Teaching unit 05

Cellular immune response



Cellular immune response

Activation of T lymocytes by intracellular
microorganisms



... let us remind ourseloves

"

Intracellular microbes Examples

(A)Phagocyte  Phagocylosed microbes | Intracellular bacteria:
that survive within | Mycobacteria
phagolysosomas " Listoria monocytogenes
Microbes that escaps | Legionalla pneumophila
from phagolysosomes | Fungi:

\ - INto cylopiasm ' Cryptococcus neoformans
' Protozoa:

' Leishmania

. Trypanosoma cruzi

for virus Protozoa:

Plasmodium falciparum
Cryplospondium parvum

Microbes that infact %‘ -

nonphagocytic cells e

Cellular immunity
protects us from
intracellular
microorganisms

T lymphocytes play a
major role in this type
of acquired immunity

There are two types of
intracellular infections



Phases of T-cell response

The response of T lymphocytes to antigens of intracellular
microorganisms takes place in several successive stages.

During this response:

v The number of T lymphocytes specific for the given
antigen increases.

v" The transformation of naive into effector and
memory T lymphocytes.



... let us remind ourselves

Naive T lymphocytes...
...recirculate constantly...

...before eliminating antigens, they must additionally
differentiate from naive to effector lymphocytes...

...that process begins with antigen recognition.

T lymphocytes recognize peptide fragments of protein antigens...

...and that as part of the products of the MHC on the APC that bring
processed antigens from the periphery to the secondary lymphatic
organs...

...the most etfective in this process are dendritic cells because they provide
an additional (second) signal for activation.



... let us remind ourselves

...after activation of T lymphocytes (antigen-specific)
they begin to synthesize and secrete cytokines
... Cytokines also stimulate clonal expansion

...lymphocytes activated in this way
further differentiate into effector and memory lymphocytes

...some of these cells remain in the lymph node
to participate in the elimination of the infected
cells and to help B lymphocytes

...most other effector T lymphocytes migrate to the site of infection...

...after antigen elimination, some of these lymphocytes become memory T
lymphocytes
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Phases of T lymphocyte activation: from naive to effector T

lymphocytes
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Antigen recognition and costimulation

Initiating a T-cell response requires multiple molecules on T lymphocytes to recognize
the appropriate ligands on APC.
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1. Recognition of peptides within the MHC molecule

This is the first signal for the activation of T lymphocytes. Receptor
(TCR complex and coreceptors).

Coreceptors are CD4 or CD8 molecules.
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Superantigens

Superantigens - some exotoxins of
Gram-positive bacteria (S. aureus and S. |
pyogenes) stimulate a large number of
CD4+ T lymphocytes by directly
binding to class II MHC molecules on
APC and to regions of VBTCR on T
lymphocytes that are not part of active
site.

T lymphocyte

T-cell réceptor  Superantigen
/ A

By nonspecifically activating large
numbers of CD4+ T lymphocytes,
superantigens stimulate the production
of large amounts of cytokines, resulting

in a systemic reaction similar to septic
shock.

MHC elass II /
mo!gcule

APC



2. Adhesive molecules in T lymphocyte activation

Adhesive molecules are expressed on T lymphocytes,
recognize their ligands on APC and thus stabilize the
binding of T lymphocytes to APC.

The most important adhesive molecules belong to a family of
heterodimeric proteins called integrins. The main integrin
on T cells is LFA-1 (Leukocyte Function Associated
Antigen -1). Its ligand is ICAM-1 (Intercellular adhesion
molecule-1).



Adhesive molecules in T lymphocyte activation

The integrins on blood leukocytes are
normally in a low-affinity state.

An important feature of integrins is 8 Extended (high-afiinity)
their ability to respond to 3Ly
intracellular signals by rapidly
increasing their affinity for their
ligands

Bent (low-affinity)

Chemokine and antigen receptor
engagement in cells lead to increased
atfinity of the integrins

Integrins are also important in
directing the migration of effector T
lymphocytes to the site of infection.



