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HE KNOWS ND HE KNOWS

FEAR 101530 NOTHING

PREPARE FOR BRITISH INTELLIGENCE

Adaptive immune Transport of Recognition Clonal expansion
response Infection > antigen to by naive > and differentiation >
(late: >96 hours) lymphoid organs B and T cells to effector cells [V

Removal of
infectious agent

- 2
L 2

Figure 2.1 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Innate immunity

Recognition by

: 2 2 N f d, non- Removal of
. preformed,
(:)T:‘::::arts‘;. Infection -y>speciﬁc and broadly infectious agent
specific effectors
Early induced [N Recruitment [N Recognition of PAMPS. |\

innate response Infection 'V> of effector v Activation of effector 'V> infgs::?:l:’saLOZnt
(early: 4-96 hours) cells cells and inflammation 9
Adaptive immune Transport of N Recognition [N Clonal expansion |\

response Infection antigen to > by naive > and differentiation > infzgri:):::\o:nt
(late: >96 hours) lymphoid organs [/ B and T cells M to effector cells [/ 9

Figure 2.1 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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MICROBIAL INVASION
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INNATE IMMUNITY ADAPTIVE IMMUNITY
I
Recognition of
pathogens (PAMPs) and
tissue damage (DAMPs)
* Antigen capture
INFLAMMATION and
* processing
PATHOGEN *
ELIMINATION T or B cell activation
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PATTERN-RECOGNITION

RECEPTORS
CELLULAR
I
Neutrophils Complement system
Macrophages Natural antibodies
Mast cells Acute-phase proteins
Lymphoid cells Antimicrobial peptides
Basophils Soluble lectins
Eosinophils \
RESPONSE
Immediate
Non-specific
Not enhanced by

multiple exposures



Routes of infection for pathogens

Route of entry Mode of transmission | Pathogen Disease | Type of pathogen
Mucosal surfaces
| Measles virus | | Measles | | Paramyxovirus |
o I Influenza virus if Influenza I Orthomyxovirus |
ingestion of | Varicella-zoster | I Chickenpox I I Herpesvirus |
infective material - ~

Mouth and (e.g. saliva droplets) ||| EPstein-Barrvirus ||| Mononucleosis il Herpesvirus |
respiratory tract [ Streptococcus pyogenes ||| Tonsilitis ||[ Gram-positive bacterium |
I Haemophilus influenzae | I Pneumonia, meningitis | I Gram-negative bacterium |
o | Neisseria meningitidis I | Meningococcal meningitis ] | Gram-negative bacterium |
| Bacillus anthracis | | Inhalation anthrax | | Gram-positive bacterium |
| Rotavirus | I Diarrhea I I Rotavirus |
| Hepatitis A | I Jaundice | I Picornavirus |

Contaminated

5 3 water or food
Gastrointestinal tract

Salmonelia enteritidis,
S. typhimurium

Food poisoning

Gram-negative bacterium

Reproductive tract Sexual transmission/

| Vibrio cholerae Il Cholera ||[ Gram-negative bacterium |
| Salmonella typhi Il Typhoid fever ||| Gram-negative bacterium |
| Hepatitis B virus Il Hepatitis B Il Hepadnavirus |

and other routes infected blood Human immunodeficiency ||| Acquired immunodeficiency Retrovirus
virus (HIV) syndrome (AIDS)
Sexual transmission ||| Neisseria gonorrhoeae ||| Gonorrhea ||| Gram-negative bacterium |
| Treponemapallidum ||| Syphilis ||| Bacterium (spirochete) |
Opportunistic pathogens
I Resident microbiota l I Candida albicans I I Candidiasis, thrush I I Fungus I
| Resident lung microbiota ||| Pneumocystis jirovecii ||| Pneumonia Il Fungus |
External epithelia
External surface [ Physical contact | l Trichophyton ] [ Athlete’s foot ] [ Fungus I
| Minorskin abrasions ||| Bacillusanthracis ||| Cutaneous anthrax ||| Gram-positive bacterium |
Wounds and abrasions | Puncture wounds | | Clostridium tetani | | Tetanus | | Gram-positive bacterium |
| Handling infected animals | | Francisella tularensis || Tularemia | | Gram-negative bacterium |
. ngfgg i:g g";';?,s) Flavivirus Yellow fever Virus
Insact bites | Deer tick bites I I Borrelia burgdorferi | I Lyme disease | I Bacterium (spirochete) |
Mosquito bites
(Anopheles) Plasmodium spp. Malaria Protozoan
Figure 2.2 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Figure 2.10 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Extracellular Intracellular
Interstitial N 4
Epithelial . .
spaces, Besfsipn Cytoplasmic Vesicular

