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The Immune System in Health

» Defense against invading organisms
» Surveillance against malignancy
» Orchestrator of tissue repair
» Patrol against senescence
» Interface with metabolic processes
~ Body temperature
~ Fe3* balance
-~ Body mass




The Immune System in Disease

® Too little - immune deficiency

=Too much - attack on self
*Too long - tissue remodeling

»Too “anxious” - hypersensitivity

Tips on Challenges You Will
Face

» Details, details, details - new vocabulary

» “Rules” are built on experimental
observation

» Every rule has an exception

» The “system” is a network of many players
i er, but remember...




Plight of the Hapless Pathogen
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Innate Immune System

Soluble Cellular

Complement Cascade Phagocytes
Natural Killers

» Array of sensors for “danger”

» Recognize pathogen-associated molecular
patterns (PAMP’s) - shared by many




The Complement System

® The pre-existing hostile milieu
* Set of ~25 highly abundant serum proteins
» Forms a proteolytic cascade at the cell surface

— T~

Generation of Release of
soluble fragments

Cells of the Innate System

» Phagocytes
» Macrophages

» Neutrophils (aka: polymorphonuclear
leukocytes)




Macrophages

Tissue-resident sentinels
& refuse collectors
Arrayed with
“sensors”:
- PAMP receptors
- Complement R’s

M® as Refuse Manager




Neutrophils

Most abundant blood leukocyte
- 3 million/day exit bone marrow
- production 11 with infection -

Exit blood = tissue when called -

otax along gradients:

Neutrophil Chemotaxis

— TMCP
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Macrophage/Neutrophil Killing
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Dendritic Cells

*Phagocyte with a dual career - reconnaissance

_ specialist
» Starts out a tissue-resident

sentinel

» Constant pinocytosis - “small
bites” sampling surroundings

» Pathogen contact - career
change




Soluble Intercellular Signals

» Cytokines - secretory proteins that mediate
immune cell development & inflammatory
reactions

= Bind to specific receptors on signal-receiving
cells

= |Influence the state of activation, effector
[ [ e of the recipient cell

Innate Call for Help

» PAMP recognition = M® activation ==
ALARM

= Secrete interleukin-1 (1L-1)
== Secrete tumor necrosis factor (TNF-a)

» Two critical “innate” immune system
okines:




Is that all there is?

» Yes, for 99% of the animal kingdom

» But if you're a jawed vertebrate... there’s
more!

Adaptive Immune System: B & T
Lymphocytes

How the Adaptive System Learns

» Each cell develops with a unique Ag receptor

® Generated randomly

» Gen. by genomic DNA rearrangement

» Extremely diverse: ~100 billion possible R’s
» Naive lymphocytes patrol 2° lymphoid organs
er find Ag = survive ~3 weeks




B Lymphocytes

® Develop in the bone marrow

» Each new B cell makes a unique antigen receptor
(BCR)

» This BCR is an immunoglobulin (Ig), aka,
antibody

Immunoglobulins

= Tetramer

*2Hchains+2L
chains Complementarity

Determinin
hain disulfides Regions (CDlg's)
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Immunoglobulin-Antigen Binding

T Lymphocytes

» Hematopoietic origin (marrow) but most of
their development occurs in the thymus

» Like B cells, T cells:
» Utilize a surface Ag receptor (TCR)
» Extreme diversity of Ag binding
= Ag receptor triggering is required to initiate
clonal expansion

~ Ag “experienced” cells produce a long-lived
memory population
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T Lymphocytes

@ Unlike B cells, T cells:
» Never secrete their Ag receptor

= Cannot bind free antigen molecules - only
peptides of 8-25 amino acids

» Require that Ag be presented to them on a

®» Two Classes: | and I
» Highly polymorphic

» Vary greatly from one
individual to the next

» Identified as the basis for
organ rejection between
[ -identical

“BoY! TALK ABOUT ORGAN RETECTION! ™
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MHC Class |

» Expression:

antigen

[ ) .peptide
o

tice-@in
peptide-§king
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microglobulin

All nucleated cells
» Structure:

a-chain + B2
microglobulin

» Antigenic peptides:

D ed from cell’s

&) peptide-binding
- cleft

MHC Class Il

» Expression:

£

Antigen presenting cells
(APC’s)

Examples -
macrophages, dendritic
cells, B cells

= Structure




Peptide/MHC Class |

T Cell Career Paths

* CD4* T cells

® Most commonly termed
“helper T cells” (TH’s)

» Recognize Ag peptide
presented by MHC
Class Il

» Provide essential
activation signals to B
Cells, CD8* T cells, and

cD4oL
phagocytes S
~ soluble - cytokines Conis Koo
~ surface molecules - Janeway, ot a: Immunobilogy, 81 Edn. Copyrght © 2005 by Gariand

Ty cell recognizes complex of
bacterial peptide with MHC class Il
and activates macrophage

IFN-y

Helper T cell recognizes complex of
antigenic peptide with MHC class Il
and activates B cell
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T Cell Career Paths

» CD8* T cells

® Most commonly termed
“cytotoxic T cells”
(CTL’s)

