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Introduction

o 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 & wormes.

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.



o 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
« 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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Lecture 2

Cellular components of immune system

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)

e 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)

2



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

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

Dr. Anwar Dr. Hazima Dr. Sahar Dr. Hanan
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Figure 1: Hematopoietic stem cells differentiation. All lymphoid cells
differentiated from lymphoid progenitor cells while all cells of myeloid lineage

generates from myeloid progenitors.



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

Dr shavgsrsdens e Dr, Sahar Dr. Hanan

- 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.
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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 (PMNs)
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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.

- 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

8



3. Gelatinize-containing granules.

Neutrophil
B- Eosinophil
- Eosinophil containing nucleus with 2 lobes and sausage-shaped and its cytoplasmic
ﬁmulxtamed with_red cqlqur because trDr ablg F]plgm t with eosin dye.
dse eMslcbristichfe J%) BukbEyed dd dNah
- Responsible for the immune response against parasitic worms such as schistosoma

due to containing antiparasitic agents such as cathepsin, peroxidase and histaminase.

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.

Dr. Anwar Dr. har Dr. Hanan
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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.
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« Monocyte develop into macrophage in tissues; Macrophages have several

functions including:

|
1

Scavenger of cellular debris

e

Phagocytosis

%

Antigen presenting cell (APC)

S
1

Initiation and regulation of immune response

'

Cytokines production.
» Macrophage in tissues have different names depending on the tissues site as

following:

Dr. Anwar Dr. Hazima Dr. Sahar Dr. Hanan

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

12
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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

A D DS Dyt

assical) and plasmacytoid, wh Itfer in their locations and responses.

the epidermal dendritic cells are called Langerhans cells.

- Plasmacytoid dendritic cells are named because of their morphologic resemblance

to plasma cells. It is the major source of type | interferons against viral infection.

-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.

14
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- 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.

Dr. Sahar Dr. Hanan
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Lymphoid System

- Tissues and organs of the immune system have been found to play an
important role in the Immune response, maturation and development of
lymphocytes as well as control the response to invaders.

- Specialized organs and collections of tissue where lymphocytes interact with
non-lymphoid cells, which are important either to their maturation or to the
initiation of adaptive immune responses.

- Lymphatic tissues are characterized by having numerous lymphocytes and
significant numbers of reticular fibers.



Lymphoid organs and tissues are either primary or secondary.

Lymph and Lymphoid Tissues

no

The flow of lymph from the tissues into the lymphatic collecting system.
Lymph is formed from the tissue fluid that fills the interstitial spaces of the
body. It is collected into lymph capillaries, which carry the lymph to the larger
lymph vessels. It is then transported through larger lymphatic vessels to lymph
nodes, where it is cleaned by lymphocytes.

Lymph fluid is similar to plasma but with less proteins, no RBCs but contains
WBCs and lymphocytes.

Lymph may pick up bacteria and bring them to lymph nodes, where they are
destroyed. Metastatic cancer cells can also be transported via lymph. Lymph
also transports fats from the digestive system to the blood.

Lymphoid tissues are associated with the lymphatic system is concerned with

immune functions in defending the body against the infections. It consists of

connective tissue with various types of white blood cells, most numerous
being lymphocytes.
Lymphocytes constantly circulate between blood, lymph and tissues.

The resting lymphoid tissue consists of three areas:

The cortex which contains B lymphocytes.
The paracortex contains T lymphocytes.
The medulla contains the connective tissue.
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Organs of Immune System

Development of cells in organs of immune system include acquire specific
molecules (lineage markers) that are important for their function and also to detect
self and non-self-antigens. Lymphoid organs are composed of lymphoid cells and

tissues.

They are classified as follows:

1- Primary (central) lymphoid organs

- Thymus
- Bone marrow

2- Secondary (peripheral) lymphoid organs

- Lymph node
- Spleen
- Mucosa-associated lymphoid tissue (MALT)
1- Primary (central) Lymphoid Organs
- The main source of Lymphopoiesis (production of lymphocytes).

- Site of proliferation and maturation of lymphoid cells (B-cells and T-cells).

- Each organ contains one type of lymphocytes (T or B lymphocyte).

A- Thymus

Site of T-cells maturation. T cells mature in cortex and migrate to medulla
to enter blood via blood vessels.

Bilobed gland located in thorax superior to heart and surrounded by
capsule. Each lobe consists of follicles separated each other by thin
connective tissue trabeculae. Each lobe contains an outer cortex and inner
medulla.

Thymus produces hormones thymosin & thymopoietin produced by

epithelia cells in medulla; both hormones promote development and
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maturation of T-lymphocytes, and then migrate to the secondary lymphoid
organs and tissues.

- Lacks lymph nodules

- Hassall’s corpuscles are found in the medulla contain degenerating
epithelial cells with non-identified function.

- Thymus most active in early childhood, atrophy with age.

T cells could be mature to several types of cells as fallowing:
1. T-helper (Th)
2. T-regulator (Treg)
3. T-cytotoxic (Tc)
4. T-delayed type hepersensitivity (Tdth)

Histologically

1- Cortex

1- Cortex consists mainly of star shaped cells called epithelial reticular cells
with lymphocytes found between of these cells.

2- Because it is loaded with lymphocytes it stains darkly compared to the
medulla.

3- Epithelial reticular cells are connected by desmosomes maintain the

structural integrity of the organ and help form the blood-thymus barrier.

2- Medulla
1- Medulla has fewer lymphocytes and thus stains lightly.

2- Some epithelial reticular cells in the medulla are larger and form thymic

(Hassall’s) corpuscles (Figure 1)
5



Figure 1. Cross section of a portion of the thymus showing several separated
lobules by connective tissue.

B- Bone marrow

- Bone marrow is a soft and is a sponge-like tissue, gelatinous tissue present in the

central cavity of long bones such as the femur and humerus.

- Blood cells and immune cells arise from the bone marrow; they develop from
immature stem cells (haemopoietic), which follow distinct developmental pathways

to become either erythrocytes, leucocytes or platelets.



- At birth, many bones contain red bone marrow, which actively creates immune
system cells. Over the course of our life, more and more red bone marrow turns into

fatty tissue.

- In adulthood, only a few of our bones still contain red bone marrow, including the

ribs, breastbone and the pelvis.

- Site of B-cell development and maturation (bursa fabricius in birds), as well as site

of hematopoiesis (including red blood cells (RBCs) production
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Figure 2. The structure of Bone marrow

2- Secondary (peripheral) Lymphoid Organs

- The sites of immune response where antigens presented to lymphocytes to
stimulate adaptive immune response.

- Dependent on primary lymphoid organs.
- T & B cells are present in these organs.

- Include the spleen, lymph nodes (LN), mucosa-associated lymphatic tissues
(MALTS) and skin associated lymphatic tissues (SALT).



A- Lymph node

» Oval-shaped or bean-shaped.
« Founds in several site such as neck, axilla, thorax and abdominal cavity.
» - Lymph nodes present along vessels.

» The lymph node is surrounded by a fibrous capsule. The substance of the
lymph node is divided into the fallowing area (Figure 2):

1. Cortex

— The site where cells challenged with an antigen; it contains B-cells,
Follicular DCs, M®, germinal centers

2. Paracortex (deep cortex)

— T-lymphocytes, , dendritic cells
3. Medulla

— Plasma Cells and macrophages

— Lymph flows into the medullary sinuses from cortical sinuses, and
leave the node into efferent lymphatic vessels

— Rich In Abs and Lymphocytes (T &B)
Function of lymph node

- Filtration: lymph nodes act as filters for foreign particles and are important in
Immune response.

