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Chapter I Immune organs and cells

1 - Lymphoid organs and tissues

1-1 Primary lymphoid organs
1-1-1 Bone marrow

Tissue occupying the free space inside both long and short bones (skull bones,

etc.). It is the birthplace of progenitor cells from different lymphocyte and

phagocytic cell populations.

Figure 1. Location of lymphoid organs in humans and birds.

1-1-2 Thymus

Lympho-epithelial organ located above the heart, formed of two lobes. Each

lobe is divided by connective septa into lobules . Each lobule contains a peripheral

zone, the cortex , and a central zone, the medulla .

1
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Figure 2. Structure of the thymus.

Particularly developed in children, the thymus begins to regress upon
puberty. It is the place of differentiation of T progenitor lymphocytes into mature T
lymphocytes.

1-1-3 Fabricius Scholarship

Lymphoid organ located at the terminal part of the cloaca in birds. It is an

organ of lymphoepithelial structure . Its essential role is the differentiation of

progenitor lymphocytes from B lymphocytes into mature B lymphocytes. In

humans, the equivalent of the purse is the bone marrow itself

1-2 Secondary or peripheral lymphoid organs
The mature T and B lymphocytes leave the primary organs and reach the

secondary organs and tissues by blood. They are localized in well defined areas,

para cortex for T lymphocytes and cortex for B lymphocytes. They are the effector

organs of the immune system, producer of sensitized antibodies and T lymphocytes.

1-2-1 Lymphoid nodes or lymph nodes

Rounded or kidney-shaped organs with a diameter between 1 to 25mm. They

correspond to filters collecting the antigens of the interstitial fluids and of the

lymph. They are made up of 3 regions:

- cortical zone rich in B lymphocytes. These latter form oval clusters called
primary follicles (in the absence of antigenic stimulation) and secondary follicles
(after antigenic stimulation) with a germinal center.

2

- paracortical zone (deep cortex) rich in T lymphocytes and cells presenting the
antigen (dendritic cells or interdigital cells).

- medullary zone : mixed zone comprising B lymphocytes, T lymphocytes, plasma
cells and macrophages.
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Figure 3. Section of a lymph node.

1-2-2 The spleen

The largest oval lymphoid organ (12 cm long) located on the bloodstream. It is

surrounded by a capsule from which connective partitions delimit lobules at the

level of which the splenic pulp is organized. This includes the red pulp and the

white pulp.

The red pulp : occupies the largest space, it is an antigen filter .

- area of macrophages, T and B lymphocytes, plasma cells, erythrocytes,
and granulocytes - place of destruction of senescent red cells (old)

3

Figure 4. Structure of the spleen.

White pulp: Peri-arterial lymphoid sheath comprising:

-a zone of T lymphocytes and dendritic cells around the arteriole.

- an area of   B lymphocytes organized into follicles I  and follicles II 

- less dense marginal area surrounding the pulp : T lymphocytes, B lymphocytes
and macrophages. -place of the immune response.

1-3 Lymphoid tissue associated with mucous membranes
It alone constitutes a common immune system called MALT (

m ucosal a ssociated l ymphoïd t issue). It protects more than 400 m  of mucous
membranes exposed to environmental risks. This system includes:

e e

2
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- the lymphoid tissue of the nasal mucosa or NALT (nasopharyns associated
lymphoid tissue) - the lymphoid tissue associated with the bronchi or BALT ( b
ronchus a ssociated

l ymphoïd t issue). At the entrance to the upper airways are the tonsils and
adenoids which contain many lymphoid follicles.

-the lymphoid tissue associated with the salivary and lacrimal glands.

-the lymphoid tissue associated with the digestive tract or GALT ( G ut a ssociated l
ymphoïd t issue). It contains lymphoid formations composed of Payer plates and M
cells.

4

Figure 5. Structure of Peyer's Plates.

-the lymphoid tissue of the genitourinary mucosa .

-the lymphoid tissue of the mammary gland.

2 Immunity cells

2-1 Cells of innate immunity
2-1-1 Polynuclear.

-Neutrophils : 10 to 12 μm in diameter, multi-lobed nucleus, 60-70% of leukocytes.

They have cytoplasmic granulations containing enzymes with microbicidal activity.

They are mainly involved in the anti-bacterial and anti-fungal control . They

phagocytose small elements.

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


-Eosinophils : 10 to 12 μm in diameter, bilobed nucleus, 1-2% of the total population
of leukocytes. They are phagocytes. They are involved in pest control.

-Basophils : 9 to 10 μm in diameter, horseshoe nucleus, less than 1% of leukocytes.

They are not phagocytic. They have large granulations containing vasoactive

mediators (histamine, heparin, serotonin, kinins). Therefore they are involved in

allergic reactions of immediate hypersensitivity.

2-1-2 Mast cells

Connective tissue cells, often grouped around capillaries, with granulations

containing vasoactive amines . Mast cells initiate the immune response

(inflammation) and are involved in allergic reactions.

5

Figure 6. Cells of the immune system.

2-1-3 Mononuclear

- Monocytes-macrophages: cells with the capacity to phagocyte large elements.

- Monocytes : 14-17 μm in diameter, 6-8% of circulating leukocytes, very mobile. Their core is

grossly kidney-shaped. Their cytoplasm is rich in lysosomes endowed with enzymatic
activities
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varied. They leave the circulating blood compartment, to reach the different tissues.
They are then called macrophages (17 to 40 μm in diameter ).

-Dendritic cells: they are of two different origins, myeloid and lymphoid.

Myeloid dendritic cells are found in the blood and in non-lymphoid tissue. They are
in an immature state.

Dendritic cells of lymphoid origin migrate directly from the blood into the organs

lymphoids (thymus, T-zone of secondary lymphoid organs). They are called

plasmacytoids because of their morphology reminiscent of plasma cells. They
produce large amounts of α interferons in response to viral stimulation.

Unlike neutrophils, macrophages and dendritic cells are antigen-presenting cells.

6

2-1-4 Natural killer cells.

They are neither T nor B lymphocytes . They are capable of killing cells that
have become tumor cells or cells infected with viruses.

2-2 Acquired immunity cells
B and T lymphocytes constitute 25-30 % of circulating leukocytes. They are at

the center of immune function.

2-2-1 Morphology

Lymphocytes are rounded cells of variable size, small lymphocytes (5 to 8 μm

in diameter), medium lymphocytes (8 to 12 μm) and large lymphocytes (12 to 16

μm). This is related to their activation state. They are mobile.

2-2-2 Differentiation of lymphocytes

The pro T lymphocytes (T progenitors), from the bone marrow, pass into the

thymus where, under the influence of epithelial cells and certain thymic hormones,

undergo differentiation into T lymphocytes and acquire: - differentiation surface

molecules . -surface receptors including antigen receptors. -functional properties:

antibacterial and antiviral immunity, transplant rejection, anti-tumor and

anti-parasitic immunity , regulation of antibody synthesis.

Mammalian pro B (progenitor) lymphocytes differentiate in the marrow

bone in B cells and acquire: -different surface molecules -des

surface receptors whose antigen receptors -the property of transformingunder

the action of an antigenic stimulus in plasma cells, antibody-producing cells.
 

Another group of neither T nor B lymphocytes, null lymphocytes or natural
killer cells or NK (natural killer).

2-2-2-1 Differentiation molecules
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They are numerous, they are called differentiation classes (CD). They are

expressed by T and B lymphocytes. In T cells, they make it possible to distinguish

two populations of peripheral blood

7

γ / δ.

Γ / δ TCR lymphocytes
mainly in the skin

represent 5% of circulating T lymphocytes. They are
found and the mucous membranes.

Figure 7. Markers of lymphocytes.

2-2-2-2 Receptors for antigen (Ag)

B cell receptors

B lymphocytes are defined by the presence on their surface of surface

immunoglobulins whose role is the recognition of the antigen (B cell receptor, BCR).

The naive B lymphocyte carries monomeric IgM, and IgD. There are 10  surface

immunoglobulin molecules on a lymphocyte which recognize the same antigenic

determinant. The binding of the antigen to the BCR causes the activation of the B

lymphocyte and induces the synthesis of antibodies carrying the same specificity

(the same paratope: same variable part) with respect to the antigen as the surface

immunoglobulin.

T-cell receptors

The T lymphocyte antigen receptor: TCR (T cell receptor) is a glycoprotein formed

by 2 chains α and β or γ and δ linked together by a disulfide bridge. They include a

variable region on the NH 2 terminal side corresponding to the recognition and the

specific binding to the antigen. More than 95% of mature T cells express the α / β
TCR on their surface, the rest the TCR

5
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8

B cell receptor : BCR T- cell receptor: TCR

Figure 8. Lymphocyte receptors for the antigen. BCR: B Cell Receptor. TCR: T Cell Receptor.

2-2-3- Other lymphocytes: NKT (Natural Killer T) lymphocytes

It is an intermediate cell between the NK lymphocyte and the T lymphocyte.

It has an α / β TCR, as well as the CD3 of T lymphocytes and the markers of NK

lymphocytes. Through their TCRs, the NKTs recognize the lipids and glycolipids

presented by molecules, called CD1d, structurally close to the class 1 molecules of

the MHC .

2-2-4 Location of lymphocytes

T and B lymphocytes are located in the lymphoid organs and tissues in the
areas that correspond to them. They are distributed in humans as follows:

Table 1. Distribution of lymphocytes in humans.

 
T cells B lymphocytes

Lymph nodes 85% 15%

Thoracic duct 90% 10%

Missed 35% 65%

Blood 70-80% 20-30%

9
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2-2-5 Circulation of lymphocytes

The mature lymphocytes migrate from the primary organs towards the

secondary organs towards the zones which correspond to them in search of possible

antigens. In the lymph nodes, if they do not meet their specific antigens, they leave

after 24 hours through the efferent lymphatic canal. From there, they join the

thoracic lymphatic channel which pours them into the blood circulation at the level

of the vein under the left keyboard. They do not stay more than an hour in the

circulation, they return by blood to the lymph nodes by crossing the endothelium at

the top of the post capillary venules, at the cortex-paracortex junction . If they come

into contact with the specific antigen they will have it for a few days, the time to

develop an adaptive immune response.

B :
10%
T:
90%

B: 20-30%
T: 70-80%

Figure 9. Lymphocyte circulation (follow the arrows).
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Chapter II Lymphopoiesis

1-Introduction

Lymphocytes are organized into tissues and organs. The human body

contains about l.10  lymphocytes, or 2% of the body weight. They constitute

individual anatomical formations, at the level of the bone marrow, of the thymus,

of the lymph nodes, of the spleen and of the lymphoid tissues annexed to the

digestive and bronchial epithelia (MALT = Mucosae associated lymphoid tissue).

B, T and NK lymphocytes originate from a population of common lymphoid

stem cells or lymphoid progenitors or PLC. PLC derives from the primary

hematopoietic stem cell (HSC) in the bone marrow and liver in the fetus. This

progenitor has the CD34  phenotype . Lymphopoiesis has two phases unlike other

lines.

* Primary or basal lymphopoiesis , produces the mature lymphocytes necessary
for the needs of the organism.

* Secondary lymphopoiesis corresponds to the multiplication of mature
lymphocytes subjected to the activation of antigenic contact. It allows the
adaptation of the immune response.

2 T lymphopoiesis

2-1-Primary T lymphopoiesis
Common lymphoid progenitors or PLCs (lymphoid stem cells) develop into T

lymphoid progenitors (pro-T) under the action of cytokines IL3 and SCF (stem cell

factor) secreted by stromal cells. Pro T proliferate and differentiate, in the presence

of IL7, SCF, IL2, IL3, etc., into naive T lymphocytes in the thymus.

