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Lecture 3

Cells of immune systems
(Calil) e 4l gadie ChlaSlll Alaadle)
* Monocyte
3-8% WBC

- Monocytes circulate in blood for about 8 hours then it enlarge and migrate
into tissues and differentiate into specific tissue macrophage
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in circulation we call it monocyte once it goes to tissue we call it macrophage

- Recruited to sites of inflammation
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* Macrophages

Macrophage play role in phagocytosis, bacterial killing, and antigen
presentation

Some macrophages move through the body and remain as free macrophage and
some reside in particular tissue and become fixed macrophage like:

Peritoneal cavity: peritoneal macrophages
Lung: alveolar macrophages

Spleen: splenic macrophages

Liver: Kupffer cells

Intestinal macrophage

Microglial cells in brain

Histocytes in connective tissue
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* Dandritic Cells

Acquired its name because it is covered with long membrane extensions that
resemble the dandrites of nerve cells
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Dandritic cells have 4 main classes:
1. Langerhans DCs
2. Interstitial DCs
3. Monocyte-derived DCs
4. Plasmacytoid-derived DCs
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DCs main functions are monitoring of body pathogen invasion and presentations
of antigens for T cells
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Stages of Lymphocyte Activation

1) Naive lymphocytes

Mature lymphocytes that have not previously encountered antigen; function-
antigen recognition

Preferential migration to peripheral lymphoid organs (lymph nodes), the sites
where antigens are concentrated and immune responses start
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2) Effector lymphocytes

Activated lymphocytes capable of performing the functions required to
eliminate microbes (effector functions)

AL g HSilall adaat e 3 )l lavie ds ) gla

Effector T lymphocytes: cytokine secretion (helper cells), killing of infected cells
(CTLs)

B lymphocytes: antibody-secreting cells (e.g. plasma cells)

3) Memory lymphocytes

Long-lived, functionally silent cells; mount rapid responses to antigen challenge
(secondary responses)
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Function of Immune Cells

Lymphocytes of the adaptive immune system

1. T helper cells: regulate other immune cells

It helps activation of other cells through secretion of cytokines (CD4+)
2. T cytotoxic (killer) cells: kill infected cells

3. B cells: produce antibodies (immunoglobulin) (plasma cells)

Dendritic cells and macrophage: directly kill microbes by phagocytosis and other
mechanisms. They also help to activate T cells (connection between innate and
adaptive immunity)

Dendritic cells and other Antigen presenting cells (APCs) also play role in
capturing microbes and then process and display antigens
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NK cells are lymphocytes: Recognizes and kill abnormal cells like tumor cells,
and virus infected cells
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Lymphocyte Circulation
Lymphocytes constantly circulates between tissues in such a way that

1. naive lymphocytes traverse the peripheral lymphoid organs where immune
responses are initiated

2. the effectors lymphocytes migrates to sites of infections to eliminates
microbes

Lymph: Fluids from all epithelia, connective tissues and parenchymal organs is
drained by lymphatic's
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The CD Nomenclature
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Structurally defined leukocyte surface molecule that is expressed on cells of a
particular lineage and recognized by a group (“cluster”) of specific antibodies is
called a member of a cluster of differentiation (CD)

Used to classify leukocytes into functionally distinct subpopulations, e.g. helper
T cells are CD4+, Cytotoxic T cells are CD8+, and Regulatory T cells are CD4+ and
CD25+

Often involved in leukocyte functions

Antibodies against various CD molecules are used to:
1. Identify and isolate leukocyte subpopulations

2. Study functions of leukocytes

3. Eliminate particular cell populations



Antigen structure, processing and presentation

Antigen: is any substance that causes your immune system to prompts the
generation of antibodies
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Immunogen: a stimulus that produces a humoral or cell-mediated immune
response
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Haptens: Low molecular weight substances, these substances not immunogenic
by itself, if couple to a larger carrier molecule (aloumin, globulins), they become
immunogenic
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Antigens can be proteins, polysaccharides, conjugates of lipids with proteins

(lipoproteins) and glycolipids

An antigen may be a foreign substance from the environment such as chemicals,
bacteria, viruses, or pollen

An antigen may also be formed within the body, as with bacterial toxins or
tissue cells
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1) Foreignness
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3) Larger molecules
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4) Molecules that are structurally complex
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5) Route of administration
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Antigenic Determinants-epitopes

The body recognizes antigens by the three-dimensional shapes or regions called
antigenic determinants or epitopes. Sites on or within antigen with which
antibodies react
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2 types of antigenic determinants

1. Conformational determinants: amino acid residues that aren’t in a sequence
but become spatially juxtaposed in the folded protein. They are recognized by B
cells or antibody