- Produce antibodies which then circulate in the body by efferent vessels.
- Germinal centers develop in response to antigen stimulation
- Formation of memory cells

- Antigens are transport to lymph nodes via lymphatic vessels and these can be
divided into two types:

10
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1- Afferent vessels drain to nodes.

2- Efferent vessels drain out of nodes.

Cortex

Paracortex
Medulla

Figure 3. Structure of lymph node
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B- Spleen

- Located lateral to stomach and act as immune organ.

- The main source of antibodies (immuoglobulines) production.

- Remove abnormal blood cells and store iron from recycled RBCs for  re-use
- Site of fetal erythrocyte production and store platelets

- Initiate immune response by B & T cells in response to antigens in blood

- Spleen structure: it is consist of two major regions (Figure 3):

1- White pulp: lymphoid follicles containing lymphocytes that wait antigen to
activate; populated with B and T cells but mainly with T-Lymphocytes.

2- Red pulp: venous sinuses filled with RBCs, platelets, macrophages and plasma
cells.

- T cells constitute 30-40% and B-cells around 50% of spleen cells.

- It is the site where old and defective RBCs are destroyed and removed.

13



Figure 4. Structure of spleen.(a) the spleen which is about 5 inch long in adult.
(b) Diagrammatic cross section of the spleen.
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C- Mucosa-associated lymphatic tissues (MALTS)

(MALTS) are present in the gut, pharynx, bronchi, breast, genitourinary
system, salivary and lacrirmal glands.

MALT aggregates of nodules commonly found in the sub epithelial
connective tissue of mucous membranes associated with the female
reproductive tract, respiratory tract, and urinary tract.

These aggregates regions contain T- and also B-lymphocytes in lymphoid
follicles. Classified according to its location in the body such as gut-associated
lymphatic tissues (GALT), bronchus-associated lymphatic tissues (BALT),
appendix and tonsils.

GALT deep to intestinal epithelium, made up of individual nodules called
Peyer’s Patches (Figure 4). GALT especially rich with B-cells and it is

responsible for localized immunity to pathogens such as bacteria, viruses, and
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parasites. Important for immunity of mucosa layer producing secretory IgA
(Figure 5).

(MALTS) _Jlial) cLialls dasijal) dyslaall) daudll

Alalll axally sl Joall Sleally (sily Aol caniilly asaldly clasdl 3 525n5a (MALTS)
el

agiyal) dadalidl) £ S (g)lelall aliall maatl) b 5ole Sagagall Cilakall b dranic MALT aagi e
Adsd) Gllladly ¢ asinil Sleadly ¢ AU Ll Sleall

A5 5l) lamdlly Adapall Aglealll AaasdYly (GALT) elaal ddaiiyall Loglealll dnest) Jia avnl) b
L ysllly daagall 5230319 (BALT)

O Ugsua 29 LW WAL e GsSig Peyer b ads et 450)a) Glagell (0 GALT (58 @

cbbishally Gilug yally LSl S daca el Gludd) 2 delidl)

16



Intestinal lumen

Follicle Inductive site Villi
Fe%s°
X 5 Fage
EAY, 3 S5 | L >3
X [ ZETE] e L. S
IINE LS [ SV 7~ , Ew! %
O NL ZET B 3% & O R O
.é‘. & 1S H£H B OB e A\ Z44
N\ [ F 3 #=1 - 3 X X A\
KXHF/H HH BEH B SRS =
S /H BEH B H B 2 S w <K
¥ BEHAH B R S
-- 17 = 3 E ) e
= £ 7 &S B
Rl @ S AR W 5
N nt <35

mina propria

Primary = = _ Muscle
follicle - 2 = : layer

v Germinal
Peyer’s patch center

Figure 5. cross-sectional diagram of mucous membrane lining ingestine,
showing Peyer’s patch lymphoid nodule in the submucosa

Figure 5. Structure of M cells and production of IgA at inductive sites. (a) M
cells, located in mucous membranes. (b) Antigen transported across the
epithelial layer by M cells at an inductive site activates B cells in the underlying

lymphoid follicles. The activated B cells differentiate into IgA-producing
plasma cells, which migrate along the submucosa.
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Antigens and Immunogens

Antigen (Aqg.)

Antigen is a substance/molecule has the ability to react with the products of immune
response after activation such as the production of the antibodies by the immune
system.
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Immunogen

Immunogen is a specific type of antigen; it is capable to induce an immune response
and binds to the products of the immune response, while an antigen is able to
combine with the products of the immune response once they are made.
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The foreign substances that induce an immune response possess two
properties:-

1- Immunogenicity is the ability of a substance (immunogen) to induce a specific
Immune response, resulting in the formation of antibodies or cell-mediated immune
response.

2- Antigenicity is the property of a substance (antigen) that causes it to react
specifically with the final products of the immune response (i.e. secreted antibodies
and/or surface receptors on T-cells).
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- Although, All immunogens are antigens but not all antigens are immunogens
because all immunogens can stimulate and binds to the components of immune
system but not all antigens can induce the immune response.

- All molecules that have the property of immunogenicity also have the property
of antigenicity.



Hapten (Incomplete antigen)

- Hapten is a molecule or substance with low molecular weight (Non-
Immunogenic) that cannot induce an immune response on its own.

- However, if a hapten is combined with larger macromolecules (usually
proteins) which serve as carriers then a response can be induced.

Hapten + carrier complete antigen (immunogen)

- Examples of haptens are antibiotics, analgesics, penicillin and other low-
molecular weight compounds

- The carrier molecules may be albumins, globulins, or synthetic
polypeptides.
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Epitopes (antigenic determinants)

- Epitopes (also called determinant groups or antigenic determinants) are
the sites either on or within the antigen with which antibodies react.

- Antibodies are specific for epitopes.

- A particular antigen molecule may have many different epitopes or
determinant, each of which can be a target for antibody binding.

- The epitopes on an antigen can be linear or conformational (Figure 1).

Figure 1. Model of epitopes on lysozyme, the shaded areas is the specific
epitopes. They are composed of chain segments that are either linear (epitopes
1 and 2) or conformational (epitopes 3-5).
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Types of antigens

1- Thymus - Independent Antigens (T1)

T cell-independent activation occurs when antigens (that are expressed on the
surface of pathogens with an organized and repetitive form) can activate specific B
cells by the cross-linking of antigen receptors in a multivalent fashion. Many
bacteria have repeating carbohydrate epitopes that stimulate B cells which in turn
proliferate in a clonal expansion manner to produce the daughter cells and produce

antibodies.

These antigens include mitogenic antigens, like: lipopolysaccharides (LPS),

Dextrane or Tumor promoting agents.

The characteristics of response to thymus independent antigens:

1- The type of antibodies produced is IgM.
2- There is no class switching.

3- No memory cells.
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2- Thymus - Dependent Antigens (TD)

Most antigens are T-dependent, meaning T cell help is required for maximal
antibody production. With a T-dependent antigen, the first signal comes from
antigen cross linking the B cell receptor (BCR) and the second signal comes from

co-stimulation provided by a T cell. T dependent antigens contain proteins that

are presented on B cell with Class Il MHC to a special subtype of T cell called a
Th2 cell.
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Super antigens (SAQSs)

Superantigens (SAgs) are a class of antigens that cause non-specific activation

of T-cells at the T cells receptor (TCR) resulting in polyclonal T cell activation and

massive secretion of cytokine (e.g. IL-2, IL-1, IL-6, TNF-a), then resulting in toxic

shock syndrome. SAgs are produced by some pathogenic viruses and bacteria most

likely as a defense mechanism against the immune system. SAgs including retroviral
protein and bacterial toxins (e.g. staphylococcal enterotoxins, toxic shock syndrome

toxin.
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Factors influencing Immunogenicty 4ssliall cfjiaal) 2 AE A Jalsal

1- Chemical complexity

Proteins are usually very good immunogens.

