Biology of Fc, Receptors

Selected Functions of Ig Isotypes

Antibody | Isotype-specific |

isotope | effector functions
I9G Opsonization of antigens for phagocytosis
by macrophages and neutrophils

Activation of the classical pathway
of complement

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

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

Feedback inhibition of B cell activation

IgM Activation of the classical pathway of
complement

Antigen receptor of naive

B lymphocytes*

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

IgE Antibody-dependent cell-mediated
cytotoxicity involving eosinophils

Mast cell degranulation (immediate
hypersensitivity reactions)




Functional Sites on the Ig6 Molecule

~ C1q binding site

Selected Functions of Fc Receptors
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Fc,Receptor Signaling: ITAM Phophorylation

Opsonized Bacterium
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Some Important Fc, Receptors™

FcR Affinity for Cell Function
immunoglobulin | distribution

FcyRI High (K4 ~ 10¢ M); binds | Macrophages, Phagocytosis;

(CD64) 1gG1 and IgG3, can bind | neutrophils; activation
monomeric IgG also eosinophils of phagocytes

FeyRIIA | Low (Kq> 107 M) Macrophages, Phagocytosis;

(CD32) neutrophils; cell activation

eosinophils, platelets | (inefficient)

FeyRIIB
(CD32)

Low {Kg > 107 M)

B lymphocytes

Feedback inhibition
of B cells

FoyRIIIA

Low (Ky > 10°6 M)

NK cells

Antibody-dependent

(CD16)

cell-mediated
(CD16) cytotoxicity
FeyRINB | Low (Kq > 10F M); Neutrophils, Phagocytosis
GPl-linked protein other cells (inefficient)

FceRI

High (Kg> 10710 M);

binds monomeric IgE

eosinaphils

Mast cells, basophils,

Cell activation
(degranulation)

Phosphoinositide-metabolizing Enzymes




Three Important Phospholipid-modifying
Enzymes Worth Knowing: PLC-y
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+
OPO4*" H

H OP04*"

Phosphatidylinositol-4,5-bisphosphate (PIP,) H OPO,Z
Inositol-3,4,5-trisphosphate (IP;)

Phosphatidylinositol 3-kinase
(PT 3-kinase)

Pl 3-kinase

H OP04*"

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




SHIP, an Inositol 5' Phosphatase

SHIP

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

Fc,RIIB: an Inhibitory Fc, Receptor
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Clustering of the BCR by Antigen Initiates Signaling




Positive and Negative Regulation of the BCR

e\ /4

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
Anti-factor VIII autoimmune disease




Hypersensitivity Diseases

|Tvpe°f |
hypersensitivity

Pathologic immune | Mechanisms of tissue
injury and disease

mechanisms

Immediate IgE antibody Mast cells and their mediators
itivity: (vasoactive amines, lipid

%g:rfensnmty. mediators, cytokines)

Antibody mediated: | IgM, 1gG antibodies Opsonization and

Type Il against cell surface or | phagocytosis of cells

extracellular matrix
antigens

Complement- and F¢ receptor—
mediated recruitment and
activation of leukocytes
(neutrophils, macrophages)

Abnormalities in cellular functions,
e.g.. hormone receptor signaling

Immune complex
mediated: Type Ill

Immune complexes of
circulating antigens and
IgM or IgG antibodies

Complement- and Fc receptor—
mediated recruitment and
activation of leukocytes

T cell mediated:
Type IV

1. CD4* T cells (delayed-

type hypersensitivity)

2. CD8* CTLs (T cell—
mediated cytolysis)

1. Macrophage activation,
cytokine-mediated inflammation

2. Direct target cell killing, cytokine-
mediated inflammation




The Arthus Reaction: A Model of Type ITI
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Requirement of Activating FcRs in
Immune Complex-mediated Glomerulonephritis

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

< 5

D
Complement activation

S Z

\ £

Recruitment of
inflammatory cells

Opsorrization
of pathogens

KiITing
of pathogens
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Components of Complement

