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Naive Lymphocyte Homing

Naive T cells can enter lymph nodes in the
I affe as well I
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Shift in Homing Receptors:
Naive to Effector

Exit the Circulation

————P 2° Lymphoid Tissue

—————p Peripheral Tissues

First activation: Skin — Home to: Skin
e Mucosa — Mucosa

Antigen Receptor Signaling

Membrane-bound IgM (migM) TCR
recognition recognition
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ITAM: Immunoreceptor Tyrosine-based Activating Motif:
example: YecLnLbpesmYEebl (Igo ITAM)




Essentials of Kinase Signaling
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| Naive T cell interacts with dendritic cell cr_o_(l:ww DAG

presenting its specific antigen
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Activation of the kinase ZAP-70 initiates a series

of reactions that leads to the activation of
phospholipase-y (PLC+y)
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to effector T cells




Naive T Cell Activation Requires Two Signals

| Antigen recognition | T cell response

"Resting"
(costimulator-
deficient) APC
Activation of APCs

by microbes, innate
immune response
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Activated APC:
increased =
expression of
costimulators,
secretion of
cytokines

Effector
T cells
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3 T cell proliferation
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The Antigen Presentation Team

Dendritic cell Macrophage B cell
a:tlfgnlen bacterium microbial toxin
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Effector T Cell Sub-Types

CDA T cells: poptide + MHC class Il i

Ty cells Tyl and T,2 cells Ty17 cells
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dead intracellular plasma cell neutrophils
bacteria

apoptotic cell

“Signal 3" in CD4" T Cell Differentiation

APC-Derived Soluble Signals Determine T Cell Fate
APC IL-12 TGF-8
IL-4 TGF-
Secretes IFN-y IL-6 B
2 = = = = = = = = =
\4 N/ N N N
T.F. Induced* T-bet GATA-3 RORYT FoxP3
T Cell Secretes IL-2, IFN-y IL-4, IL-5 IL-6, IL-17 TGF-B, IL-10
T Cell Type Tyl cells T2 cells Ty17 cells Teg cells

*T.F. = Transcription factor characterizing this cell type




T Cell “Querying”

Collision and nonspecific adhesion

cytotoxic T cell

4
Specific recognition redistributes cytoskeleton
and cytoplasmic components of T cell

Immune Synapse Formation




Immunologic Synapse

Naive T Cells “Scan” a Dendritic Cell




T Cell Ag Recognition = Ca?* Influx

B Cell Ag Presentation is “Selective”

Antigen-specific
B cell binds antigen

Specific antigen
efficiently internalized
by receptor-mediated

endocytosis

High density of
specific antigen
fragments presented




Effector CD4* T Cell Help to B Cells

Ag Specific

@ Non-specific
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Lymph Node Architecture
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1° vs. 2° B Cell Response

Source of B cells

Unimmunized donor
Primary response

Immunized donor
Secondary response

Frequency of
antigen-specific B cells

1:10% - 1:10°

1:102 - 1:103

Isotype of antibody

produced IgM > IgG 1gG, IgA
Affinity of antibody Low High
Somatic hypermutation Low High

Evolving Ab Response

Concentration (ug ml™')

Affinity (M)

10,000 Ll

1000 /-\
100 19G
10

1 /‘f—

0.1 Tl

0.01

- Antibody affinity

immunization
Time after immunization (weeks)

12



Effector CD4"* T Cell Help Provides
Feedback to the Innate System

187 receptor
JC

| Killing of intravesicular bacteria “

Granuloma Formation
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Effector CD4* T Cell Help
to Naive CD8" T Cells

APC stimulates effector CD4 T cell, Activated APC expresses CD40 and
which in turn activates the APC 4-1BBL, which co-stimulates

naive CD8T cell

antigen-presenting cell

Effector CTL's Need No Help

Active effector T cells kill
Stimulation of naive T cell Proliferating T cell virus-infected target cells
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CTL Killing Virally-Infected Target

Superantigen
Bacterial or viral protein: Bacterial
superantigen
Binds MHC & TCR simultaneously e.g. SE,TSST-1
l antiaen-presenting
cell

Extensive TCR crosslinking

(overcomes requirement for MHCc|B
costimulation) class Il
()
l TCR
B

Massive TCR activation a

T cell
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Superantigen Structure
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Features of Superantigen Activation

