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Reconhecimento de padroes
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Infeccao Dano tecidual Alteracao
Patog? (estéril) homeostase
Dano tecidual € =~~~ =~ - i A >
! !
PAMPs DAMPs DAMPs HAMPs

Sistema imune inato = “orgao de percepcao”

Reconhecimento feito por quase todas as celulas somaticas

Receptores de reconhecimento de padroes: PRRs




Associados a
membranas

Citoplasmaticos

Soluveis/Secretados (“tag”)

Ativacao do sistema imune inato

- Fagocitose

Mediadores inflamatorios

IFN tipo 1

Ativacao complemento
Opsonizacao

Neutralizacao, aglutinacao

Morte da célula infectada/danificada



Associados a
membranas

RECEPTORES DE FAGOCITOSE RECEPTORES DE SINALIZACAO

Receptores de carboidratos (CLRs) TLRs
Receptores Scavenger




Citoplasmaticos

RECEPTORES DE SINALIZACAO

NACHT and LRRs containing receptors (NLRs)
PYD and HIN containing receptors (PYHIN)
RIG-like receptors (RLRs)

L]
L
.
.
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*+...«y Morte (da célula infectada)
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Soluveis/Secretados (“tag”) PRMS

? \

ATIVACAO S. COMPLEMENTO OUTRAS FUNCOES
MBL, ficolin - neutralizacao
C1q, C3 - agglutinacao

- Opsonizagao



PRMs & Imunidade inata humoral

Reconhecimento
de patogeno/

celula danificada
(circulante/tecidual)

FICOLINAS
ECTINAS

de padroes
(PRMs)

- Opsonizacao (fagocitose)

- Aglutinacao
- Neutralizacao
- Prevencao expansao viral




Carboidratos,

Pentraxinas . . Bacteria/Parasitas
Fibras amiloide
Plasma . Celulas mortas/
Material nuclear danificadas
Proteinas da ME
Plasma .
Colectinas (MBL) Ca”(’l\‘;lfr:)atos Bacteria/virus/fungo
Alveolo . Celulas mortas
Material nuclear
(SPs)

Plasma Carboidratos Microbios
(GIcNAc, SA) Celulas mortas

Complemento Superficie
Clqg <) Plasma microbiana




Pentraxinas Infeccao/inflamacao

IL-6 Figado/hepatocitos
IL-18, TNF, TLR-agonists PMN, Mg, DC
Sl e Consitutiva
Infeccao/inflamacao Figado/hepatocitos
Citocinas proinflamatorias Mg (?)
Consitutiva

Infeccao/inflamacao
Citocinas proinflamatorias

Consitutiva
Infeccao/inflamacao
Citocinas proinflamatorias

Figado/hepatocitos
PMN, Mg, DC

Complemento
Ciq) o)




expressos e secretados por varias células, incluindo as c.
mieloides, permitindo a producao alongo do tempo

\
@ Den-c‘ilntlc; iells m
A . Neutrophils _*‘ .,‘,’ .0,%%
Monocytes or m Epithelium
Macrophages
.

3% o PGRPs
a7
Neutrophils ! PT)& 5 _
@

' PGRPs e
&‘ NAMs [ @

Ficolins

L
AR SAA3  Ficolin-1 9
.- CRP
PGRP-S N Hours SAP
Y Hours/days [/
o\\x’i“ e ‘ +
L
Microbes

Jaillon, ...., Mantovani 2017



Moléculas da “fase aguda”
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Expression sites Activities

Collectins Liver (hepatocytes) Microorganisms (bacteria, fungi, viruses) and microbial Activation and regulation of the
(MBL, SP-A, SP-D) Lung (type Il alveolar cells) moieties (LPS, LTA, LOS, PDG) complement system
Carbohydrates and lipids exposed on pathogens Opsonic activity
(gp55, viral glycoprotein envelopes)
Ficolins Liver (hepatocytes) Microorganisms (bacteria, fungi, viruses) and Activation and regulation of the
Lung (type Il alveolar cells) microbial moieties [LPS, LTA, B-(1, 3)-p-glucan) complement system
Myeloid cells (neutrophils, Carbohydrates Opsonic activity
monocytes, macrophages) Inhibition of viral infectivity
Short pentraxins  Liver (hepatocytes) Microorganisms (bacteria, fungi, viruses) and microbial Activation and regulation of the
(CRP, SAP) moieties (phosphorylcholine [CRP], LPS [SAP]) complement system
Complement components Opsonic activity (controversial data)
Apoptotic cells Elimination of apoptotic cells

Phosphorylcholine, carbohydrates
Extracellular matrix protein (fibronectin, collagen IV,
laminin, proteoglycan)