The progenitors T (pro-T) of the bone marrow access the thymus from the

blood vessels located near the thymic cortex-medullary junction and from there

migrate to the subcapsular region of the thymic cortex. At that time, they are called

thymocytes. Their differentiation takes place from the cortex to the medulla in 4

stages, distinguishable on the basis of the expression of the CD4 and CD8

coreceptors.
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Figure 10. Ontogenesis of T cells Pro T: progenitor of T. Pret: precursor of T.

cCD3: cytoplasmic CD3. DN: double negative. DP: double positive CD4  CD8  . SP: simple positive
CD4  or CD8  .

Stage 1: T progenitors ( pro-T)

- interaction with the thymic stroma (epithelial cells)

- rapid proliferation and expression of cytoplasmic CD3 (cCD3)

- no TCR

- no CD4 or CD 8: double negative thymocytes (CD4  , CD8  )

Stage 2: T precursors (pre-T)

- rearrangement of genes coding for the β chain at 90% of TCR (αβ) and for the γ

chain at 5% of TCR (γδ).

- membrane expression of a pre-TCR (β chain associated with an invariant pre T α
chain) and of CD3.

The pre-TCR transmits survival and proliferation signals. More than 90% of cells

arriving at this stage die due to the absence of expression of pre TCR on their

surface (β selection).

- expression of CD4 and CD8 by thymocytes, they are then double positive (CD4
 , CD8  ). - rearrangement of the α locus, membrane expression of the TCR ( αβ )

At this stage the positive selection is made ( restriction on the MHC molecules of
the self). It takes place in the deep cortex. The TCRs of double positive thymocytes
are capable of interacting with all
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allelic forms of MHC molecules in a given individual. Thymocytes which have a TCR

capable of interacting with MHC I and II molecules expressed by epithelial cells

survive, and therefore are selected. They represent only 5% of the initial

thymocytes. Double positive thymocytes (CD4  and CD8  ) which have interacted

with a MHC class I molecule become CD8 + T lymphocytes, while those which have

interacted with a class M molecule

They become CD4 T cells . Simple positive thymocytes will undergo negative
selection to eliminate the self-reactive thymocytes.

Stage 3: immature T lymphocytes: simple positive

In the medulla, the simple positive thymocytes selected undergo negative
selection ( It is tolerance to the self ) to eliminate the self-reactive thymocytes.

The thymocytes whose TCRs recognize with high affinity the self peptides (auto-

antigens) associated with a MHC molecule on the surface of dendritic cells or

macrophages are eliminated.

Thymocytes whose TCRs do not recognize self peptides associated with an MHC

molecule on the surface of dendritic cells or macrophages survive. They represent

only 1 to 2% of the initial thymocytes

Stage 4: naive T lymphocytes

The TCD4 and TCD8 lymphocytes become mature. They are naive T

lymphocytes because they have not yet encountered an antigen. They leave the

thymus and enter the circulation, they are at rest.

13
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Figure 11. Selection of T cells.
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2-2. Secondary T lymphopoiesis (antigen-dependent)

Naive T lymphocytes usually remain quiescent and in this state they do not
show helper or cytotoxic activity. They circulate between the blood and the
secondary lymphoid organs in search of antigens.

When naive T lymphocytes are activated by their specific antigen, they proliferate

and then differentiate, a small part into memory lymphocytes and a large part into

effector lymphocytes expressing helper or cytotoxic activity.

3. B lymphopoiesis

3-1. Primary B lymphopoiesis or B immunopoiesis

- B lymphocytes differentiate from CD34 + stem cells, in the microenvironment

of the liver in the fetus, then in children and adults in the hematopoietic marrow.

In birds, the differentiation of B lymphocytes takes place in the Bursa of Fabricius,
an organ individualized at the level of the caudal end of the digestive tract.

Common lymphoid progenitors or PLC (cells strains lymphoids) is

develop into B lymphoid progenitors (pro-B) under the action of cytokinesIL3 and SCF (stem

cell factor) secreted by stromal cells. Lymphocytes proB proliferate and is

differentiate, in the presence of IL7 and SCF, into immature B lymphocytes.
Differentiation takes place in several stages . It takes place in the bone marrow and
progresses from the periphery to the center of the bone marrow

The pro-B stage precoses . It is
characterized by: -the proliferation

-expression of genes coding for the enzymes RAG (Recombination Activating Genes):

start of the genetic rearrangement of the locus of the heavy chain of

immunoglobulins on chromosome 14

-weak synthesis of CD79b signal transduction proteins (Ig ᵦ )

The late pro-B stage. It is characterized by:
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-the membrane expression of CD19 molecules (co-stimulation) and of CD79a, b
signaling molecules.

-the presence of the intracytoplasmic heavy chain µ

15

Figure 12. Ontogenesis of B lymphocytes. Pro B: progenitor of B.

Pré B: precursor of B.

The pre-B stage. It is characterized by:

-the synthesis of a light pseudo chain (Vpré-B λ 5) then the membrane expression of

a pre BCR. This one consists of 2 heavy chains µ rearranged, associated with 2

pseudo light chains. The pre BCR allows the cell to enter a phase of clonal

expansion. It inhibits the expression of the heavy chain of 2  chromosome (allelic

exclusion).

-second expression of RAG , rearrangement of the chain κ, expression of one of the

genes κ (allelic exclusion), if it is not productive, it is done on the 2nd allele k. If the

latter is not productive, the rearrangement will continue on the λ locus .

Immature stage B

- membrane expression of complete IgM molecules forming the BCRs (two heavy
chains μ and two light chains), giving the cell specificity for recognition of the
antigen.

Immature B cells will undergo negative selection. Immature B lymphocytes coming

into specific contact with the molecules of self, some die by apoptosis others

rearrange the genes of the variable domains of the light chain to modify the

specificity of the BCR (receptor edition) antigen. Lymphocytes whose BCR persists to

be reactive to themselves are eliminated by apoptosis, or inactivated (anergic), the

other lymphocytes leave the bone marrow and enter the circulation to continue

their differentiation.
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Naive mature B cells

The immature B lymphocytes on the periphery become mature and naive.

They then have IgM and IgD on their surface, and circulate between the different

secondary lymphoid organs (spleen, lymphoid nodes) to meet the specific antigen.

Of the 50.10  B lymphocytes produced per day, only 10% reach the periphery (5.10 

circulating B lymphocytes). Therefore, there is 90% mortality of B cells in the bone

marrow.

3-2. Secondary B lymphopoiesis
It takes place in the peripheral lymphoid organs: the ganglia, the spleen, the

tonsils, the lymphoid formations attached to the mucous membranes.

It results from an activating signal induced by the interaction of the

immunoglobulin receptor for B lymphocytes (BCR) with the antigenic epitope.

Activated B cells undergo clonal expansion and differentiation, either into memory

cells or into plasma cells, the ultimate step in differentiation.

17
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Chapter III Innate immunity

1– Natural barriers

1-1- Physical barriers
The skin : very resistant barrier due to the multicellular stratum corneum, most of the agents

microbials cannot cross it in the normal state.

The epithelial cells of the mucous membranes of the respiratory, gastrointestinal and
genito-

urinary . These cells, at the level of the respiratory system, retain the foreign
elements (micro-organisms ...) by the mucus which they secrete, then by the beating
of the eyelashes, which they possess,

in an upward movement, move the microorganisms that penetrate during breathing.

1-2- Chemical barriers : Secretions

They come from the epithelial surfaces of the mucous membranes, they
include tears, nasal and bronchial mucus, saliva and gastric juices. They contain
substances toxic to microorganisms.

Table 2. Antimicrobial secretions and their origins

Site Source Secreted substances

     

Eye Lacrimal glands ( tears ) Lysosyme

     

Hear Sebaceous glands Secretion of wax and earwax

     

Mouth Salivary glands ( saliva ) Digestive enzymes, lysosyme, lactoferrin

     

Skin Sweat glands (sweat ) Lysosyme, NaCl, medium chain fatty acids

     

    Acid digestive enzymes (pepsin, renin),
Stomach Gastric acid

 

   
(PH low 1-2)

     

1-3- Microbiological barriers: Normal bacterial flora

The normal bacterial flora consists of saprophytic bacteria. They are hosted

by the organization. They are found in the nasal cavity, mouth, throat and in the

gastrointestinal and genitourinary tracts. The gastrointestinal flora (billions of

bacteria)
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prevents colonization of the site by pathogenic germs, by preventing their binding

to the mucosa, by competing for essential nutrients and by releasing substances

against these germs. Bacteria such as lactobacilli that colonize the vagina, make its

environment acidic (PH 4.0-4.5). This would prevent the growth of many

microorganisms.

2 Cell barriers
When microorganisms manage to cross these barriers and end up in a tissue

(example: skin or mucous membrane), an inflammatory response is triggered. This
consists of:

-a dilation of the capillaries: vasodilation responsible for erythema
and heat. -an increase in capillary permeability allowing:

Figure 13. Inflammation. (a) Septic injury. (b) Vasodilation and increased permeability

capillary.

-a plasma exudation (passage) of substances such as coagulation factors,

complement components, and proteins of the acute phase in the attacked tissue

(inflammatory focus). This explains the swelling or edema and the pain .

-a diapedesis (passage) of blood leukocytes (neutrophils, eosinophils, monocytes,
dendritic cells and / or NK) to the inflammatory focus.

These local circulatory changes ( vasodilation and increased vascular
permeability ) instead of aggression are caused by:

- substances of plasma origin including the products of coagulation systems, kinins,

and complement.
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- factors released or produced by the different resident cells after recognition of
pathogens including histamine, serotonin, prostaglandins, leukotrienes and
interleukins.

2-1 Receptors for pathogens
The microorganisms are recognized by receptors resident cells, mast cells,

macrophages and dendritic cells. These receptors are called PRR (Pattern
Recognition Receptors ), receptors for recognizing patterns (structures) of

pathogens. These receptors recognize conserved patterns or structures, shared by

many pathogens, called PAMP ( P athogen A ssociated M olecular P attern). These

receptors are of two types.

2-1-1 Endocytosis receptors (phagocytosis)

They activate phagocytosis by stimulating the ingestion and destruction of the
pathogens they recognize.

-Lectin receptors: CLR (C-type-Lectin Receptor), membrane receptors. -
Receptors for mannose constituting the surface of bacteria and yeasts.

Figure 14. Endocytosis receptors.

Glucan receptors, component of glucose polymers in the walls of fungi - LPS
receptor (CD14): lipopolysaccharide receptor constituting the walls of bacteria

Gram negative

-Scavenger receptors or garbage collectors : membrane receptors binding to various
polyanions and

various of certain bacterial walls.

2-1-2 Signal receivers

The binding of these receptors to microbial ligands activates the cells which
carry them and triggers the secretion by these cells of pro-inflammatory factors and
cytokines and chemokines. These receptors are of several kinds:
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-Toll type receivers : TLR (Toll Like Receptor). These are Toll-homologous proteins

that protect Drosophila from infection. TLRs recognize repeated structures (=

patterns) present on the surface of microorganisms. There are 12 of them, from

TLR1 to TLR12 in humans. Some are membrane (1,2, 4, 5, 6, 10, 11 and 12) others are

intracellular, endosomal (TLR 3, 7,8 and 9).

Figure 15. TLRs and their ligands. Sb: single strand. Db: double strand

- NOD receptors (Nucleotide-binding Oligomerization Domain es). These NOD or

NOD Like Receptors or NLR receptors were characterized in 2002, they are

cytoplasmic, they detect bacterial walls (peptidoglycan) or bacterial patterns

(flagellin, toxin) and endogenous danger signals (damage, stress, necrosis).