blood, lymph

Site of
infection .
—( S
O10]0(0O
Viruses Neisseria Viruses Mycobacterium spp.
Bacteria gonorrhoeae Chlamydia spp. Yersinia pestis
Protozoa Streptococcus Rickettsia spp. Legionella
Fungi pneumoniae Protozoa pneumophila
Worms Vibrio cholerae Cryptococcus
Organisms Helicobacter neoformans
pylori Leishmania spp.
Candida albicans
Worms
Complement Antimicrobial NK cells T-cell and NK-cell
Protective Phagocytosis peptides Cytotoxic T cells| dependent
immunity Antibodies Antibodies, macrophage
especially IgA activation

Figure 2.3 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Direct mechanisms of tissue damage by pathogens

Indirect mechanisms of tissue damage by pathogens

Exotoxin . Direct Immune Anti-host Cell-mediated
¢ Endotoxin 2 ¢ ¢ ¢
production cytopathic effect complexes antibody immunity
Pathogenic
mechanism 7z - 2) O O‘
\.'. e i o
Streptococcus Escherichia coli Variola Hepatitis B virus Streptococcus Lymphocytic
pyogenes Haemophilus Varicella-zoster Malaria pyogenes choriomeningitis
Staphylococcus influenzae Hepatitis B virus Streptococcus Mycoplasma virus
P aureus Salmonella typhi Polio virus pyogenes pneumoniae Herpes simplex virus
Infectious Corynebacterium | Shigella Measles virus Treponema Mycobacterium
agent diphtheriae Pseudomonas Influenza virus pallidum tuberculosis
Clostridium tetani aeruginosa Herpes simplex Most acute Mycobacterium
Vibrio cholerae Yersinia pestis virus infections leprae
Human herpes Borrelia burgdorferi
virus 8 (HHVS) Schistosoma mansoni
Tonsilitis, scarlet | Gram-negative Smallpox Kidney disease Rheumatic fever Aseptic meningitis
fever sepsis Chickenpox, Vascular deposits Hemolytic anemia| Herpes stromal
Boils, toxic shock | Meningitis, shingles Glomerulonephritis keratitis
. syndrome, pneumonia Hepatitis Kidney damage Tuberculosis
Disease food poisoning | Typhoid fever Poliomyelitis in secondary Tuberculoid leprosy
Diphtheria Bacillary dysentery | Measles;subacute syphilis Lyme arthritis
Tetanus Wound infection sclerosing Transient renal Schistosomiasis
Cholera Plague panencephalitis deposits
Influenza
Coldsores

Kaposi's sarcoma

Figure 2.4 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Barreiras nao-imunologicas

. Eyes/nose/
Skin Gut Lungs oral cavity
Epithelial cells joined by tight junctions
Mechanical ]
Longitudinal flow of air or Movement of Tears. .
fluid mucus by cilia Nasal cilia
Low pH Pulmonary E .
. surfactant nzymes in tears
Fatty acids and saliva
Chemical - (lysozyme)
Enzymes (pepsin)
B-defensins a-defensins
Lamellar (cryptdins) a-defensins Histatins
bodies Reglll (lecticidins) ||| Cathelicidin B-defensins
Cathelicidin Cathelicidin
Microbiological Normal microbiota

1

I

Figure 2.6 Janeway'’s Imnmunobiology, 8ed. (© Garland Science 2012)
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N-linked glycoproteins of yeasts contain many terminal mannose residues,
whereas glycoproteins of vertebrates have terminal sialic acid residues

Yeasts Vertebrates

© glucose O mannose [[] N-acetylglucosamine ‘sialic acid (Qgalactose A fucose

Figure 2.14 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

conceito importante!