» SuperAg binds framework regions of the TCR
encoded by the Va or VB gene segment

Vgn Vez V2 Var Dp1 Jg Cp Cp2

LF iii#ﬂ[ﬁ]ﬂ:-##[kﬂl

» Result: activation and proliferation of all T cells
expressing that V-segment
e 5-15% of all T cells (compared with 10 T cells in Ag activation)
* Cytokine storm: T cell IFN-y = Monocyte TNF-a, IL-1
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Mucosal Surface Immunity

* Problem:
« Over 300 m? of mucosal surface area to police
» Thousands of benign foreign proteins

e Thousands of commensal as well as potentially
pathogenic organisms

» Solution

» Specially adapted to maintain a high state of
‘calm alert”

Specialized Features of Mucosal Immunity

Organized lymphoid tissue and single
lymphoid follicles are present in the gut wall

Effector Sites vill

epithelium .

Intestinal lumen

Inductive Sites

isolated
lymphoid
follicle

lamina
propria

lymphatic

to mesenteric lymph node
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Villi

Peyer’s patch
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Microfold Cell Function

M cells take up antigen
by endocytosis
and phagocytosis

Antigen is transported
across the M cellsin
vesicles and released
at the basal surface

Antigen is bound by
dendritic cells,
which activate T cells
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Alternative for Lumenal Ag Sampling

Dendritic cells can extend processes across the epithelial layer
to capture antigen from the lumen of the gut

Gl-Activated Lymphocytes Recirculate to Gut
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Lamina Propria of the Healthy Intestine

Effector T Cells
Macrophages
With Vv’ed TLR
expression
Mast cells coated
DC’s with — with IgE, loaded
“tolerogenic” —| with histamine
properties
(IL-10>IL-12)
| “Effector” B Cells
secreting IgA

1gA is able to bind | | Secreted IgA on the

and neutralize gut surface can bind
internalized and neutralize

in endosomes pathogens and toxins
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Intra-Epithelial Lymphocytes

Lymphocytes called intra-
epithelial lymphocytes (IELs)
lie within the epithelial lining

of the gut

The intraepithelial lymphocytes
are CD8-positive T cells
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At higher magnification, the

IELs can be seen to lie within

the epithelial layer between
itheli

|[EL Function

» Two types of IEL

« Conventional CD8" CTL'’s
* patrol mucosa for virally infected cells; kill

targets (perforin/granzyme, fas)

« Innate-like CD8" CTL'’s
* Limited V-region usage

* Recognize host-encoded surface markers of
stress: MIC-A and MIC-B

+ Kill stressed target cells by conventional means
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|[EL Function

Igliadin peptide

Summary

The interface between the innate and adaptive arms of the immune system
occurs at the level of antigen presentation, a process that takes place
through a highly organized structure termed the immunologic synapse.

Antigen receptor triggering results in a cascade of intracellular signaling
events consisting of stepwise activation of signal transducing elements
through post-translational modifications that include phosphorylation,
dephosphorylation, and enzymatic cleavage. The result is activation of gene
transcription and alteration of cellular function.

Antigen-inexperienced (naive) T cells bear surface receptors that direct their
homing to secondary lymphoid tissues, to which they re-circulate roughly
twice daily seeking encounter with cognate antigen. Antigen-experienced
effector T cells bear a different set of homing receptors that direct their
recirculation to non-lymphoid tissue sites, eg., skin, mucosal lamina propria.
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Summary

CD4* effector T cells represent the fulcrum of the adaptive response,
providing essential direction for B cell differentiation into plasma cells,
phagocyte killing of pathogenic organisms, and activation of cytotoxic
T lymphocytes.

One pathogenic virulence factor, the superantigen, has evolved to disrupt
host responses by activating large numbers of T cells in an antigen non-
specific manner, resulting in a “cytokine storm” mediated by T cells and
responding cells of monocytic origin. The clinical result of this event can be
shock.

The mucosal barriers of the body have evolved specialized immune
structures to optimally balance the need to respond to dangerous invasion
with the equally critical mandate not to respond to everything “non-self’. In
these structures, including Peyer’s Patches, isolated lymphoid follicles, and
within the mucosal lamina propria, the overall tenor of the surveillance is
“watchful tolerance”.
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