Amyloid fibrils
Long pentraxin Myeloid cells (neutrophils, Microorganisms (bacteria, fungi, viruses) Activation and regulation of the
PTX3 monocytes, macrophages, and microbial moieties (OmpA) complement system
dendritic cells) Complement components Opsonic activity
Epithelial cells Extracellular matrix protein (lal, TSG-6, fibrin) Inhibition of viral infectivity
Endothelial cells Plasminogen Elimination of apoptotic cells
Fibroblasts Matrix remodeling
Adipocytes Fibrinolysis
Regulation of P-selectin-dependent
leukocyte recruitment
SAA Liver (hepatocytes) Microorganisms (bacteria, viruses) and Opsonic activity
Myeloid cells (monocytes, microbial moieties (Omp) Inhibition of viral infectivity
macrophages)
Synovial cells
Adipocytes
PGLYRPs Epithelial cells Bacteria PDG Bactericidal activity
Liver
Neutrophils

Jaillon, ...., Mantovani 2017



Medscape® www.medscape.com
Macrophage Dendritic cell

Infection or inflammation

IL-1. TNF. LPS o

PTX3 000 &

&S 2o |
r\(\-’ Apoptotic cell

CRP SAP PTX3

Cilq Cilq Clg

Apoptotic cells Apoptotic cells Apoptotic cells
Histones Histones Histones
Pathogens LPS and pathogens Pathogens
Phosphatidyl choline  Phosphatidyl ethanolamine  Galactomannan
Fibronectin Fibronecin

Laminin Laminin

Chromatin Chromatin

snBNP DNA

Source: Nat Cin Pract Oncol © 2006 Nature Publishing Group |




Acoes das PRMs

- Neutralizacao

- Ativacao S. complemento

- Prevencao expansao viral - Opsonizacao (fagocitose)

- Aglutinacao

Inhibition of
viral attachiment

- ._,'v
."‘

Agglutination

Inhibition of
viral growth

Hyer

Complement activation
(activation of lectin pathway

complement

y 2
Qi@/"

Opsonin




Lectina ligadora de manose

- Proteina do soro (opsonina)

- 3 cadeias polipeptidicas formam a
subunidade

- Presente como multimero de trimeros
(400-700 kDa)

- Sintetizada no figado

- “proteina de fase aguda”

- Pode aumentar ate 3x em 1-2 semanas

Reconhece padroes de mannose, fucose e
N-AGA em especifica orientacao espacial
tipica dos microbios

NSl Colagencus segon Neck CRD
MBL2 r»gcn rcg-:n
Single peptide -/W
B
MBL subunit MBL tetramer

Immunological Reviews 230/2009

Mannose and fucose residues that have

MBL binds with high affinity to mannose
differeni spacing are not bound by MBL

and fucaose residues with correcl spacing

Figueu 2-11 par. 2 of 2 Immunolsiolog g, £'e [C Garlaivwd Sciveme 2005

Janaway 8th ed



liga carboidratos (manose) na superficie do patdogeno

-inicia a via lectinica do sistema do complemento
niclaay n ! P - liga o receptor C1gRp na superficie dos fagocitos

e age como opsonina
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Bacterial surface

Immunological Reviews 2009



Bacteria Viruses Fung Protozoa
Staphylococcus aureus HIV-1 Aspergillus Plasnoditm
and 2 fumigatus falciparum
Streptococcus Herpes Candida Cryptospori-
PrEUMO nige sirnplex 2 albica ns dium paraum
Streptococcus pyogenes Influenza &  Cryplococcus T panosoma
REOFOVMA NS Cruzi
Entero coccus spp. Hepatitis Saccharomyces
E virus erepisyre
Ligeria monocytogenes Hepatits
C virus

Haemophilus influenzae
Neisserin meningitidis
Neisserin gonorhoeae
Escherichia coli

Klebsidla spp.
Pseudomomasaeruginost
Salmondla montezide
Salmondla typhim uriem
H pylori

Chlamydia trachomatis
Chlamydia prewmonia
Proprionitucterium acnes
Mycobacterium avium
Mycobacterium tuberculosis
Mycobacterium leprae
Leishmania chagas

Table 1

The endogenous llgands of MBL.

Endogenous ligands of MBL

Dving cells
Apoptasis
MNacrosis
Ischemic tissues
Myocardial reperfusion injury
Renal reperfusion injury
Castrointestinal repcrfusion injury
Anoxlc endothella cells
Endothelial oxidative stress
Transformed cells
Calan adenocarcinoma
Colorectal carcinoma
Immunoglouhblins
Agalactosyl 1gG
Dimeric/pelymeric Iga
IgMl
Nuclelc aclds
DNA
RNA
Phospholipids
Phosphatidylserine
Phosphatidylinosital
Phosphatidylcholine
Zinc metalloprateases
Meprin o« and (3




MBL: protege mesmo?

