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Introduction

e Immunology is the study of the organs, cells, and chemical components of the
Immune system.

e The immune system creates both innate and adaptive immune responses.

e The innate response exists in many lower species, all the way up the
evolutionary ladder to human, and it acts against large classes of pathogens
bacteria, viruses, fungi and parasites like protozoa & worms.

e The adaptive response is unique to vertebrates, reacting to foreign invaders
with specificity and selectivity. On the other words the immune system is the

Human Battle against the Microbe World.



e The immune system must maintain a delicate balance, with potent defensive
responses capable of destroying large numbers of foreign cells and viruses
and maintain host's body.

e When the immune system cannot mount a sufficient defense of the host, there
Is an immune deficiency; this is seen in (Human Immuno Deficiency Virus
(HIV) infection. If, on the other hand, the immune system acts too vigorously
and begins to attack the host, we have autoimmunity.This is a defiance of the
integral immune system property of self/non-self recognition. That is, the
Immune system begins attacking or forming antibodies against the host's own
body tissues. Examples of autoimmune diseases include Graves' disease,

Hashimoto's thyroiditis, myasthenia gravis and type | diabetes mellitus.

€ Essential differences between the innate and adaptive

Immune systems

Innate immune system Adaptive immune system
It is not antigen specific It is specific for each different antigen
Provides a rapid response The response takes time to develop

The response does not improve with
repeated exposure, and no memory Production of memory cells

cells
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History of immunology:

e 1718 — Lady Mary Wortley Montagu: observed

the positive effects of variolation on the native
population and had the technique performed on her

own children.

e« 1796 — Edward Jenner: First demonstration of

vaccination smallpox vaccination
o 1857-1870 — Louis Pasteur: Confirmation of the

role of microbes in fermentation
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. 1891 - Robert Koch: Demonstration of

cutaneous (delayed type) hypersensitivity
« 1896 — Jules Bordet: An antibacterial, heat-

labile serum component (complement) is
described
e 1900 — Paul Ehrlich: Antibody formation
theory

« 1901 — Karl Landsteiner: blood groups

« 1908 - Metchnikoff (Phagocytoosis and cell-mediated immunity)

« 1949 — immunological tolerance hypothesis
« 1951 — vaccine against yellow fever

o 1953 — Graft-versus-host disease

« 1953 — immunological tolerance hypothesis

« 1957 — Frank Macfarlane Burnet: Clonal selection theory

« 1959-1962 — Gerald Edelman and Rodney Porter: Discovery of antibody

structure

« 1963 - Gell and Coombs: classification of hypersensitivity

« 1971 — Peter Perlmann and Eva Engvall at Stockholm University invented
ELISA

« 1972 — Structure of the antibody molecule

e 1975 — Georges Kohler and César Milstein: Generation of the first

monoclonal antibodies

. 1975 - Rolf Kiessling, Eva Klein and Hans Wigzell: Discovery of Natural

Killer cells
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1976 — Susumu Tonegawa: ldentification of somatic recombination of

immunoglobulin genes
1980-1983 — Kendall A. Smith: Discovery and characterization of the first
interleukins, 1 and 2 1L-1 IL-2

1981 — Kendall A. Smith: Discovery of the IL-2 receptor IL2R
1983 — Ellis Reinherz Philippa, Marrack, John Kappler and James

Allison: Discovery of the T cell antigen receptor (TCR)
1983 — (Luc Montagnier): Discovery of HIV
1996-1998 — Identification of Toll-like receptors
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Departments of Immunoloqgy

Serology: deals with reactions between antigens (Ag.) and antibodies (Ab.).
Immunochemistry: deals with the nature of (Ag.) and (Ab.) and their
properties.
Immunobiology: deals with allergy, theories of antibody,
autoimmune diseases and transplantation.
Immunogenetics: deals with genes that are responsible for immune
response.
Oral immunology: studying the role of microbes in oral diseases and its
ability to caries.
Immunopathology: deals with pathological processes and mechanisms.
Tumor immunology: interested in studying the absence of natural
ingredients on the tumor cells.
Transplantation immunology: interested in body resistance syndrome by
studying histocompatibility between
donor and recipient.
Immunological disorders: cares immunological therapeutic methods

disorders.
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Cellular components of immune system  (,SUiall jlgadl 43 glid) cili g<alf

