"Discovery consists of seeing what everybody

The Biology of Fc, Receptors




Selected Functions of Ig Isotypes

IgM

Antibody | Isotype-specific
isotope effector functions
19G Opsonization of antigens for phagocytosis

by macrophages and neutrophils

Activation of the classical pathway
of complement

Antibody-dependent cell-mediated
cylotoxicity mediated by natural killer
cells and macrophages

Neonatal immunity: transter of maternal
antibody across the placenta and gut

Feedback inhibition of B cell activation

Activation of the classical pathway of
complement

Antigen receptor of naive
B lymphocytes™

Mucosal immunity: secretion of IgA into
the lumens of the gastrointestinal and
respiratory tracts

Antibedy-dependent cell-mediated
cylotoxicity involving eosinophils

Mast cell degranulation (immediate
hypersensitivity reactions)

Functional Sites on the IgG Molecule




Serum Protein Electophoresis (SPEP):
the y-Globulin Peak Contains Multiple Ig Isotypes

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

A Monoclonal "Spike" in the SPEP
is Seen in Multiple Myeloma, a Plasma Cell Dyscrasia
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Selected Functions of Fc Receptors
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Some Important Receptors for Ig6

( Fc, Receptors)*

FcR Affinity for Cell Function
immunoglobulin distribution

FeyRI High (K¢ ~ 10 M); bincs | Macrophages, Phagocytosis;

(CD64) | 1oG1and IgG3, can bind | neutrophils, activation
monomeric IgG also eosinophils of pragocytes

FcyRIIA | Low (Ke> 107 M} Macrophages, Phagocytosis;

CcD32 neutrophils; cell activation
( ) eosinophils, platelets | (inefficient)

FoyRIIB

Low (Kg> 107 M)

Feedback inhibition

(CD32) Leukocytes o B cells

Low (Kg > 10€ M) i
'(:ngﬁgI)A it ' Leukocytes ADCC in NK cells
FeyRINB | Low (Kg> 10°¢ M} Neutraprils, f%am:,nos.rs
(CD1 6) GPl-linked protein other cells {inefficient)

FeeRl

High (Ks> 10719 M);
binds monomeric IgE

eosinophils

Mast cells, basophils,

Cell activation
(degranulation)



How do Fc, Receptors

Fc,Receptor Signaling:
Phophorylation of Immunoreceptor
Tyrosine-based Activation Motifs (ITAMs)

Opsonized Bacterium
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Fc,R ligand-
binding domain
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Phosphorylated ITAMs Recruit Another Tyrosine Kinase,
Syk, which Phosphorylates Other Substrates

Opsonized Bacterium
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Two Enzymes Worth Knowing




Phosphatidylinositol 3-kinase (PT 3-kinase)

PI 3-kinase

2-
H OPO]E- H QP05

Phosphatidylinositol-4,5-bisphosphate (PIP,) Phosphatidylinositol-3,4,5-trisphosphate (PIP,)

SHIP, an Inositol 5' Phosphatase

P
Al OPOS H OPO;

Phosphatidylinositol-3,4,5-trisphosphate (PIP,) Phosphatidylinositol-3,4-bisphosphate
(inactive)




Fc,RIIB: an Inhibitory Fc, Receptor

Activating Fc R Inhibitory Fc R
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Hypothesis: The balance of activating® and

Therapeutic Uses of Intravenous Immunoglobulin (IVIg)*

Autoimmune Cytopenias Vasculitis

Idiopathic thrombocytopenic purpura (ITP) Kawasaki disease

Acquired immune thrombocytopenias ANCA-positive systemic vasculitis
Autoimmune neutropenia Antiphospholipid syndrome

Autoimmune hemolytic anemia Recurrent spontaneous abortions
Autoimmune erythroblastopenia Rheumatoid arthritis and Felty’s syndrome

Juvenile Rheumatoid Arthritis
Parvovirus B19-associated red cell aplasia SLE




The Arthus Reaction: A Model of Type III
Hypersensitivity

Local inflammation,
Locally injected - increased fluid and
antigen in immune Local immune- oﬁﬂ:ﬂ'glgiﬁfg protein release,
Indlw:nl.{la;owdlym 19G complex formation their degranulation phagocytosis, and
blood vessel
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Requirement of Activating FcRs in
Immune Complex-mediated Glomerulonephritis
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Requirement of Activating FcRs in
Immune Complex-mediated Glomerulonephritis
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1.

