Vertebrate Immunity

Introduction

Immunity = ability to recognize and protect against nonself

Many eukaryotic parasites cause chronic infections

Cannot be cleared by host immune system; evade immune
responses

Damage associated with parasitic infection often results
largely or partly from host’s immune response to chronic
exposure to parasite antigens

Resistance may be incomplete: /

Premunition: presence of parasite induces immune responset
conveys resistance to further infection; parasite remains
but its reproduction and other activities are restrained.

presence of parasite induces i
response that conveys resistance to further infectiq
eliciting response is unaffected
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Acquired immunity




Vertebrate Immunity

Il. Types of Immunity
A.

5

Humoral immune response: involves B-cells & T-cells, and antibodies
2. Cell mediated immune response: involves T-cells, no antibodies
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Immunity
lll. Cells of Imnmune System
A. Phagocytes
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-- produce lysosomes that release: Z’;%gggrvt}ggzm
digestive enzymes TS
enzymes that catalyze production of
cytotoxic compounds:

-- reactive oxygen intermediates (ROIs)
H,0,, O- and OH- radicals

-- reactive nitrogen intermediates (RNIs)
nitric oxide (NO), nitrite, nitrate
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Immunity
lll. Cells of Imnmune System

A. Phagocytes

2. categories of phagocytes
a. Mononuclear phagocyte system (“fixed” phagocytes)
-- develop from monocytes that arise from stem cells in bone marrow
-- can produce (hormones that affect other cells of immune system)
-- leave bloodstream and become stationed in different regions
throughout body (not circulating)
--in lymph nodes, spleen, lung =
--in liver =
--in CNS =

b. Polymorphonuclear leukocytes
-- circulating phagocytes in blood; also called
-- neutrophils: most abundant; first line of defense
-- eosinophils:
-- basophils:




-- mature i
-- produce antibodies; hav
-- can recognize nonself

a. : produce large amounts of specific antibody, then die
b. . long lived; produce specific antibody rapidly upon 2"d exposure




— pr
target cells

. activate macrop
(TNF): mediates inflam

(INF-y): activates endothelial cells to allow lym
phagocytes to pass through wall of vessel; activates
macrophages



T-helper cells T,

-- Tyl active in ce
-- T2 active in humoral immuni

b.
-- have coreceptor protein CD8

-- bind with target cell and secrete protein that causes pores in membrane
- lysis
C.
-- inhibit other T- and B-cells and suppress immune responses
d.

-- long lived; activated during 2"4 exposure



--involved in infla
D. Natural Killer (NK) cells

-- lymphocyte-like cells

-- kill infected cells (lysis)

-- some respond to antibodies; involved in humoral response

-- some respond to cytokines = lymphocyte activated killer (LAK) cells; involved
in cell mediated immune response

Mast cell




B. Alternative pathway
-- not antibody dependent (complement proteins interact with p
surface of pathogen)

-- causes lysis and stimulates phagocytosis

Note: host’s own cells are not lysed because regulatory proteins inactivate the first
component of complement when it binds to host cells.



1. Class I
2. Class Il: found primarily



Immunity
VI. Recognition Molecules

A. Antibodies = immunoglobulins

-- each individual produces an enormous variety of antibodies
-- each antibody binds with only one specific type of
-- occur on surface of B cells or secreted into blood by plasma cells
-- 10! types of antibody receptors; results from two
, RAG 1 & 2, that rearrange gene segments during development
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Immunity
VI. Recognition Molecules

A. Antibodies = immunoglobulins
1. Structure
c. Constant region
(Fc)
-- determines
class of Ab
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Immunity
VI. Recognition Molecules

A. Antibodies =immunoglobulins
2. Function
-- Fab regions bind with one particular antigen; label invader for elimination

-- method of elimination depends on projecting Fc region
Recognized by macrophage = phagocytosis = opsonization (IgG)
Activates classical pathway of complement = lysis
Antibody-dependent, cell-mediated cytotoxicity (ADCC)
-- neutrophils, eosinophils, natural killer cells have receptors for Fc
regions of bound Ab
-- phagocytize and/or adhere to pathogen and release cytotoxic
compounds
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Fig. 15.8. Phagocyrasis of a bacterium coated with immunoglobulin
1gG mokecules (modified and redrawn from Becker and Deamer™).



Immunity
VI. Recognition Molecules

B. T-cell receptors
-- each individual produces an enormous variety of T-cell receptors

1. structure

-- each receptor has variable region and constant region

-- variable region binds with only one specific type of

-- occur on surface of T cells (constant region is transmembrane)

-- have associated coreceptors (also transmembrane) & costimulatory
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Immunity
VI. Recognition Molecules

B. T-cell receptors

2. function
-- T-cell receptor binds to antigen (epitope); coreceptor binds with MHC class Il
-- transmit signals into T cell; cytokines produced
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Immunity

VIl. Acquired Immune Response
A.