» Recognize Ag peptide

resented by MHC

Natural Killer (NK) Cells

® Lymphocyte without BCR or TCR - “innate”
like

» Don’t require prior contact or clonal
expansion

» Receptors recognize distressed cells:
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Innate vs. Adaptive Immunity

Innate Adaptive

On first . 5-10 days for clonal
Immediate response .
contact expansion

Receptor Broad classes of Highly specific for a
Specificity molecules single structure

Potentially any
protein, lipid, or carbo

igands Microbial origin

Autoimmunity:
Distinguishing native tissue from foreign
pathogen

» Innate System - inherent in the receptors
» Directed at microbial molecules (PAMP’s)
» Adaptive System - not inherent in the receptors

ble to bind anything - protein, carbohydrate,




One Layer of Safeguard:

T Cell Activation requires Innate/Adaptive

Cooperation

» Naive T cells require two discreet activation

signals

= Signal I: TCR binding to peptide/MHC
= Signal Il: Co-stimulation provided by the APC
= Involves binding of T cell CD28 to APC CD80 &

86

» QOccurs at

cell and APC

T Cell Activation:
Under Innate Cell Control

| Antigen recognition |

cDz8

"Resting" | T cle_u

(costimulator-
deficient) APC

Activation of APCs
by microbes, innate
immune response

[ ]

80/86 CD28
Activated APC:
increased ~
expression of
costimulators,
secretion of -

Naive

cytokines “;lz-ﬂ..h. .

Cytokines (e.g., IL-12)
- Basic Enmunalogy, 3rd Edition. Copy

T cell response

- 9

No response
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Lymphocyte Effector Functions

[Antigen recognition | [Effector functions]
)
TCR Cytoklnes Actlvallon of
ﬁ / maCfOphages
* O

CD40L Activation
Mlcroblal (proliferation and
Contact differentiation)
(PAMP’s) of Tand B
lymphocytes

Helper T
lymphocyte MHC ||

i
BCR “."; Neutralization
B G * & of microbe,
q phagocytosis,
lymphocyte + $ . complement
Microbe activation

@( ] Anllbody
Cytotoxic T 3@: +}]’9 =) 5%}3' =

lymphocyte

Y (%TL)yt MHC i Inlecied cell
expressing

microbial antigen

% | Killing of
¢ | infected cell

Abbas & Lichtman: Basic Immunclogy, 3rd Edition. Copyright © 2008 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

Summary

. We are protected from dissolution at the hands of microbes by an army of
specialists each of which provides an essential piece of a complex defense.

. The innate arm, the most ancient, is the first to respond. It’s cells utilize
evolutionarily conserved pathogen characteristics to recognize “danger” and act
rapidly to tag, engulf, lyse, or wall off the invader.

. The innate system simultaneously provides pathogen-specific information (in the
form of MHC/peptides) and essential activation signals (in the form of CD80 and
CD86) to the adaptive system resulting in helper T cell activation and
differentiation.

. a) CD4* T cells provide cytokine and contact-dependent help to B cells, resulting
in a highly specific, high affinity antlbody response.

iprocal signals to the innate




Helpful Hints

» Read Sompayrac in full early
» Easy read, great for framework
» Good glossary at the back of Abbas

= List of surface molecules, Abbas Appendix
|

» Searchable Janeway on line
(http://www.ncbi.nlm.nih.gov/books/
bv.fcgi?call=bv.View..ShowTOC&rid=imm.TOC&depth=2)

~ Recent | ou nal reviews listed on
Course #or a dv¥fseren? perspective
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Mo as Cop: C. albicans (yeast)

cel |5l iveicom

Compare and Contrast:
Innate and Adaptive Immunity

® Innate system receptors -

» Recognize broad motifs, not organism-
specific

» Adaptive system receptors -
istinguish fi olecular differences
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Adaptive Immune Cells

® Only two cells:
» B lymphocyte

= 1stidentified in the bursa (B) of
the chicken

» Antigen (Ag) receptor: B cell

e~ g e e
ﬁ.ﬂ.ﬂ?\'y—% ﬁi‘kﬁgf—%
to 08 to 08




Complement System

» Set of 25 highly abundant serum proteins

» Form a proteolytic cascade (not unlike the clotting
cascade) on cell surfaces

» Function: Lyse pathogen; tag pathogen for killing
by phagocyte; summon phagocytes

» Three routes of initiation:

ous “drizzle” of complement

W N -

o b

Top 10 Challenges to Getting It

. Distracting good looks of the presenters
. Details, details, details!

. Doesn’t come in a sleek Apple/Maclntosh-style
package

. So many players to get to know

. (something about what do we have to know for
exam?)
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The Immune System:
An Overview

Innate Immune System

» Array of sensors for “danger”

» Recognize pathogen-associated molecular
patterns (PAMP’s) - shared by many pathogens

" (o Jeses $
dsRNA
CpG DNA \Flagellin

» Pathogen contact produces rapid activation
» No requirement for prior contact
~ Innate Effectors: Both Soluble (serum) and Cellular
~ Soluble (serum) - Complement System
tissues) - Phagocytes, natural killer
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