- RLR -Like Receptors

They are cytoplasmic, they recognize viral components (double stranded RNA).

2-2 Secretion of factors and cytokines
Activation of the TLR, NOD and RLR receptors leads to:

- release by vasoactive amine mast cells including histamine.

-the synthesis and secretion by mast cells, macrophages and dendritic cells, of
pro-inflammatory cytokines , IL1 (interleukin 1), IL6, TNFα (Tumor Necrosis Factor
α) and
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chemokines including IL8. TNF is so called because it can damage cancer cells by
simple contact.
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-the synthesis and secretion, by mast cells and phagocytic cells, of other mediators

of lipid origin such as leukotrienes, prostaglandins and the factor activating the

platelets (PAF: Platelet Activating Factor ).

These pro-inflammatory factors cause dilation of the blood capillaries and an
increase in the permeability of these capillaries in the attacked area.

2-2-1- Remote effects

-Fever : rise in body temperature. It is caused by TNFα, IL1 and IL6, they are called

endogenous pyrogens. Fever is beneficial to the host, most pathogens are sensitive

to high temperatures, while at these same temperatures the adaptive immune

responses are most intense.

- Production of acute phase proteins

IL1, IL6 and TNFα (tumor necrosis factor) act on hepatocytes which then

considerably produce the so-called acute phase proteins including CRP (C reactive

protein), MBL (mannose-binding lectin) and pulmonary surfactants A and D.

-Increased blood leukocytes (leukocytosis)

IL6 and TNFα induce the production of growth factors, CSF ( colony stimulating factors) , in

the bone marrow, by stromal cells and macrophages. The CSFs induce the

production by hematopoietic stem cells of more leukocytes which will be recruited

at the level of the inflammatory site.
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Figure 16. Remote actions of cytokines. CSF: colony stimulating factors .

2-2-2 Local effects

2-2-2 1 Induction of adhesion molecules on the endothelium

The TNF and IL1 activate the vascular endothelium tissue attacked to express

adhesion molecules ( receptors ), called selectins P and E allowing leukocytes to
interact with ligands and to roll over the inflamed endothelium.

Chemokines, IL8 and MCP-1 (monocyte chemotactic protein1) transform this

turnover into a firm and stable bond by causing a conformational change in the

integrins ( LFA1: lymphocyte function associated antigen 1 receptors ) of leukocytes

with ICAM cellular adhesion ( I nter C ellular A dhesion M olecules) induced on the

activated endothelium.

The leukocytes concerned, in the first place, are the neutrophils later the monocytes,

they stop rolling and cross the vascular endothelium ( diapedesis) by sliding

between the endothelial cells.

23

Figure 17. Extravasation of neutrophils.

2-2-2 2 Recruitment of phagocytic cells

The chemokine IL8 recruits (attracts) neutrophils to the infectious focus
where the microorganisms or infectious agents are found.

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


The chemokine MCP-1 (monocyte chemotactic protein1) recruits monocytes
much later on this site. Immature dendritic cells are recruited last.

Formylated N peptides (with an N-formyl methionine on the aminoterminal

side) produced by bacteria guide neutrophils to the site of infection. Neutrophils

arriving at the site are then activated by IL8 and or TNFα . Which gives them a great

capacity for phagocytosis.

2-3 Phagocytosis.
It is mainly provided by neutrophils and by macrophages. It takes place in 4

phases:

1  phase of oriented displacement or chemotaxis

Phagocytes are attracted to the infectious focus by substances produced by

bacteria, by degradation products of altered tissues, by chemokines and by other

substances such as complement activation products, C5a and C3a.

2nd phase of adhesion of the particle to the membrane of the phagocytic cell

The phagocytic cells move by emitting pseudopods and come into contact
with the material to be phagocytosed. Some bacteria have surface constituents that
inhibit their

24
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adhesion to phagocytic cells: the capsule covering certain bacteria such as
pneumococcus, protein M of the streptococcus wall.

3rd ingestion phase

The phagocytes enclose the particle to be ingested in a phagocytosis pocket.
This detaches from the cell periphery and is then found in the center of the cell.

4th phase: terminal "effector " phase .

a - Production of reactive oxygen species

The adhesion of the particle (micro-organism) triggers a stimulation of the
segment of the membrane of the phagocytic cell adjacent to this particle. If this
particle is included, this stimulation results in an instantaneous and significant
increase in consumption.

oxygen and the generation of reactive oxygen species, ROS (reactive oxygen species).
- 1

These ROS are the superoxide anion O 2 , Hydrogen Peroxide H 2 O 2 , the ' singlet
oxygen O 2 and the hydroxyl radical OH. -
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Figure 18. Morphological aspects of phagocytosis.

The production of these ROS is a function common to most phagocytic cells.
These ROS are hyperactive bactericidal agents.

O 2

NADPH Oxydase

O 2Superoxide anion
   

     

O 2  Superoxide dismutase + H 2 O 2

(singlet oxygen) (hydrogen peroxide)

O 2 + H 2 O 2
1 .
O 2 + OH + OH 
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+ O 2 + 2H
1 O 2

-

b - Degranulation: release of the granules inside the phagosomes: formation of

phagolysosome.

A few minutes after their formation, the phagosomes fuse with the

lysosomes. The PH of the phagosome which was initially neutral becomes acidic (PH

4) in the phagolysosome, important for the optimal activity of lysosomal enzymes

c - Destruction.

Phagocytes destroy microorganisms by:

* Toxic products derived from oxygen

- direct toxic effect of ROS.

-effect of ROS associated with that of peroxidases (MPO: myeloperoxidase).

* Nitric oxide.

It is generated from the conversion of L-arginine to L-citrulline by NO synthase
which uses NADPH and molecular O 2 as Co-Substrates.

NOsyntase

L- arginine nitric oxide (NO) + L- citrulline

-
 

O 2 , NADPH
   

It is toxic, it can also be a precursor of other nitro derivatives such as N O 2 and where

combine with the superoxide anion to form OONO an oxidant yetmore powerful.
 

* Enzymes.

Cationic proteins : they bind to the bacteria inside the phagolysosome and damage
the wall and membrane of the bacteria.

Lactoferrin: exercise an antimicrobial function by fixing and retaining the iron
necessary for the bacteria ingested.

Lysosyme: attacks the mucopeptides of the cell walls of various bacteria. It has a
more digestive action than bactericide.
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Polynuclear neutrophils and macrophages, as we have just seen, can directly

phagocytose pathogens which they recognize thanks to their surface receptors (PRR)

and indirectly thanks to their complement receptors and for other opsonization

proteins. such as CRP and MBL.

These innate phagocyte responses, induced by pathogens, either succeed in
completely eliminating the infection, or in limiting it while the adaptive
response takes place.
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3 -Médiateurs soluble

3-1-The complement
The complement is a set of proteins, naturally present in the serum. It is not

specific. It somehow complements the action of antibodies, hence its name as a

complement. In fact it can act alone and in many cases, without the intervention of

antibodies. These proteins are enzymes that come in inactive form in the basic state.

3-1-1 Tissue Origin of Complement Proteins

Most of the components of the complement are synthesized by monocytes -

macrophages and by hepatocytes. Some are produced by the epithelial cells of the

thymus and the small intestine.

3- 1-2 Activation of the complement.

There are 3 ways of activating the complement, a so-called classic antibody-

dependent route, and two other routes operating in their absence, the alternate

route and the lectin-binding route of mannose.

- Classic way: - It is triggered by antigen- antibody complexes (C1, C4, C2, C3, C5, C6,
C7, C8, C9). Discovered in 1895 by Bordet . It is also brought into play by C- reactive

protein (CRP).

- Alternate pathway : It is triggered by certain walls of bacterial cells, viruses,

parasites and fungi (factors B, D, C3, C5, C6, C7, C8, C9). Discovered in 1959 . - See
the lectin binding mannose or MBL pathway (Mannose-binding lectin): It is

activated by binding of the serum protein MBL to mannoses contained in the

polysaccharides of the walls of certain bacteria (C4, C2, C3, C5, C, C7, C8, C9).

3-1-2-1 Classic way

The study of the lysis reaction of a bacterium by the conventional
complement route in the presence of antibodies is carried out by several stages .
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- Recognition and activation stage.

The antibody, directed against the bacteria, specifically recognizes the
bacteria and attaches to its surface and forms a Bacterium-Antibody complex or an
Ag-Ac complex.

1  complement component, the C1 component is a macromolecular complex

consisting of three proteins, C1q, C1r and C1s. C1 binds to the Ag-Ac complex at the

Fc fragment of 2 neighboring IgG molecules (IgG1, IgG2, IgG3) or of a single IgM

molecule by C1q. This
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fixation activates C1q, this activates C1r, which in turn activates C1s. These reactions
require the presence of Calcium.

Figure 19. Structure of the 1  component of the C1 complement.

C1 ( 1 enzyme) thus activated has an enzymatic function (C1s). It splits C4

into free C4a and C4b. This binds covalently to the surface of the pathogen. C4b

covalently linked can then bind to a molecule of C2 making it possible for its

cleavage by C1 into free C2b and into C2a which is itself a serine protease.

Figure 20. Triggering of the classical complement pathway. (a) Formation of the Ag-Ac complex . (b)
Activation

of C1 by its binding to the Ag-Ac complex .

The complex formed C4b with the serine protease active C2a remains

attached to the surface of the pathogen and form the C3 convertase vector, the
C4b2a ( 2 enzyme ). This cleaves a large number of C3 molecules into C3a and C3b.

The C3b fragments bind to the antigen and allow phagocytosis of the Ag-Ac complex

.
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Figure 21. Formation of classical C3 convertase (C4b2a) and cleavage of C3

28

C3b can also bind to the C3 convertase enzyme (C4b2a) to form a new

enzyme, the C4b2a3b active, called C5 convertase ( 3 enzyme ). The C3a

fragments remain free. C5 convertase (C4b2a3b) (attached to the Ag of the Ag-Ac

complex ) cleaves C5 into 2 fragments C5a and C5b.

Figure 22. Representation of classic C5 convertase (a) and Cleavage of C5 into C5a and C5b (b).

Stage of formation of the membrane attack complex (CAM)

C5b binds to the Ag- Ac - C14b2a3b complex antigen . It reacts sequentially
with C6, C7, C8 and several molecules of C9 and forms a multienzyme complex
C5bC6C7C8C9 ( 4 multi-enzyme ). It is the lytic complex attached to the wall of the
bacteria that punctures the bacteria.

Figure 23. Formation of the membrane attack complex puncturing the bacterial wall.

Figure 24. Perforated bacterial wall. (a) Pores seen from the front by electron microscopy. (b) Pore size of the

CAM
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3-1-2-2 MBL route

This pathway is triggered by certain walls of bacteria. The mannose-binding

lectin, MBL, occurs in low concentrations in normal plasma. Its production by the

liver is increased during the acute phase of a response.

Figure 25. Structure of the MBL. MBL: mannose- binding lectin

The structure of MBL resembles that of C1q , it is a 6-headed molecule which

forms a complex with 2 zymogenic proteases MASP1 and MASP2 ( M BL A ssociated

S erine P roteases). These 2 proteases are practically homologous to C1r and C1s.

The MBL recognizes the mannoses of the walls of certain bacteria and

attaches to them by the globular heads. This fixation activates the 2 serine proteases

MASP1 and MASP2 which cleave C4 then C2. The continuation of the activation is

that of the classic way

3-1-2-3 Alternate path

It is triggered by certain walls of bacterial cells, viruses, parasites and fungi.