Variantes perda-de-funcao no gene MBL2

—5|50 =221
|

(Allele D B ©)
Codon 52 53 57 mutation

TRy

Haplotype

Common reference Phenotype (MBL production)

Exon 1

i 3

N-erminal  Collagenous regicn Neck CRD
ragion region

Pt Pt Pt T bd 1 ~~~_—‘

Aberrant MBL subunit

|
M'“'?‘\/‘

Non-functional \e
MBL structural unit

HYA
LYA
LXA
HYD
LYB
LYC

High
High/intermediate
Low

Deficient
Deficient
Deficient

Genotype

Common reference  Phenotype (MBL production)

HYA/HYA
HYA/LYA
HYA/LXA
LYA/LXA
LXA/LXA
HYA/O
LYA/O
LXA/O
0O/O

HP High

Low

Deficient

Immunological Reviews 2009
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MBL: protege mesmo?

Distribuicao mundial dos SNVs
Deficiencia de MBL.:

Do polymorphisms in Mata analyws of
the MBL2 gore affect NEL2 genctypes and
nfecson rex? patients weh low MaL

Deficiencia de MBL:
como afeta a resposta
imune?
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MBL: protege mesmo?

Deficiencia de MBL:

T infeccoes
respiratorias
(pneumococco)

1 TB

Impairment of dead
cells removal

Do polymorphisms in Meta analyws of
the MBLZ gore affect NBL2 genctypes and
Niecson rex” patients weh low MBL

Low
serum
MBL

Impaired
clearance leclin pathway
of complement

apoptotic cells anlrg el activation
promoting

aggressive
immune
response

Autoimmunity and tissue injury




Acoes das PRMs

Microbes - damaged tissues

Sensing by cell-associated receptors

‘ C. : Endothelium

Dendritic cells  MAcrophages  notrophils  epithelium

Cell activation Minutes Hours Days

% *;jj_'_g_fjn o er=) (< %! ‘ar=)

PTX3 PTX3, Pentraxins (CRP, SAP, PTX3)
Properdin PGRP, M- || Collectins (C1q, SP-A, SP-D, MBL)
Production of effector M-ficolin ficolin Ficolins
and regulator molecules PGLYRP-1
(e.g. cytokines,
chemokines)

Complement activation; pathogens opsonization;
agglutination and neutralization; regulation of

inflammation

Cellular innate immunity Humoral innate immunity







Associados a
membranas

Receptores de carboidratos (CLRs)
Receptores Scavenger

Fagocitose, endocitose Sinalizacao
(Cytotoxicity in NK) intracelular

. Inflamacéo
;A(}éO anti—viralé
» Ativacao Im

. adaptativa



Receptores & Sinalizacao

Scavenger Rec

non PRRs
(opsonin Rec)

Transcricao
genica
OOOAT oytokines Peptidogycan

1 Candica

Citosolic Rec

r d ]
y
r
TLR7/8 DNA  genna
ssRNA

Netea. Curr.Op.Pharmacol 2011



Receptores & Sinalizacao

IFNRs Resposta ~ Resposta
antiviral inflamatoria
Respostas rapidas |
Il IL-6R TNFR IL1R
v v
v
] Fatores de
& restri¢cao viral .
me - —— I IFN - | Y 2 B
\/ ........... 4
| v A \4
Inflamassoma AP-1
\ v
Moleculas aqtimicrobianas SOCS
Enzimas

Citocinas, Quimiocinas
Sist.Complem., APPs



Receptores semelhantes a lectina tipo C (CLRs)

Glu-Pro-Asn (EPN) Manose

GIn-Pro-Asp (QPD) Galactose

[ DEC 205 .@.‘m‘h CD205
Type |

L MMR -@n% MRC1, CD206;: MRC1L1: CLEC13D; CLEC13DL

macrophage mannose receptor
Dectin-| ITAM smsssssd. ~ CLEC7A, CLECSF12, BGR, CANDF4

Dectin-2 o .~ CLECA4N, CLEC6A, CLECSF10, Nkcl

Type I Mincle wesmmssssd ~ CLECA4E, CLECSF9
DC-SIGN  «2-=Jjjll}«¢ = CD209, CDSIGN, CLEC4L
DNGR-| ITAM un—c CLEC9A
- NKG2D ITAM -nq:
Soluble MBL MAS... CLRs nao ligam apenas Man e Gal

containing molecules, mas outros

carboidratos e tbm proteinas, lipidios e
moléculas inorganicas

modified from Invivogen



Perfil de expressao i e
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Defesa Tolerancia
(ex: microbiota)

Langerhans cell Dendritic cell Monocyte /
Macrophage

Mnich et al. Front Cell Infect Micr 2020



PAMPs e DAMPs
podem ser
reconhecidos

PAMPs from bacteria, viruses, fungi
and parasites;
DAMPs from damaged host cells.