3. Costimulators in the activation of T lymphocytes

'Antigen recognition‘

"Resting"
(costimulator-
deficient) APC

Activation of APCs by microbes,
innate immune response

Activated APC:
increased
expression of |
costimulators, |
sacretion of
cytokines

T cell response

No response
or tolerance

T cell proliferation
and differentiation

Costimulators are molecules
expressed on APCs and
provide a second signal.

The best studied B7-1(CD80) and
B7-2(CD86) are expressed on
professional APC.

The expression of these molecules
increases significantly when
APC comes into contact with

microorganismes.

The ligand for these molecules is
CD28 expressed on T
lymphocytes.

In the absence of CD28 and B7
interaction, not only there is no
lymphocyte activation, but the
lymphocyte can be disabled for

a long time.



Members of the B7 and CD28 protein families

Expression DCs; macrophages, DCs; DCs;
B cells macrophages, macrophages,
B cells, other cells B cells; endothelial,
epithelial and tumor
cells (PD-L1 only)
Name B7-1 B7-2 ICOS-L PD-L1 PD-L2

(CD80) (CD86) (CD275) (B7-H1, (B7-DC,
CD274) CD273)

Ligands on
APCs and
other cells

Receptors
on T cells
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Name CcD28 CTLA-4 ICOS PD-1
Expression T cells; T cells; T cells; T cells, B cells,
constitutive inducible inducible myeloid cells;
inducible
Major | Costimulation | Negative Costimulation Negative
function | of naive T cells;! regulation of effector regulation
generation of ' of immune and regulatory of T cells
regulatory responses; T cells; generation
T cells self-tolerance of follicular
helper T cells




Another group of costimulatory molecules consists of CD40 on APC
and its CD40 ligand (CD154) on T lymphocytes.

The contact of these molecules does not directly enhance the activation
of T lymphocytes. Instead, this binding increases the expression of B7
molecules on APCs and prompts them to secrete 1L-12, which
stimulates T lymphocyte differentiation.

Protein antigens (e.g. those used in vaccines are inert and cannot
induce a T cell immune response on their own, but it is necessary to
give them substances that activate APS (dendritic cells, macrophages,
and probably also B lymphocytes). These substances are adjuvants.

Adjuvants work by inducing the expression of costimulators on APCs
and prompting them to secrete activating cytokines.



Different members of the CD28 family participate in the activation,
but also in the inhibition of T lymphocytes.

To limit or end the immune response are important:

...CTLA4 which also binds to B7 on APC, but transmits an
inhibitory signal and prevents the immune response to some
tumors.

...PD-1 which binds to similar ligands and inhibits the response to
infection allowing chronicity.



Receptor: TCR recognizes the peptide within the APC

ACCESSORY MOLECULES :
CO-RECEPTORS (expressed on T lymphocytes): CD4 and CD8
ADHESIVE MOLECULES (expressed on T lymphocytes): LFA-1

COSTIMULATORS (expressed on APC): B7-1, B7-2, CD40



Proteins produced by antigen-stimulated T
lymphocytes

Activation of
dendritic cells, Control of
macrophages, response
B cells

Retention in

ymph node Proliferation

Time after initial antigen recognition >

v

After the initiation of activation by antigen recognition and costimulator
binding, there are characteristic changes in the expression of various surface
molecules in T cells. These proteins are typically expressed at low levels in
naive T cells and are induced by activating signals.



When the TCR complex recognizes MHC-associated peptides
on an APC, several T cell surface proteins and intracellular
signaling molecules are rapidly mobilized to the site of

T cell-APC contact. This region of physical contact

between the T cell and the APC forms structure that is called an
immunologic synapse

B APC

_
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.
-
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Early tyrosine phosphorylation
events in T cell activation.

Phosphorylation of proteins and
lipids plays a central role in the

transduction of signals from the

TCR complex and coreceptors

On antigen recognition, there is
clustering of TCR complexes with
coreceptors (CD4/CD8).
Coreceptor-associated Lck becomes
active and phosphorylates
tyrosines in the ITAMs of CD3 and

C chains.