* Initial step

The native C3 component, spontaneously hydrolyzed in the body (C3 H 2 O ), is

associated with a factor B. The complex C3 H 2 O B is cleaved by factor D (this factor

always circulates in active form) in an initial convertase C3 H 2 O Bb. This cleaves the

C3 into 2 fragments C3a and C3b.

Figure 26. Formation of the initial C3 convertase C3 H 2 OBb
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* Activation step

The C3b fragment, coming into contact with the wall of a bacterium, binds factor B, this
is
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then cleaved by factor D and results in the formation of an alternate C3b convertb C3bBb
active.

Figure. 27 Triggering of the alternate path of the complement. ( a) Activation from C3b coming into contact
with

the wall of a bacteria. (b) Formation of C3 convertase alternates C3bBb

The C3 convertase C3bBb, being stabilized by factor P, can cleave several

molecules of C3, release C3b and fix it to give the C5 convertase C3bBb3b . This

enzyme cleaves C5 into 2 fragments C5a and C5b.

Figure 28. Stabilization of alternate C3 convertase, C3Bb by factor P (a) and Cleavage of C3 to C3b and C3a

(b).

Figure 29. Presentation of the C5 convertase alternates (a) and Cleavage of C5 into C5b and C5a (b)
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The rest of the sequence is common with that of the conventional route.

3-1-3 Regulation

Classic way
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The C1 inhibitor: C1INH, a protein that irreversibly inactivates the C1s

enzymatic activity of C1. It can also lead to the dissociation of C1q from C1 from

immune complexes.

- C1q INH: a serum proteoglycan which binds to C1q and inhibits the binding sites
of C1r and C1s

- C4 binding protein: C4bp, by binding to C4b causes the dissociation of C4b2a
complexes (C3 convertase) and prevents the fixation of C2 to free C4b fragments. In
addition to the C4bp

linked to C4b allows factor I to inactivate C4b and cleave it into C4d and C4c.

Alternate path

Factor H binds to C3b and makes it susceptible to inactivation by factor I into
C3bi (inactive C3b). Factor H prevents the binding of factor B to C3b and induces the
dissociation of the Bb fragment from C5 convertase (C3b Bb3b).

The cells of the human body have receptors for C3b (red blood cells,

macrophages, lymphocytes, etc.) called CR1 (complement receptor 1). This plays a

role equivalent to that of factor H. The C3b generated by this pathway is picked up

by these receptors.

The membrane attack complex is regulated by:

-serum proteins, protein S (or vitronectin) and clusterine bind to the trimeric
complexes C5b67 and prevent their attachment to the tissues surrounding the
activation site.

- membrane inhibitors of host cells which protect these cells from destruction or

alteration. DAF, the Accelerating Disintegration Factor, dissociates C3 and C5

convertases. MCP (Membrane Cofactor Protein), the membrane cofactor protein

(CD46), by binding to C4b and C3b convertases, allows their cleavage by factor I

DAF and MCP only act on the convertases formed on the cells which carry them.

- A carboxypeptidase B inactivates C3a and C5a. DAF (Decay Accelerating Factor or CD55)

32

3-1-4 Other biological activities of the complement

3-1-4-1 - Opsonization: Immune adhesion by C3b
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Monocytes, macrophages and neutrophils have C3b receptors on their

surface. The covering of the antigen with C3b fragments facilitates the adhesion of

the antigen to the phagocytic cell and its ingestion by the latter .

Figure 30. Phagocytosis of opsonized microorganisms . CR1: complement receptor1: complement 1 receptor

for C3b

3-1-4-2 Elimination of immune complexes

Ag-Ac complexes coated with C3b are eliminated (phagocytosed) by
polynuclear cells and macrophages thanks to the CR1 receptor which they carry on
their surface.

Circulating Ag-Ac complexes coated with C3b can also be linked by the CR1 receptor

carried by red blood cells which transport them to the liver or spleen to be

eliminated by macrophages.

Figure 31. Phagocytosis of immune complexes coated with C3b.
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3-1-4-3 Anaphylatoxin activity: inflammation
The C5a, C3a and C4a fragments intervene in inflammation by causing the

release of histamine by mast cells and basophilic polymorphonuclear cells. This

substance causes contraction of smooth muscles (trachea, bronchi, bronchioles),
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vasodilation of the capillaries and an increase in the permeability of the capillaries

allowing plasma proteins, phagocytes and lymphocytes to arrive in the infected

region. These fragments can also act directly on the endothelium.

Figure 32. Local inflammatory response induced by small complement fragments.

3-1-4-4 Chemotactic activity

The C5a and Ba fragments, as well as the free C5b67 complex, have an
attractive property for neutrophils.

3-2 - Proteins of the acute phase

C-reactive protein (CRP), mannose binding lectin (MBL), proteins A and D and

serum amyloid protein A ... etc. These are plasma proteins synthesized by the liver

and whose concentration increases considerably during an infection.

34

Reactive protein C ( CRP) is able to bind to protein C of the pneumococcus and

this way activates the complement from component C1.She actsalso as

that opsonin , it allows phagocytosis of the pathogen.
     

The MBL binds to mannose bacterial walls and or virus andactivate the

complement from component C4. Like CRP, it acts as an opsonin .
 

-
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Figure 33. Phagocytosis of bacteria opsonized by proteins of the acute phase.

CRP: C reactive protein. MBL: mannose-binding lectin.

The surfactants lung A and D , proteins secreted initially in fluids

which bathe the surfaces of the pulmonary epithelium, with opsonization

properties . They attach to the surfaces of pathogens in the respiratory tract, thereby

facilitating their phagocytosis by macrophages.

3-3 - Type 1 interferons (α and β )

Produced by cells infected with viruses. They prevent viral replication in
nearby uninfected cells and make them resistant to viruses.

3-4- antimicrobial peptides or antibiotic peptides

Cecropins, magainins and defensins: These are basic peptides from 3 to 5 Kda.

They are produced by several cells including the epithelial cells of the mucous

membranes and the phagocytic cells.

35

4- Natural killer cells

4- 1-Activation
Natural killer (NK) lymphocytes are cells capable of causing the death of a

wide variety of target cells, either infected with viruses or transformed, in

particular cells which express little or no MHC molecules of class I, or which express

allogenic MHC molecules.

Their activity is exercised directly thanks to non-specific membrane receptors
called inhibitory receptors and activating receptors.

The inhibitory receptors recognize the CMH1 molecules from oneself.

Figure 34. NK inhibitory and activating receptors.
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-The activating receptors recognize surface ligands which are distress molecules
overexpressed by infected cells or cells which have become tumor.

The activity of NK lymphocytes is determined by the result of these activating
and inhibiting signals delivered to the NK cell.
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Figure 35. Activation of NK lymphocytes determined by the sum of signals received.

NK lymphocytes have on their surface other receptors which recognize the Fc

fragment of IgG (CD16 ) . The interaction of these receptors with IgG specifically

combined with a target cell (target = tumor cell, foreign GR, foreign cell, cell infected

with a virus) activates NK lymphocytes.
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Figure 36. Activation of antibody-dependent NK lymphocytes.

4- 2 Induction of death by way of perforins and granzymes
Induction of death via perforins and granzymes is the most dominant

mechanism. The activated NK cell, by the result of the signals emitted by the
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activating and inhibiting receptors and / or by the CD16 receptor (binding to Fc of

IgG linked to the specific target cell), releases in the contact area between it and the

target cell perforins and granzyme (serine esterases stored in lytic granules) .

Figure 37. Mechanism of attack of NK: pathway of perforins / granzymes

Perforins, in contact with the membrane of the target cell, in the presence of

calcium, polymerize into polyperforins which form pores. These pores allow the

granzyme to enter the target cell and activate caspases (proteases) promoting

apoptosis. Apoptosis is a cell death pr o grammed.

4-3-Induction of death by the Fas death receptor

The activated NK cell expresses the Fas ligand (Fas L) on its surface . The

interaction of this ligand with the Fas receptor (= CD95) expressed by certain

infected or tumor target cells transduces the signal of apoptotic death to the target.

Fas: fragment apoptotic stimulation
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Figure 38. NK attack mechanism: Fas death receptor pathway.
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4-4 Apoptosis

It's a programmed cell death. It begins with a decrease in the cytoplasmic

volume which is accompanied by budding of the cytoplasmic membrane and

condensation of the nucleus. Then the DNA is fragmented. It results from vesicles or

spheres each containing a DNA fragment surrounded by cytoplasmic membrane.

These spheres, called apoptotic bodies, are eliminated by macrophages.

Figure 39. Events of apoptosis.
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Chapter IV Acquired cellular immune response

1-Introduction
The humoral response is provided by B lymphocytes, it is accompanied by the

production of antibodies specific to the antigen. This type of immunity is
transmitted by serum.

The cell-mediated response is provided by specifically sensitized lymphocytes

(T lymphocytes) coming into contact with the antigen and releasing non-specific

mediators, or generating specific cytotoxic T lymphocytes.

This immunity, whether humoral or cell-mediated, is specific to the antigen

which triggers it and it is acquired following this first encounter with the antigen. It

is therefore in memory. Lymphocytes retain the memory of the 1  contact with the

antigen, and react more rapidly and more intensely and more effective against this

antigen in a second or n  touch.

2- Antigens

An antigen (Ag) is a substance capable of triggering an immune response and
of binding specifically with the product of the immune response (antibodies,
receptors of sensitized T lymphocytes).

2-2- Types of antigens
Soluble antigens : they represent large molecules made up of proteins and / or

carbohydrates.

Figure 40. Examples of antigens.

Particulate antigens : viruses and or cells: bacteria, fungi, parasites, cells

foreign, tumor or infected self cells.

40
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2-3- Structure of antigens
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The antigen is a foreign body with a structure different from that of the

constituents of the self. It is not the antigen as a whole that elicits an immune

response but only small fractions of it. These fractions are called antigenic
determinants or epitopes . The antigenic determinant against which an antibody

can be produced includes 3 to 6 amino acids and 5 to 6 sugar residues.

Figure 41. Example of the structure of an antigen : shell-shaped bacteria.

Large molecules contain several antigenic determinants. These antigenic
determinants can be identical or different. The larger the molecule, the more it
contains

antigenic determinants. Example:

-Ovalbumin: molecular weight (MW) = 44,000: 5 antigenic determinants

- Tetanus toxin: MW = 69,000: 8 antigenic determinants

Very small molecules that can be seen as isolated antigenic determinants are
only able to elicit an antibody response if they have been attached before

to larger (carrier) molecules. They are called haptens. 2-4-
Natural antigens
2-4-1 Nomenclature
-Xenoantigens or heteroantigens: antigens from a species different from the species
         

answering machine.
 
Example: sheep red blood cells in mice.

-Alloantigens: antigens from an individual of the same species as the respondent individual

but genetically different. Example: human blood group antigens.

- Autoantigens or autologous antigens: are the substances of the individual towards
which an abnormal immune reaction is produced (case of autoimmune diseases).

41

2-4-2- Example of alloantigens

- In humans there are several kinds:
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-ABO system: antigens A, B (on the surface of red blood cells). It corresponds to 4
groups: A, B, AB and O.

-Rhesus system: D antigens (on the surface of red blood cells).

-the HLA (Human Leukocyte Antigens) system: antigens of the major
histocompatibility complex (MHC). It corresponds to the molecules of CMH1 and
CMH2.