A vast type of glycan structures (fucose,
mannose, glucan, galactose, GIcNAc)

but also non-glycan ligands such as
monosodium urate (MSU)

Monteiro & Lepenies Viruses 2017

Fungi Parasatis Self-antigens Viruses

O GleNAc Monasodium urate - ::'3: E“‘"""'“'
Mannose \ wh fucose
Fucose y — L.al.xtosco y o

ITAMITIM independemt

DCSIGN DC-SIGN

‘u‘ L-SIGN
SIGN-R1
MGL

hemITAM ] l!IA.\l-co:xplcd lll.\li-«:r{plcd LSECtin

Dectin:d =1 Mincle i x i
Oectn ) Dectin-1 Mincle Mincle ' Lanpern Langerin
SICGN-R3 Dectin 2 CLEC-12B Ul-j( 205

CLECYA DCAR



pro-virus

activating response - virus control

Viral Exploitation

Ebola virus

Influenza A virus

3

Dendritic Cell

DC-SIGN

CLR exploitation by viruses

Enables trans-infection of T cells

Dampening of immune
responses due to virus hijack of
signaling cascades

Dengue virus

B

MDL-1

Exacerbated production of pro-
inflammatory cytokines

Increased osteolytic activity

Viral Clearance

Langerin
CLR-mediated antiviral response

v

Virus capture and degradation at Birbeck granules
Priming of CDN® and CDE" T cells

Control of viral spread

Cc’l'cl(.'ﬂ‘(' .lcﬂl)
& Slalic acid (NeuSAc¢)

B N-Acetviglucosamine (GleN Ac)
@® Mannose (Man)

Monteiro & Lepenies Viruses 2017




%% PAMPs
& L-'b
Cytosolic domain Fnll R-type
CRD
C-type CRDs
FcR
ITAM ITIM ITAM bearing FcR
l l adaptor molecules
ativacao inibicao

expressos em celulas mieloides (Mg, DC) mas tbm em linfocitos e NK



ITAM-coupled hemITAM

Mincle Dectin-1

Yy Y

N T
Dat 1
- Rar-1

Vav/PKC3
PLCy2 1
CARD9/Bcl10/Malt1
\ 4

NFAT ERK p38/JNK  NFkB

AN J
AAAAAAAA

Heterologous
inflammatory
signaling

ITIM No ITAM/ITIM
DCIR DC-SIGN

|| ITAM domain
1 MM domain




Drouin et al. Front. Immunol.2020

DAMPs o opdd

I » ¥ ] ® — - o

oxLDL sApP130 Glycolipids MSU F-actin Cell debris

crystals
DAMPs/ =2~
PAPS R v'w":"‘\‘._ -;;, ‘
MINCLE A
as G CLEC12A PRRs = ol )

"*«, "; i - ':;
| CLEC9A ) p

. Crosspriming
S CDB' Teells

Endosome

IL-1p Regulation
ol T cell

ra-l-10
% activation
Apoptosis signals
| : Chemakines/cytokines
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Migration/Inflammation



Dectin-2

DC-SIGN Dectin-1 Mincle. ~  micL NKG2D
‘1 r‘ DAP10
SP1) (RAS)  (RASIGL: e I][I
e e logz) |

| J i)

A

RHOA)—(RAFL) | (PI3K)

Mycobacterial
phagosome

Schlesinger et al 2008 Imm Cell Biol Brown 2018 Nature Reviews



CLRs in antimicrobial immunity

Phagocytes, DC

a Pathogen <Emm;gz.> o6t e
. such as ‘e
C-type lectin |"1w90wt<rs-s e = ‘\,‘
ativacao R e | L. T2.Tud7 |
B (1 mediators PR " ki lead
' lipid mediators
— | —— (oW MHC

Mydoid cedl

-1

o
Cytokines and chemokines
suchas CCL2, CCL3, CXCL1,1L-2,
IL-6 IL-10,1L-12 IL-23 and TNF

In NK : induce cytotoxicity and cytokines production
In B lymphcytes: induce cytokine production, inflammasome Brown et al Nature Reviews | Immunology 2018



PRR Defect

Dectin-1 deficiency
CARD9 deficiency
Mannose-binding lectin deficiency

A Interleukin-6 Production

Interleukin-6 (pg/ml)

CLRs in antimicrobial immunity

20—

8
1

&
1

]
(=)
|

Presumed Pathogenesis

Beta-glucan-recognition defect
Beta-glucan-recognition defect

Complement-activation defect

Infections or Conditions for Which

Susceptibility Is Conferred Inheritance Frequency
Candida, trichophyton Autosomal recessive Common
Candida Autosomal recessive Very rare
Bacteria and fungi Autosomal recessive Common