Cells of immune system play an important role in the defense of body against foreign
bodies; cells move in blood stream and lymph and can reside inside tissues. There is
high heterogeneity in the cells of immune system, most of which originate from
hematopoietic stem cells originated in bone marrow and then differentiate into
several types of cells including lymphocytes, red blood cells, platelets and
phagocytic cells. Hematopoietic stem cells can differentiate into the following two

major cells: (Figure 1)
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A - Lymphoid progenitor (generate non- granulated cells)

o T-lymphocyte (70% of total lymphocytes) (adaptive immune response)
e B-lymphocyte (20% of total lymphocytes) (adaptive immune response)
o Natural killer (NK) cells (10% of total lymphocytes)

B- Myeloid progenitor (Myeloblast)
1- Granulocyte-Monocyte progenitor

e Neutrophil (polymorph nuclear neutrophils (PMNSs)
e Eosinophil progenitor (generate eosinophil)
e Basophil progenitor (generate basophil)

e Monocyte (Macrophage)
2- Megakaryocytes: generates blood platelet (blood clotting and inflammations)

3- Erythroid progenitor: forms red blood cells (RBCs)

12



CELLS OF THE IMMUNE SYSTEM

THE INNATE THE ADAPTIVE
IMMUNE SYSTEM IMMUNE SYSTEM
Macrophage Dendntlc Q Cytotoxic T cell
== Memory T cell \ T Helper T cell
Monocyte c O

Eosinophil T cell progenitor
Plasma cell

Natural Killer B cell progenitor

cell \ ,
© Q
— Memory B cell
Myeloid progenitor Lymphoid progenitor

MYELOID LINEAGE LYMPHOID LINEAGE

HEMATOPOIETIC
STEM CELL

Figure 1: Hematopoietic stem cells differentiation. All lymphoid cells
differentiated from lymphoid progenitor cells while all cells of myeloid lineage

generates from myeloid progenitors.
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Lymphoid progenitor (adaptive immunity)

A- Lymphocytes

Lymphocytes are the major cells responsible for adaptive immunity; constitute
(around 20%) of leukocyte (white blood cells) in blood stream and recognize
antigens through specific receptors. There two types of lymphocytes: T-lymphocytes

and B-lymphocytes.
1- Small Lymphocytes
a- T-lymphocytes

- T cells are derive from bone marrow and mature in thymus

- T cells are the important cell of the immune system driven the formation of
several type of immune cells including B cells; recognize antigens presented
by antigen presenting cells (APCs).

- T cells recognize the antigens through T cell receptor (TCR).

- There are four types of T cell: T-helper (Th) (CD4+), T-cytotoxic (Tc)
(CD8+), T-regulator (Treg) (CD4+, CD25, CTLA-4, FOXP3) and T-delayed
type hypersensitivity (Tdth) (CD4+).

b- B-lymphocytes

- B cells derived and develop in bone marrow.
- B cells differentiate after activation into plasma cell which in turn forms
specific immunoglobulins in the blood stream.

- Formation of memory cells.

14
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2- Large Lymphocytes

Natural Killer (NK) cells (Innate immunity)

NKs are granulated lymphocytes and critical to innate immunity with non-
specific markers with (5-10%) in average of lymphocytes.

They resemble large, granular lymphocytes morphologically related to T cells.
They do have two types of surface receptors, including an "activating
receptor" that recognizes carbohydrate ligands and an "inhibitory receptor"
that recognizes MHC class | molecules.