1. B cell with appropriate Ab on surface binds with antigen

-- internalizes Ab-antigen complex
-- moves portion of antigen (epitope) to cleft in MHCII protein on its own

surface (= antigen presenting cell or APC)
--is now a sensitized B cell
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Immunity

VIl. Acquired Immune Response
A.

1. Simultaneously, a macrophage engulfs antigen and presents epitope in cleft
of MHC-II protein
-- recognized by TH cell with T-cell receptor for specific antigen
-- secretes LI-1; contributes to activation of T2 cells

Antigen-presenting
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VII.

Immunity

Acquired Immune Response
A.

2. activated TH2 with receptor for the specific epitope recognizes epitope
bound to MHCII on sensitized B cell
-- T-cell receptor binds with epitope-MHCII complex; CD4 coreceptor binds
with MHCII
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Immunity

VIl. Acquired Immune Response
A.

2. activated TH2 with receptor for the specific epitope recognizes epitope
bound to MHCII
-- T-cell receptor binds with epitope-MHCII complex; CD4 coreceptor binds with MHCII

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Peptide epitope

CD40 receptor

Costimulatory molecules




VII.

Immunity

Acquired Immune Response
A.

2. activated TH2 with receptor for the specific epitope recognizes epitope
bound to MHCII on B cell

-- T-cell receptor binds with epitope-MHCII complex; CD4 coreceptor binds with MHCII
-- TH2 secretes IL-4, IL-5, IL-6, IL-10

3. Interleukins activate B cells with same epitope and MHCII protein on surface
(B cell moves from recognition phase to proliferation phase)
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Immunity

VIl. Acquired Immune Response
A.
4. activated B cell multiplies rapidly producing many plasma cells & memory B
cells

5. Plasma cells secrete large quantities of antibody specific for the particular
antigen

6. antibodies bind to antigen; trigger opsonization, classical complement, ADCC

7. memory B cells give rapid, vigorous Ab response to subsequent exposure to
antigen
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Immunity

VIl. Acquired Immune Response

B.
1. Epitope presented by APC (macrophage; infected cell)

2. Secrete IL-1, activate TH1; recognize epitope-
MHCII complex

3. Activated TH1 secretes IL-2, TNF, INF-y

4. IL-2:
-- promotes activity of activated B and
T cells CELL-MEDIATED
-- activates NK cells = lymphocyte-activated o e
killer cells (LAK)
-- also activates cytotoxic T cells (CD8+ cells)

5. INF-y: -- activates macrophages
-- promotes B-cell proliferation
-- affects endothelial cells so -
lymphocytes can pass through into Natural
surrounding tissue (TNF also does this) Rilorcel
-- causes inflammation
6. Activated macrophages secrete ROIs, RNIs;
secrete TNF - activates polymorphonuclear
leukocytes (inflammation); cytokines

N
Lymphocyte- Cytotoxic T

activated lymphocyte
7. Memory T cells killer cell YIRS




-- TNF and INF-y active
into surrounding tissue

-- fibrinogen - fibrin; area becomes swollen & firn

-- activated macrophages phagocytize antigen, secrete cytokines, pro
healing

-- if antigen cannot be removed -> deposition of fibrous tissue = fibrosis;
nodules of inflammatory tissue (granulomas) accumulate




Immunity
VIl. Acquired Immune Response

C. Inflammation

2. immediate hypersensitivity
-- involves mast cells with receptors for Fc region of IgE antibodies
-- when antigen binds to bound IgE antibody, causes mast cell to release
histamine, etc.
-- histamine causes dilation of local blood vessels & increased permeability
-- blood plasma escapes causing swelling; redness
-- neutrophils move out and attack first; then macrophages; pus forms
-- if systemic = anaphylaxis
-- basis of allergic reactions and asthma: ex. Bee sting
-- first exposure to venom causes overproduction of IgE
-- second exposure causes massive mast cell response; anaphylaxis

Antigen

IgE anti
Mast cell 9




An Allergic Reaction — Overview

Allergic
reaction TN Histamine

(1) Initial contact % Allergen " - and other
with allergen o , Ui chemicals

Allergen
Plasma cell ﬂ

Released IgE
antibodies

Granule-t"

(4) Subsequent
contact with
allergen




B. Chemical and cellu
antimicrobial substances

-- low pH of stomach and vagina
-- digestive enzymes

-- breast milk: IgA, IgG, lysosyme
-- mucus with IgA and lysozyme (attacks cell walls of bacteria)

-- interferons: inflammation

-- TNF: inflammation, fever

-- complement: esp. alternative pathway

-- defensins: each type effective against a different category of mi






. Circumvent cytokines

Shift su
Shed surface antigens
Adsorb host antigens
Inhibit binding of Fc region
Cleave off Fc region of bound antibodies
Migrate around body of host

Inhibit IL-1, IL2
cause nonspecific proliferation of B cells (polyclonal B cell activation
exhaustion of immune system
Produce antioxidants