Pure polysaccharides and lipopolysaccharides are good immunogens.
Nucleic acids are usually poorly immunogenic.

Lipids are non-immunogenic, although they may be haptens.

B wnN e

2- Foreignness

- An antigen must be foreign to the host with which it makes contact to serve
as an immunogen.

- The degree of immunogenicity is dependent upon the degree of foreignness.

- The greater the phylogenetic difference between species, the more foreign
something becomes with high immunogenicity.

3- Molecular weight

- There is a correlation between molecular weight of substances and
immunogenicity. High molecular weight increase immunogenicty that
Induces immune response.

- The best immunogens are in the range more than 10000 Dalton (Da.) and
the most active immunogen is with 100000 Da., while the small molecules
with 5-10,000 Dalton (Da.) are generally poor immunogens.

4- Degradability

- The molecules with the ability to biodegrade are the best immunogens to be
presented by MHC molecules to activate T-cells (Ag processing by Ag-
presenting cells (APC).

- Macromolecules that cannot be degraded and presented with MHC molecules
are poor immunogens.

- Example such as polystyrene



5- Rout of immunization

The rout of antigen administration plays an important role in immunogenicity.
According to high immunogenicity the routs divided as following:-

a- Intravenous (iv): into a vein (non-favorite route because it is minimize the
Immune response)

b- Intradermal (id): into the skin

c- Subcutaneous (sc): beneath the skin (best route)

d- Intramuscular (im): into a muscle (the best route because it is prolong the
period of immune response)

e- Intraperitoneal (ip): into the peritoneal cavity (best route)

6- Stability

- The rigid structure of Ag plays an important role in the antigenicity.

- Ag with high stability acts as immunogen due to its ability to activate the
iImmune response while the opposite is not immunogens because they are
haven’t a rigid structure enough to be stably bound by antibodies such as lipids
and gelatin.

7- Antigen dose

- Too high or low dose of Ag will fail to activate enough immune response and
cause immunologic unresponsiveness state (Tolerance)
- Appropriate dose of Ag cause optimum antigenicity.

Adjuvants

- Adjuvantis from Latin adjuvare, to help.

- Adjuvants are the substances enhance the immunogenicity of molecules
without altering their chemical composition. This leads to a higher titer and
longer lasting immune response.

- Adjuvants are non-immunogenic alone but enhance the immunogenicity of
other molecules
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- Freund's adjuvant is the one of the most adjuvant widely used in animals but
not in humans

- Aluminum potassium sulfate (alum) is the only approved adjuvant for human
use.

- There are two types of Freund's adjuvant

a- Complete Freund’s adjuvant: contains heat-killed Mycobacteria and oil
(highly effective)

b- Incomplete Freund’s adjuvant: contain oils only.

Adjuvant augments the immune response through several ways:-

1- Prolong exposure to Ag: Adjuvants can increase the time of exposure from a
few days to a few weeks.

2- Adjuvants also increase the size of the Ag and enhance the efficiency of
macrophage processing of antigens (phagocytosis).

3- Increase the proliferation of T, B lymphocytes and macrophages which leads
to increase the immune response.

4- Compensate booster doses.
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Immunoglobulines (1g.) or Antibodies (Abs)

- Immunoglobulins are glycoprotein molecules that are produce by B-cells in
response to an immunogen. B-lymphocytes are differentiate into plasma
cells that secretes Abs

- Antibodies are important in adaptive immune response especially in humoral
Immune response

- Antibodies found in the serum and tissue fluids, thus antibodies can be found
in two forms: membrane-bound and secreted antibodies

- Antibodies can differentiate into several classes as fallowing: 1gG, IgM,IgA,

IgE and IgD



- IgM is the main antibody in the primary immune response while IgG is the
main Antibody in secondary immune response

- There are two main properties of antibodies

1. Specificity

2. Biological activity

Functions of immunoqglobulines

1. Neutralization of microbes and toxins

2. Activation of complement system.

3. Opsonization: Fc portion of the antibody binds to an Fc receptor on
Phagocytic cells, eosinophil, mast cells, and basophils facilitating
phagocytosis. The efficiency of this process is markedly enhanced if the
phagocyte can bind the particle with high affinity. This binding can activate
the cells to perform some function

4. Agglutination with microbes and foreign bodies

5. Immobilization of microorganisms

6. Precipitation: Interaction of antibody with a soluble antigen forms a
precipitate which phagocytoses and destroys by phagocytes.

7. Placental transfer: immunoglobuline (only IgG) has the ability to cross the

placenta from mother to fetus.
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Structure of Immunoglobulin

The structure of immunoglobuline is illustrated in (Figure 1):

The Ig monomer is a "Y"-shaped molecule that consists of four polypeptide
chains linked covalently by disulfate bonds, 2 identical light (L) chains
(22kDa) and 2 identical heavy (H) chains (55kDa)

Each heavy chain is consist of 440 amino acid, while the light chain included
220 amino acid

The light chain found with two forms: kappa (K) and Lambda (0). Each
type of antibody contain one type of light chain either kappa or lambda

Each light chain covalently attached to one heavy chain via disulfide bridge

The light and heavy chain are divided into two regions (Figure 1)

1- Variable region (V)

In the light chain (VL) and (\Vh) in the heavy chain
The site of binding to specific Ag. finished with amine group (NH3") due to

containing complementary-determining region (CDR) that binds to epitopes.


http://en.wikipedia.org/wiki/Polypeptide

2- Constant region (C)

- Inthe light chain (CL) and (Ch) in the heavy chain

- The light chain contain (1) constant region while the heavy chain contain (3-
4) regions.

- Finished with carboxyl group (COO")

- There are five different constant regions, each constituting an class of
antibody: gamma (IgG), meo (IgM), alpha (IgA), epsilon (IgE), delta (IgD)

- Antibody molecule act as bifunctional molecule due to its ability to combine
with antigen (by amino terminal) and also combine with other immune cells,
phagocytes and complement system (by carboxyle terminal).
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- There two main domain in antibody molecule

1- Fragment antigen binding (Fab): This region of the antibody is composed of
one constant and one variable domain from each heavy and light chain. This domain
including the site of antigen binding.

2- Fragment crystallizable (Fc): it is composed of two heavy chains that contribute
two or three constant domains depending on the class of the antibody. This region
plays a role in modulating immune cell activity by binding to a specific class of Fc
receptors and other immune molecules, such as complement system and immune
cells including phagocytic cells, eosinophil and basophil.

- Antibody molecule in heavy chain include hinge region with Y form. It is called
the hinge region because there is some flexibility in the molecule at this point.
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http://en.wikipedia.org/wiki/Fc_receptor
http://en.wikipedia.org/wiki/Fc_receptor
http://en.wikipedia.org/wiki/Complement_system

Figure 1: The basic structure of immunoglobuline molecule derived from
amino acid sequencing studies.
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- By using enzymes, the basic antibody structure discovered by Edelman and
porter which are awarded Nobel Prize (1959) for this. They are noticed that these

enzymes cleavage rabbit IgG into different parts as fallowing (Figure 2):
A- Papain enzyme cleavage antibody molecule into three fragments:
1- Doubled fragments of Fab: included one antigen-binding site
2- Single fragment of fragment crystallizable
B- Pepsin enzyme separated antibody molecule into two fragmants:

1- Fragment antigen binding (Fab)2 : consist of two parts of Fab coupled by disulfate

bound including two of antigen binding site.