NKs play a role in antibody-dependent cellular cytotoxicity (ADCC) and
other intracellular pathogens. NKs functions including cytotoxic effect on
virus-infected cells and respond to tumor formation because they are

containing cytolysin and perforins (cytolytic proteins).
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Natural killer (NK) cells

Myeloid progenitor (Innate immunity)

A- Neutrophils (PMNSs)

- Neutrophils are the most numerous and constitute (around 60-70%) of granulated

leukocyte in the blood stream.

- Neutrophils contain a nucleus consist of (3-5) lobes and able to pigment with basic

and acidic dyes, thus appear with purple color.
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- Neutrophils are the important cell of innate immune response because it is one of
the first-responder inflammatory cells and migrate to the injury site and thus act as

the first line of body defense against foreign invaders.
The main function of neutrophils is phagocytosis.
- Neutrophils have three types of cytoplasmic granules:

1. Primary granules (azurophilic) contains: lysozyme, protease and
myeloperoxidase
2. Secondary granules contains colaginase

3. Gelatinize-containing granules.

&
(
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Neutrophil
B- Eosinophil

- Eosinophil containing nucleus with 2 lobes and sausage-shaped and its cytoplasmic
granules stained with red colour because their ability to pigment with eosin dye.

These ells constitute (2-3%) of leukocyte.

- Responsible for the immune response against parasitic worms such as schistosoma

due to containing antiparasitic agents such as cathepsin, peroxidase and histaminase.
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Eosinophil
D- Basophil

- Nucleus with S-shape and they are able to pigment with basic dyes and the
cytoplasmic granules appear with blue colour.

- Constitute about (0.5-1%) of leukocyte.

- Release histamine and has Fc receptor for IgE, thus they are important in
allergy symptoms and reactions.

- Basophile in tissues such as skin and connective tissues called mast cells.

Basophil
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E- Monocyte-macrophage system

Non- granulated cells with kidney-shaped nucleus.
They are constitute (2-9%) of leukocyte.
Part of innate immune response
They have Fc receptor for IgG antibody and c3b receptor of complement
system.
Monocyte develop into macrophage in tissues; Macrophages have several
functions including:
Scavenger of cellular debris
Phagocytosis
Antigen presenting cell (APC)
Initiation and regulation of immune response
Cytokines production.
Macrophage in tissues have different names depending on the tissues site as

following:
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Organ Name of macrophage

Liver Kupffer cell

. Pulmonary macrophage or alveolar
ung
macrophage or dust cell

Kidney Mesangial cell

Brain Microglial cell

Bone Osteoclasts

Connective tissues Histocytes

Gut Intestinal macrophages

Skin Dendritic cell or Langerhans cells

R

Monocyte
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F- Dendritic cells

- Dendritic cells (DCs) are antigen-presenting cells (also known as accessory cells)

of the mammalian immune system.

- Dendritic cells are present in those tissues that are in contact with the external
environment, such as the skin (where there is a specialized dendritic cell type called
the Langerhans cell) and the inner lining of the nose, lungs, stomach and intestines.
They can also be found in an immature state in the blood. Once activated, they
migrate to the lymph nodes where they interact with T cells and B cells to initiate

and shape the adaptive immune response

- Dendritic cell play an essential role in the initiation of both innate and adaptive

immune responses
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- They can be broadly classified as conventional DCs (cDCs ) consisting of two
subsets (DC1 and DC2), plasmacytoid DCs (pDCs), inflammatory DCs, and

Langerhans cells.

- Follicular dendritic cells (FDCs) are a type of cell found in the lymph nodes, spleen,
and mucosal-associated lymphoid tissue. FDCs play an important role in immunity

by presenting antigens to B cells and helping to regulate the immune response.

- Their main function is to process antigen material and present it to the T cells of

the immune system.

- Dendritic cells have also been observed to be involved in the functional control of
regulatory T cells, and thus it maintains immune tolerance by ensuring that effector

T cells are not produced against the normal or self-antigens under normal conditions.

- In the innate immune system, dendritic cells are involved in the activation of natural

Killer cells by the secretion of different cytokines.
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