR1
HS-like GAGs, IgM,
blcod group A

.‘—!‘

Hosetting

CD36

Clumping

CcD36

Dendritic cell

Miller et al., 2000



Hemacias infectadas com formas >20h apos reinvasao tem protrusoes (“knobs’)

LS i <
ST Bl AR RS ISR 32 S0 LT

Célula endotelial
(Horrocks et al. 2005)



familia var gene (¥60 cépias)

16 2 20 h apés a

pRBC invasao a proteina
é inserida na membrana do
eritrécito
Proteina PfEMP-1
Composite
PFEMP-1
Semi-conserved Tandem
head structure association
| |l
NBI , T
@\ ) @21y @445\ i
CR1 CD36 ICAM-1 CSA Host receptors
Heparin sulfate CD31
igM o
CSA Apesar de serem similares em termos de estrutura

geral, cada PfEMP-1 é altamente polimérfica.

Mackintosh et al., TRENDS in Parasitology, 2004.






Imunidade ao plasmédio:
mais questoes que respostas

4) Mecanismos de patogénese



Aspectos clinicos

Sintomas da infeccao com Plasmodium sp. em
pessoas nao-imunes

e febre

e cefaléia
e sudorese
e artralgia
e mialgia

e calafrios

Frequente: febre intermitente

as vezes: esplenomegalia,
diarréia, vomitos e
anemia
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Activated macrophages secrete
a range of cytokines
Y ¥ W W W
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R
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Figure 2-44 Immunobiology, 7ed. (© Garland Science 2008)
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Severe and fatal disease syndromes in malaria

Cerebral malaria: Possible sequence or mechanism of disease

Vascular Obstruction Inflammatory Mediators
C \) ® e
r ‘:; ,f>':)' 23] h{.) ® (_.) " ——p Hypoxia, Cytokines, Nific Oxide

» Cerebral parasite sequestration

J——V'_\

» Bioactive GPI Roseftes, agglutinates  Recepor-specific aahesion
» Pro-inflammatory cytokine cascade @ wamonca @ pumsised Red Blood cel

» Endothelial-cell activation
» NKT-cell activation

» TH1/TH2-cell balance

» Chemokine production

» Monocyte, macrophage and neutrophil recruitment =,
» Platelet and fibrinogen deposition

» CD4+, CD8+ and y3T-cell involvement
» IFN-y production

» Neurological metabolic derangements and possibly hypoxia



Initial sequestering
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Expert Reviews in Molecular Medicine ©2006 Cambridge University Press




Severe and fatal disease syndromes in malaria

Severe malarial anaemia: Possible sequence or mechanism of disease

> Erythropoietic suppression by toxins and cytokines

» Increased RBC destruction owing to parasitization

» RBC alterations

» Complement and immune complex or antigen deposition
» Erythrophagocytosis and splenic hyperphagism

» CD4+T cells

» TH1/TH2 cytokine balance (TNF and IFN-g versus IL-10)




Severe and fatal disease syndromes in malaria

Metabolic acidosis: Possible sequence or mechanism of disease

Molecular mechanisms unknown:

» Possibly widespread parasite sequestration
» bioactive toxins

» increased vascular permeability

» reduced tissue perfusion

» anaemia

» pulmonary airway obstruction

» hypoxia

» increased host glycolysis

» repressed gluconeogenesis



Severe and fatal disease syndromes in malaria

Placental malaria: Possible sequence or mechanism of disease

» PfEMP1-mediated binding to placental syncytiotrophoblast through CSA and HA
» Cytokine production
» Chemokine mediated recruitment and infiltration of monocytes

» Intravascular macrophage differentiation
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