2- Single fragment of Fragment crystallizable (Fc)
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digestion

Papain
chgcstmn Mercaptoethanol
reduction
V} ly
5s LSH | FSH
SH L chains
Fc SH
H chains

Figure2. Prototype structure of 1gG, showing chain structure and interchain
disulfide bonds. The fragments produced by various treatments are also
indicated. Light (L) chains are in gray and heavy (H) chains in blue.



Affinity and avidity of Immunoglobulines

Affinity and avidity are both measures of binding strength. While affinity is the
measure of the binding strength at a single binding site, avidity is a measure of the
total binding strength

Affinity

- Affinity is the strength of a single bond or interaction. When it comes to the
antibody-antigen relationship, the binding affinity is the strength of the interaction
between the antigen's epitope and the antibody's paratope at a singular binding site.
- Thermodynamically, affinity is the total of all forces that result in increased binding
strength (Kon) minus all of the forces that result in decreased binding strength (Kofs).
- When an antigen is encountered for the first time, the affinity of the antibodies
produced is low. Once the body is familiar with the antigen, the immune response
adapts and the binding affinity increases.

- Another example of affinity is the interaction between a biomolecule and its ligand,

such as a protein and a drug designed to bind to it.
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Avidity

Antibodies and antigens are multivalent, meaning they possess more than one
binding site. The measure of the total binding strength of an antibody at every

binding site is termed avidity. Avidity is also known as the functional affinity.
Avidity is determined by three factors:-

1. The binding affinity: The strength of the relationship at a singular binding site.
2. The valency: The total number of binding sites involved.
3. The structural arrangement: The structure of the antigen and antibody involved.

- An antigen-antibody complex for example. Two of the antibodies found within the
human body are IgE and IgM. IgE antibodies have just two binding sites, while IgM

antibodies have ten.

- The affinity of each of these antibodies is the strength at just one binding site, while
the avidity is the total strength of the binding interactions at the two IgE binding sites
or the ten IgM binding sites. The valency of IgM is five times greater than that of
IgE, so the difference between the affinity and the avidity will be greater for IgM

antibodies than IgE antibodies.
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AVIDITY

AFFINITY [lr

Classes of immunoglobulines
Five different antibody isotypes are known in mammals based on the amino acid

sequences in the constant region of the heavy chains. These classes are 1gG, IgM,
IgA, IgD and IgE.

1. 1gG
- The major antibody in the serum (70-80%).

- Placental transfer: IgG1 is the only class of Ig that crosses the placenta. 1gG2
does not cross well.
- 1gG is responsible for opsonization and activation of complement system

(classical pathway). Macrophages, monocytes, PMNs and some lymphocytes

have Fc receptors for the Fc region of 1gG. Then, the antibody has prepared
the antigen for eating by the phagocytic cells.

12
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- Produce in the secondary immune response. . The concentration in the serum
is 12.4 pg/ml
- Half-life of IgG is 23 days

- IgG is monomere and the heavy chain is with Gamma (y) type.
- 1gG molecular weight is with 160 kDa
- Itis has four isotypes: 1gG1, 1gG2, 19gG3, 1gG4
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2- IgM

IgM exists as a pentamer (consist of five parts binds together by J chain). the
heavy chain is with Meo (W) type

Not opsonized factor

Half-life of IgM is 5 days; the molecular weight with 900kDa

The best active immunoglobulin in complement system fixation.

Produce in the primary immune response

IgM is exist in two forms: membrane-bound antibody on B cells and in a
secreted form (pentamer)
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3- IgA

IgA is exist in two forms:

1. Serum IgA

2. Secretary IgA (SIgA): found in fluids (Milk, saliva, mucous, tears).

The function of IgA is neutralize bacteria and viruses and constitute (5-10%)
of immunoglobulins. The concentration in the serum is 2.8 pg/ml

Half-life of IgA is 6 days; molecular weight with 160kDa. The heavy chain is
with Alpha (a) type.

There are two types of IgA: IgA1, IgA2.

It is exist as monomeric or dimeric (J chain is associated with it)

15 0a olesh ang iy lallly Cadal) Sia A&l LA 3 stV 2l gl Vs yimy
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IgA (dimer)

region

J chain \

4- IgE

Involved in allergic reactions

IgE also plays a role in parasitic helminthes diseases, asthma and anaphylaxis
Eosinophils have Fc receptors for IgE and binding of eosinophils to IgE-
coated helminths results in killing of the parasite

Produce in lymphoid tissues especially in respiratory duct and intestinal.
Binds to basophil and mast cells via Fc lead to degranulation of mast cells and
release of histamine and chemotactic factors of eiosinophil

Half-life of IgE is 2 days and the molecular weight is 190kDa; the

concentration in the serum is 1.8-20 pg/ml.
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- It is exist as monomeric and the heavy chain is with Epsilon (¢) type.
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5-1gD

Found on B cell surface where it functions as a receptor for antigen and
constitute (1%) of immunoglobulins

The concentration in serum is 3-300 pg/ml; the molecular weight is 150kDa.
The heavy chain is with Delta (J) type.

Half-life of IgD is 5 days; did not transfer to placenta.

Destroyed by heating and digestive enzymes
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Innate and Acquired Immune System

- There are two types of immunity in human body:
1- Innate or natural (non-specific).
2- Acquired or adaptive (specific)
Ghadl) e lall Slgal
Cilblatio) ety das s &l Ghlaial Jidig (AlaY) Cigan da auall 3 JoY1 e liall bl ey

doglidy AilS Jales ewa®l Ayl Jales (e OfSE il e gd e o) daadia je



Dol yiay pdiall o e (LaPlll lisiays dgld Sl e S aglaliy Aibess

alal) @l aal _aally Lilgaly)

The Innate immune system

1- It is the first line of immune response after an infection happens.
2- Represents a timely and quickly responses.

3- Not antigen specific.

4- Composed of:-

a - Anatomical barriers to infection include: mechanical, physical, chemical and
biological barriers.

b- Cellular components such as macrophages, neutrophils and natural killer cells.
c- Plasma proteins, which consist of group of proteins like complement system.
d- Inflammation.

e- Fever.

A- Mechanical and physical barriers include:

e Skin which consists of :-

- Keratinized epidermis: The epidermis and keratinocyte of the skin are
provide any environment that prevent bacterial growth

- Continuously dividing keratinocytes and constant sloughing of the epidermal layer
remove microbes attached to skin surface.



- Dermis layer contains: Fatty and lactic acids, sweat glands and sebaceous glands

which secret sebum. All of these glands are help to maintains pH of skin between 3-
5 (acidic) that inhibits the growth of bacteria.

- Sweat contains lysozyme and the evaporation of sweat creates a slightly salty
environment that inhibits growth of bacteria.

- The lacrimal gland is found in the eye and it is small almond shapely structures
that produce tears to protect eye from bacterial growth.

- Tight junctions between skin cells which form physical barriers to prevent the
penetration of the body by microbes.
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- High oxygen tension in lungs.
- Body temperature.

Both inhibit bacterial growth and prevent bacteria from colonization.
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—Mucus membranes which secreted by epithelial cells of gut , respiratory tract and

genito-urinary tract and the digestive tract. It has the unusual properties of being
sticky and slimy; it is able to entry microorganism so they can be expelled.
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- Cilia in the respiratory tract: the respiratory track is lined with little hair-like
structures that beat in such a way as to propel particles towards the throat where may

can be expelled by coughing or swallow and excretion

- Sneezing and coughing: This expels dust and airborne organisms.

15l Aganall iy HLall 3l e Culaally ZaSl) Jan

B- Chemical barriers

- Tears.

- Saliva.

- Urine.

- Breast milk.
- Fatty acids.
- Bile acids.

