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“15’ Brain storming”

Como uma celula poderia
eliminar um patogeno?




Imunidade inata

« pronta para atuar frente a um desafio

- “antiga” (plantas-invertebrados-vertebrados)

Barreiras anatomicas (fisicas, quimicas)

Resposta celular



Barreiras anatomicas

« 1linha de defesa

- Fisicas: epitélios de pele e mucosas (preveem
entrada de patégenos/agentes perigosos)

 Quimicas: pH (acido) & substancias soluveis com

atividade microbicida



Barreiras anatomicas: protegem mesmo?

Medscape® www.medscape.com

-

Do que more um paciente com ustiao grave?




Barreiras anatomicas

Skin
Lacrimal
glands
Mouth
Salivary
glands
Airway
Lung

Epithelial lining of
airway and lung

Epithelial lining of
alimentary canal

Mammary glands

Stomach

Large
intestine
Small
intestine

Rectum
Urogenital tract

Organ or tissue Innate mechanisms protecting skin/epithelium

Skin Antimicrobial peptides, fatty acids in sebum

Mouth and upper  Enzymes, antimicrobial peptides, and sweeping of

alimentary canal surface by directional flow of fluid toward stomach

Stomach Low pH, digestive enzymes, antimicrobial peptides,
fluid flow toward intestine

Small intestine Digestive enzymes, antimicrobial peptides,
fluid flow to large intestine

Large intestine Normal intestinal flora compete with invading
microbes, fluid/feces expelled from rectum

Airway and lungs  Cilia sweep mucus outward, coughing, sneezing
expel mucus, macrophages in alveoli of lungs

Urogenital tract Flushing by urine, aggregation by urinary mucins;
low pH, anti-microbial peptides, proteins in vaginal
secretions

Salivary, lacrimal, Flushing by secretions; anti-microbial peptides and

and mammary proteins in vaginal secretions

glands
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Barreiras fisicas nas plantas

Tobacco

Open stomata

PAMPs
or bacteria

Closed stomata




Moleculas antimicrobianas

/.08 Some human antimicroblal proteins and peptides at eplthellal surfaces
Proteins and peptides* Location Antimicrobial activities
Lysozyme Mucosal/glandular secretions (e.g., tears, Cleaves glycosidic bonds of peptidoglycans in cell
Enzima glicolitico saliva, respiratory tract) walls of bacteria, leading to lysis
Lactoferrin Mucosal/glandular secretions (e.g., milk, Binds and sequesters iron, limiting growth of

Prroteina sequestra Fe

Secretory leukocyte protease
inhibitor

S100 proteins, eg.:
- psoriasin S100A7

- calprotectin S100A8/A9

Prroteinas baixo PM

Defensins (x and B)
AMPs

Catheliadin (LL37)**
AMPs

Surfactant proteins SP-A, SP-D
Lectinas/receptores soluveis

intestine mucus, nasal/respiratory and
urogenital tracts)

Skin, mucosal/glandular secretions

(e.g., intestines, respiratory, and urogenital
tracts, milk)

Skin, mucosal/glandular secretions

(e.g., tears, saliva/tongue, intestine, nasal/
respiratory and urogenital tracts)

Skin, mucosal epithelia (e.g., mouth,
intestine, nasal/respiratory tract,
urogenital tract)

Mucosal epithelia (e.g., respiratory tract,
urogenital tract)

Secretions of respiratory tract, other
mucosal epithelia

bactena and fungi; disrupts microbial membranes;

limits infectivity of some viruses
Blocks epithelial infection by bactena, fungi,
viruses; antimicrobsal

- Disrupts membranes, killing cells

- Binds and sequesters divalent cations
(e.g, manganese and zinc), limiting growth of
bactena and fungi

Disrupt membranes of bactena, fungi, protozoan

parasites, and viruses; additional toxic effects
intracellularly; kill cells and disable viruses

Disrupts membranes of bacteria; additional toxic

effects intracellularly; kills cells.