CLASSICAL
PATHWAY
ARUGeRant

y binding lectin
complexes binds mannose on Pathogen surfaces
(pathogen surfaces) surfaces
N N N
Ci1q, C1r, C1s MBL, MASP-1, MASP-2 C3
c4 c4
C2 C2

C3a, C5a

C3b

Terminal
complement components
C5b

S Z

S Z

Peptide mediators
of inflammation,

Binds to complement
receptors on phagocytes

Sz

Membrane-attack
complex, lysis of
certain pathogens
and cells

Figure 2-19 Immunobiology, 6/e. (© Garland Science 2005)

Opsonization
of pathogens

Removal of
immune complexes

C1
complex

IgG
antibody

Clrpso

Clq, the Initiator of the Classical Pathway
of Complement Activation

Ciq
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Formation of the €3 and C5 Convertases

) [Atternative Pathway| B [Classical Pathway

Microbe.

Binding of
complement proteins
to microbial cell
surface or antibody

Formation of
C3 convertase

Cleavage of C3

Govalent b
of C3bte
icrobial surface

canverlase

Late steps of
complement

C3 Contains a Latent, Reactive
Thioester Group

Intact C3
(concealed
thioester group)

Cleavage of
C3 ¢t chain
by C3 convertase

Thioester grou
exposed in CGE

Cell-
associaled  H'S =0
] Cap
=% inactiva
H-5¢=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 Lectin Pathway and Other Activators of
Complement in the Absence of Antibodies

« Alectin is a molecule that binds to carbohydrate structures

» Acollectin (like C1g or Mannose Binding Protein) is a lectin with collagen-like
features

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

« These can then activate C4 and C2, thus creating a C3 convertase without

The Mannose-binding Lectin Resembles Clq

Figure 2-24 Immunobiology, 6/e. (© Garland Science 2005)
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All Roads Lead to Rome

CLASSICAL
PATHWAY
Antigen:antibody Mannose-binding lectin
complexes binds mannose on Pathogen surfaces
(pathogen surfaces) pathogen surfaces
< = NI N
N/ A N
Ciq, C1r,Cis MBL, MASP-1, MASP-2 C3
C4 C4 B
C2 C2 D
kl ] 1 ] )
< 5
\/
C3 Convertase

$C3b

C5a Increases Vascular Permeability
and is a Potent Chemoattractant

Small complement-cleavage products
act on blood vessels to increase
vascular permeability and
cell-adhesion molecules

Increased permea ease
fluid leakage from blood vmtl-l
= n

‘and extravasation of immi
and complement molecules

"3 TD
S

*

ST,

complement
‘components

Figure 2-33 Immunobiology, 6/e. (© Garland Science




Big MAC Attack

Inflammation

convertase @&_“%} is ) @@}@@jﬂ:yi\b cell
ol WA T

pemmenwe Y

Membrane atiack ~ -
complex {MAC)

Summary: Three Major Functions
of Complement in Host Defense

@ ‘Opsonization and phagocytosis
r

Micrabe -

Binding of C3b (or C4b)  Fecodnition ofbound C3b  [phagocytosis
to micrdbe (opsanization) 2 Phagocyte G3b receptor of microbe

ljg qCEa ';“' s 43@

Binding of C3b to micrabe, Recruitment and Destruction

release of C3a; proteolysis activation of of microbes
of C5, releasing C5a leukocytes by C5a, C3a | | by leukocytes

Microbe

@ Complement-mediated cytolysis

Formation of Osmotic

Binding of C3b to microbe, the membrane attack lvsis of
activation of late components complex (MAG) sl
of complement microbe
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Complement Regulatory Proteins™