All these contain different lysozymes (act on cell wall of bacteria) and
phospholypase.
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- Acidic PH of stomach and vagina: the acid that secreted in stomach and it is lethal
to many bacteria, while in the vagina produce lactic and proprionic acid
resulting in a low PH which inhibits the dividing of many bacteria.

- Spermin secreted from prostate gland in males, which has a defensive function
against pathogens.

- The presence of Zinc in semen which is fatal to disease factors.

Other chemical barriers are:

- Tumor Necrosis Factor (TNF)
- Interferons (IFNs)

These two proteins work together to inhibit viral replication and as well as activate
cellular immunity against viruses.

Clag il 2 Gl Ao liall Jandkin ISy ¢ g pldl) e Line e o ba Glifigyull ol3a ey

- Fibronectin:
- Itisaglycoprotein (like gum), has effective role in accelerating phagocytosis, act

as an adhesive agent that encapsulate the bacteria or foreign bodies by the process

of opsonization in order to facilitate the process of phagocytosis by phagocytes.
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- Lactoferrin and Transferrin: these deprive organisms of the iron necessary for

their metabolism.

- Cathelicidin which found in mucosal secretion and has antibacterial
role.

- Collectins and G protein that bind with the sugar on the microbial
surface and promote the elimination of microbes.

C- Biological barriers include:

1- Normal flora or Microbiota:

Microorganisms (bacteria, fungi, protozoa, and viruses), mostly bacteria that
continuously inhabited the human body (Resident Normal Flora).

» Under normal conditions in a healthy human they are harmless and may even be
beneficial.

Also called Commensals i.e. organisms that dine together, or Microflora, which
include:

- Skin Flora

- Oral and Upper Respiratory Tract (nose and pharynx) Flora
- Gastrointestinal Tract Flora

- Urogenital Flora

- Conjunctival Flora
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e A fetus is sterile when born (No Normal Flora), then newborn start having
the normal flora from its mother, air, food and the environment.

e Our internal organs are sterile like the spleen, liver, pancreas, bladder, CSF,
and blood unless during infection.

e Normal flora differs from one human to another depending on age, diet, and
geographic habitat.

e When the number of resident normal flora is greatly reduced, opportunistic

e Microbes can easily cause infections in these areas e.g. Candida albicans

that cause candidiasis.
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When a new-born comes in contact with the environment, microorganisms instantly
started to colonize in the body surface. After that, the number of microorganisms is
started to increase constantly with the human age and its distribution as in the figure

below:
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Beneficial Functions of Normal Flora:

1. Protect our organs and systems that are in direct contact with the external
environment from invading pathogens. Some normal flora produce substances
that kill pathogens and others compete for with them for nutrients.

2. In newborns, normal flora stimulates the development of immune system.

3. Normal flora of the gut provides important nutrients such as Vitamin K which
aid in digestion and absorption of nutrients and Vitamin B12, Lactic acid
bacteria also produce certain B-vitamins.

4. The normal flora of the human body also helps to stimulate the synthesis of
normal antibodies Example: When the normal flora acts like an antigen in our

body, they induce an immunological response.
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Harmful Effects of Normal Flora:

1. When the normal flora are displaced from their normal site of the body e.g.
Blood stream infections by S. epidermidis.

2. When potential pathogens gain a competitive advantage due to diminished
populations of harmless competitors e.g. C. difficile growing in the gut after
antibiotic therapy.

3. When individuals are immunocompromised, normal flora can overgrow and
become pathogenic.
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.Staphylococcus epidermidis.
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- Studies have shown that the lack of microbiota diversity leads to many diseases
like autoimmune diseases such as diabetes type I, rheumatism, muscular dystrophy,
problems in blood coagulation due to lack of vitamin K, and disturbances in the
transfer of nerve cells due to lack of vitamin B12, in addition to its involvement in a

number of conditions such as cancer, memory disorders, depression, stress, autism,

and Alzheimer’s disease.

Jie L3I Al (el (o aed) ) (5250 A28 dpedal) ClEISH s3a 55 A8 G ciludyal) gl
Ol (i o 22l i3 8 JSLiag «Dlanll jsaniag cahsilag lls «Jg¥) gsill a Sl s
Locayall SV (e 20 ) ALY L B12 palish (i cuwew dpvaal) WA Ji8 & il yaialy (K

) ey dasilly slgaYly Yy SSIA clial (o) e

10



2- Cellular components which include:

- Neutrophils (PMNS).

- Macrophages (in tissues), which developed from monocytes (in blood) and have

functions in phagocytosis and killing of microorganisms.
- Natural killer cells (NK) and Lymphokine Activated Killer Cell (LAK).

(LAK) it is non —specific killer cell, but they are targeting tumor and virus infected
cells and can dramatically increase their effectiveness when exposed to some
cytokines especially (IFN-o and IFN-B) or (IL-2), because it contains specific
receptors of these two cytokines that will be activated and increased the ability of
toxicity, so called lymphokine Activated Killer Cell (LAK) and become very

effective in killing cancer cells and used as a medical treatment to eliminate tumors.
(g il laall LAY, duila pudl LAY Cangind LS cdacadia je ab1E L8 (LAK) 3V i
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- Eosinophils which are effective in killing parasites.

- Basophils (in blood) and mast cells (in tissue).

They are effective in hypersensitivity reactions (Allergy), because they possess

receptors for FC region of IgE.
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3- Plasma proteins (humoral barriers) include:

Coagulation system
Fibrolytic system

Kinin system

B w Do

Complement system

Which is a major humoral non-specific defense mechanism, when activated lead to

cell lysis.
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The complement system

» The complement system or “complements” helps the ability of antibodies and
phagocytic cells to clear pathogens from an organism. It is a part of innate and

adaptive immune system.
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» The complement system consists of a number of small proteins (Over 25 proteins

and protein fragments, make up the complement system) found in the blood.


http://en.wikipedia.org/wiki/Phagocytic
http://en.wikipedia.org/wiki/Pathogens
http://en.wikipedia.org/wiki/Immune_system

» The proteins and glycoproteins that constitute the complement system are
synthesized by hepatocytes and other cells such as tissue macrophages, blood

monocytes, and epithelial cells of the genitourinal tract and gastrointestinal tract.

» The end-result of this activation cascade is massive amplification of the response

and activation of the cell-killing membrane attack complex (MAC).
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» Three biochemical pathways activate the complement system: the classical

complement pathway, the alternative complement pathway, and the lectin pathway.

» The classical complement pathway typically requires antigen—antibody

complexes for activation (specific immune response), whereas the alternative and
mannose-binding lectin pathways can be activated by C3 hydrolysis or antigens

without the presence of antibodies (non-specific immune response).
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» The following are the basic functions of complement:
1- Opsonization - enhancing phagocytosis of antigens.
2-Chemotaxis - attracting macrophages and neutrophils.
3- Clearance of immune complexes.

4-Clumping of antigen-bearing agents.

5- Cell Lysis - rupturing membranes of foreign cells.



Membrane attack complex (MAC) causing cell lysis.

Pathways of Complent System

1- Classical pathway (Fiqure 1):

» The classical complement pathway is one element of adaptive immunity.
» The classical pathway is triggered by activation of the C1-complex.

» The Cl-complex is composed of 1 molecule of C1q, 2 molecules of C1r and 2

molecules of C1s, or C1qrs.