Block bacterial surface components; promotes
phagocytosis




Lisozima (LYZ)

Enzima de 14 kDa, Glicosidase

- idrolise do peptidoglicano ---> lise de Gram+ (Streptococci)

Rotura por lisozima
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- liga a superficie de bacterios ---> facilita fagocitose

---> impede adesao Spetc Gk
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Azurophil Granules
a-defensin, lysozyme




Lactoferrina (LF)

Proteina globular (80KDa) da familia da transferrina

- liga o Fe ---> competicao hospede/patogeno
- liga receptores microbianos e lipoperoxida---> lise
- liga receptores para virus e virus direitamente

- liga DNA e RNA

Iron-Bound
Bacterium Siderophore Host Proteins Host Cell \3

Lactoferrin

@ Siderophore Release
Fed* ]

EZ// Y
Zé <(<@ Fast *—< Transterrin
Folt <g 3+ <_J Fe3+>

Specific Granules
(lactoferrin, hCAP18, lysozyme)
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Azurophil Granules
a-defensin, lysozyme



S5100: protegem mesmo?

Psoriasina/S100A7 protege da colonizagao
da pele por £ coli

S. aureus

Fresh culture plates

‘ Incubate




Peptideos anti-microbianos (AMPs)

AA variavel (6-100), carga positiva, anfipaticas

Peptideo antimicrobiano

-

(epitelio/secregoes, granulos de fagocitos) ‘W’

(A) a-helical

C) extended D) loop

Magainin-2 B -defensin 1 Indolicidin Gramicidin
DOI:10.2210/pdb2maglpdb DOI:10.2210/pdb 1kjS/pdb DOI:10.2210/pdb1989/pdb DOI:10.2210/pdb1mag/pdb

- Lise de membranas nao eukariote
- Neutralizar toxinas
- Sinalizacao

H. sapiens:
- Defensinas e catelicidina/LL-37
(produzidas por celulas imunes)
- Histatina (produzida por parotide,
glandulas salivares)

Interacao eletrostatica
e hidrofébica

A
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h#\( «}/ "/

Membrana citoplasmatica bacteriana

antimicrobial peptides

Electrostatic interaction and
Rydrsphabicinteraction hydrophobicinteraction

Weak / \ Shang

Henenrienent RARRRARR
OL/LOLVOLLOLY WU YUY YUY

Plants and mammals membranes  Bacterial membranes

0 RN

Cholesterol Zwitterionic phospholipids



Peptideos anti-microbianos (AMPs)

International journal of Medical Microbiology 304 (2014) 93-99 _Defensin Source T strmcime Activity spectrum Molecular target(s) Immune modulation

Defensin-based anti-infective strategies _ A K S

a-Defensin HNP-1 Homo sapiens \ Gram* and Gram- Lipid Il (intermediate affinity) Yes

bacteria, fungi, viruses
Miriam Wilmes, Hans-Georg Sahl* & =
[ B-Defensin hBD3 Homo sapiens - K‘- Gram* and Gram- Lipid 1l (intermediate affinity), LPS Yes
bnprieryr

0-Defensin RTD-1 Macaca mulatta \-:7 Cr:m‘.arlr;l’'(.:sr:r‘l"lim’5 LTA cytoplasmic membrane Yes

E. coli nao tratada E. Coli + hBD3 30’ E. Coli + hBD3 60’




AMPs: protegcem mesmo?

DEFB1 -52 G>A

genotype frequency (%)

AIDS 2006, 20:1669-1677

DEFB1 gene polymorphisms and increased risk of
HIV-1 infection in Brazilian children

Michele Milanese®, Ludovica Segat®, Alessandra
Pontillo®, Luiz Claudio Arraes®®, José Luiz de Lima
Filho® and Sergio Crovella®©

*
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Imunidade inata celular

Quando as barreiras sao ultrepassadas

Fagocitos (macrofagos, neutrofilos) rapidamente
internalizam e digerem microbios/material
extracelulares

Granulocitos (eosinofilos, mastocitos) liberam
conteudo antimicrobiano e imunomodulador
Celulas NK destroem celulas proprias alteradas
Producao de moleculas microbicidas & citocinas

Recrutamento de leucocitos (inflamacao)



Imunidade inata celular
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Fagocitos & fagocitose

22 linha de defesa

Macrofagos, Neutrofilos

Fagocitose: “comer” particulas (patogenos
extracelulares, celulas mortas, material) para
elimina-las

Evolutivamente antigos (Metchinkoff)