Gram-positive bacteria Gram-negative bacteria

lipopolysaccharide surface
(LPS) protein
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acid protein acid
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Receptor characteristic Innate immunity | Adaptive immunity
Specificity inherited in the genome Yes No
Expressed by all cells of a particular type Yeas No
(e.g. macrophages)
Triggers immediate response Yes No
Recognizes broad classes of pathogens Yes No
InteraFts with a range of molecular structures Yes No
of a given type
Encoded in multiple gene segments No Yes
Requires gene rearrangement No Yes
Clonal distribution No Yes
Able to discriminate between even closely related

No Yes
molecular structures

Figure 3.1 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Macrophages have phagocytic
receptors that bind microbes and
their components

Bound material is internalized in
phagosomes and broken down in
phagolysosomes

complement

mannose
receptor M| receptor
lipid
receptor
Dectin-1 \_,
(B-glucan scavenger
receptor) receptor
mannose
receptor

CRD scavenger receptors

(SR-A I/Il, MARCO)

I lipid
Dectin-1 cOMmpiement il receptor

receptor (CD36)

bacterium

Figure 3.2 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

O que fazem os macrofagos?
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Antimicrobial mechanisms of phagocytes

Class of mechanism

Macrophage products | Neutrophil products

Acidification

pH=~3.5-4.0, bacteriostatic or bactericidal

Toxic oxygen-derived products

Superoxide 0,7, hydrogen peroxide H,0,, singlet oxygen '0,’,
hydroxyl radical "OH, hypohalite OCI”

Toxic nitrogen oxides

Nitric oxide NO

Antimicrobial peptides

a-Defensins (HNP1-4), B-defensin
Cathelicidin, macrophage || HBD4, cathelicidin, azurocidin,
elastase-derived peptide || bacterial permeability inducing
protein (BPI), lactoferricin

Enzymes

Lysozyme: digests cell walls of some Gram-positive bacteria
Acid hydrolases (e.g. elastase and other proteases):
break down ingested microbes

Competitors

Lactoferrin (sequesters Fe?*),
vitamin B,,-binding protein

Figure 3.4 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




¢ Electrostatic attraction and the
Human B1-defensin transmembrane electric field bring
the defensin into the lipid bilayer
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Atencao aos Macrofagos:
diferentes nomes em diferentes tecidos

Brain: microglial cells

/ Connective tissue: histiocytes
/ Lung: alveolar macrophages,

intravascular macrophages

Liver: Kupffer cells

Serosa: —
macrophages 6
A\
B Lymph node:
V) a— macrophages
Bone marrow: Spleen:
macrophages \ macrophages
Blood:
monocytes

FIGURE 2-5 The location of the cells of the mononuclear phagocyte system.
Elsevier items and derived items © 2009 by Saunders, an imprint of Elsevier Inc.



Neutrophils engulf and kill the
microbes to which they bind

primary
granule

secondary
granule

lysosome

Bacterial fMet-Leu-Phe peptides
activate Rac2, and bacteria are
taken up into phagosomes

Rac2

p67@@r4a0
®

p47

O que fazem os neutrofilos?

i

Phagosomes fuse with primary and secondary granules. Rac2 induces assembly
of a functional NADPH oxidase in the phagolysosome membrane, leading
to generation of O,".
Acidification as a result of ion influx releases granule proteases from granule matrix

lysosome

phagosome

oxidase

91
p22 ap ﬂ

secondary
granule

primary
granule

—

Figure 3.5 Janeway’s Imnmunobiology, 8ed. (© Garland Science 2012)
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6.5%

TABLE 6.1 Sites of Clearance of Particles

From the Blood in Domestic Mammals

LOCALIZATION (%)
Species Lung Liver/Spleen
Calf 93 6
Sheep 94 6 8 6 %
Dog 6.5 80
Cat 86 14
Rabbit 0.6 83 (o)
Guinea pig 1.5 82 80 /O
Rat 0.5 97
Mouse 1.0 94

14%



Adherence to epithelium

Local infection,
penetration of

Local infection of tissues

Adaptive immunity
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epithelium
;’ li Et [N :Oo - 0. N e N L4 g; % .
tissue tissue 1> . - /\* 1‘> ” 0 2 -p> Q% @
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blood vessel ¥ @
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Protection against infection

Normal flora
Local chemical factors
Phagocytes
(especially in lung)

Wound healing induced
Antimicrobial proteins
and peptides,
phagocytes, and
complement destroy
invading microorganisms

Complement, cytokines,
chemokines, Phagocytes,
NK cells
Activation of macrophages
Dendritic cells migrate to
lymph nodes to initiate
adaptive immunity
Blood clotting helps limit
spread of infection

Infection cleared by specific
antibody, T-cell dependent
macrophage activation
and cytotoxic T cells

Figure 2.5 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Como os leucdcitos chegam na lesao?

