Time course of immune response

Inmate immunigy

: , Recognition by Remaval of
{immediata: Infection Pliﬂmr infectious agent
04 hours) nonspecific effectors
Early induced ition of Inflammation I'L
response Infection :}muﬁmmm :} m: :Fd in;g;?,,?:ﬂ;;nt
{early: 4-96 hours) molecular patterns effector cells r
Adaplive immune Transport of Recognition Clonal expansion Removal
response Infection antigen to by naive and differentiation L,
(late: =96 hours) organs B and T cells to effector cells infectious agent

Figure 2-1 Immunabiology, 6/e. (© Garland Science 2005)




Route of entry

Routes of infection for pathogens
Mode of :
Route of entry transmission Pathogen Disease
Mucosal surfaces
Inhaled droplet Influenza virus Influenza
Airway Neisseria meningitidis ||| Meningococcal meningitis
Spores
Bacillus anthracis Inhalation anthrax
. _ : Salmonelia typhi Typhoid fever
Gastrointestinal tract Contaminated
water or food : .
Rotavirus Diarrhea
Treponema pallidum Syphilis
Reproductive tract Physical contact
HIV AlIDS

Figure 2-2 part 1 of 2 Immunobiolegy, 6/e, (2 Garland Science 2005}



Route of entry (cont.)

Routes of infection for pathogens

Mode of

Route of entry transmission Pathogen Disease
External epithelia
External surface Physical contact Trichophyton Athlete's foot

Minor skin abrasions

Bacillus anthracis

Cutaneous anthrax

Wounds and
abrasions Puncture wounds Clostridium tetani Tetanus
Handling infected animals ||| Francisella tularensis Tularemia
mcé?&{é:':;;:;;] Flavivirus Yellow fever
Insect bites

Deer tick bites

Borrelia burgdorferi

Lyme disease

Mosquito bites
(Anopheles)

Plasmodium spp.

Malaria

Figure 2-3 part 2 of 2 Immunobiclogy, &/, [© Garland Science 2005)




Steps 1n infection

' g

X

Adherence to epithelium hfﬂﬂgmwﬂnéllum Local infection of tissues Adaptive immunity
¥ s T : -

i dn Ye i NG iy m sl

5 ?if{ b 4 > '® F’-.#;

Protection against infection

Narmal flora
Lacal chemical factors
Phagocytes (especially in lung)

Wound healing induced
Antimicrobial proteins and
peplides, phagocytes, and

camplement destroyinvading
microorganisms
Activation of y:d T cells?

Complement, cylokines,
chemokines,
Phagocytes, NK cells
Activation of macrophages
Dendritic cells migrate to
lymph nodes te initiate

adaptive immunity

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

Figure 2-3 Immunabiology, 6/e, (€ Garland Science 2005)




Intrinsic epithelial barriers Skin Gut Lungs Eyes/nose
to infection : - .
Epithelial cells joined by tight junclions
Mechanical
Longitudinal flaw of air or fluid ||| Mevement of
L = | mascus by cilia

. i Low pH Salivary
- atty acids enTymes
Chemical es (pepsin] {lysozyme)

Antibacterial peplidas

Microbiological || Normal flora

Barriers to infection

Figure 2-4 Immunaebiology, /e, (© Garland Science 2005)



The macrophage expresses receptors
for many bacterial constituents

mannose LPS receptor
receptor (CD14)

glucan £» %O scavenger
receptor receptor

o 5

Bacteria hindi:m\/tu macrophage
receptors initiate the release of cytokines
and small lipid mediators of inflammation

lipid

. *LPS

cytokines ".;;r ©

Figure 2-5 part 1 of 2 Immunobiclogy, /e, (2 Garland Science 2005

M¢ receptors

Facilitate engulfment
— Glucan, mannose

— Scavenger
— CDI11b/CD18

Allows immediate response
by lipid mediators

— Leukotrienes

— Prostaglandins

— Platelet-activating factor

Allows initiation of
inflammatory response via
cytokines

— fMet-Leu-Phe receptor

— Toll-like receptors (e.g. LPS
receptor CD14)



Lansing M. Préscott, John P Harley, Donakd A, Kkein, Microbiology, 48, Copyright £ 19894 The McGraw-Hill Companias, Inc. All rights resereaed.