Polimorfonucleados neutrofilos

Multilobed
nucleus

 Nucleo multilobado

* Granulos citoplasmaticos liberados apds contato com patogenos

* Proteinas com funcao anti-microbiana direta, recrutamento leucocitos,
remodelamento tecidual

* No sangue 7-10 horas; nos tecidos poucos dias (VIDA BREVE)

* 50-70% dos leucocitos circulantes; n aumenta durante infecao

1 a chegar no sitio de infegao (i.e.: pus) =2 fagocitose

Cell type Molecule In granule Examples Function

Neutrophil Proteases Elastase, Collagenase Tissue remodeling
Antimicrobial proteins Defensins, lysozyme Direct harm to pathogens
Protease inhibitors o I-anti-trypsin Regulation of proteases

Histamine Vasodilation, inflammation



Monocitos/macrofagos

Phagosome

Nucleoa U

5-10% dos leucocitos circulantes; n aumenta durante infecao

Se diferenciam em Mg nos tecidos

Fagocitos e APC (M1), mecanismos batericidas, producao mediadores
inflamatorios

Remodelamento tecidual (M2)
» - -




Fagocitose

Formil-peptideos

BACTERIA
PAMPs
A bacteria é
reconhecida e “presa”
pelos pseudopodia ———
L.s b6 »
A bacteria é ingerida 2 @ M comer parthU|aS
(FAGOSOMA) @
O fagosoma se fonde com ))’ o (patogenos extracelulares,

os lissosomos © g

(em PMN, tbm com granulos)

(FAGOLISOSSOMO) > ¢ celulas mortas, material)
DIGESTAO/KILLING 4 ’ \KK

no FAGOLISSOSOMA \

Produtos da digestao sao
liberados por exocitose ou
‘“apresentados”

o para elimina-las



Fagocitose

‘ Receptor type on phagocytes Examples Ligands
Reconhecimento direto do patogeno Microbial ligands (found on microbes)
| C-type lectin receptors (CLRs) Mannose receptor Mannans (bacteria, fungi, parasites)
| Dectin 1 B-glucans (fungi, some bacteria)
| DC-SIGN Mannans (bacteria, fungi, parasites)
| Scavenger receptors SR-A Lipopolysaccharide (LPS), lipoteichoic acid
I (LTA) (bacteria)
SR-B LTA, lipopeptides, diacylglycerides (bacteria),

| B-glucans (fungi)
|
Reconhecimento indireto (atraves moleculas soluveis que ligam o patogeno/OPSONINAS)
: Collagen-domain receptor CD91/calreticulin Collectins SP-A, SP-D, MBL; L-ficolin; C1q

Complement receptors CR1, CR3, CR4, CRIg, C1gRp Complement components and fragments*
! Immunoglobulin Fc receptors FcaR Specific IgA antibodies bound to antigen*
I FcyRs Specific IgG antibodies bound to antigen;*
| C-reactive protein
|
|

L — — > Producao de mediadores

 Recrutar e ativar leucocitos
* Inflamacao



Fagocitose

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

Producao de espécies reativas de oxigénio (ROS) e

de nitrogénio (RNS)
The NADPH oxidase enzyme is HOCI
composed of a number of
different subunits MPO
Catalase
endocytic vacuole H,0 === H,0, === *OH"
gp22phox gp91phox _
- NAD(P)H oxidase, TSOD
X0, COX, NOS
O e LT
p47phox O-@ﬂ)ﬁphox + }—P ONOO-
SAr( m—p- +N O
flac LA =055
p40phox

Mutacoes nos genes da NADPH oxidase causam a
DOENCA CRONICA GRANULOMATOSA



Fagocitose “fisiologica”

Celulas mortas (necrose, apoptose) (’Q,Q\
Debris celulares é\\e“
Emacias velhas (figado/Kupffer c.; baco/Mg)

Complexos Ag/AC

a ‘Find me’ b ‘Eat me’ C ‘Tolerate me’
Apoptotic Apoptotic
cell cell
Attraction Paralysis |
‘Find me’ ‘Keep out’ A &PS
signals signals ©
_ : Other )

receptors BrdgiNg receptor
protein
receptor
Phagocyte Signal
\ transduction

. |Rearrangement of
| actin cytoskeleton |/

Macrophage Neutrophil

lngésted
apoptotic cell




https://youtu.be/rsHyQ6A6Pcl

https://youtu.be/Z_mXDvZQ6dU




Evolucao

Innate
immunity

group (nonspecific) Phagocytosis

Higher plants +
Invertebrate animals
Porifera (sponges)
Annelids (earthworms)
Arthropods (insects,
crustaceans)
Vertebrate animals
Jawless fish (hagfish,
lamprey)