ZAP-70 binds to the
phosphotyrosines of the C chains
and is itself phosphorylated and
activated. Active ZAP-70 then
phosphorylates tyrosine's on
various adaptor molecules that
results activating multiple
signaling pathways.



1. NFAT cells signaling pathway
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NFAT is a transcription factor
required for the expression of
genes encoding IL-2, IL-4, TNF,
and other cytokines.

The LAT adaptor protein that is
phosphorylated on T cell
activation binds the cytosolic
enzyme PLCyl, which is
phosphorylated by ZAP-70 and
activated.

Active PLCy1 hydrolyzes
membrane PIP2 to generate 1I3.

IP3 induces the opening of the
CRAC channel that facilitates
entry of extracellular calcium
into the cytosol.



1. NFAT cells signaling pathway

NFAT is present in an
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2. The Ras-MAP kinase pathway

The Ras/MAP-kinase pathway in T cells

ZAP-70 Adapter

Ras.GTP/(Raf>-...

MAP kinase

cascade

p:ptem Grb-2 factor (e.g., Sos)

Recruitment
and activation Ras GTP/GDP
of adapter proteins exchange
Ras GTP/GDP exchange

SAP
kinase
pathway

Synthesis and activation of
transcription factors (e.g., AP-1)

These kinases stimulate:

the expression of the protein c-Fos
the phosphorylation of the protein c-Jun
c-Fos and c-Jun together form the transcription factor AP-1 (activating protein — 1)

ZAP-70 phosphorylates
membrane-associated adaptor
proteins, which then bind another
adaptor, Grb-2.

Grb-2 provides a docking site for
the GTP/GDP exchange factor
SOS.

SOS converts Ras:GDP to
Ras-GTP. Ras:GTP activates a
cascade of enzymes, which results
in the activation of the MAP
kinase

ERK.

A parallel Rac-dependent pathway
generates another active MAP
kinase, JNK
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4. PI3-kinase signaling
pathway
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* Phosphatidylinositol 3-kinase
PI3-kinase, phosphorylates a
specific phosphatidylinositol

Active
PDK1

Akt bisphosphate (PIP2) and
o E}@E generates phosphatidylinositol
;ve @ trisphosphate (PIP3).
[Cell survival | « PIP3 activates Akt kinase.

« Activated Akt phosphorylates
crucial targets and contributes
to cell survival in a number of
ways, including the inactivation
of pro-apoptotic members of the
Bcl-2 family.



After antigen recognition and costimulators bind to their ligands, gene
transcription for cytokines, their receptors, cell cycle activators and
effector molecules (eg CD40 ligand) begins.

The final result of the activation of T lymphocytes is the proliferation
(expansion) of the antigen-specific clone and the differentiation of naive
into effector lymphocytes.
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Functional response of T lymphocytes to antigens
and costimulation

1. Cytokine secretion and expression of their receptors

In a non-specific immune response, the main source of
cytokines is the macrophage.

In the specific immune response
it is CD4+ T lymphocyte.




Cytokines secreted by helper CD4+ T lymphocytes

3= : : :
?’General properties of T cell cytokines ]|/B|olog|c actions of selected T cell cytokines

— 1

LProperty Significance JLCytoklne Principal action Cellular source(s)
Produced transiently in response | Provides cytokine only when IL-2 T cell proliferation; | Activated T cells
to antigen needed regulatory T cell survival
Usually acts on same cell that Systemic effects of cytokines Interferon-y | Activation of CD4* Th1 and
produces the cytokine (autocrine)| usually reflect severe infections (IFN-y) macro_phages CcD8+T qells,
or nearby cells (paracrine) or autoimmunity (classical pathway) natural killer (NK) cells
Pleiotropism: each cytokine has | Provides diversity of actions but IL-4 B cell switching to IgE; | CD4+Th2 T cells,
multiple biological actions may limit clinical utility of cytokines alternative macrophage | mast cells
because of unwanted effects activation
Redundancy: multiple cytokines | Blocking any one cytokine may IL-5 Activation of CD4* Th2 T cells,
may share the same or similar not achieve a desired effect eosinophils mast cells,
biological activities innate lymphoid cells
h IL-13 B cell switching to IgE; | CD4+ Th2 T cells,
alternative macrophage | mast cells,
activation innate lymphoid cells
IL-17 Stimulation of CD4*+Th17 T cells,
acute inflammation other cells
[L-21 B cell activation; CD4+Tfh T cells
Tfh differentiation
IL-22 Maintenance of CD4+Th17 T cells,