Phagocytoms_ -

Bacteria
]

: ‘.f.l'..:
Hesmuai -j A

{}d S T
Iy, Elimination

by exocytosis

Digestwe vacunle



B
Macrophages engulf and digest
bacteria to which they bind

lysosome M(I) funCtiOH S

phagosome

phagolysosome
Figure 2-5 part 2 of 2 Immuncbiclogy, &'e. [© Garland Science 2005)
Class of mechanism Specific products
Acidification pH=~3.5-4.0, bacteriostatic or bactericidal
Toxic oxygen-derived Superoxide O,~, hydrogen peroxide H,0,, singlet oxygen ‘U;. ,
products hydroxyl radical OH’, hypohalite OCI~
Toxic nitrogen oxides Nitric oxide NO
Antimicrobial peptides Defensins and cationic proteins
Erovence Lysozyme—dissolves cell walls of some Gram-positive bacteria.
y Acid hydrolases—further digest bacteria
Competitors Lactoferrin (binds Fe) and vitamin Byz-binding protein

Figure 2-& Immunocbiology, &/e.(C Garland Science 2005]



LPS in body fluids is bound by an
acute-phase protein, LPS-binding
protein (LBP)

LPS stimulation of G Y
M¢ and inflammatory

response

W
The LP5S:LEP complex transfers LPS to
CD14 on the surface of phagocytes

N
Having bound LPS, CD14 interacts
with Taoll-like receptor 4 (TLR-4) resulting
in activation of NFxB in the nucleus

Figure 2-14 Immunohbiology, 6/e. (© Garland Science 2005)



Signal transduction:
LPS stimulation

MyD88 binds and

Phosphorylated 168 is

%>@

The com I'HI'Ill ui' TLR-4 bound to LPS activates SIIK, which Ivk phosphorylates . releasing
the Toll-li and LBP binds the | | initiates a cascade of P P NF&B to migrate into
signaling pmhwny adaptor protein MyD88 TRAFG and the the nucleus and activate

kinase lck gene transcriplion

MyD8a domain Iy f [BCJ

Eﬂth [IFJ % FJ " 1? ﬂ
SilK domain
TFIAFE U D D U

7

T

[O
%
ST

R —

Figure &-21 Immunobislegy, &'e, (€ Garland Science 2005]



LPS in body fluids is bound by an
acute-phase protein, LPS-binding
protein (LBP)

v LBP
L Lps O )

LPS stimulation of M¢

e NFkB

W
The LPS:LBP complex transfers LPS to
CD14 on the surface of phagocytes

— Induces costimulatory
molecules (B7.1, B7.2)

— Increased MHC expression

v
Having bound LPS, CD14 interacts
with Toll-like receptor 4 (TLR-4) resulting

— Stimulates transcription of in activation of NFx in the nucleus
cytokines (IL-6, IL-12, IFN-q.,
IFN-y, TNF-a)

Figure 2-14 Immunobiology, 6/e. (¥ Garland Science 20



[LPS stimulation of

dendritic cells g‘/’ﬁ

Ji=—CD14

* Resting to migrating cells " TLRe

e Immature, in tissues:
— EXxpress many receptors
— Highly phagocytic
— Cannot stimulate T cells

e Mature, in lymph nodes:
— No longer uptake Ag
— Express costimulatory molecules
— Activate T cells

Figure 2-16 Immunobioclogy, /e, (© Garland Science 2005)



A conserved theme:
Different Toll-like
receptors (TLR)
recognize various
molecular patterns of
pathogens

Innate immune recognition by
Toll-like receptors
Toll-like :
receptor ALl
, Peptidoglycan
TLR-1 dimer Lipoproteins
Lipoarabinomannan
(mycobacteria)
TLR-2/TLR-6 GPI (T. cruzi)
dimer Zymosan (yeast)
TLR-3 dsRNA
TLR-4 dimer LPS (Gram-
(plus CD14) negative bacteria)
TLR-5 Flagellin
: Unmethylated
L CpG DNA

Figura 2-12 Immunabiclogy, &e. (2 Garland Science 2005)




Lansing M. Préscott, John P, Harley, Donalkd A, Kkein, Microbiology, 48, Copyright £ 198 The McGraw-Hill Companias, Inc. All rights resered.

Phagocytosis

Bacteria

Di estwe vacuule W
g Has:duai AN

Elimination
by exocytosis

Pathogens work hard to evade phagocytosis!