» The classical pathway is triggered when C1q binds to IgM or 1IgG complexed with

antigens.


http://en.wikipedia.org/wiki/Complement_membrane_attack_complex
http://en.wikipedia.org/wiki/Innate_immunity
http://en.wikipedia.org/wiki/Classical_complement_pathway
http://en.wikipedia.org/wiki/Classical_complement_pathway
http://en.wikipedia.org/wiki/IgM
http://en.wikipedia.org/wiki/IgG
http://en.wikipedia.org/wiki/Antigen

» A single IgM can initiate the pathway, while multiple 1gGs are needed.

» Such binding leads to conformational changes in the C1g molecule, which leads
to the activation of two C1r molecules. C1r is a serine protease. They then cleave
C1s (another serine protease).
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» The C1r2s2 component now splits C4 and then C2, producing C4a, C4b, C2a, and
C2b.

» C4b and C2a bind to form the classical pathway C3-convertase (C4b2a complex),
which promotes cleavage of C3 into C3a and C3b; C3b later joins with C4b2a (the
C3 convertase) to make C5 convertase (C4b2a3b complex), and so on for the other

components of classical pathway C6, C7, C8 and C9.
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» C5b initiates the membrane attack pathway, which results in the membrane
attack complex (MAC) that consisting of C5b, C6, C7, C8, and polymeric C9.
Membrane attack complex (MAC) forms a transmembrane channel, which causes

osmotic lysis of the target cell.
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» C3b binds to the surface of pathogens, leading to greater internalization by

phagocytic cells by opsonization.
» Cba is an important chemotactic protein, helping recruit inflammatory cells.

» Both C3a and Cba have anaphylatoxin activity, directly triggering
degranulation of mast cells as well as increasing vascular permeability and smooth

muscle contraction.
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» Classical pathway has three units to work:
1- Recognition unit includes: C1q, C1r and C1s.
2- Activation or amplification unit includes: C4, C2 and C3.

3- Membrane Attack Complex (MAC): consists of C5b-C9.



Figure 1. The classical pathway of the complement system



2- Alternative pathway (Figure 2):

» The alternative complement pathway is one element of innate immunity.
» This pathway doesn’t depend on antibodies (antibody-independent).

» Triggering by cell wall components of bacteria, fungi, viruses and some parasites,
like: lipopolysaccharides (LPS) in gram —ve bacteria and teichoic acid in gram +ve

bacteria.
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» The alternative pathway activated at a low level, as a result of spontaneous C3
hydrolysis due to the breakdown of the internal thioester bond (C3 is mildly unstable

In agueous environment).

» The alternative pathway does not rely on pathogen-binding antibodies like the

other pathways.


http://en.wikipedia.org/wiki/Innate_immunity
http://en.wikipedia.org/wiki/Complement_component_3

* C3b that is generated from C3 by a C3 convertase enzyme complex in the

fluid phase is rapidly inactivated by factor H and factor 1.

» The surface-bound C3b may now bind factor B to form C3bB. This complex in

the presence of factor D will be cleaved into Ba and Bb.

> Bb will remain associated with C3b to form C3bBb, which is the alternative

pathway C3 convertase.
» The C3bBb complex is stabilized by binding factor P (properdin).

» The stabilized C3 convertase, C3bBbP, then acts enzymatically to cleave much

more C3.

» The alternative complement pathway is able to distinguish self from non-self on

the basis of the surface expression of complement regulatory proteins.

» Host cells don't accumulate cell surface C3b (and the proteolytic fragment of C3b
called iC3Db) because this is prevented by the complement regulatory proteins, while
foreign cells, pathogens and abnormal surfaces may be heavily decorated with C3b
and iC3b.

» Once the alternative C3 convertase enzyme is formed on a pathogen or cell
surface, it may bind covalently with another C3b, to form C3bBbC3bP, the C5
convertase. This enzyme then cleaves C5 to C5a, a potent anaphylatoxin, and C5b.
The C5b then recruits and assembles C6, C7, C8 and multiple C9 molecules to
assemble the membrane attack complex. This creates a hole or pore in the membrane

that can kill or damage the pathogen or cell.
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Figure 2. The alternative pathway of the complement system
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3- Lectin pathway (Fiqure 3):

» The lectin pathway is homologous to the classical pathway, but with the opsonin,

mannose-binding lectin (MBL), instead of C1q.

» This pathway is activated by binding of MBL to mannose residues on the pathogen
surface, which activates the MBL-associated serine proteases, MASP-1, and MASP-
2 (very similar to C1r and C1s, respectively), which can then split C4 into C4a and
C4b and C2 into C2a and C2b.

» C4b and C2a then bind together to form the classical C3-convertase, as in the

classical pathway.

» Represent the second pathway depending on bacterial, fungal, viruses and

parasites carbohydrates in activation.

» It is the more important pathway in early infection especially in babies between
(6-18) months (in the period between decreases antibodies passively transferred

from mother and full development of their adaptive immune system).
g «cilimpanll Zslacs lehsilal) Llas ae (MBL 3silally Jagipall (6<ll) alasly oa€ull) ellose Jnd,
& (ny ((Clsy CLr) JU has dgud (058 Ally (MASP-2 5 MASP-1) lSyal) Jasin ) aga

iy Sl L sl iy

12


http://en.wikipedia.org/wiki/Lectin
http://en.wikipedia.org/wiki/Mannose-binding_lectin

Figure 3. The Lectin pathway of the complement system

13



Requlation of the complement system

1- One example is CD59, also known as protectin, which inhibits C9 polymerisation

during the formation of the membrane attack complex.

2- The classical pathway is inhibited by C1-inhibitor, which binds to C1 to prevent

its activation.

3- Properdin increases the stability of C3bBb in alternative pathway.
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Role of complement system in disease

» Mutations in the C1 inhibitor gene or deficiency can cause hereditary

angioneurotic edema (HANE).
» Deficiency in C4 leads to Collagen Vascular disease,

» Deficiency in C2 leads to many diseases like Systemic Lupus Erythematosus

(SLE) and Glumerulonephritis.
» Deficiency in C3 leads to increased susptibility to bacterial infections.

» Mutations in the MAC components of complement, especially C8, are often

implicated in recurrent Neisserial infection.
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Cvytokines

@ Cytokines are peptides messenger molecules used for communication between

cells

@ Cytokines secreted by all cells of innate and adaptive immune system in response
to microbes and other stimulus. They are involved in the regulation of the immune

response.

Nomenclature

1- The nomenclature of cytokines is often based on their cellular sources or based
on their action.
2- Cytokines that are produced by mononuclear phagocytes were called

(monokines), while those produced by lymphocytes were called lymphokines.

1



3- Cytokines that are made by leukocytes such as macrophage and T-cells and
act on other leukocytes also called (Interleukines).

4- Some cytokines are known by common names such as interferons (IFNSs)
because it interferes with viruses and Tumor necrosis factor.

5- Another group are called growth factor

6- Another group is called colony stimulating factors (CSFs).
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Cytokines action

@ It’s act as a messenger because cytokines secreted by cells and effect on another

cell and influence on its function

® Based on which the cytokines act, the cytokines are refer to have autocrine,

paracrine or endocrine action.
@ Autocrine action: the cytokine act on the cells which secreted the cytokines.

@ Paracrine action: the cytokines secreted by one cell and acts on other cells present

on the vicinity of the cytokines secreting cells.

@ Endocrine-like action: the cytokine are said to have endocrine like action when
the cytokine produced from cells enter into the circulation and affect cells at distant
parts of the body such as hormones. Example for that IL-1 after production from
macrophage can stimulate hypothalamus gland to secret prostaglandin (PG) that

increases body temperature (Fever) and this called endocrine action of cytokine.