N ENGL) MED 361,38 NEJM.ORG OCTOBER 29, 2009

Human Dectin-1 Deficiency

and Mucocutaneous Fungal Infections

SNPrs16910526

Derivad allele: C

Wwild-Type  Heterozygous = Homozygous
Dectin-1 Mutation Mutation
B Candida Binding
P=0.01

Binding (% of cells)

16

(=
N
1

oo
1

-
1

Wild-Type Homozygous

Dectin-1 Tyr238X

Dectin-1 Mutation




SYK known to mediate aspects of COVID-19 pathogenesis?®

Coronavirus
O' Vi ,»}l\'
lmmune i S DAMPs
Complexes PAMPs
(Ab-viral particles) (Damage/Pathogen
associated
molecular patterns)
) - T " Fostamatinib
. [
e°® o S
m Fostamatmlb
‘ (SYK inhibitor)
s B
Cytokine release Edema NETosis Coagulopathy
monocytes, macrophages, endothelial cells Cytotoxicity endothelial cells,
dendritic cells, endothelial cells neutrophils neutrophils, platelets
: ¥ ;
Cytokine storm / ALl / ARDS / Thrombosis
P =0l
| 1
) 1= 02
20X 0" - I - 1
P= 034
® COVID-19 (+) . .' :
Syk & NETs ® COVID-19(+) +R406[1puM] £ ~3x107
¢ COVID-19 (+) + R406 [4 uM] = E
® Healthy Contral B .
- B
50 % 10" = ® "
" e %’%: & : ® L
www.rigel.com/pipeline/proprietary-programs/covid-19 05 g ® Foee,




a-mannan,

glicoproteins a-mannose, High mannose

- - - SIpA
B-glucan Mtb, C glicolipids
; L infantum. albicans, S Mtb, C HIV, Measles
High mannose s Mib

massoni albicans
Omega-1 Mto :

ManLam

. Leishmania
Fung! DM, 22

. -
j .w» ..4 Bal\élttgra : MHaligria “ Llj\f_lg If‘ll BG
. - CY Wee”

Dectin-1 Dectin-2 Mincle CLECSF8 CLECS5A DCIR DC-SIGN NKG2D

Dead cell

PLA o
.pestis o
& Ko

DC-205 MR
CR)

ITIM
ativacao inibicao ativacao
' N
Phagocytosis Inflammatory mediator production
Cross presentation Innate and adaptive immunity
Inflammasome activation Antimicrobial responses
\ S Modified from Hoving, Wilson,& Brown 2018




Receptores “Scavanger”

Scavenger receptor proteins
o A Domain
ass sk-A1 —J={—-O
@ SsRcr © un
= MARCO —fF=—HD—
csr1 —fhe m- [ Collagen Q EGF
sRCL Fo—e=a— > & Lectin () EGFike
sCARAs —(js——HD—
CD36 o EGF-laminin
Class B SR-B1
umpz - I avp I Mucin
» CD36 ‘a'i m dlll» CXC-chemokine o Transmembrane domain
coss Y- -0
ClassD =  Coiled-coil <] FAS1

ClassG SR-PSOX -<ml{}-

Cosst - reELL —OHI—F—=—0000—=—UXN—~T——XR0-@—18—
reelz. —)—0—~0—F—=F—0—~0000—T=FH000U———00HXN-@—0

Cassl  cp163 —O—0O0-0--0-0-0—C0-000—
CD163L1
cos -O—O0—0
cos -O—0-0-40—

Canton et al. (2013)



Receptores “Scavanger”

PAMPs: LPS, acido
lipoteicoico, acidos
nucleicos, 3-glucanas e

proteinas.

DAMPs: LDL, HDL

Self ligands
Lipoproteins

Native proteins
Meodified proteins
Lipids

Dead cells or debris

Microbial ligands
Gram-positive bacteria
Gram-negative bacteria

Parede celular Diacilglicerol (DAG)

SR-Al/

SR-All CD36

SR-BI

SREC-I/

SREC-II SR- PSOX/

LOX-1 CXCL16

Cell g

membrane

Class A Class B Class E Class F Class G
Microbial ligands Self ligands
Gram-positive bacteria Native proteins
Self ligands ~ | Gram-negative bacteria Modified proteins Microbial ligands
Native proteins Y | Viruses Lipids Gram-positive bacteria
Modified proteins Fungi Dead cells or debris | | Gram-negative bacteria
L 8. J <9

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

............................................................................................................................................................................................................