Preventing enguliment: Capsule of
Klebsiella pneumoniae




ey .. . Specific antibo
Inhibiting phagocytosis P Y
via Fc receptor: l'\ l'\
Protein A Va
Bacteria in
of Staphylococcus aureus extracellular space

macruphage/

=~

Opsonization

.

B\4 78

N

Fig 1.24 |;art 1 of 2 © 2001 Garland Science




Preventing engulfment:
Type III secretion of Yersinia pestis

Phosphorylation

p Apoptosis Dephosphaorylation

Depolymerisation C ®/ of signal transduction
of actin A proteins Yersinia bacterium Macrophage

Plasma %% %é % 5
membrane
of host cell %% %% %% %%
B
olecular
i

Quter

membrane

Inner ® @
membrane E ﬁ

Effector
molecules

Nature Reviews | Genetica



Escape from the vacuole:
Listeria monocytogenes




Lansing M. Prescatt, John P. Harley, Donald A. Klein, Microbiology, 48, Copyright € 1986 The McGraw-Hill Companies, Inc. All rights reserved.

__Phagocytosis

Bacteria
S

Prevent phagosome:lysosome fusion:
Legionella pneumophila
Mycobacterium tuberculosis

Survival in phagolysosome:
Mycobacterium leprae
Salmonella

Di estwe vacuole "3
g Rascduai :

Jbody -

Elimination
by exocytosis

Kill macrophage after engulfment:
Bacillus anthracis LF toxin



Inflammation
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Figure 2-8 Immunobiolagy, &/e. (© Garland Science 3005)



Cytokine properties

Usually small ~25 kD

Produced in response to an activating
stimulus

Function by binding to a specific receptor

Usually soluble, but can be membrane
associated

Can work locally or at a distance



Main families of cytokines

Hematopoietins (Interleukins)
Interferons (a, 3, and y)

TNF family (TNF- o)
Chemokines (CXCL-8)




Activated M¢ cytokines

Activated macrophages secrete
a range of cytokines

oo

O3

=

-§=

IL-15 TNF-o IL-6
o = = = = =
Local effects
. Activales vascular
Activales vascular
" endathalium and increases ; %
endothelium et : e Chemotactic factor Activates NK cells
; vascular permeability, which | | Lymphocyte activation p : " .
Local tissus destruetion | | 16308 to increased entry of | | Increased antibody e | [ reiTanm
: ot lgG, complement, and cells production piTes, ¢ ;
Increases access of ; : - T cells to site of infection Tul cells
Hector cells o tissues and increasad flyid
ol drainage o lymph nodes
= 5 = = = =
LV
Systemieffects
Fever Fever Fever
Production of IL-6 Mobilization of metabolites Induces actute-phase
Shock protein production

Figure 2-39 Immunobislegy, &le. |© Garland Science 2005]




How to 1dentify the site of infection

Selectin-mediated adhesion to leukocyte sialyl-Lewis® is weak, and
allows leukocytes to roll along the vascular endothelial surface

e Endothelium activation

— Selectin binding to
carbohydrates

— ICAM binding to
integrins

e Chemokine gradient

Figure 2-44 Immunchiology, 6/e. (2 Garla

Blood faw —»
5-Lex
o

s ol 3t ]
r_'Fr o T q\.l.-\"\-':g
T & ﬂ
S:-!' %y 4
E-salectin

s I i 7§

oIoIoIoIoIo]olo

basamen!. membrane

Rolling adhesion| Tight binding Diapedesis Migration

) o'

CXCLaR
- ;:'_', - (IL-8 receptor)

5- Le"—*'

o
serﬂun%& ®

nd Science 2005)




Selectins of endothelium bind to
leukocyte surface carbohydrates

Tissue

RIS distribution s
- Activated
Selectins P-selectin P-selectin endothelium PSGL-,
{FADGEM, EHEEP} and p'EIfElE[E EIEI|']|'J‘LEWIE:
Bind carbohydrates.
Initiate leukocyte- E-selectin Activated Sppi
o (ELAM-1, CD62E) | endothelium it

Figure 2-42 part 1 of 3 Immunobiclogy, /e, (2 Garland Science 2005)