MHC 1 molecules are found on all nucleated cells of the body while MHC 2
molecules are only carried by cells related to the specific immune response

- In animals: many systems: horse: 10 groups.

- In bacteria: grouping of streptococci (Lancefield classification).

2-5- Histocompatibility antigens- Major histocompatibility complex

When cells, tissues or organs are transferred from an individual to another

unrelated individual, this induces in the recipient individual an immunological

reaction leading to the elimination of the element transmitted by the cells of the

cell-mediated immunity of the recipient organism. This reaction is known as

transplant rejection. The graft has antigenic structures specific to the individual

from whom it was taken (donor), recognized as foreign by the immune system of

the recipient organism and against which it reacts. These antigens or alloantigens

are cell surface glycoproteins. They are very immunogenic because they cause rapid

and intense rejection. They are encoded by a set of closely related genes. They

determine the tissue compatibility between two individuals, they are then called the

genes of the major histocompatibility complex (MHC) . The MHC defines a

haplotype. In humans, it represents the HLA system (Human Leukocyte Antigens), it

is carried by the pair of chromosomes 6. In mice, it is the H-2 system carried by the

pair 17.

A haplotype is a set of genes carried by a chromosome of the pair.

2-5-1 Organization of the genes of the major histocompatibility complex, the HLA system

It includes 2 major regions MHC I and MHC II, each of these regions consists of
numerous genes distributed in loci.

- These genes are closely linked, they are transmitted as a whole from parents

to children. A given individual has 2 different HLA haplotypes, one parental and the

other maternal. Recombination events (crossing over) between 2 haplotypes are

rare.

42
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Figure 42. Genes of the major human and murine histocompatibility complex

These genes are codominant, the molecules coded by each haplotype of the

pair of chromosome 6 are expressed on the cell surface. They are polyallelic, each

gene exists in several forms (alleles) varying between individuals; their

approximate numbers are:

Figure 43. The alleles of the HLA I and II genes.
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2-5-1-1 The HLA I genes

The class I region contains the class I, HLA-A, B, and C genes that code for

membrane glycoproteins. Each of these glycoproteins associates with β2

microglobulin and is expressed on the surface of the nucleated cells of the body.

2- 5- 1-2 HLA II genes

The class II region or region D is subdivided into sub-regions or loci: DR, DP,

DQ. Each of the 3 class II loci carries 2 genes A and B respectively coding for a heavy

chain α and a light chain β which combine and form class II dimers.

Class II molecules are mainly expressed on the surface of antigen presenting cells,
dendritic cells, macrophages and B lymphocytes.

A given individual can be: HLA A1 A3, B5 B8, C4 C6 etc.…. The high polymorphism and

the codominance of these genes lead to a large number of possible combinations
(exceed 10  ), and make each individual unique for its expression of MHC.
Molecules I and II constitute the genetic map of each individual.

10
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Additional genes have been identified in this HLA II region which code for

products involved in the pathways of exogenous antigen presentation (DM genes)

and endogenous antigens (TAP and LMP genes).

TAP : T ransporter A ssociated with antigen P rocessing: transporter associated with the
priming of

antigens. LMP : L arge M ultifuctional P roteases (proteosomes).

2-5-2 -Structure of HLA molecules

These are transmembrane glycoproteins, organized into domains.

2-5-2-1- Structure of class I molecules

The HLA I molecules comprise a heavy chain α (45Kd) associated non-
covalently with β2 microglobulin (12Kd).

The heavy chain carries 3 areas. The outermost domains α1 and α2 reveal a

groove (cavity, niche) into which a peptide of 8 to 10 amino acids can slip. The α3

domain is conserved, it carries a site of interaction with the CD8 molecule expressed

on the surface of CD8 T lymphocytes.

Β2 microglobulin , a globular peptide encoded by a gene located on
chromosome 15, is associated with the α3 domain of the heavy chain.

44

Figure 44. Structure of HLA I and II molecules.
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2-5-2-2- Structure of class II molecules

The HLA II molecules are formed from 2 different polypeptide chains (α and

β) associated in a non-covalent manner. The α1 and β1 domains contribute to the

formation of a groove (cavity open at the 2 ends) in which a peptide of 12 to 18

amino acids can be housed. The external part of the β2 domain carries an

interaction site with the CD4 molecule of TCD4 lymphocytes.

2-5-3- Biological roles of MHC molecules

2-5-3-1 Presentation of the antigen to T lymphocytes

2-5-3-1-1 Priming of antigens for MHC class II molecules -

Exogenous antigens (microorganisms, proteins, etc.) phagocytosed by

macrophages or captured by dendritic cells are degraded in phagolysosomes or

endosomes (phagocytic vesicles in which lysosomes have been degranulated) by

proteases such as cathepsin B and D into peptides of 12 to 18 amino acids.

In parallel, the α and β chains of class II molecules are synthesized and then
are assembled in the endoplasmic reticulum into heterodimers, which are then
associated with a
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invariant chain or γ chain . The γ chain protects the groove from the α, β dimers by
preventing the peptides present in the cytosol and in the endoplasmic reticulum
from being attached to the grooves.

The complexes, class II molecules - invariant γ chain , migrate out of the

endoplasmic reticulum towards the Golgi apparatus and are found in the golgian

vesicles (transport vesicle). These vesicles fuse with the endosomes. In these fusion

vesicles, the invariant γ chain is cleaved and dissociated by proteases, thus allowing

the interaction of the immunogenic peptides with the groove of the MHC molecules.

The immunogenic peptide - MHC class II complexes are transported to the cell

surface where they will be recognized by specific TCD4 lymphocytes.
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Figure 45. Priming and transport of exogenous antigens. CPA: cell presenting antigen. P: peptide. Ag:

antigen. RER: endoplasmic reticulum.

2-5-3-1-2 Priming of antigens for MHC class I molecules

Endogenous antigens, cellular proteins (coded by genes specific to normally

suppressed tumors: oncogenes) or viral proteins (coded by viral genes integrated

into the genome of the infected cell) synthesized in the cytoplasm are degraded into

peptides of 8 to 10 acids amino acids by enzymatic proteins (proteosomes or LMP:

Large Multifunctional Proteases) within the cytoplasm.
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Figure 46. Preparation and transport of endogenous antigens.

Endogenous peptides are transported by TAP (Transporter Associated with

antigen Processing) transporters to the endoplasmic reticulum. In this intracellular

compartment, the immunogenic peptides bind to the newly synthesized MHC class I

molecules. The peptide - MHC class I complexes are transported through the Golgi

apparatus to the cell surface for presentation to CD8 T lymphocytes.

2-6 Mitogens

Mitogens are substances that induce the entry into mitosis of lymphocytes. They are

not specific. They are therefore not antigens. Among the known mitogens,

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


phytohemagglutinin (PHA) is an activator of all T lymphocytes and nocordia, an

activator of all B lymphocytes. The study of the proliferative response to mitogens is

of interest in the exploration of immune deficits.

3 - Cell-mediated response
3-1 Presentation of the antigen

At the start of an immune reaction, an antigen produced an inflammatory

reaction in a tissue. Many chemokines will be produced by local cells (epithelial,

endothelial cells, or fibroblasts) in response to the inflammatory cytokines IL-1 and

TNF α produced by local macrophages activated by the pathogen. This activation

also induces the production of
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chemokines by the same macrophages. Chemokines attract, in addition to

neutrophils instead of inflammation, monocytes and dendritic cells. Monocytes and

dendritic cells attracted to this place begin to produce inflammatory chemokines

attracting other dendritic cells and other monocytes.

Dendritic cells are cells that present antigens to naive T lymphocytes. Naive T

lymphocytes are so called because they have not yet encountered the antigen. It will

therefore be a primary response of these lymphocytes towards their specific

antigens. Dendritic cells are in fact immature cells whether local or newly arrived.

They capture the antigen, and prepare it. At the same time, they begin to mature.

Their maturation results in the following characteristics:

-increase in volume with the issue of numerous extensions or dendrites justifying
their name.

-loss of inflammatory chemokine receptors which keep them in place in the

inflammatory focus but acquisition of other receptors like CCR7, which allows them

to leave the inflammatory focus, loaded with their antigens and to respond to the

attraction by chemokine SLC (secondary lymphoid-tissue chemokine) or CCL21

emitted by the endothelial cells of the lymph nodes.
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Figure 47. Maturation of the dendritic cell.

- surface, increased and stable expression of MHC molecules of class II especially
but also of class I.
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- appearance in abundance of co-stimulation molecules , CD80-CD86, essential for
the complete activation of naive T lymphocytes.

- the ability to secrete a set of cytokines, very limited in time, the diversity of which will

depend on the initial stimulus.

Dendritic cells arrive through the afferent canal in the lymph node, localize

around the upper endothelial venules (HEV) of the paracortex. This greatly

increases the chances of dendritic cells encountering naive T cells arriving through

these HEVs.

Figure 48. Migration of the antigen-charged dendritic cell to the lymph node.

These dendritic cells having captured, prepared the antigen and re-expressed

its antigenic determinants (immunogenic peptides) associated with class II

molecules of the MHC (major histocompatibility complex) will present their

immunogenic peptides to the naive CD4 T lymphocytes. They cannot recognize the

antigenic determinants of the free antigen.

The cytotoxic CD8 T lymphocyte recognizes, by its TCR, the antigen associated

with class I molecules on the target cell (self cell infected with a virus, tumor cell,
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foreign cell). The CD8 molecule binds to the 3  field of chain α of a MHC class I

molecules to strengthen the association with the TCR peptide-MHC I.

The T4 lymphocyte combines, by its specific receptor, the TCR (T Cell
Receptor ), with the primed antigen, carried by the MHC II on the surface of the CPA

cell. This connection is reinforced by the CD4 molecule which binds to the 2  area of

the β chain of class II MHC molecules.

49
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The CD4 and CD8 molecules are called co-receptors because they are
associated with TCR. The CD3 molecule is also called a co-receptor because it is part
of the TCR complex.

Adhesion molecules enhance the interaction of the T cell with the CPA cell.

The molecule LFA1 on the T lymphocyte ( lymphocyte-function associated antigen),

an antigen associated with the function of the lymphocyte, binds to the molecule

ICAM-1 (intercellular adhesion molecule), molecule of intercellular adhesion of the

CPA cell. The CD2 molecule, on the surface of the T lymphocyte, interacts with the

LFA 3 protein (CD58) of the CPA cell.

Figure 49. Interactions of a T lymphocyte with CPA.

3-2 Recognition and activation of TCD4 cells

Recognition and binding by the TCR (receptor for the TT lymphocyte antigen)

of the antigenic peptide presented, activates the TCD4 lymphocyte by means of the
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CD3 molecule which transmits (transduces) an activating signal ( 1st signal ) to the

lymphocyte T CD4 (Th0 cell).

The interaction of the CD80 or CD86 (B7-1 or B7-2) co-stimulation molecules

expressed on the CPA cell, with the CD28 (receptor) molecule of the T4 cell, provides

the 2nd signal necessary for the complete activation of the T cell. If the T

lymphocyte receives signal 1 (binding of the TCR to

50

the antigen) and not signal 2 (co-stimulation) the T lymphocyte becomes anergic. It
then becomes unable to respond to any new stimulation with the same antigen.

Following these 2 signals, the activated TCD4 lymphocyte produces IL2 then

expresses IL2 receptors (IL2-R) with high affinity. IL2 transforms this same

lymphocyte into a lymphoblast which will divide around ten times. Furthermore,

the CPA cell is stimulated, by interaction of its surface molecule CD40 with the

molecule CD40ligand (CD152) expressed by the activated T lymphocyte, to produce

interleukin 12 (IL 12). Under the action of this IL12 ( 3rd signal ), the lymphocytes

obtained, after division, will differentiate into effector Th1 or T4 lymphocytes . A

small part of Th1 lymphocytes will keep the memory of this first contact with the

antigen in question.