F ¥ Distributi Function
with
Ci1 inhibitor | 104 kD Plasma protein; |C1r, C1s | Serine protease inhibitor;
{C1 INH) cone, 200 pg/ml binds to Gir and C1s
and dissociales them
Factor | 88-kD dimer | Plasma protein; | C4b, C3b | Serine protease; cleaves
of 50- and 381 conc. 35 ug/mL G3b and C4b by using
kD subunits factor H, MCP, C4BP,
or CR1 as cofactors
id- FactorH  |150kD; Plasma protein; | G3b Binds C3b and
Fl u |d phase multiple cone 480 ngmL displaces Bb
CCPRs Cofactor for factor -
mediated cleavage of
C3b

C4-binding | 570 kD; Plasma protein: | C4b Binds C4b and
protein multiple conc. 300 pg/mL displaces C2
(C4BP) €9 Cofactor for factor I-
mediated cleavage of
Cdb
Membrane |45-70kD; Leukocytes, C3b,C4b | Cofactor for factor |-
cofactor four CCPRs | epithelial cells, mediated cleavage of
for protein endothelial cells C3b and C4b
(M(gP. CD46)
Decay- 70 kD; GPI | Blood cells, C4b2b, Displaces C2b from C4b
acceleratin \méc;% four sn_c:gﬂlv_e\lwag:lells‘ C3bBb (adr!d Bb Iré)m CTS(.S:!
=1 = elial cells issociation of
factor (DA = convertases)
CD59 18 kD; GPI | Blood calls, G7,GC8 Blocks G2 binding and
linked endothelial cells, prevents formation of
epithalial cells the MAC

Abbreviations: CCPR complement control protein repeat; conc., concentration;
G i ; MAC, attack complex

Complement Receptors (Worth Knowing)

Promotes C3b and C4b decay Erythrocytes,
CR1 C3b, C4b Stimulates phagocytosis macrophages, monocytes,
(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

?M?;::d) Macrophages, monocytes,

(CD11b/ iC3b Stimulates phagocytosis polymorphonuclear leukocytes,
CD18) Rk

C5a Blndlng of C5a Endothelial cells,
mast cells,

phagocytes

receptor activates G protein
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B, (Leukocyte) Integrins

Names CD Ligands

Leukocyte Adhesion Deficiency (LAD)

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

19



Recognized Functions of Complement

1. Host defense
2.  Clearance of immune complexes

Clearance of Immune Complexes by Complement
Bound to CR1 on Red Blood Cells

Cdb2b3b

Y4

Figure 9-29 Immunobiology, 6/e. (0 Garland Science 2005)
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Functions of Complement:
Disposal of Apoptotic Debris

C1q helps removal of apoptotic cell debris (antibody not
required)

Functions of Complement:

21



Positive and Negative Regulation of the BCR

CD19

The "Paradox” of Complement Deficiency and
Autoimmunity

Despite a positive role for CR2 in setting the “gain” of B cell
responsiveness, it has been suggested that deficiencies in

22



Models for How Complement Deficiency
Predisposes to Autoimmunity

| COMPLEMENT DEFICIENCY |

—

Impaired Waste Disposal
Mechanisms, e.g., Dying
Cells. IC

Abnormal Lymphocyte

¢ Aclivation
Increased Levels of /

Circulating
DNA/anti-DNA IC

Additional Genetic

/ Environmental

Factors

)

SYSTEMIC LUPUS ERYTHEMATOSUS

Disorders of the

Complement System

23



Hereditary Angioneurotic Edema is Due to
Deficiency in CIINH*

Paroxysmal Nocturnal Hemoglobinuria

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

2) Red cells and platelets cannot repair damage

24



Complement Deficiencies

C1q, 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

Total Hemolytic Complement Measurement

Method: Mix RBC, Anti-RBC, Serial dilutions of serum

Results:
Serum Dilutions: 1/50 1/100 1/150 1/200
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Summary

1. Ig has multiple isotypes with unique functions

2. 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 receptor (that antagonizes
the Pl 3-kinase pathway). Their relative expression determines the outcome of a given
engagement of IgG ligand.

3. Fcy receptors mediate phagocytosis and, when overactivated by excessive immune
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