Integrin:ICAM binding mediates

higher affinity binding

Tissue .
Name distribution Ligand
: ) Monocytes, T cells,
Integrins w3, macrophages, s
(LFA-1,CD11a/CD18)|  neutrophils,
dendritic cells
cuiBa (OR5, | Neiopble T icam, o
cell-adhesion Mac-1, CD11b/CD18)|  macrophages fibrinogen
molecules and "
extracellular matrix. ”K:I'SE (CR4, Dendritic cells, i
: macrophages, iC3b
Strong adhesion p150.95, CD11c/CD18) neutrophils
g :ﬁ.l Monocytes, : :
(VLA-5, CD49d/CD29)]  macrophages FAwomsctn
Figure 2-42 part 2 of 3 Immunobiclogy, &/e. (& Garland Science 2005)
Tissue :
Name distribution Ligand
Activated
Immunoglobulin ICAM-1 (CD54) bl LFA-1, Mac1
superfamily
Resting endothelium,
Various roles in .
: Activated
. ce]ladhgslnn.l VCAM-1(CD106) andothelium VLA-4
Ligand for integrins
Activated leukocytes,
PECAM (CD31) | endothelial cell-cell CD31

junctions




Integrin:ICAM tight binding
allows extravasation

QS(QM:‘%) \
~ neutrophil

LFA-1(e :65)

:

a u ~
ICAM-1 TzndotheliumT ICAM-2

Figure 2-43 Immunobiology, 6/e. {0 Garland Science 2005)
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Figure 2-44 Immunebiclogy, 6le. (2 Garland Science 2005}



Similar proccesses mediate:

e Naive T/B cell entry into lymphatic tissue
from blood

 Homing of lymphocytes to site of infection
at later time points



The good and

the bad of
TNF-o:

Inflammation
vS. shock

Inflammation

Endotoxic shock

Local infection with
Gram-negative bacteria

Systemic infection with
Gram-negative bacteria (sepsis)

Macrophages activated to secrete
TNF-« in the tissue

Macrophages activated in the liver
and spleen secrete TNF-« into
the bloodstream

N

=

N

Figure 2-45 part 1 of 3 Immunobiology, &/e. (C Garland Science 2005)

Increased release of plasma proteins
into tissue. Increased phagocyte and
lymphocyte migration into tissue.
Increased platelet adhesion to blood
vessel wall

Systemic edema causing decreased
blood volume, hypoproteinemia, and
neutropenia, followed by neutrophilia.

Decreased blood volume causes
collapse of vessels

Figure 2-45 part 2 of 3 Immunobiology, 6/e. (€ Garland Science 2005)




Inflammation

Endotoxic shock

Local infection with
Gram-negative bacteria

Systemic infection with
Gram-negative bacteria (sepsis)

Phagocytosis of bacteria. Local
vessel occlusion. Plasma and cells
drain to local lymph node

Disseminated intravascular
coagulation leading to wasting and
multiple organ failure

o 2

5 Q.
2 R
c"’"‘ ;
FRIIARX
6%0%%%%%
‘scaseloyetels
SRR

b ]
AKX KA KA
KRR

LS

X 2

N -
Removal of infection
Adaptive immunity

Figure 2-45 part 3 of 3 Immunabiology, &/e. (© Garland Science 2005)




Activated M¢ cytokines

Activated macrophages secrete
a range of cytokines

oo

O3

=

-§=

IL-15 TNF-o IL-6
o = = = = =
Local effects
. Activales vascular
Activales vascular
" endathalium and increases ; %
endothelium et : e Chemotactic factor Activates NK cells
; vascular permeability, which | | Lymphocyte activation p : " .
Local tissus destruetion | | 16308 to increased entry of | | Increased antibody e | [ reiTanm
: ot lgG, complement, and cells production piTes, ¢ ;
Increases access of ; : - T cells to site of infection Tul cells
Hector cells o tissues and increasad flyid
ol drainage o lymph nodes
= 5 = = = =
LV
Systemieffects
Fever Fever Fever
Production of IL-6 Mobilization of metabolites Induces actute-phase
Shock protein production

Figure 2-39 Immunobislegy, &le. |© Garland Science 2005]




Complement pathways

CLASSICAL MB-LECTIN
PATHWAY PATHWAY
Antigen:antibody Lectin binding to
complexes pathogen surfaces Pathogen surfaces
JC
N/

Complement activation

Jc 2 2L

Recruitment of Opsonization Killing
inflammatory cells of pathogens of pathogens

Figure 2-18 Immunobiclegy, &'e, (2 Garland Science 2005]



All roads lead to C3 convertase

C3 convertase

Figure 2-19 part 1 of 2 Immunobiclogy, &fe, (€ Garland Science 2005)