2.

Summary: Fc, receptors

Ig has multiple isotypes with unique functions

Receptors for the Fc portion of IgG (Fcy receptors) come in two basic types: ITAM-
containing activating receptors that bind PTKs and an ITIM-containing inhibitory

Biology of Complement
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Recognized Functions of Complement

1. Host defense

2.

Clearance of immune complexes

Complement Activation in Host Defense

CLASSICAL
PATHWAY
Antigen:antibody Lectin binding to Pathogen surfaces
complexes pathogen surfaces ..

J 1

J E

DA
Complement activation

e b

=

W
Recruitment of
inflammatory cells

Opsorﬁzation
of pathogens

"/
Killing

of pathogens
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Components of Complement

CLASSICAL
PATHWA\"

g lectin
camplexes hinds mannose on Fathogen surfaces
[pamogen surfaces} surfaces
g J 5 Sz
Cig, C1r, C1s MBL, MASP-1, MASP-2 c3
ci c4 B
c2 c2 b
k [ | ! ] J

e & ”)

C3b

Terminal
complement components
Csb

< o

5 2

Perllde mediators
inflammation,
phagocyte recruitment

Binds to complement
receptorson phagocytes

g 2

Membrane-attack
complex, lysis of
certain pathogens

and cells

Opsonization
of pathogens

Removal of

immune complexes

Figure 2-19 Immunabiclogy, 6/e. (& Garland Science 2005}

Clq, the Initiator of the Classical Pathway

of Complement Activation

C1
complex

IlgG
antibody

Cirpso

Ciq
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Formation of the €3 and €5 Convertases

® [&iternative Pathway| B [Classical Pathway|

e

Bindi fien
Dolnpleme::!gpmmnm = .
to migrobial cell cd| = £
surface or antibody g

C5
converiase

I's

Late steps of
complement
activation

C3 Contains a Latent, Reactive
Thioester Group

Intact C3
(concealed
thioester group)

Cleavage of
€3 a chain
by C3 convertase

Thinestec rou|

Attachment to microbe,
cell surface protein,
or polysaccharide

-0 C3b
OH

In fluid phase, Covalent attachment of C3b
C3b is inactivated to protein or polysaccharide
by hydrolysis by thioester linkage
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The Classical Pathway
of Complement Activation

The Mannose-binding Lectin Resembles Clq

Figure 2-24 Immunobiology, 6le. (= Garland Science 2005)
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The Lectin Pathway and Other Activators of
Complement in the Absence of Antibodies

A lectin is a molecule that binds to carbohydrate structures

A collectin (like C1qg or Mannose Binding Lectin) is a lectin with collagen-like features

* MBL first binds to mannose on bacterial cell walls. It then binds serine proteases
MASP-1, -2 or -3 (Mannose binding lectin Associated Serine Protease)

All Roads Lead to Rome

CLASSICAL
PATHWAY AT
Antigen:antibody Mannose-binding lectin . ...
complexes binds mannose on Pathogen surfaces
(pathogen surfaces) pathogen surfaces
< 5 N < 5
N/ N\ b 4
Cig,Cir, Cis MBL, MASP-1, MASP-2 Cc3
C4 C4 B
c2 C2 D
L! I 1 IJ
< 5
NS
C3 Convertase
lcsb
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C5a Increases Vascular Permeability
and is a Potent Chemoattractant

Figure 2-33 Immunobiclogy, 6/e. {0 Garland Science 2005)

Big MAC Attack
)
; @)
comg?'tase @-‘L l 1‘ . ~ ?QJVCQ

‘ o S
B ﬂ lysis

Membrane attack -
complex {MAC)
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of Complem

Summary: Three Major Functions

ent in Host Defense

@Opﬂmlzalhn and phagocytosis
Fe

Binding of C3b {or C4b)

to microbe (opsonization)  BY Phagocyte C3b receptor

e
Microbe —é

Recognition of bound C3b

w

of C5, releasmg Cha

@ Stimulation of inflammatory reactions.
i C3a

w0
@C5a = 0&[_3/.'—”3’