epithelial barrier function | NK cells,
innate lymphoid cells



IL-2 is the first cytokine
secreted immediately (one to
two hours) after activation.
Activation also stimulates IL-2
receptor expression.

The IL-2 receptor (IL-2R) consists of
three non-covalently associated
proteins

Resting (naive) T lymphocytes
express the IL-2R[3yc complex
which has a low affinity for IL-2

Activation of the T cells and IL-2
itself leads to expression of the IL-
2Ra chain and increased levels of
the high-affinity IL-2RaBy
complex.

IL-2 is a growth (proliferation) and
survival factor of T lymphocytes.
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2. Clonal expansion

Clonal
_ expansion

" Contraction
(homeostasis)

106+

Memory

Infection

Number of microbe-specific T cells

J | T
7 14 200
Days after infection

In response to some viruses, the number of antigen-
specific T lymphocytes can increase

more than 10,000-fold with an estimated doubling time
of about 6 hours (especially for CD8+ T
lymphocytes).



3. Differentiation of naive into effector T lymphocytes

‘Naive T cells circulate
through lymph nodes
and find antigens

Naive
T lymphocyte

B cellin
follicle

| &
Effector e
Tcellst | Activation of X; & Activation of
Y naiveT cells in >M effector T cells at
lymph node, site of infection;
development of Site of eradication of
effector cells infection microbe

« After antigen recognition T

cells activate and
differentiate into etfector
cells, which may remain in
the lymphoid organs to
help B lymphocytes or
migrate to sites of infection,
macrophage activation.

These effector lymphocytes
produce membrane
molecules and cytokines
in response to antigen.

These products mainly
activate macrophages and
B lymphocytes.



Development of memory T lymphocytes

Naive T cell Effector T cells Memory T cells

Some antigen-activated T lymphocytes differentiate into long-lived
memory lymphocytes

IL-7 is important for the survival of memory T lymphocytes

There are central and effector memory lymphocytes



Naive CD4+T lymphocytes differentiate into different effector
cells that secrete different sets of cytokines and perform
different functions
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activation

Meutrophils Naut -
rophil Extracellular tni -
IL-17 recruitmentand  hacteriaand  *Jioimmunity;
Thw:l@i s Q nutment e inflammation




The emergence of effector Th1, Th2, Th17 from naive
CD4+ T(Th0) lymphocytes is not a random process, but
the direction of differentiation depends on the signals
that arise after the contact of ThO with the antigen. And

the type of signal will depend on the characteristics of the
pathogen, as well as on the genetic predisposition.



Classical and alternative macrophage activation

' Classically activated '
macrophage (M1)

: Alternatively activated '
macrophage (M2)

Microbial
TLR-ligands

‘@

ROS, NO, IL-1, IL-12, IL-23,

lysosomal enzymes chemokines

i

Microbicidal
actions:
phagocytosis and
killing of many
bacteria and fungi

Inflammation

Anti-inflammatory effects
Wound repair, fibrosis

Different stimuli activate
monocytes-macrophages to
develop into functionally
distinct populations.

Classically activated
macrophages are induced
by microbial products and
cytokines (IFN-y). They are
microbicidal and involved
in inflammation.

Alternatively activated
macrophages are induced
by IL-4 and IL-13 produced
by TH2 cells. They control
inflammation and promote
tissue repair and fibrosis.



The development of Th1l, Th2 and Th17 effector lymphocytes
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After activation, CD8+ T lymphocytes differentiate into
CTL

/ Granzymes
Rerfonees.., Infected host
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