SREC1 LOX1 Canton ct al, (2013)



Receptores “Scavanger”

Os Rec Scavanger interagem com diferentes ligantes dependendo da célula e do
contexto e esta interacao determina a via de sinalizacao intracelular

Fibrillar B-amyloid Staphylococcus
aureus
.6 TLR2-TLR6 TSP1
B1
X000 :accooooocoocooaJ 1esessesves)
LYN SYK) (LYN YPaxillin MYDS8) @

FYN XPYK2 IRAK ) TRAF6
130

|
<>
i

NF-xB
Gene transcription Y Y
1t PPARY L . Actin — Pro- nflammatory Pro-apoptotic
tCD36 polymerization cytokines response

Canton et al. (2013)



Receptores “Scavanger”

CD36 com TLR2/6 na presencia de Macrophage aumento de expressdo de CD36 e SR-A1 em M2 Mg

bacteria em M1 Mg
M1 polarization J L M2 polarization

— Haemoglobin—
CD36 haptoglobin
Staphylococcus omplex
aureus
o CD163
TLR2-TLR6
Normal TWEAK
function sequestration M2 h Apoptotic cell
112 - macrophage poptotic ce
and TNF l
Pro-inflammatory response Anti-inflammatory response
and pathogen clearance and wound healing

Canton et al. (2013)



Receptores “Scavanger”

CD36 com TLR4/6 na presencia de B-A em M1 Mg aumento de expressao de CD36 e SR-A1 em M2 Mg

«—— B-amyloid Foam cell .. A\ ‘ x..

formation

Sterile—" Lipids
erile i
 Aammation IL-1B. NO and ROS Foam cell formation
Pathological
function
Neuron death| __
and damage
A\
B Alzheimer’s disease Atherosclerosis

Canton et al. (2013)



Receptores “Scavanger”

Ma Ia ri d Suscepti bility NATURE | VOL 405 | 29 JUNE 2000 | www.nature.com
and CD36 mutation

Timothy J. Aitman*, Lisa D. Cooper*,

Penny J. Norsworthy*, Faisal N. Wahid*,
Jennefer K. Gray*, Brian R. CurtisT,

Paul M. McKeiguei, Dominic Kwiatkowskis,
Brian M. Greenwood§, Robert W. Snowl|,
Adrian V. Hill¥, James Scott*

Genotype All malaria Cerebral Anaemia Controls
Gambians (n=415) (Nn=291) (n=157) (n=430)
Exon 10 WT 95.0 94.5 96.8 97.2
T1264G/WT 5.0 5.5 3.2 2.6
T1264G/T1264G 0 0 0 0.2
Exon 12 WT 959 96.0 949 96.3
G1439C+1444delA/YWT 4.1 4.0 51 3.7
Total mutant
allele frequency 4.5* 461 4.1 , 3.3
Kenyans (n=183) (h=97) (n=86) (n=331)
Exon 10 WT 79.2 76.3 82.6 82.8
T1264G/WT 19.1 20.6 17.4 16.9
T1264G/T1264G 1.6 3.11 0 0.3
Total mutant
allele frequency 11.2° 13.41 8.7 88
A




Receptores de fagocitose

Reconhecimento direto
Receptores de carboidrados (CLRs)
Receptores de varredura (Scavanger)

/<3, Receptor de
\, Vamedua _J

Janaway 8th ed



A bacteria é
reconhecida e “presa”
pelos pseudopodia

A bacteria é ingerida
(FAGOSOMA)

O fagosoma se fonde
com os lissosomos (em
PMN, tbm com granulos)

DIGESTAO/KILLING
no FAGOLISSOSOMA

Produtos da digestao
sao liberados por
exocitose ou
“apresentados”

Fagocitose

quimiotatico

BACTERIA Formil-peptideos

PAMPs

opsoninas -
reconhecimento




Fagocitose & Killing

A B

] attachment
Fagolisossoma:
killing/digestao

attachment phagocytosis

phagosome

Agentes anti-microbianos

* Proteinas e peptideos antimicrobianos

* pH acido

* Enzimas idroliticos ativados a pH acido (lisozima, protease)
* ROS produzidos via NADPH-oxidase

* ROS+NO (produzido via INOS)—>RNS



Fagocitose

C-reactive protein

‘ Receptor type on phagocytes Examples Ligands
Reconhecimento direto do patogeno
l
| C-type lectin receptors (CLRs) Mannose receptor Mannans (bacteria, fungi, parasites)
Dectin 1 B-glucans (fungi, some bacteria)
I DC-SIGN Mannans (bacteria, fungi, parasites)
! Scavenger receptors SR-A Lipopolysaccharide (LPS), lipoteichoic acid
| (LTA) (bacteria)
| SR-B LTA, lipopeptides, diacylglycerides (bacteria),
| B-glucans (fungi)
l : .
: Reconhecimento indireto (das OPSONINAS)
| | Collagen-domain receptor CD91/calreticulin PRMs Collectins SP-A, SP-D, MBL; L-ficolin; C1q
| Complement receptors CR1, CR3, CR4, CRIg, C1gRp Complement components and fragments*
| Immunoglobulin Fc receptors FcaR ACs Specific IgA antibodies bound to antigen*
FcyRs Specific IgG antibodies bound to anti en;’
I g 9
l
l