QUIMIOTAXIA

Cytokines produced by
macrophages cause dilation
of local small blood vessels

Leukocytes move to
periphery of blood vessel as
a result of increased
expression of adhesion
molecules by endothelium

Leukocytes extravasate at

Blood clotting occurs in
site of infection

the microvessels

NS cytokines
Lo —h p VT
( \

PN
hem’kines ’ o
A

é"%
5
2,

»

< =

@ O\

e |

Figure 3.6 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Monocyte binds adhesion molecules on
vascular endothelium near site of
infection and receives chemokine signal

The monocyte
migrates into the
surrounding tissue

Monocyte differentiates
into a macrophage and
migrates to the site of

infection

adhesion
molecules

Blood vessel lumen

chemokine

Tissue

Figure 3.7 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Selectin-mediated adhesion to leukocyte sialyl-Lewis* is weak, and allows
leukocytes to roll along the vascular endothelial surface

Blood flow —»

s-Lex 2
ot (o)
.\
:
E-selectin f _ \S |

SenVeus VoA VeasVeasVe sV Oz WoaseasVons Vs PEINVaaxVeasVi asVes S

T RAT T OTOTUTN 7O 7O T FOSLT LTS DTN 7T L7 oo LT T TOST O T T

basement membrane

Rolling adhesion Tight binding Diapedesis Migration

CXCL8R
(IL-8
receptor)

LFA-1(a:B,)

chemokine
CXCLS (IL-8)

Figure 3.25 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)




Class

Chemokine

Produced by

Receptors

Cells

Major effects

Microglial cells

attracted
Monocytes Mobilizes,
Macrophages . activates and
cxcLs Fibroblasts CACR1 Neytrophlls degranulates
(IL-8) A ; CXCR2 Naive T cells :
Epithelial cells neutrophils
Endothelial cells Angiogenesis
CXc CXCL7 Activates neutrophils
(PBP, B-TG, Platelets CXCR2 Neutrophils Clot resorption
NAP-2) Angiogenesis
CXCL1 (GROa) | Monocytes Neutrophils Activates neutrophils
CXCL2 (GROB) | Fibroblasts CXCR2 Naive T cells Fibroplasia
CXCL3 (GROvy) | Endothelium Fibroblasts Angiogenesis
Monocytes Monocytes Com .
petes with HIV-1
f,ﬁhi 1a) .lI\lllac:iliells CCR1, 3,5 glal‘(sta)::i'll'scells Antiviral defense
Fibroblasts Dendritic cells Fromotes [nl immunity
Monocytes
Monocytes
CCL4 Macropha.ges CCR1,3,5 | NKandT cells | Competes with HIV-1
(MIP-1B) Neutrophils 2
3 Dendritic cells
Endothelium
. Monocytes Monocytes Activates macrophages
CCL2 Macrophages CCR2B NK and T cells | Basophil histamine
(MCP-1) Fibroblasts Basophils release
Keratinocytes Dendritic cells | Promotes Ty2 immunity
Monocytes
CCL5 T cells NK and T cells | Degranulates basophils
(RANTES) Endothelium CCR1, 3, 5 | Basophils Activates T cells
Platelets Eosinophils Chronic inflammation
Dendritic cells
Monocytes Leukocyte-endothelial
ch)z()((:c ﬁ:)a(':cctl-a}kine) Endothelium CX;CR1 r::l?scytes adhesion
(CX5C) Brain inflammation

Figure 3.22 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Tissue distribution

Ligand

Selectins

Bind carbohydrates.