@ Cytokines secreted by cells may bind to the cytokines-secreting cell and remain
as the cell membrane-bound cytokines. Then bound to cytokine receptor on target

cell and mediates its effect.
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Cytokines receptors and signaling

Based on the structure of extrcellular binding domains of the cytokines receptors are

divided into five families:

1
2
3
4

5- Seven trans-membrane a-helical receptors

Type | cytokine receptor also called hemopoietic receptors

Type |l cytokine receptors

Ig superfamily receptors

TNF receptors

Cytokines are stimulate the targets cells by binding and then induce that
transduction by specific proteins vi aseveral pathways including STAT, JAK, TNF

receptor signaling, G-protein signal and Receptor associated tyrosine kinase.
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The action of cytokines can be described by those terms.

1- Synergy: two or more cytokines may act on one cell. The combined effect is
greater than the effect of individual one.

2- Antagonism: two or more cytokines act one cell, when the effect of one
cytokine can inhibit the effect of another cytokine.

3- Pleiotrophy: a cytokine has different action on different cells (e.g. IL-4
produced by T cells and effect on B-cells activities, proliferation and
differentiation and also of mast cell proliferation and effect on memory B-
cells induction of class switching to IgE.

4- Redundancy: two or more cytokines have similar function on a cell.
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Figure 1: Cytokine attributes of (a) pleiotropy, redundancy, synergy

(synergism), antagonism, and (b) cascade induction



Figure 3. JAK-STAT signaling pathway



@ Cytokines of innate immunity are often secreted at low level over a short range
(e.g chemokine directed at attracting PMNL to the site of infection) but each also

secreted at high level to be measurable in the blood samples.

@ When cytokines secreted at high level they act like hormone e.g IL-1, IL-6 &

TNF can have distant effect such as induction of fever.

@ Cytokines secreted transiently e.g IL-2 secreted by activated T cells for about 8

hrs and longer secretion cause in-appropriate activation.

@ Once infection is resolved, secretion level tends to fall.
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Interferons (IFNs) a. B (Type 1)

IFN vy

Where viral infection is take place, in response to stimulated cells secret IFN
a & B (Type D).

IFN o & B secret by a wide range of cells and can be produced very rapidly at
the site of virus enters the body.

IFN-1 do not destroyed viruses, but they do prevent viruses from replicating
They do this by activating an enzyme called oligo-adenylate synthase which
degrade viral RNA (Figure 4).

IFN-1 also switch off protein synthesis which prevent viral replication

These effect can be very local

IFN-1 activates dendritic cells (DCs) which have an important protein
stimulating adaptive immunity

IFN-1 can activate the acute face response

IFN-1 increases the expression of MHCI molecules

IFN-1 stimulates the development of Thl cells in human

IFN-1 inhibits the proliferation of many cells types including lymphocytes in

Vitro

- IFN-y produced by NK cells, CD4+ Thl and CD8+ Tc cells.

- NK

cells produces INF-y in response to recognition of microbes in response to

IL-12

- T cells produce IFN-y in response to Ag recognition

- IFN vy activates macrophage, stimulates the expression of MHCI & II molecules,

activates PMNL & activates NKSs.
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Figure 4: INF o, actions on virus replication
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Tumor necrosis factor (TNF)

- TNF is the principal mediator of the acute inflammation to Gr-ve bacteria
- The major cellular source of TNF is activated macrophage, NK and mast cell
- TNF binds to TNF receptor family members lead to activate the transcriptional

factors.

Biological actions of TNF

1. TNF at low concentration can act on leukocyte and endothelial cells to induce
acute inflammation
2. At moderate concentration, TNF mediates the systematic effect of inflammation

3. At high concentration, TNF cause pathologic abnormalities of septic shock.

Bacterial septic shock

The role of cytokine overproduction in pathogenesis can be illustrated by bacterial
septic shock. This condition may develop after infection by certain gram-negative
bacteria, including E. coli,Klebsiella pneumoniae, Pseudomonas aeruginosa,
Enterobacter aerogenes, and Neisseria meningitidis. The symptoms of bacterial
septic shock, which is often fatal, include a drop in blood pressure, fever, diarrhea,

and widespread blood clotting in various organs.
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Figure 4. Biological actions of TNF
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Phagocytosis

- Phagocytic cells are present in blood, lymphoid tissue, liver, spleen,

lung, and other tissues.

- The main functions of phagocytic cells include migration, chemotaxis,

ingestion, and microbial killing.

- Phagocytosis is the process of cell engulfing an object with
pseudopodia so that the phagosome fuses with lysosome which release

toxic enzymes causing bacterial killing in the phagolysosome.
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Phagocytic cell type
- Phagocytes are bone marrow-derived (myeloid) cells

- Phagocytes cells are included: neutrophil, monocyte, macrophage
(MQ), Giant & Epithelial cells.

Types of Macrophages

1- Fixed MQ

Spleen and Langerhans cells: their role is to phagocytose circulating
particulate matter.

Liver: kupffer cell

Lung: alveolar cells involved in disease such as chronic obstructive
pulmonary disease

Nervous system: microglial cell

Bone: osteoclast cell (involved in the regulating of Ca?* metabolism by
resorbing bone and release Ca?* into the blood).



Moreover, this type of cells has an important role in the presenting of
antigens to T-cells, and also plays a critical role in the inflammatory
response.
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2- Tissue Macrophages

Tissue macrophages are independent of circulating monocytes.

3- Giant cells

These multinucleate giant cells (MGCs) are cells of monocyte or macrophage.

These multinucleate giant cells (MGCs) are cells of monocyte or macrophage. It

can arise in response to an infection, such as from tuberculosis, herpes, or HIV,

or foreign body.
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Phagocyte Recruitment

- Monocyte constantly migrates into healthy tissue and differentiates into

specialized MQ

- MQ remains in arresting state unless they are stimulated by signal

binding to their receptors.

- Resident MQ at the site of infection and secret cytokines & chemokines

which stimulate neutrophil production.
- Neutrophil and endothelium cell express selectin and integrin

- Neutrophil adherence to in endothelium local vessel and finally

chemotaxis to the site of infection.
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Receptors of phagocytes

Phagocytes recognize danger signal by using receptors on their surface,

there were six main receptors:-
1-Receptor for cohemokines & cytokines
2-Toll-like Receptor

3-C-lectin Receptor and teichoic acid

4- Receptor for complement component
5- Receptor for Ig (1gG)

6-Receptor for apoptotic cell by using CD 14 & complement Receptor.
CD14 +TLR together can bind with antigens or dead cells.
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Actions of phagocytes

Once phagocytes arrived in the tissues and are stimulated through their
receptor phagocyte kill & clear pathogens through phagocytosis

enzymes, respiratory burst and the release of protolytic enzymes.
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e Phagocytosis: is a metabolically active process that is triggered by
pathogen that have been opsonized by complement (c3b) or 1gG
e A phagosome is formed by ingestion of particulate matter
e A number of Ag has developed defense mechanism to avoid
destruction by phagocyte.
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Killing process

Phagocyte kills & clears Ag through two main mechanisms:-
1-Respiratory burst

2-Release of proteolytic enzymes
1- Respiratory burst (Figure 1)

- Following phagocytosis, three enzyme pathways are activated to

produce toxic molecules
a- Hydrogen peroxide by (NADPH oxidase)
b- Hypochlorous by (Myelo peroxidase)

c- Nitric oxide by inducible nitric oxide synthase
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2- Proteolytic enzyme (Figure 2)

MQ contain enzyme: in lysosomes

- In Neutrophil, the proteolytic enzymes cannot regenerated and when

there has been used up, the cell die.

- In MQ, the proteolytic are retained in lysosome, and the digested

peptide can be presented to T cell.

