
Lecture 4

Cellular immune response

Effector mechanisms of cellular immunity

https://www.google.rs/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=nsGzeNNjbbSSbM&tbnid=wKzrjoz1bQLL1M:&ved=0CAUQjRw&url=https://www.boundless.com/biology/the-immune-system/adaptive-immune-response/immune-tolerance&ei=SjLKU9TwNIn-PJvAgLgO&bvm=bv.71198958,d.bGQ&psig=AFQjCNFBaV44IcFkXBTmfjYbixYV9yJ2fA&ust=1405846202477989


Activation of T lymphocytes by intracellular 
microorganisms  

Cellular immune response



… let us remind ourselves

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:

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

✓ 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 effective 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



Phases of T lymphocyte activation: from naive to effector T 
lymphocytes



Antigen recognition and costimulation

Initiating a T-cell response requires multiple molecules on T lymphocytes to recognize 
the appropriate ligands on APC. 



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.

In the TCR complex,

Recognition of antigens

perform

variable regions of

α and β chains of TCR molecules,

while the invariable function

of signalling

perform

proteins CD3 and ζ.



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 VβTCR on T 
lymphocytes that are not part of active 
site.

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.

T lymphocyte

APC

Superantigens



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).

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

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 

microorganisms.

The ligand for these molecules is 
CD28 expressed on T 

lymphocytes.

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



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 IL-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 ARS (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



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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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.

Functional response of T lymphocytes to antigens
and costimulation



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

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



2. Clonal expansion

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

Helper CD4+ T lymphocytes differentiate into effector lymphocytes that 
produce membrane molecules and cytokines in response to antigen.

These products mainly activate macrophages and B lymphocytes.



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

different functions



Function of Th1 lymhocytes

IFNγ



Function of Th2
lymphocytes

IL-4

IL-5

IL-13



Function of Th17 lymphocytes

IL-17

IL-22



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 Th0 with the antigen. And 

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



The development of Th1, Th2 and Th17 effector lymphocytes



After activation, CD8+ T lymphocytes differentiate into 

CTL
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Effector mechanisms of cellular immunity

Elimination of intracellular microorganisms



It remains for us to learn :

How do effector T lymphocytes find infected cells 
(intracellular microorganisms) anywhere in the body?

How do T lymphocytes eliminate intracellular infections?



Microorganisms:

Extracellular: they multiply outside our cells

Staphylococcus, Streptococcus, Escherichia, Clostridium…

Intracellular: they multiply inside our cells
▪ in АРС:

Mycobacterium spp. (M. tuberculosis, M. leprae…), Listeria
monocytogenes, Legionella pneumophila…
Leishmania spp, Tripanosoma spp, …
Cryptococcus neoformans,…

▪ in other cells:
Vuruses
Rickettsiae
Plasmodium, Cryptosporidium 



Types of cellular immunity

CD4+ T lymphocytes

recognize the peptide in the context of MHC class II 
products. They are the main source of interleukins.

Function: helper T lymphocyte.

They activate macrophages to efficiently destroy 
phagocytosed microbes.

CD8+ T lymphocytes 

recognize the peptide in the context of MHC class I   
products.

Function: cytotoxic T lymphocyte.

They kill all cells that contain microbes or their proteins 
in the cytoplasm.



NAIVE T LYMPHOCYTES

✓ recognition,

✓ activation,

✓ proliferation and

✓ differentiation in

EFFECTOR T LYMPHOCYTE

✓ migration,

✓ recognition,

✓ activation and

✓ effector functions



Effector CD8+T: CTL

Effector CD4+T: Тh1, Тh2, Тh17, Тreg



Effector lymphocytes became that thanks to the calling of 
new PROGRAMS:

▪ programs needed FOR FINDING THE SITE OF 
INFECTION - applies to both CTL and Th1 and Th2

✓ expression of adhesive molecules and chemokine receptors. Those 
molecules need to find ligands on the endothelial cells of the 
infected tissue. These ligands are expressed only on the 
endothelium of the infected tissue and are the result of a new 
program of these endothelial cells programmed by cytokines of 
non-specific immunity.

▪ programs needed FOR ELIMINATION OF 
MICROORGANISMS - specific for each type of effector
lymphocytes



Migration of effector lymphocytes to the site of infection

✓ Activated T lymphocytes reduce the expression of 
receptors for chemokines that are created in the T cell 
zones of lymph nodes, and increase the expression of 
receptors for chemokines present in the circulation. 
That's how they leave lymph node and reach the 
circulation.

✓ Entry into infected tissues is regulated by the same 
mechanisms that regulate the migration of other 
leukocytes into tissues.

✓ Activated lymphocytes increase the expression of 
ligands for E or P selectins, followed by high-affinity 
forms of integrins LFA-1 and VLA-4.

✓ At the same time, the endothelium at the site of infection 
is exposed to high concentrations of TNF and IL-1 and 
under this effect increases the expression of E- and P-
selectin, as well as ligands for integrins ICAM-1 (ligand 
for LFA-1) and VCAM-1 (ligand for VLA -4).

✓ After activation, lymphocytes express receptors for 
chemokines produced by macrophages and endothelial 
cells located on the surface of the endothelium.

Rolling - selectins

Tight binding – integrins

Motility - chemokines

Passage through the endothelium - PECAM-1 (CD31)



✓ Settlement of T lymphocytes in infected tissues does not 
depend on specificity (antigen recognition) but on adhesive 
molecules and chemokines, so that all circulating effector T 
lymphocytes formed in response to other infectious agents 
enter the focus of any infection.

✓ Those that are specific for a given current infection 
recognize the antigen and are additionally activated.

✓ Thus, VLA integrins are also expressed more strongly, 
some of which enable adhesion to fibronectin and 
hyaluronic acid, which stops specific lymphocytes in the 
infected tissue, while the others continue on.



Effector functions of the Th1 subpopulation of CD4+ 
lymphocytes

The function of Th1 lymphocytes is the activation of 
macrophages that have phagocytosed microorganisms.

In addition, Th1 lymphocytes help CD8+ T lymphocytes to 
differentiate into CTLs, as well as B lymphocytes to 

develop into plasma cells.





Effector functions of the Th2 subpopulation of CD4+ 
lymphocytes

Th2 lymphocytes recruit eosinophils, stimulate IgE
synthesis, inhibit macrophages (alternative activation).



Effector functions of the Th17 subpopulation of CD4+ 
lymphocytes

Th17 lymphocytes recruit neutrophils and to a lesser 
extent monocytes. In addition to inflammation, Th17 

stimulate the production of defensins and maintain the 
functional integrity of epithelial barriers.



Pathogenesis of tuberculosis and leprosy

The ratio between the activation of Th1 and Th2 lymphocytes determines the 
outcome of the infection



Effector functions of СD8+ CTL
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