Naive lymphocytes, 48   hours after activation, express on their surface

molecules CTLA-4 ( C ytotoxic TL ymphocyte A ntigen 4). The interaction of the

CD80 or CD86 ligands of the CPA cell with the CTL-A molecules gives an inhibitory

signal which slows down the activation of T lymphocytes and prevents an excessive

response.
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Figure 50. Acquired cellular response TCD4.

3-2-1 Effector functions of Th1 lymphocytes

L are Th1 cells (CD4 effectors) leave the lymph node by the efferent duct and

earn the bloodstream to go into the tissue wherein the pathogen is initially

introduced.

52
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Figure 51. Migration of effector T4 lymphocytes from the ganglion to the damaged tissue.

There, the Th1 lymphocytes will recognize the antigenic peptides on the

surface of the macrophages and activate again. They will then express the CD40
ligand on their surface and produce lymphokines, the most important of which are

interferon γ (INF γ) and TNFα (tumor necrosis factor) by which they activate

macrophages.

Figure 52. Activation of macrophages.

The macrophages thus activated see an increase:
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- their bactericidal power which results in a high production of reactive oxygen and
nitrogen monoxide species and increased synthesis of enzymes: hydrolases,
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proteases ... etc.

their expression, on their surface, of MHC II molecules, of costimulation molecules

and of receptors for the Fc fragment of the IgGs and thereby increasing the

phagocytosis of the antigen - IgG complexes.

3-3 Recognition and activation of CD8 T cells (T8)
T8 lymphocytes specifically recognize self cells infected with viruses, tumor

cells, allogeneic or xenogenic cells. They have the surface molecule CD8 in humans

and Ly2  in mice. They recognize the peptide, derived from the antigen, in

association with MHC class 1 molecules, and They recognize MHC class 1 molecules

from foreign cells.

3- 3-1 Direct activation of T8 lymphocytes
The dendritic cell presents the antigenic peptide (tumor or viral) carried by the

MHC1 molecules ( 1st activation signal supplied to the naive T8 lymphocyte ) and

provide a strong costimulation activity by the B7 molecules (CD80 / CD86). This

strong 2nd signal activates the naive T8 lymphocyte. The activated naive T8

lymphocyte produces IL2. IL2 induces the proliferation of this naive, activated T8

lymphocyte. The lymphocytes obtained differentiate, a large part into effector T8

lymphocytes (Tc: cytotoxic T) and a small part into memory T8 lymphocytes.

Figure 53. Direct activation of TCD8 by an infected dendritic cell.

3-3-2 Indirect activation of T8 lymphocytes

The response of T8 lymphocytes to certain viruses or during transplant
rejection requires the presence of TCD4 lymphocytes. When the TCD4 lymphocyte is
naive and activated by the CPA cell, it produces IL2 which stimulates the T8
lymphocyte. However when the lymphocyte
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TCD4 is effector or Th1, activated, can rather activate the CPA cell to express more
costimulation molecules and therefore activate naive T8 lymphocyte.

In all cases, after division then differentiation, the effector T8 lymphocytes

obtained leave the lymph node and reach, by blood, the infected tissue or which has

become tumor. A small fraction differentiates into memory T8 lymphocytes.

Figure 54. Indirect activation of T8. (a) T4 produces IL2 which activates T8 (b) Th1 activates CPA which
activates T8

3-3-3 Mechanisms
In infected or tumoral tissue, effector T8 lymphocytes (Tc: cytotoxic T) will

bind specifically to the viral peptide, associated with a CMH1 molecule, on the

surface of infected cells (or the tumor peptide –CMH1 on the surface of cells which

activate them to attack these target cells and cause their death. The attack

mechanisms of activated Tc lymphocytes are the same as those of NK lymphocytes.

They are made by the way of the perforins / granzymes and the way of the Fas death

receptor. They induce apoptosis.
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Figure 55. Mechanisms of attack of Tc. Perforin / granzyme and death receptor pathways

3-4 Secondary response
The memory T lymphocytes, at the 2  or  meeting with the specific antigen

primed and carried by the MHC molecules of the macrophages react much more

quickly by transforming, dividing and differentiating into more efficient effector

lymphocytes and by memory lymphocytes . The secondary or n  response is

therefore much faster, more intense and more effective. She is protective.
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Chapter V Humoral acquired immune response
1-Response to independent T antigens

1-1-Recognition of the antigen by B lymphocytes

The B lymphocyte specifically recognizes the antigen by the membrane

immunoglobulins it carries. These are the antigen receptors, BCR (B cell receptors).

These BCRs are anchored in the membrane. They are associated with heterodimers,

of low molecular weight (20KDa), Igα and Igβ with which they form complexes.

Heterodimers are signaling molecules, they transmit the activation signal delivered

by the binding of BCR to the antigen.
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Figure 56. B cell receptor complex ( BCR + the heterodimer Igα Igβ). VH: variable heavy, VL:

variable light, CH: constan t Heavy, CL: constan t light.

1-2 Activation of B lymphocytes by independent T antigens

Most antigens activate specific B cells to proliferate, differentiate, and

produce antibodies only if T cells are present. These antigens are called T-

dependent antigens (TD). However, there are a small number of antigens, the

independent T cells (TI) which activate B cells without the help of T cells. They are of

2 types.

Figure 57. Thymo-independent 1 (a) and thymo-independent 2 (b) antigens .
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Independent T antigens 1 : They are essentially components of bacterial walls.

Example of the lipopolysaccharide (LPS) constituting the wall of Gram negative

bacteria. The 1st signal being: Ag- BCR; the 2nd signal being : Ag-mitogen receptor.

The independent T antigens 2: they are most often large molecules with repetitive

antigenic determinants. Example of polysaccharides from bacterial walls

(Pneumococcus polysaccharide). They activate B cells by aggregating and

connecting their BCRs. Although activation is independent of T cells, the cytokines

produced by T cells can amplify these responses.
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Figure 58. Specific humoral response.
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1-3 Proliferation and differentiation into plasma cells
The activated B lymphocyte transforms from a cell of 8 µm - 10 µm --- 16 µm

to 22 µm, a large cell, the lymphoblast which will divide a number of times. The cells

resulting from this division differentiate into plasma cells producing and secreting

specific antibodies. Independent T antigens induce little or no immune memory

2- Response to thymodependent antigens

2-1 Recognition of the antigen by B and T lymphocytes
T-dependent antigens are protein antigens. Example of the diphtheria toxin,

viral hemagglutinin… .etc. Their recognition by specific B lymphocytes, activation,

the proliferation and differentiation into plasma cells producing and secreting

specific antibodies which follow require the cooperation of CD4 T lymphocytes. On

an antigen, the B lymphocyte and the T lymphocyte can recognize different

structures (antigenic determinants).

The CD4 T lymphocyte recognizes only the immunogenic peptide of the

primed antigen presented by an antigen presenting cell (APC) in association with

the class II molecules of the MHC. The B lymphocyte recognizes another

determinant of the same antigen but native.

2-2 Activation

The CPA cell presents the primed antigen to the TCD4 cell and activates the

TCD4 lymphocyte. The activated TCD4 lymphocyte divides and differentiates into

effector T4 or T helper cells and into memory T4 .

The B lymphocyte recognizes and fixes itself, on another determinant of the

same native antigen, by its BCR. This connection stimulates him and provides him

with the 1st activation signal . It internalizes the antigen and then degrades it. The

immunogenic peptides obtained are associated with MHC class II molecules, and

expressed on the surface of the B lymphocyte to be presented to the Th lymphocyte

(TCD4 effector ).

The Th lymphocyte, through its TCR receptor, specifically recognizes and

fixes the peptide presented and activates. It synthesizes and then expresses on its

surface the ligand CD40 (CD40L). It then triggers activation of the B lymphocyte via
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the surface receptor, the CD40 ( 2nd activation signal for B) and produces

lymphokines (interleukins): Il2, IL4, IL5, IL6, IL10, IL13 and TGFβ

The B lymphocyte thus activated by the 2 signals, increases in size and
becomes a large cell, the lymphoblast (22 μm in diameter).
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2-3 Proliferation, differentiation

The B lymphoblast, under the action of lymphokines, divides a certain

number of times, the cells obtained differentiate, a large part into plasma cells, and

a small part into memory B cells. The plasma cells then produce and secrete

antibodies specific for the stimulating antigen.

Figure 59. Specific thymo-dependent humoral response .

The first antibodies produced are IgM then another class according to the
cytokines produced by helper T lymphocytes and supplied to B lymphocytes.
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Table 3: Nature of the immunoglobulins secreted as a function of the cytokines present.

3 Immunoglobulins

3-1 Definition:
Immunoglobulins are glycoproteins whose formation is triggered by the antigen
and which are capable of recognizing and reacting with the antigen which gave rise
to their synthesis.

3-2 Structure

3-2-1 General structure of an
immunoglobulin Example of
immunoglobulin G, IgG.

The immunoglobulin G molecule consists of 4 polypeptide chains 2 to 2. -2 identical
L (light) light chains of PM 25000 each.

-2 identical H (heavy) chains of PM 50,000 each, linked together by two inter-chain
bridges.

A light chain L is linked to a heavy chain H by an intercatenary bridge via the
cysteines.

Heavy chains have a short linear sequence, called a flexible hinge region, which
allows the conformational changes necessary for the exercise of effector functions.
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Figure 60. Structure of an immunoglobulin G: IgG1.

3-2-2 Fine structure: Precision of the structure of each
chain. -A light chain or L (light) is:

-constituted from 210 to 220 amino acids.

- formed of 2 domains (2 subunits) each having 105 to 110 amino acids.

Each subunit consists of a loop of 60 amino acids, the loop is closed by a disulfide

bridge, intracatenary bridge. The numbering of the chain is done from the amino

acid N terminal. The areas of the light chain are different:

-the carboxyterminal half is constant: CL (C: constant, L: light).

-the amino-terminal half is of variable structure: VL (V: variable, L: light)

At the level of this variable region, there are hypervariable zones of 6 to 8 amino
acids located respectively around positions 30, 50 and 93 amino acids.

Figure 61. Fine structure of a light chain.

- A heavy chain or H (heavy) chain is:

- consisting of 420 amino acids to 440 amino acids.
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- formed of 4 domains of 105 to 110 amino acids each. Each domain includes a loop
of 60 amino acids.

-A variable domain on the N terminal side and 3 constant domains on the C terminal side.
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At the level of the variable domain, there are hypervariable regions or zones

located respectively around positions 32, 55 and 98 amino acids. These

hypervariable regions determine the specificity of the antibody's binding to the

antigen, and are called complementarity determining regions (CDR).

Figure 62. Fine structure of a heavy chain.

3-2-3 Conclusion

An immunoglobulin is divided into 3 fragments (under the action of papain)

- two fragments each fixing the antigen, called Fab: antigen-binding fragment , it
comprises a light chain L, and half of a heavy chain H.

an easily crystallizable fragment, Fc: "crystallizable fragment" not fixing the antigen,
it comprises half of the two heavy chains.

3-3 Types of light chains

There are 2 types of light chains which differentiate in their primary structures at

the level of their constant region. They are called the chains λ and κ. In an

immunoglobulin molecule, the 2 light chains are always of the same type.