CLASSICAL MB-LECTIN
PATHWAY PATHWAY
Antigen:antibody Mannose-binding lectin
complexes hinds mannose on Pathogen surfaces
(pathogen surfaces) pathogen surfaces
s 2 J 0
Y
Ciq, Cir,Cis MBL, MASP-1, MASP-2 C3
C4 C4 B
Cc2 C2 D
L | | | | J
g G
N




C3 convertase

il

I

C3a, C5a

b4

C3b

JL

Terminal

complement components
C5b
. C6
C7
C8
C9

S

Iz

T

Peptide mediators
of inflammation,
phagocyte recruitment

by .

g
Binds to complement

receptors on phagocytes

el

S 2

b N

o
Membrane-attack
complex, lysis of
certain pathogens

and cells

Opso nization
of pathogens

. Removal of
immune complexes

Figure 2-19 part 2 of 2 Immunobiclogy, &/e. (© Garland Science 2005)



Complement proteins

Functional protein classes in the Functional protein classes in the
complement system complement system
Binding to antigen:antibody C5b
complexes and pathogen Clq C6
surfaces Membrane-attack proteins C7
C8
Binding to mannose MBL C9
on bacteria
CR1
CR2
5115" Complement receptors CR3
C2b CR4
Activating enzymes Bb ClqR
D
MASP-1 %‘;{;‘;‘
- MCP
Membrane-binding Cab Cquleme nt-regulatory DAF
proteins and opsonins C3b el T
P
Peptide mediators ggg CD59
of inflammation Cda

Figure 2-20 Immunabiclogy, 6/e, (2 Garland Science 2005)



e Initiates classical pathway
Cl J * Binds to Ab (Fc portion)

* Only binds to Ab bound to
pathogen surface

Figure 2-21 Immunobiclegy, &'e, (2 Garland Science 2005]



Figure 2-22 part 1 of 2 Immuncbiolagy, 6/e. [C Garland Science 2005)



d'c? P,
P

Figure 2-22 part 2 of 2 Immunobiolagy, 6/e, [€ Garland Science 2005)




IL-6 and acute phase proteins

Bacteria induce macrophages to produce
IL-6, which acts on hepatocytes to induce

synthesis of acute-phase proteins

= _ Can activate complement
SP-D . . .
A * Mannan-binding lectin

A e (-reactive protein

mannosa-
0,0 bindinglectin

@ @ fibrinogen
serum  C-reactive
amyloid protein Protein

)L
-:r = = ,ﬁ,
Tt Tt
C-reactive protein binds phosphocholine Mannose-binding lectin binds mannose

on bacterial surfaces, acting as an residues on bacterial surfaces, acting as an
opsonin, and also activating complement opsonin, and also activating complement

Figure 2-47 part 1 of 2 Immunobiclogy, &/'e. (€ Garland Science 2005)



MB-Lectin pathway

Mannan binding lectin binds to mannose
MASP-1.-2 bind to bound MBL

Mimics Clq

Cleavage of C2 and C4 leads to C3 convertase

Mannose-binding lectin

Figure 2-24 Immunobiclegy. &'e. (2 Garland Science 2005]



Alternative Pathway

C3 undergoes spontaneous hydroly-

sis to C3(H20), which binds to factor

B allowing it to be cleaved by factor
D into Ba and Bb

? factorD
w % factorB

C3(H0)

5 7
The CB{H:G]Eh“énmple: isaC3
convertase, cleaving more C3 into
C3a and C3b. C3b is rapidly inacti-
vated uniess it binds to cell surface

Bb

@ C3a

B
Cﬂsb

Figure 2-26 part 1 of 3 Immunobiology, &/e. (€ Garland Science 2005)

C3(H,0)

|




Factor B binds noncovalently to C3b
on a cell surface and is cleaved to
Bb by factor D

factor BC,,;;\ Bao

factor D

9 w

J

e

¥

R 2

On host cells, the complement-
regulatory proteins CR1, H, MCP,
and DAF bind to C3b. CR1, H, and
DAF displace Bb.