— — > Producao de mediadores

 Recrutar e ativar leucocitos
* Inflamacao




Fagocitose “fisiologica”

Celulas mortas (necrose, apoptose) GQ,Q\
Debris celulares cs\\e‘\
Emacias velhas (figado/Kupffer c.; baco/Mg)

Complexos Ag/AC

CD36, SRA1, MERTK, TIM-1,4

a ‘Find me’ b ‘Eat me’ C ‘Tolerate me’
Apoptotic Apoptotic
cell cell
Attraction Paralysis Vs
‘Find me’ ‘Keep out’
signals signals ©
Other ~\— PS
receptors BrMAdging receptor
protein
receptor
Phagocyte Signal
transduction

Rearrangement of

Macrophage Neutrophil actin cytoskeleton

Ingested
apoptotic cell



Receptores de fagocitose non PRRs

Os macréfagos possuem receptores fagociticos |

que ligam micrébios e seus componentes

Receptor de
manose

Dectina-1
(receptor <
glmmm varredura
[Receptor de
manose
O
GO Receplores de varedura

(SR-A I/ll, MARCO)

Janaway 8th ed

Reconhecimento direto
Receptores de carboidrados (CLRs)
Receptores de varredura (Scavanger)

Reconhecimento indireto (opsoninas)
Receptores do complemento (CR)
Receptor dos anticorpos (FcR)



Reconhecimento indireto

Receptores para complemento (CR)

 Fagocitose
 Desgranulacao M\

«  Pro-inflamacao ﬂ/ \/\

|
C1qR(s) l%

Vau

o
R
0 o~
\ 8 5
\ &
\| - 8‘
| = CR1 |
CR3 /
/ >y
CRIg |
\ \ A
) C3aR :< C3a
/ J I
\ C5aR1 s
\ CoaR2|

Seas



Alternative Cell surface binding or
Receptor  name(s) Ligand expression Function
CR1 CD35 C3b, C4b, Erythrocytes, neutrophils, monocytes,
Clg macrophages, eosinophils, FDCs,
iC3b B cells, and some T cells
CR2 CD21, (C3d, C3dg B cells and FDCs Enhancement of B-cell activation, B-cell
Epstein-Bamr (human), C3d coreceptor, and retention of C3d-tagged
virus receptor  (mouse) iC3b immune complexes
CR3 CD11b/CD18, iC3band Monocytes, macrophages, neutrophils,
Mac-1 factorH NK cells, eosinophils, FDCs, T cells <o
ng enhances opsonization of ¥
CR4 CD11c/CD18 i1C3b Monocytes, macrophages, neutrophils,
dendritic cells, NK cells, T cells
CRig VSIG4 C3b, iC3b, Fixed-tissue macrophages IC3b-mediated phagocytosis and inhibition
and C3c of alternative pathway
ClgR, CD93 Clg MBL Monocytes, neutrophils, endothelial Induces T-cell activation; enhances
cell, platelets, T cells phagocytosis
SIGN-R1 CD209 Clg Marginal zone and lymph node Enhances opsonization of bacteria by MZ
macrophages macrophages
C3aR None C3a Mast cells, basophils, granulocytes Induces degranulation
C5aR CcDas C5a Mast cells, basophils, granulocytes, Induces degranulation; chemoattraction;
monocytes, macrophages, platelets, acts with IL-18 and/or TNF-x to induce acute
endothelial cells, T cells phase response; induces respiratory burst
in neutrophils
C512 None C5a Mast cells, basophils, immature Uncertain, but most probably down-

dendritic cells regulates proinflammatory effects of C5a




CR3 & Phagocytosis

CR3

l |

Galectin-3 / K-Ras

l

PI3K

PLCy
DAG IPo/Ca'*?

TR

cPKC MLCK

l

F-actin/myosin
centraction

Y

p-Syk

RhoA —> ROCK 2

LIMK ; TESK l
cofilin <& > p-cofilin

\ SSH ; CIN /

-actin F-actin
remcdsiing stabilization

v

filopodia
extend / engulf
/filopodia

etract / puII in

\

phdgocytosl

Smadar Hadas et al, 2012


https://www.researchgate.net/scientific-contributions/16372952-Smadar-Hadas?_sg%5B0%5D=Z7Lr7lC1uXW-mG-4nHsGOaQt6RQCOKfa8nAFcB5N1i8QEvKOn6IYRrQCd6NMhUwqaOe8QXQ.PAiyrvDfD2gSRJ0Ji2mMeOhIZXzZAinQKk6Vvcrcdiob3s1YgU8IPrQ8veFCeTHfqDgNykFq8mcUFslGQPh1gg&_sg%5B1%5D=1uyMj2ZDYxc4YLI1x0-4ueYDrAWg288wsrEw2DHXq9JzdD4pM0L9BXbCMUp656bCK42JAEk.QtN9JjHG4FOuZDM2jclIt7AhWH2zy2PLlmbpuWGKeODNy4u0zrR4VLPgyymP_B1oh068C3BsnbOlTc4VRKBhZA