3-4 Classes and subclasses of heavy chains

Based on the difference in structure in the constant region of heavy chains,

there are 5 classes of immunoglobulins, IgM (heavy chain mu, µ ), IgG (heavy chain

gamma, γ ), IgA (heavy chain alfa, α ), IgD (delta heavy chain, δ) and IgE (epsilon

heavy chain, ε).
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Small variations in the heavy chains as well as differences in the number and

the position of the disulfide bridges make it possible to distinguish subclasses . 4
subclasses for IgG (IgG 1, 2, 3, 4) and 2 subclasses for IgA (IgA1, IgA2 ).

3-5 Structure and properties of immunoglobulins
Immunoglobulins G: IgG
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* 83% of total circulating immunoglobulins . * Molecular weight (PM) 150,000.

- cross the placenta. - fix, via the Fc fragment, the complement and the phagocytic
cells.

Figure 63. The IgG subclasses.

Immunoglobulins A: IgA

* 10% of total circulating immunoglobulins. * bind via the Fc fragment to
neutrophils.

- Serum IgA IgA1 (93%) (α1), IgA2 (7%) (α2). * PM 150,000 to
160,000 . In serum the monomeric form predominates

-IgA secretory : IgA1 dimer (40%), dimer IgA2 (60%). * PM 380,000.

. found in saliva, tears, breast milk, nasal, bronchial, genital and gastrointestinal
secretions .

. the dimers of IgA1 or IgA2 are joined together by a piece J (PM = 15000) and a
glycoprotein secretory component (PM 70000).
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Figure 64. IgA class. (a) Monomeric IgA. (b) Dimeric IgA.

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


Immunoglobulins M: IgM.

They are star-shaped pentamers.

* 6% of total circulating immunoglobulins. * PM 900,000 .

- fix the complement via the Fc fragment.

- their heavy chains include 5 domains: 1 variable and 4 constants.

They exist as monomers when they are surface receptors (BCRs) for naive B
lymphocytes.

Figure 65. Pentameric IgM.

Immunoglobulins D: IgD

* 0.5% of total circulating immunoglobulins. * PM 170,000.

- Their heavy chains have 1 variable domain and 3 constant domains.

-They are present on the surface of naive B lymphocytes, associated with
monomeric IgMs where they play the role of antigen receptors.
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Figure 66. (a) IgD. (b) IgE.

Immunoglobulin E: IgE

* 0.1 % of total circulating immunoglobulins. * PM 185,000

- Their heavy chains have 1 variable domain and 4 constant domains.
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-They bind, via the Fc fragment, to mast cells and basophilic polymorphonuclear
cells (allergies).

3-6 Reaction: antigen-antibody
The binding of the antibody to the antigen requires complementarity in the

structure of the antibody site and that of the antigenic determinant. This

complementarity promotes the formation of attractive forces between the antigenic

determinant ( epitope ) and the antibody site ( paratope ). These forces are non-

covalent forces of 4 types.

Hydrogen bonds: they are made between electropositive atoms (H  ) and electronegative
atoms

(O 2 or N 2 ).

Hydrophobic forces : they are established between hydrophobic groups (aromatic
amino acids, valine, leucine) which tend to discard water molecules.
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+

Electrostatic forces : they are exerted between ionic groups of opposite charges

VAN DER WAALS forces : they are created by the interaction of an electronic cloud
of an element on the nucleus of another neighboring element.
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3-7 Functions of antibodies
-Specific recognition of the antigen. B lymphocytes recognize the specific antigen
by surface immunoglobulins or BCR (B Cell Receptors).

-Neutralization of bacterial toxins (toxins from diphtheria and tetanus bacilli),

viruses, and bacterial enzymes (streptolysin, streptokinase). Antibodies responsible:

IgG, IgM, IgA.

-Opsonization : The antibody attached to the antigen facilitates phagocytosis of the

Ag - Ac complex by phagocytic cells which bind by receptors to the Fc fragment of

the Ag-Ac complex immunoglobulins . Antibodies responsible: IgG, IgA. These

antibodies are called opsonins .

Opsonisation also by C4b and or C3b of Ag - IgG complexes generated from
complement activation and therefore increase of phagocytosis.

-Cytolysis by activation of the complement : the binding of antibodies to specific
cell antigenic determinants (bacteria, allogenic red blood cells, etc.) allows cytolysis

of the antigen by the complement (C1 --- C9). Antibodies responsible for IgG1, 2, 3, and IgM.
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Figure 67.

Functions of antibodies.

- Antibody dependent cell mediated cytotoxicity : NK lymphocytes

(natural killer) bind by a receptor to the Fc fragment of IgG combined with the

specific particulate antigen (tumor cell, foreign cell, cell infected with a virus). They

then activate and induce the death of the target cell via perforins / granzymes and

the Fas death receptor.
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Figure 68. Antibody-dependent cell-mediated cytotoxicity.

4- Primary and secondary response

4-1 Primary response

First contact between the antigen and the host. Injection of an antigen into a

mouse, assay of the serum level of antibody produced against this antigen. The

development of this response is done in 4 stages.
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- latency phase : during which the antibodies are not detected in the serum. It is

long, it corresponds to the time necessary for the recognition of the antigen by

lymphocytes. These must then divide and differentiate into plasma cells, cells that

secrete antibodies. - growth phase : appearance of antibodies and gradual

(exponential) increase in the serum level of antibodies.

- Stage in plateau : the serum level of antibody produced is at a maximum. He

reaches a plateau. - Decay phase : the serum antibody level then drops due to the

fixation of the antibodies on the antigen and their disappearance.

The first antibodies produced are IgM.

Figure 69. Primary and secondary humoral response.

4-2 Secondary response
Reinjection to 2  or n  time the same antigen after the levels of specific serum
antibodies became zero.

e th
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Much shorter latency period due to the presence of memory T and B cells.
-Faster rise in antibody levels.

-Maximum level of serum antibodies more than 10 times higher and lasting longer.

- Decrease in the level of antibodies much slower allowing residual levels of
antibodies to be obtained for long periods.

The antibodies produced are of better affinity and almost entirely of the IgG
class or another class.
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Figure 70. Cell representation of the primary and secondary humoral response.

5- Immunization
5-1- Active immunization: vaccination
It consists of the administration to an individual of an infectious agent made non-

pathogenic in order to elicit an immune reaction so that it can be rapid and intense

upon new contact with the pathogenic agent and thus prevent the disease this agent

could cause. Vaccines are the antigens of microorganisms.

5-1-1 Live attenuated vaccines: microorganisms live attenuated (bacteria,

viruses) Microorganisms have lost their virulence due to their serial passage

(growth) in cell culture or in insensible animal species (rabbit, embryonated egg).

Examples: BCG: Bacille de Calmette and Guérin . It is a vaccine obtained by in

vitro passage of Mycrobacterium tuberculosis on a particular medium which is the

bile potato.
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Yellow fever virus , attenuated by passage of the virus in prolonged cell culture.

These microorganisms have, however, retained the property of multiplying in the
natural host and therefore of inducing a long-lasting immune response.

5-1-2 Vaccines killed or inactivated vaccines

Cultures of microorganisms killed by heat (normally 60 ° C for one hour), at
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ultraviolet irradiation, or by treatment with chemicals such as phenol, alcohol, or
formalin.

Killed vaccines can no longer multiply, but keep their immunogenic power intact. In
practice, the effectiveness of inactivated vaccines is increased by adding immunity
adjuvants to them.

: alum or alumina hydroxyl. Their effect is partly due to the slow release of
antigens in the body, thus allowing the extension of the time of exposure of the
antigen with the

immune cells.

5-1--3 toxoids or toxoids (inactivated toxins)

Bacterial protein toxins which have been rendered non-toxic by the addition of

formalin and a moderate thermal rise (37 ° C). These toxoids induce in the body

which receives them the synthesis of neutralizing antibodies (antibody =

antitoxins).

5-1-4 Purified vaccines or unit vaccines

Antigenic fractions purified from the pathogen: capsid or viral envelope proteins,
wall, capsule and or pili antigens and bacterial flagella

5-2 Passive immunization (serotherapy)
It involves establishing temporary immunity (protection) against infection by
administering antibodies of the same or a different species.

5-2-1 Maternal antibodies

During the first months of life, the baby is protected by antibodies of maternal
origin, acquired by placental transfer (IgG) and by intestinal absorption of IgA from
milk.

5-2-2 Immunoglobulins (serotherapy)

They are administered to:

- subjects unable to make antibodies (premature children, children with immune
deficiencies).

-normal subjects who may develop the disease before the installation of an active
immunization stimulating the production of antibodies (which usually requires 7-10
days).

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


71

Chapter VII Immunological Tests

The binding of the antibody to the antigen is a non-covalent bond, therefore

weak, very dependent on the steric complementarity between the site of the

antibody (Ac) and the determinant of the antigen (Ag).

1 – Precipitation

It transforms the soluble Ag put in the presence of the specific Ac into an

insoluble Ag-Ac complex . This precipitation only takes place under certain Ag and

Ac concentration conditions, optimal concentrations (equivalence zone).

Figure 71. Immunoprecipitation (the amount of antibody used is fixed)

1-1 Precipitation in liquid medium
* The Ring test: quick and simple technique to know if a serum contains antibodies or not.

- the serum to be studied is introduced into a tube.

- the Ag solution is gently poured into the tube, avoiding mixing with the serum. -

Result: If the serum contains Ab directed against the Ag of the solution, a precipitate

forms in the form of an opaque ring at the separation zone of the two liquids, in a

few minutes.
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Figure 72. Ring test: the ring test.

It is a qualitative method. Liquid precipitation can be used in a tube, by
measuring the precipitates obtained at the bottom of the tubes, recovered after
centrifugation.

1-2 Precipitation in gelled medium
1-2-2 Ouchterlony technique

An agar gel is poured into a petri dish (or on a slide). Then wells are dug in
the gel (solid) and are filled with the serum antibody, in the center, and the solutions
of known antigens, at the periphery.

Serum Ac and Ag solutions diffuse in agar and when Ag and Ac meet, they

combine and precipitate giving a precipitation line (at the equivalence zones,

optimal proportions) , which can be colored blue by coomassie blue.
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Figure 73. Immunodiffusion.

1-2-3 Mancini technique:

It is a radial immunodiffusion. It is a quantitative technique.

Example of an antigen assay.

- The known antiserum is mixed with agar gel and then poured onto a glass plate.
After gelation, wells are dug in the agar, and these wells are filled with aliquots of
solution of

the known antigen at different concentrations. We also put in a known antigen to measure.

Figure 74. Mancini radial immunodiffusion.

- The plate is left for at least 24 hours during which the antigen diffuses out of the
wells and forms soluble complexes in excess of antigen with the antibody. These
complexes continue to

diffuse, fix more antibodies until an equivalence point is reached where the complexes
74

precipitate in rings or discs. The area of   the discs is proportional to the amount of

antigen present in the wells. The calibration curve is plotted by plotting the

diameters of the precipitation discs (on the ordinate) as a function of the

concentrations of the antigen solution (on the abscissa). The diameter of the disc of

the sample to be measured is measured, it is reported on the curve and the

concentration of this antigen is extrapolated.

2- Agglutination reactions :
2-1 Active agglutination (direct )
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The agglutination results from the presence of a particulate antigen (bacteria,
red blood cell) with a serum containing antibodies. It is done on a glass slide, in
tubes, or on a plate

to well. It is visible to the naked eye.

-Hemagglutination on slide :

Deposit of reagents Negative result

Shake for a few moments by rotating the blade.
 

Deposit of reagents Positive result

Shake for a few moments by rotating the blade.
 

Figure 75. Agglutination reaction.