Pathogens lack complement-regulatory
proteins. Binding of properdin (factor
P) may stabilize the C3bBb complex

> &

L —
AF @:ﬂ:

D
P
CR1 @ (ﬂé
C3b

e |
factor P

csb @
C3bBb

Figure 2-26 part 2 of 3 Immunobiclogy, &le. [© Garland Science 2005)



C3b bound to H, CR1, and MCP is
cleaved by factor | to yield inactive

C3bBb complex is a C3 convertase
and deposits many molecules

C3b (iC3b) of C3b on the pathogen surface
.
" o — e o —
factor | [w
DAF @E% W ol
& H & @ ¥ o™
b iC3b |

= =

= =

g
No activationof
complementon host cell surfaces

Opsonization,activation of
terminal complementcomponents

Figure 2-26 part 3 of 3 Immunobiolagy, 6/e. (€ Garland Science 2005)




Amplification of complement
deposition by alternative pathway

C3b deposited by classical
or MB-lectin pathway C3
convertase

C3ab binds factor B

Bound factor B is cleaved

by plasma protease factor D
into Ba and Bb

C3bBb complex is a C3
convertase, cleaving many
C3 molecules to C3a and C3b

:m

I_.r

>

factor E(,:::p
2

factor D ?

r) Cia @

8]
{:3@%@

3I:|EI:|

Figure 2-28 Immunobiclegy, &'e, (O Garland Science 2005]



Complement

receptors

 Enhance
phagocytosis

* Respond to
inflammatory
mediators

Receptor | Specificity Functions Cell types
Promotes C3b and C4b decay Erythrocytes,
CR1 C3b, Cdb Stimulates phagocytosis macrophages, monacytes,
(CD35) iC3b Erythrocyte transport polymorphonuclear leukocytes,
of immune complexes B cells, FDC
C3d, iC3b,
CR2 C3dg Part of B-cell co-receptor B cells,
(CD21) Epstein- Epstein-Barrvirus receptor FDC
Barr virus
CR3
{Rac-1} iC3b Stimulates phagocytosis Ihdmag:nﬁgﬁgslséarp?enuﬂkcn?:esés
(CD11b/ polymorp ytes,
CD18)
FQFI{;';I 50,95) . _ _ Macrophages, monocytes,
iC3b stimulates phagocytosis polymorphonuclear leukocytes,
(CD11c/ dendritic cell
Csa - Binding of C5a e e
receptor i i .
P activates G protein phagocytes
C3a Gla Binding of C3a S o
receptor activates G protein phagnmela_

Figure 2-31 Immunobiclogy, /e, {2 Garland Science 2005]




C3b bind both to C4b2b and C3bBb
forming the active C5 convertases
C4b2b3b and C3bsBb

C5 convertase

C4b2b3b C 3'12 Eb

e (Cleaves C5 %
C5 binds to the C3b component of the
C5 convertase enzyme
 Composed of: = P
e Classical/MBL pathway ﬁ @
— C4b,C2b,C3b C4b2b3b C3b,Bb
e Alternative pathway '-"\é
_ C3b2/Bb C5is cluv?:dﬁ tl:;,:I o hﬂg; Bb to form

e (CSarequired for efficient
phagocytosis in absence of Ab

E#bﬂbﬁh EEthh

Figure 2-30 Immunobiclogy, 6/e. (2 Garland Science 2005)




Complement mediated
phagocytosis (no Ab)

Bacterium is coated with
complement by the alternative
and MBL pathways

When only C3b binds to
CR1, bacteria are not

phagocytosed

C5a can activate

macrophages to
phagocytose via CR1

) macrophage O

> .Eﬁa

o]

Figure 2-32 Immunobiglegy, &'e, (€ Garland Science 2005)




Complement mediated
phagocytosis + Ab

Bacterium is coated with When C3b binds to CR1 and | | Macrophage membranes fuse, Lysosomes fuse with these
complement and IgG antibody binds to Fc receptor, | |creating a membrane-bounded | | vesicles, delivering e
antibody bacteria are phagocytosed vesicle, the phagosome that degrade the bacterium

bacterium A
I'I_>
Gib
Fe ,@q\
receplors
.}—LF‘_E:E_-L—_‘L\« @
ﬂ macrophage @ @

lysosome

Figure 9-32 Immunabiology, 6/e. (© Garland Science 2005)



Complement a
inflammatory
mediators

vascular

S

Small complement-cleavage products
act mmo-od vessels tnﬁ:mm
permeability and
cell-adhesion molecules

O

ma'ﬁ”’ma

- 7

Lo
S &=

e

Increased p&mru-a‘lh/h‘tr allows increased
fluid leakage from blood vessels
and extravasation of immuneoglobulin
and complement molecules

0
Migration of macrophagges, polymorpho-
nuclear leukocytes (PMNs), and lympho-
cytes is increased. Microbicidal activity of
macrophages and PMNs is also increased