P-selectin

P-selectin
(PADGEM, CD62P)

Activated endothelium
and platelets

PSGL-1, sialyl-Lewis*

),
@
s

PECAM (CD31)

endothelial cell-cell
junctions

Initiate leukocyte- E-selactin
?:::;Ic‘teit:l (ELAM-1, CD62E) Activated endothelium Sialyl-Lewis*
Monocytes, T cells,
Integrins . macrophages,
(LFA-1 gﬁ? 12:CD18) heutrophils, I
! . dendritic cells,
NK cells
Neutrophils,
Bind to LEA-1 ay:B, (CR3, monocytes, ICAM-1, iC3b,
cell-adhesion Mac-1, CD11b:CD18) macrophages, fibrinogen
molecules and ' NK cells
extracellular matrix. T Dendritic cells,
Strong adhesion B ay:P, (CR4, macrophages, iC3b
p150.95, CD11c:CD18) neutrophils,
NK cells
os5By Monocytes, s :
(VLA-5, CD49d:CD29) macrophages Ebxenscon
Immunoglobulin ICAM-1 (CD54) B e, LFA-1, Mac1
superfamily activated leukocytes
ICAM-2 (CD102) Resting eljc.lothelium, LFA-1
dendritic cells
" " ICAM-1
V. I
b VCAM-1 (CD106) | Activated endothelium VLA-4
Ligand for integrins Activated leukocytes,
CD31

Figure 3.23 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Charles Janeway Jr.
1943 - 2003

Predicao tedrica da existéncia de receptores que reconhecessem

padrdes moleculares para ativagao do sistema inato
29



Envolvimento dos receptores
Toll no desenvolvimento de
invertebrados

WTst7

WT st 8



Jules Hoffmann

I

Figure 3.8 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

Envolvimento dos receptores
Toll na imunidade de
invertebrados
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Lipopolysaccharide

Gram-Negative Lipid-A
Porin
Peptidoglycan
Cytoplasmic
membrane

e ——

- 0 O 6. e -

L B8
o

N-linked glycoproteins of yeasts contain many terminal mannose residues,
whereas glycoproteins of vertebrates have terminal sialic acid residues

Yeasts

Vertebrates

Lipotechoic
Gram-Positive acid

Lipoprotein
Peptidoglycan

membrane

Porin

@ glucose © mannose [0 N-acetylglucosamine ’sialic acid

Qgalactose A fucose

Acid-Fast

i

Mycolic acid
——— = Galactan
——er— —— Peptidoglycan
Cytoplasmic
membrane

FIGURE 2-2 The major structural features of the cell walls
of Gram-negative, Gram-positive, and acid-fast bacteria.
These conserved structural molecules serve as
pathogen-associated molecular patterns and can bind to
pattern-recognition receptors such as the toll-like receptors.

Elsevier items and derived items © 2009 by Saunders, an imprint of Elsevier Inc.

Figure 2.14 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Receptores de reconhecimento de padrao (PRR)

Cytoplasmic
Rig-1
NOD-like
Peptidoglycan

receptors
DNA receptors

Membrane-
bound

TLR1,2,4,5,6

Lectins

Mannose receptor

Langerin

Dectins

Integrins

Scavenger
receptors



diacyl _ triacyl
lipopeptides lipopeptides

flagellin
TLR-2 TLR-6 TLR-2

dsRNA ssRNA

Endosome CpG DNA plasma membrane

Figure 3.10 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



The convex surfaces of TLR-1 and TLR-2
have binding sites for lipid side chains of

Binding of each TLR to the same
lipopeptide induces dimerization,
bringing their cytoplasmic TIR domains

triacyl lipopeptides into close proximity
lipopeptide
TLR-2 ww{ TLR-1
LN

\ I

.. U

¥

Figure 3.11 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Innate immune recognition by mammalian Toll-like receptors

Toll-like receptor

Ligand

Cellular distribution

TLR-1:TLR-2 heterodimer

TLR-2:TLR-6 heterodimer

Lipomannans (mycobacteria)

Lipoproteins (diacyl lipopeptides; triacyl lipopeptides)

Lipoteichoic acids (Gram-positive bacteria)
Cell-wall B-glucans (bacteria and fungi)
Zymosan (fungi)

Monocytes, dendritic cells, mast cells,
eosinophils, basophils

TLR-3

Double-stranded RNA (viruses)