Anaphylatoxins & inflammation

Anaphylatoxins and inflammatory response
caal) csa [l

or

[/

el
mcvement

( \ MAP kinase /

cascade
Survival / /

7 /
\ v /
© o
\ /
N y:

Gene expression

Mast cell

Chemotaxis
Cytokine production
Phagocytosis

Chemotaxis
Oxidative burst
Phagocytosis
Degranulation

Degranulation

Degranulation
Chemotaxis

Degranulation
Chemotaxis




Reconhecimento indireto

Receptores para Fc dos AC (FcR)

Regiao Fe do anticorpo

e,

\\

Receptor para Fc ._—_a?

e Effector Cel \‘\\\‘\\\\ /gM, /QG, /QA, /QE
FceR| FceRrll FcyRI FcyRlla FcyRIID FeyRlle FeyRIlla FcyRIlib FcaRl Fecaw/pR | FcRH1-€6 | FCRX
(CD23) (CD&4) (CD32) (CD186) (CD289) FCRY
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v na superficie de muitos leucocitos

v induzem

- Fagocitose da célula opsonizada pelos AC e potenciamento do Killing
- Desgranulacao de eosinofilos e mastocitos

S ADCC
; FCYRI
' ' FCYRIIB FCYRIII FoaR FCeRI
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FcR Isotypes they bind Cells that express them Function
FcyRI IgG2a in mice, IgG1 and IgG3in  Dendiritic cells, monocytes, Phagocytosis
(CD64) humans macrophages, granulocytes, B Cell activation
High-affinity receptor lymphocytes
FoyRII laG Dendiritic cells, monocytes, Inhibitory receptor
(CD32) macrophages, granulocytes, B Traps antigen-antibody
lymphocytes, some immature complexes in germinal center
lymphocytes Abrogates B-cell activation
FcyRIN IgG1, lgG23, and lgG2b in mouse; Dendritic cells, monocytes, ADCC
(CD16) IgG1 in human macrophages, granulocytes, B Cell activation
Humans generate two versions:  Low -affinity receptor lymphocytes
FcyRINA (CD163a) and Only FcR that binds mouse IgG1  Only FcR expressed by NK cells
FcyRINB (CD16b)
FcyRIV (in mouse, with some IgG2a and 1gG2b in mice; IgGl in  Monocytes, macrophages, ADCC
similarity to human FcyRINA humans granulocytes Cell activation
and/or human FceRI) Intermediate affinity receptor, Not on lymphocytes
although exhibits higher affinity
for human IgG1 than FcgRIIA.
FczRI IgkE Eosinophils, basophils, Degranulation of granulocytes,
mast cells including eosinophils, basophils,
mast cells
M I FczRIl IgE (low affinity) B lymphocytes Regulation of B-cell production
(CD23) of IgE
L Transport of IgE-antigen
" complexes to B-cell follicles
Activation (induding production FeaRl IgA Dendritic cells, monocytes, Phagocytosis
of cytokines, enhancement of (CD89) macrophages, granulocytes, Cell activation
pl'ugocyuc mm) some liver cells ADCC
plgR IgA and IgM Muitiple epithelial cells Transport of antibody from
blood to the lumens of G,
respiratory, and reproductive
tracts (transcytosis)
FcRn laG Epithelial cells (including Transport of antibodies from
(neonatal FcR) intestinal epithelium) milk to blood (transcytosis)
Endothelial cells of mature Transport of antibody-pathogen
animals complexes from gut to mucosal
immune tissue
Phagocytosis
Maintenance of levels of serum
IgG and albumin




FcRs & Functions

) Y
. (@l ulation
degranulation [
4';

Plasma cell Y

(e) Transcytosts into secretions
(PolylgR and IgA)

f
'. S\, @ance
, (FoyR and 1gG)

phagocyosis

(b) Opsonization of

bacteria and phagocytosis
(FeyR and FcoR
and IgG or IgA)

(C) Maintaining serum
levels of antibodies
(FcRn and IgG)

Digestion
— in lysosome
Phagocyte
Blood
Dissoclation at
phystological pH ,{
Acidic :
endosome /
’ Endothellal cell




Membrane-associated PRRs & non-PRRs

Associados a
membranas

| ‘ non-PRRs
l PRRs CRs, FcRs, opsonin R

Receptores de carboidratos (CLRs)
Receptores Scavenger

Fagomtose,
\ Endocitose,
Desgranulacao
Fagocitose, endocitose Sinalizacao ADCC

(Cytotoxicity in NK) intracelular