Elasmobranchs
(cartilaginous
fish; eq,
sharks, rays)

Bony fish (e.g.,
salmon, tuna)

Amphibians
Reptiles
Birds
Mammals




Outras acoes microbicidas

e Neutrofilos - NET's
e Neutrofilos - DESGRANULACAO

Acao antimicrobiana

9
0 i .v:"' ',,, "/—T\.
o T =/ vi; AV
O o . . 7% A -.-‘lv‘ '
" Y/SL
Fagocitose Desgranulagao Formacao de NETs
de moleculas

antimicrobianas



Formacao de NETs

« Funcao de eliminacao de patogeno recentemente descrita (2004).

« Os neutrofilos liberam conteudo nuclear e granular formando uma rede
que intrappola os patogenos e facilita a acao das moleculas
antimicrobianas para distruicao dos patogenos (killing extracelular).




Polimorfonucleados/Granulocitos

GOSIHOfllﬂs'?Oﬁ'° * Nucleo multilobado
A -  Granulos citoplasmaticos
‘@’IF . liberados apo6s contato com
' patogenos/dano
* Proteinas com funcao anti-

microbiana direta, recrutamento
leucocitos, vasodilatacao

* Eosinofilos no sangue;
mastocitos nos tecidos (vasos)

- DESGRANULACAOQO

* Producao de mediadores



Eosinofilos

* Circulante (12 hs)/teciduais (8-12 d)

* Importantes na defesa contra protozoarios
* Elevado poder microbicida dos granulos

* Rec para IgE responsavel para alergias

Larva nematoda

e R

Larva tremétoda

- Acao anti-microbiana/ induz ROS (proteinas cationicas, EPO)
- Modulagao da resposta adaptativa (IL-4, IL10, TNF)

- Recrutamento leucocitos (RANTES, MIP1a)
- Vasodilatacao (ribonuclease, MBP)



Mastocitos

Teciduais (pele, mucosa)

Proximos aos vasos

Granulos citoplasmaticos
abundantes (citocinas, aminas
vasoativas e outros mediadores)

- Regulagao da permeabilidade
vascular (istamina)

- Regulagao da inflamacgap
(leucotrienos)

Cytoplasmic granules

- Modulagao da resposta
Mast cell :lctivalionJ/ | adaptativa (IL-4)
- Acgao anti-microbiana

Cytokines, chemokines, growth factors, lipid mediators, granule-associated mediators

- Rec para IgE responsavel para
alergias



Celulas NK

(d) NK cell
. O
@
-
< ." o
. @
k’&.c \ C O
£ ) ' Natural killer
B (NK) cell

Progenitor linfoide — linfocitos grandes e granulados

Circulantes (5-10% dos linfocitos) (+ baco, figado)

Granulos contendo proteinas citotoxicas (perforina, granzima)
Secrecao de citocinas (IFN-y, TNF)

Eliminar celulas “anormais” (infetadas/alteradas) induzindo apoptose
Importantes na defesa anti-viral € contra os tumores



Celulas NK

- Atividade citotoxica contra celulas alteradas (granulos citotoxicos,
FasL/Fas)

- Ativar Mg para potenciar a resposta microbicida (TNF, IFN-Y)

- Atividade citotoxica induzida por anticorpos/ADCC

Natural cytotoxicity Antibody-dependent
cellular cytotoxicity (ADCC)

O :— O O '..JO, '
00 ® ~~ Granulos
o 0® u- .= citotoxicos
e® — V : :
INFa . ' o Perforina/granzima
Fas =

‘- .y
i s
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)
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Physical barriers Chemical barriers
to infection to infection
Pathogens
Epithelial layers M Acidic pH and
of skin and Y anti-microbial

mucosal/glandular tissues 1 I H* W / proteins and peptides
®e e © ® °H'O , 050, l 0 0° %6 00 0,00 00 %ole,
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Cellular responses to infection l Damage/infection

Infected cell Macrophage

Mediadores
(citocinas,