Binding of C3b to microbe. 1
release of C3a; proteolysis aclivation of of microbes

Microbe -

Recruitment and Destruction

leukocytes by CSa, C3a | | by leukocytes

Formation of
Binding of C3b to micrabe, the membrane attack ?smotl;:
activation of late components complex (MAC) YSIS Of
of complement microbe

Microbe

Complemen

t Regulatory Proteins™

Recep Distributi Ii Functi
with
€1 inhibitor | 104 kD Plasma protein; | G1r, C1s | Serina protease inhibitor;
(C1 INH) cone. 200 pg/mL binds to C1rand C1s
and disscciates them
Factor | 88-kD dimer | Plasma protein; | C4b, C3b | Serine protease: cleaves
of 50- and 384 conc. 35 ug/mL. C3b and C4b by using
kD subunits factor H, MCP, C4BP,
or CR1 as cofactors
id- FactorH  |1s0kD: Plasma protein: | C3b Binds C3b and
FI Uld phase multiple conc. 480 pg/mL displaces Bb
GOPRa Cofactor for factor -

cleavage of

570 kD; Plasma protein; Binds C4b and
mu\ligle conc. 300 pg/mL. displaces C2

CEEHE Colactor for factor |-
mediated cleavage of

45-70 kD: Leukocytes, | Cofactor for factor -
four CCPRs | epithelial cells, mediated cleavage of
endothelial cells C3b and C4b

70 kD; GPI | Blood cells, i Displaces C2b from C4b
\lnked Imr endothellal cells, | G3bBb and Bb from C3b

CCPI epithelial cells {dissooiation of C3
converlases)

18 kD; GPl | Bloed cells, y Blocks C2 binding and
linked endothelial cells, prevents formation of
epithelial cells lhB MAC

Abbreviations: GGPR, complement control protein repeat; conc., concentration; |
MAC,

attack complex
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Complement Receptors Worth Knowing

CR1
(CD35)

Promotes C3b and Cdb decay

Stimulates phagocytosis
Erythrocyte transport
of immune complexes

Erythrocytes,
macrophages, monocytes,
polymorphonuclear leukocytes,
B cells, FDC

Barr virus

Part of B-cell co-receptor
Epstein-Barrvirus receptor

B cells,
FDC

iC3b

Stimulates phagocytosis

Macrophages, monocytes,
polymorphonuclear leukocytes,
FDC

Binding of C5a
activates G protein

Endothelial cells,
mast cells,
phagocytes

Names

B, (Leukocyte) Integrins

CD

Ligands
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Leukocyte Adhesion Deficiency (LAD)

Absence of CD18
Decreased to absent surface expression of LFA-1, CR3, CR4

Recognized Functions of Complement

1. Host defense
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Clearance of Immune Complexes by Complement
Bound to CR1 on Red Blood Cells

Functions of Complement:
Disposal of Apoptotic Debris

C1q helps removal of apoptotic cell debris (antibody not
required)
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Disorders of the
Complement System

Hereditary Angioneurotic Edema
is Due to Deficiency in CIINH*

Factor XI
TRAUMA=!>

Factor Xla ——cunx

Factor Xl

lllll

BRADYKININ
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Paroxysmal Nocturnal Hemoglobinuria

» Defect in enzymes that synthesize GPI-linked
proteins (such as DAF and CD59)

Inherited Complement Deficiencies

Clq, C1r, C1s,C2,C4 Markedly increased incidence of
autoimmune disease
Moderate increased incidence
of pyogenic infections

H, I, C3 Increased incidence of pyogenic
infections. Moderately increased
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How is Complement Activity Measured?

Method: Incubate antibody-coated erythrocytes with serial dilutions
of serum

Results:

Summary: Complement

1. Complement is an ancient system of host defense that has well-
defined functions in host defense: it opsonizes microbes (C3b,
C3bi), stimulates inflammation (C3a, C4a, C5a), and mediates lysis
of pathogens by the membrane attack complex (C5-9).
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