Agglutination of red blood cells occurs only with serum from an animal

immunized against GRM (sheep red blood cells), thus showing the presence of

specific anti-GRM antibodies .
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Figure 76. Agglutination reaction not visible to the naked eye.

This method is widely applied to the determination of blood groups.

2-2- Passive agglutination (indirect)
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Antibodies directed against the soluble antigen fixed beforehand on a

particulate support are sought in a serum. This support can be particles of latex

(polystyrene), red blood cells or cholesterol crystals.

3- Immunostaining techniques
In the immunolabelling techniques, the Ag, or more often the Ac, is labeled,
that is to say that it is coupled to an isotope (example of  I), to a fluorescent
compound (fluorochrome ) or an enzyme (example of peroxidase or alkaline
phosphatase).

3-1 Farr test

Radioimmunoassay technique : it uses double-stranded DNA labeled with a
radioisotope (  I). It detects serum anti-DNA antibodies (autoimmunity).

- Incubation of the patient's serum with labeled double strand DNA.

- Separation of immune complexes by precipitation and centrifugation.

- Elimination of the supernatant containing the labeled double-stranded DNA not linked to
an antibody

- Radioactivity measurement (proportionality between the radioactivity measured and the
quantity

antibodies in the serum)
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Figure 77. Test for the detection of anti-DNA antibodies in a patient's serum.

Figure 77. Demonstration of anti-DNA antibodies in a patient's serum.

3-2 ELISA Test (Enzyme Linked Immuno Sorbent Assay)

Immuno-enzymatic technique : The enzyme is peroxidase or alkaline

phosphatase. Indirect method. Example of a diagnosis of the body's

infection with HIV. - HIV viral proteins are fixed to the bottom of a well of a

microplate.

-Deposit of patient serum and incubation.

-Washing of the well to eliminate what is not fixed.

- Addition of rabbit anti- human immunoglobulin antibodies labeled with an
enzyme (example of alkaline phosphatase) and incubation.

-Washing.

- Addition of colorless substrate (PNPP: paranitrophenyl phosphate). This, in the

presence of the enzyme, turns into a colored product. The intensity of the coloration

is proportional to the number of fixed enzyme molecules and therefore to the

antibody titer.
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Figure 78. Indirect ELISA test.
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- Result visible to the naked eye: if no color appears, the patient is HIV negative.

if there is a yellow color here, the patient is HIV positive. He is therefore
infected.

Sandwich method

It applies to antigens with at least 2 epitopes (identical or not).
Example of an antigen assay. The antigen and the antibody are
known.

Figure 79. ELISA sandwich test.

Result : measurement of the color reaction with a spectrophotometer or with an
ELISA reader .
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3-3 Immunofluorescence
-Method direct

It makes it possible to detect the presence of a figured antigen, bacteria or cut of

tissue, by the specific, known antibody, labeled with fluorescein. This substance,

when subjected to an ultraviolet light source (290 - 495nm) emits light of a longer,

green wavelength (525nm).
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Figure 80. Identification of an antigen by a fluorescent antibody.
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Chapter VII Hypersensitivity - Allergies

Hypersensitivity is called an immune response occurring after first or second
contact with the antigen causing tissue damaging reactions.

Hypersensitivities are of 2 types:

to mediate humoral : -hypersensibilité type I or anaphylaxis (IgE): Immediate few
minutes

-hypersensitivity type II or cytotoxic (IgG): immediate

-hypersensitivity type III or immune complexes (IgG): semi-delayed

to cellular mediation : -hypersensibilité type IV or delayed: 48 to 72 hours

1- Type I hypersensitivity : Anaphylaxis
Anaphylaxis : term introduced in 1902 by Richet and Portier which means opposite
of protection ( ana = far from; phylaxis = protection).

Allergy : term created by Von Pirquet in 1911 which means " other way of
reacting " acquired by an organism after a first attack.

1-1 Awareness phase: 1  contact with the allergenst
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Production, in the presence of LTh2, of specific IgEs of a given allergen. Very

small amounts of these antibodies are found in the serum of the individual. These

antibodies, by their Fc fragment, bind to receptors on circulating basophilic

polymorphonuclear cells and in tissues on mast cells.

1-2 phase reaction activation: 2 contact with the allergen

The allergen combines with the Fab fragment of IgE attached to cells and

bridges two IgE molecules. This IgE-allergen bridging triggers the activation of mast

cells and basophils which release mediators contained in the granules. The most

important mediators responsible for the inflammatory reaction are histamine,

serotonin and SRS-A (slow reacting substance of anaphylaxis). The effects of

released mediators are: -contraction smooth muscle.

- vasodilation and increased vascular permeability leading to plasma
leakage in the tissues causing edema and hypotension.
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Figure 81. Mechanism of type I hypersensitivity

1-3 Examples of allergies
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-Allergic rhinitis (10% of the population) caused by pollens from trees, grasses and

grasses , causing inflammation of the mucous membranes of the nose and eyes,

resulting in congestion (redness and edema), pruritus ( itching) and sneezing. ',

grass -Asthma caused by inhaled allergens (house dust containing mites).

It is characterized by an obstruction of the bronchi (due to the broncho-constricting

action of histamine: reduction in diameter) with ventilatory insufficiency and

hypersecretion of mucus. - Food allergies appearing in the minutes or hours

following the ingestion of certain foods: examples: cow's milk, eggs,…. , manifested

by diarrhea,

vomiting may be accompanied by hives and even shock.

- Drug allergies : due to antibiotics: β lactams, chloramphenicol, tetracyclines in
humans.
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2- Type II hypersensitivity : Cytotoxic

It appears when circulating antibodies combine with antigens of a cell

causing lysis thereof by full complement activation or interaction with phagocytic

cell (monocyte, polynuclear) or a natural killer cell.

Figure 82. Mechanisms of type II hypersensitivity

2-1 Hemolytic disease of the newborn

A rhesus negative (Rh  ) mother carries a rhesus positive (Rh  ) child . In

childbirth a placental hemorrhage can occur and release red blood cells into the

mother's circulation. These red cells then induce in the mother the production of

anti rhesus  antibodies of the IgG class. These, during a subsequent pregnancy pass

into the fetal circulation through the placenta. If the second fetus is also Rh 

incompatible, these antibodies in the presence of the complement produce
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+
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hemolysis. The prophylaxis of hemolytic disease of the newborn is to administer to

the mother Rh  immediately after the birth of the 1  Rh  , the antibodies Rh 

(anti-D). These antibodies eliminate red blood cells Rh  1  child passed in the

mother, thereby preventing immunization of the mother.

Figure 83. Mechanism of hemolytic disease in newborns.
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2-2- Drug - induced reactions
Certain drugs or their metabolites bind to the figured elements of the blood

(erythrocytes, platelets or leukocytes) form immunogenic conjugates (hapten =

drug; carrier = cell surface) and cause the production of antibodies directed against

these drugs. These antibodies in the presence of the complement cause cell lysis.

Figure 84. Hemolytic anemia due to drugs.

2-3-Examples

Hemolytic anemia (lysis of red blood cells = reduction of RBCs in the blood) caused
by the use of penicillin (antibiotic), aminosalycilic acid (asperine)… etc

Thrombocytopenia (decrease in the number of platelets in the blood) due to taking
Seromid (sedative), resulting in a defect in blood clotting.
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Leukopenia (decrease in the number of white blood cells in the blood) after taking

chlorophenicol (antibiotic) resulting in increased susceptibility to infections.

3- Type III hypersensitivity : A immune complexes
These are reactions calling on immune complexes formed by the combination of

antibodies (mainly IgG) and antigens in the free state which activate the

complement, the whole is at the origin of inflammatory reactions responsible for

many diseases . They appear semi-delayed 4 to 6 hours.
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Figure 85. Mechanisms of type III hypersensitivity.

3-1- Allergic alveolitis (allergic pneumonia)

Local reactions generally induced by dust containing spores of certain

bacterial strains, spores of certain insect antigen fungi, etc. Example lung disease

farmers: farmers exposed to moldy hay dust (containing thermophilic

actinomycetes) a 2  or n  time develop reacting HS III. It results in the formation in

circulation, actinomycetes complex - Ac, in excess of antibodies produced during the

1  touch. The largest complexes precipitate and deposit in the vascular walls, if

they fix the complement they cause tissue lysis. Fragments C3a and C5a detached

from the complement are histamine-releasing resulting in erythema and edema.

They are also attractive to neutrophil platelets and polymorphonuclear cells.

Polynuclear neutrophils attempting to phagocyte immune complexes release

enzymes which damage local tissues. Platelets aggregate at the site of the reaction
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and can cause blockage of the blood vessel and necrosis in the most severe cases.

The experimental prototype is Arthus' reaction .

3-2- Serum sickness : (during passive immunization = serotherapy)

It has been studied in rabbits. It has been observed in humans during

serotherapy using massive doses of heterologous serum antibodies (case of

diphtheria: anti-diphtheria horse serum ). Serum sickness has been observed in

some patients 8 days after injection of large doses of heterologous serum (anti-

diphtheria horse serum) for therapeutic purposes. These patients had fever,

enlarged glands, pain in the swollen joints associated with a decrease in serum

complement and transient albuminuria (reflecting renal involvement). These

symptoms result from the deposition of soluble Ag (horse serum) - Ac complexes

formed in excess of Ag (horse serum).
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produce antibodies after 8 days against foreign proteins in horse serum. The larger

immune complexes activate complement and therefore induce an increase in

vascular permeability. This helps the immune complexes, which are smaller in size,

to deposit in different places on the vascular walls of the skin, joints, kidney, etc.

When the level of anti- horse serum antibodies in these patients increases, the

larger immune complexes are formed and are eliminated by the phagocytic cells.

And the syndrome disappears.

4- Type IV or delayed hypersensitivity

It is a specific reaction of antigens involving T lymphocytes in the absence of

antibodies and characterized by an accumulation of mononuclear cells (Th1, Tc

lymphocytes and macrophages) at the site of the reaction. So it's cell-mediated

hypersensitivity. She appears in a 2  contact and requires more than 12 hours to

develop, it is called delayed compared to the type of HS 1, which is a few minutes.
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Figure 86. Cell-mediated immune response. Th1 (TCD4 effector); Tc (TCD8 effector).

4-1 - Classic example : tuberculin hypersensitivity

In humans vaccinated with BCG (attenuated strain of Calmette and Guérin),

the intradermal test or the intradermal reaction is carried out to seek immunization

to tuberculosis: subcutaneous injection of tuberculin in the forearm. If at 48 hours a

reaction appears
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cutaneous at this level : erythema and induration , we conclude that the person is always

immune (protected) to tuberculosis.

4-2- Contact hypersensitivity

It is a contact allergy or eczema (erythematous plaques) that occurs at the site

of contact with the allergen. Some substances of low molecular weight, <1KD

(haptens) can penetrate the skin and be bound, covalently or non-proteins and cells

of the skin and sensitizing the subject so as to cause, on a 2  contact, a reaction

characterized by erythema, edema and blistering appearing a few hours later.

This reaction is due to:

-organic substances encountered during professional life: chromium (cement),
formalin, antioxidants, turpentine (paint) ... etc

- substances encountered in daily life: cosmetics (beauty products), certain synthetic

fabrics, dyes, rubber, drugs for local application. The epidermal lesion of the contact

HS reaction presents an infiltrate of mononuclear cells appearing between 6 a.m.

and 8 a.m. and maximum between 12 a.m. and 3 p.m., accompanied by edema with

the formation of microvesicles containing mononuclear cells (activated T

lymphocytes and macrophages).
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