NK cells

TLR-4 (plus MD-2 and CD14)

LPS (Gram-negative bacteria)
Lipoteichoic acids (Gram-positive bacteria)

Macrophages, dendritic cells, mast cells,
eosinophils

TLR-5 Flagellin (bacteria) Intestinal epithelium
TLR-7 Single-stranded RNA (viruses) PIas.macy!:oid cendriniccslis; Nk calls,
eosinophils, B cells
TLR-8 Single-stranded RNA (viruses) NK cells
DNA with unmethylated CpG (bacteria and Plasmacytoid dendritic cells, eosinophils,
TLR-9 t 3
herpesviruses) B cells, basophils
TLR-10 Unknown Plasmacytoid dendritic cells, eosinophils,

B cells, basophils

TLR-11 (mouse only)

Profilin and profilin-like proteins (Toxoplasma
gondii, uropathogenic bacteria)

Macrophages, dendritic cells, liver, kidney,
and bladder epithelial cells

Figure 3.9 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Dimerized TLRs recruit IRAK1
and IRAK4, activating the E3

TRAF-6 and NEMO are
polyubiquitinated, creating a

TAK1 associates with IKK and
phosphorylates IKKB, which

IkB is degraded, releasing
NFkB into the nucleus to induce

ubiquitin ligase TRAF-6 scaffold for activation of TAK1 phosphorylates IkB expression of cytokine genes
\_// /\

I7

N\ TAK1

T

"
MyD88
GHRED TAB1/2
IRAK1 ‘ ‘IRAKII ubiquitin
TRAF-6 C:) (E3 ligase) IKKvy (NEMO) IKKa
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T"

i

)
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p50
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Nucleus
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Figure 3.13 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



TLR-3 in endosome

TLR-7 in endosome

AN

TBK1 IKKe

Ve
23

ey

IFN-B gene

binds dsRNA and binds ssRNA and
signals via TRIF to | | signals via MyD88
induce IFN gene to induce IFN gene
expression expression
dsRNA ssRNA

AN\NNAN

' MyD88

IRF7
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e

» o

IFN-a and

IFN-B genes

Figure 3.14 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



the cytoplasm in an inactive form

Cytoplasmic NOD proteins reside in

Binding of bacterial ligands to NOD
proteins induces recruitment of
RIPK2, which activates TAK1, leading
to NFkB activation

NOD1/2
LRR
repeats
CARD
RIPK2

intracellular bacteria,
muramyl dipeptide
or iE-DAP

NFkB IkB

Figure 3.15 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Adherence to epithelium

Local infection,
penetration of

Local infection of tissues

Adaptive immunity
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Protection against infection

Normal flora
Local chemical factors
Phagocytes
(especially in lung)

Wound healing induced
Antimicrobial proteins
and peptides,
phagocytes, and
complement destroy
invading microorganisms

Complement, cytokines,
chemokines, Phagocytes,
NK cells
Activation of macrophages
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FIGURE 2-3 Binding of a pathogen-associated molecular pattern
such as lipopolysaccharide to a toll-like receptor (TLR) leads to
generation of a transcription factor called nuclear factor kappa-B
(NF-xB). NF-xB turns on the genes for three major cytokines,
interleukin-1 (IL-1), IL-6, and tumor necrosis factor-o. (TNF-w). It
also turns on the genes for nitric oxide synthase 2 (NOS2) and
cyclooxygenase-2 (COX-2). These two enzymes generate nitric
oxide and prostaglandins and leukotrienes, respectively.
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FIGURE 2-17 The cardinal signs of acute inflammation and how they are generated.
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FIGURE 2-1 An overview of the essential features of acute
inflammation, an innate mechanism for focusing cells and
other defensive mechanisms. It is triggered by microbial
invasion and tissue damage.
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FIGURE 4-13 Sickness behavior is part of the response of the body to inflammatory stimuli. Multiple
systemic effects are due to the four major cytokines secreted by sentinel cells, mast cells, macrophages,
and dendritic cells. The major sickness-inducing cytokines are interleukin-1 (IL-7), IL-6, tumor necrosis
factor-o. (TNF-«), and high mobility group box protein-1 (HMGB1).
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