SR,

complement

components

Figure &-33 Immunobiology, &le, (D Garland Science 2005}




lipid bilayer

Figure 2-35 Immunobislegy. &'e. {© Garland Science 2005



Complement regulatory proteins
protect host cells

Regulatory proteins of the classical and alternative pathways

Mame (symbol) Role in the regulation of complement activation

C1 inhibitor (C1INH) Binds to activated C1r,C1s, removing them from Clq

%43'3;1 ing protein Binds C4b, displacing C2b; cofactor for C4b cleavage by |

Eﬂf'eme”t receptor 1| gings Cab, displacing C2b, or C3b displacing Bb; cofactor for |

Factor H (H) Binds C3b, displacing Bb; cofactor for |

Factor I (1) Serine protease that cleaves C3b and C4b; aided by H, MCP, C4BP, or CR1
Faiﬁgﬁaﬂ"fﬂmﬁ“g Membrane protein that displaces Bb from C3b and C2b from C4b
g!;rpe?;aﬁccﬁfacmr Membrane protein that promotes C3b and C4b inactivation by |

CD59 (protectin) Prevents formation of membrane-attack complex on autologous or

allogenic cells. Widely expressed on membranes

Figure 2-36 Immunobiclogy, G/e. (S Garland Science 2005)



Int@l’f@r Ons Virus-infected host cells

o= leukocytes
= fibroblasts

virus

v=NK, T cells
b= T <
important in early viral infection DAL
signal= dSRNA IFN-a, IFN-3

2 =
o, Induce resistance to viral replication

in all calls

— Inhibit viral replication

 Endoribonuclease Increase MHC class | expression and

e Tranlation inhibition antigen presentation in all cells

— Increased MHC expression

_ Activate NK cells 20-100-fold Activate NK cells to kill virus-infected cells

Figure 2-48 Immunobiclogy, 6/e. |2 Garland Scignce 2005)



o,p Interferons stimulate NK cell

activity
Production NK-cell- T-cell-
of IFN-or, mediated mediated
IFN-[3, TNF-cr,  killing of killing of

and IL-12 infected cells infected cells

Virus titer

1 2 3 4 5 6 7 8 9 10
Time after viral infection(days)

Figure 2-49 Immunobislogy, 6/, (© Garland Science 2005)



Natural Killer Cells

e Contain cytoplasmic granules

 Mechanism of killing similar to CTLs

— Perforins
— Induction of apotosis pathway in target cell

* NK cells produce y-interferon after
activation by a and {3 interferon



NK cell
cytotoxicity

e Activating signal=

— NK receptors bind
to carbohydrates

e Inhibitory signal=

— KIR/lectin
molecules
recognize MHC
class I

MHC class | on normal celis is
recognized by
killer cell immunoglobulin-like receptors
(KIRs) or by lectin-like CD34:NKG2

HE cell does not kill the normal cell

NE cell
CDA4:NKG2 [ ] activating ligand

HHE FL 1 L [

class | i|'_. [ E -

‘Altered’ or absent MHC class | cannot
stimulate a negative signal. The NK cell
is triggered by signals from activating

Activated NK cell releases granule

contents, inducing apoptosis
in target cell
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Figure 2-50 Immunobielogy, 6/e. (€ Garland Science 2005]




y-1nterferon

Activates macrophages

Increased MHC expression
Increased Ag processing components
Isotype switching

Supresses TH2 response



vo T cells

Found near epithelial surfaces
Low diversity of TCR specificity

Unknown ligand (something that changes
upon infection?)

Recognize Ag directly, not in MHC



B-1 B Cells

Found in pleural/peritoneal cavities
Low diversity of Ig specificity
Commonly bind to polysaccharides

Self-renewing in periphery

B-1 cell binds bacterial capsular
polysaccharide or cell-wall
components and receives a signal
(IL-5) from accessory cells

v
B-1 cell secretes igM
anti-polysaccharide antibody

IgM

= =

v
IgM binds polysaccharide capsule
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Activation of complement and
removal of bacteria

Figure 2-53 Immuncbiclogy, 6/e. (& C



Innate immunity

Barriers
Phagocytosis (Neutrophils and M¢)
— Mg¢ activation
— Dendritic cell Ag presentation
— M¢ cytokines and effects
Complement activation
— Opsonization
— Terminal attack complex

Interferons
NK cells
B-1 B cells/yo T cells