2. Sequential (or linear) determinants: They are mainly recognized by T cells,
but some also can be recognized by B cells
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Types of Antigens

1) Exogenous antigens
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2) Endogenous antigens

3) Autoantigens
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* Exogenous Antigens

Exogenous antigens are antigens that have entered the body from the outside,
for example by inhalation, ingestion, or injection

1)Bacterial antigens:

Antigens related to bacterial cells: Somatic antigen (O), Capsular antigen (k) ,
Flagellar Ag (H), etc
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Antigen secreted by bacteria: for ex Exotoxins
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2)Viral antigens
Protein coat viral antigens

Soluble antigens (soluble nucleoproteins)
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* Endogenous Antigens

Endogenous antigens are antigens that have been generated within cells as a
result of normal cell metabolism, or because of viral or intracellular bacterial
infection

Human tissue antigens:

1. Blood group antigens: A, B and Rh antigens
pd Hlas dea o LAY e allai (4l (g 0k (5 54 antibodies (& 058 Le Glad) Al g Laxie
endogenous a& sfizic clia (lic auall ) ga

gie Jba oS cuh | antibody B edie (sS antigen A edie I pad il i) (8 jrie Lua
¢ antigen b (s antibody b

A Leale A1 L
2. Histocompatibility antigens: Glycoprotein molecules on all nucleotide cells:
Major histocompatibility complex antigens (MHC)
Human leucocyte antigen (HLA)
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3. Cells infected with viruses
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*Autoantigens

An autoantigen is usually a normal protein or complex of proteins (and
sometimes DNA or RNA) that is recognized by the immune system of patients
suffering from a specific autoimmune disease

These antigens under normal conditions, not be targeted of the immune
system, but due to mainly genetic and environmental factors, the normal
immunological tolerance for such an antigen has been lost in these patients
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Superantigens
They activate multiple clones of T-lymphocytes

They are active at very low concentration causing release of large amounts of
cytokines

The massive T-cell activation and release of large amounts of cytokines cause
systemic toxicity

It does not lead to acquired immunity i.e no memory
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Example: Bacterial toxins:
1) Staph. aureus toxic shock syndrome toxin (TSST) and enterotoxins

2) Strept. pyogenes pyrogenic toxin A

Requirement of T Cells Response

1) T cells present mainly in lymph and lymphoid organs, however, microbes
usually enter through epithelial cells (like skin, respiratory sys, altimetry
tract..etc) where T cells number is very low. According, microbial antigens needs
to be transported to lymph nodes to enhance chances of encounter with T cells
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2) T cells cannot interact with complex microbial antigen, antigens need to be
captured, processed, and then presented for T cells in a specific way in order to
allow interactions

e sSs asY L dme ) ae Jalatiy L L) D o )

3) T cells respond only to protein antigens and not to other types of chemical
antigens
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T helper cell, Antigen directly



Antigen Presenting Cells

A group of immune cells, whose role is to take up, process and present antigenic
peptides to T cells

Professional APC: Macrophages, dendritic cells, and B cells, which can express
MHC class Il molecules
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Non-professional APC: Other cell type capable of expressing MHC class Il
molecules

eg. Endothelial cells, Fibroblasts, Activated T cell
APC &l olaidny Lo ) jali J g8
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Major Histocompatibility Complex (MHC)
HLA (human leukocyte antigen) 25 axl

MHC molecules are membrane proteins on APCs that displays peptide antigen
for recognition by T cells
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MHC molecules are the principle determinants of acceptance or rejection of
tissue graft
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MHC class I:

Regulation of immune responses to intracellular parasites (endogenous
antigens) such as viruses - all cells can be infected by viruses, therefore all cells
express MHC class |

Structure: al, a2, a3, and B2 microglobulin
Contain a peptide binding cleft that accommodate 8-11 amino acid
Necessary for CD8+ T cells activation
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MHC class Il:

Regulation of immune responses to exogenous antigens, few cells are
specialized to take up extracellular antigens, and so the distribution of MHC
class Il expression is restricted to APCs

Structure: 2a chains (a1, a2) and 2 B (B1, B2)
Contain peptides binding cleft of 10-30 residues
Important for binding and activation of CD4+ T cells
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Features of Peptides Binding to MHC Molecules
Each MHC molecule display one peptide at a time

Peptides are acquired during intracellular assembly
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Low affinity and broad specificity binding so many different peptides can bind
to the same MHC molecule, and even can bind self-peptides
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Very low off rate: MHC display bound peptides long enough to be located by T
cells
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Stable expression of MHC molecules require peptides displaying
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MHC molecules bind only to peptides (protein antigen) so T cells can only
respond to protein antigens
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Best of Luck