-Other substances are released into phagosome (e.g defensin and
lactoferrin). Defensin that punch hole in bacteria. lactoferrin bind on to

iron, depriving bacteria of this important nutrient factor.
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Phaqgocyte defects

1-Primary defects

Chronic granulomatous disease (CGD) is an example for this type of

phagocytes defect.
-This caused by mutation on the x-chromosome

- Some boys are born with defect in the enzyme that mediate

respiratory burst.

-Although Neutrophil attack to the infected site; they are unable to kill
Ag.

-These boys have problem with recurrent extracellular Ag
-This case can be treated by stem cell

Chronic granulomatous disease (CGD) is a diverse group

of hereditary diseases correlated with chromosome X (infected male in

specific) in which certain cells of the immune system have the normal

number of neutrophils but have difficulty forming the
reactive oxygen compounds (most importantly the superoxideradical
due to defective phagocyte NADPH oxidase) used to Kkill certain

ingested pathogens. This leads to the formation of granulomata in many

organs.
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The nitroblue-tetrazolium (NBT) test is the original and most known

test for chronic granulomatous disease. It is negative in CGD, meaning
that it does not turn blue. The higher the blue score, the better the cell
Is at producing reactive oxygen species. This test depends upon the
direct reduction of NBT to the insoluble Dblue

compound formazan by NADPH oxidase.
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2- Secondary defect

- Secondary defect is much more common.

-The most important disease is Neutropenia when number of neutrophil

are reduced usually as a result of drug treatment.
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- Phagocyte function is impaired secondary effect of a number of other
disorders such as diabetes & renal failure and during corticosteroid

treatment that used as immunosuppressive drugs.
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Figure 1. Respiratory burst and Production of reactive oxygen intermediate;
damage by reactive oxygen intermediates; damage by peroxidase, cationic
proteins.
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Figure 2. Phagocytosis and processing of exogenous antigen by macrophages
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Figure 3. Receptors of phagocytes
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Inflammation <=M

- The inflammation is the response to the tissue damage.

- The main aim of an inflammatory response is to recruit cells and soluble factors

from blood stream to help fight off pathogens
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Cells involved in the inflammation

- Neutrophil, macrophage (M®), Lymphocytes, Vascular endothelial cells
eosinophil &mast cells.
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Causative factors of inflammation

1- Microbial infection (e.g bacteria, virus, fungi , parasites)

2- Physical agents(e.g  burn, radiation & trauma )

3- Chemical agents (e.g toxin, and caustic substance e.g asbestose & silica
, monosodium urate crystal )
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Event of inflammatory response

Four important events occur during the inflammatory response:-
1. Vasodilation and increasing the blood flow to the damaged.
2. Activation of endothelial cells lining in the blood vessels

3. Increased the expression of adhesion molecules so that the blood cells can adhere
more strongly to the endothelium cells there by promoting the migration of
leukocyte. Then, increased the vascular permeability make it easier for cells &

proteins to pass through the blood vessel walls and enter the tissue.

4. Chemotactic factors are produced that attract cells into the damaged area.
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Extravasation (Diapedsis)

The process of movement of leukocytes outside the blood vessels is called

Extravasation, this process can be divided into three stages (Figure 1):-
1- Rolling of leukocyte
2- Chemotactic attraction of leukocytes

3-Arrest and adhesion of leukocyte to vascular endothelial cells then transendothelial

migration of leukocytes.
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Figure 1.Neutrophil extravasation from blood vessel.



Factors that mediate the movement of cells:-

1- Adhesion molecules :-- Selectin on the surface of endothelial cells
-Integrin on the surface of leukocytes (PMNs) cells
2- Chemotactic agents - TNF tumor necrosis factor
- IL-6  interleukin-6
- IL-1  interleukin-1
- IL-8 interleukin-8
All of them producing by M® at the inflammatory area

- Once neutrophil reach site of inflammation they phagocyte foreign particle then
die and creating pus cells which transformed into abscess.
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The local inflammatory response followed by systemic responses
called as acute phase response

The acute phase response consist of

1- Fever.

2- Synthesis of hormone (e.g adrenocorticotropic hormone (ACTH)&
hydrocortisone which cause release of Prostaglandin (PG) from
htypothalamous) then increasesthe body temperature.

3- Increase the production of leukocyte by IL-3&CSF (GM-CSF) which produce
by vascular endothelial cells & M®

4- Increased the production of acute phase protein (e.g CRP(C-Reactive protein
& serum amyloid A (SAA)).
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Fever
-1t is the elevation of body temperature
-Substance that cause fever is called "pyrogen™

- It may come from outside the body referred to as exogenous pyrogense.g bacteria,
toxins, LPS

-Endogenous pyrogenincluding IL-1 ,IL-6 , IL-8, TNF IFN-yand these cytokines

referred to as fever producing cytokines.
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Activation of pathways during inflammation (Fiqure 2)

1- The complement system

2-Kinin system

- Bradykinin is released following the activation of kinin

- Bradykininincreases the vascular permeability and mediatesthe pain
3-The coagulation system

Fibrinopeptidesis a chemotactic factor for neutrophil and increasing the permeability

of blood vessels.
4-The fibrinolytic system

- Plasmin has several functions in inflammatory response such as activation of

complement and cleavage of fibrin.

-Clot can limit the entry of the pathogen into the blood stream.
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Result of inflammation

|
1

Regrowth and resolution

e

Healing by collagen scar

w
1

Abscess formation

Chronic inflammation
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Chronic inflammation

Chronic inflammation arises:-
- When causative agent cannot be eliminated

- The nature of chronic inflammatory damage is dependent on triggering agent, the

affected site and the dominant immune response
- The key cells of chronic inflammation are M®, Lymphocyte& plasma cells

- The number of M® are increased because they are recruited by chemotactic factor
& C5a

- There are a lot of cytokines which produce byM®, B&T cells (IL-12 ,IL-2 ,IFN-y

, TNF) which lead to form the granuloma

- Granuloma is collection of M®, some of which coalesce to from giant cell,

surrounded by a cuff of small lymphocyte (Figure 3).

- The M® often has the appearance of epithelial cells, and are known as epithelial

cells.
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Acute phase proteins

During the response to infection, the concentration of plasma proteins increase 2-
100 fold and these proteins called acute phase reactants (APRS) or acute phase
proteins. These proteins synthesized by hepatocytes in the liver, and these proteins
play a major role in the defense following invasion of a microorganisms. APRs also
produced by monocyte, endothelial cells, fibroblast and adipocyte. APRs such as
acute phase proteins and complement increase during inflammation and these called
positive APRs while other proteins such as albumin and transferrin decreased and

this called negative APRs which stimulate the production of positive APR.
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Activation of APRs include:-
1- Neutralization of inflammatory agents
2- Reduction in the amount of damage to the affected tissues

3- Assistance in tissue repair and restoration.
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Types of Acute phase proteins:-

C-Reactive Protein
Alphal-Antitrypsin
Haptoglobin

Fibrinogen

Alphal-Acid Glycoprotein
complement

i Al al RN
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C-Reactive Proteins

CRP is one of the acute-phase proteins discovered by Tillet& Frances in 1930
derived its name from the ability to react with the C-polysaccharides of
streptococcus pneumonia. The levels of CRP increased 100-1000 fold during
infection, trauma surgery, burns and malignant diseases and its level can detect
during 4-6 hours following injury. Although increase in CRP is nonspecific, it’s
associated with the presence of inflammation.

The action of CRP in the innate immune response it binds to the surface of
microorganisms as a opsonin and then activation of alternative pathway of
complement and enhance phagocytosis and cell-mediated immunity.
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Figure 2. Inflammation results from the composite action of several immune
responses to infection and injury, and results in pain, heat, redness and
swelling.

Figure 3. Schematic diagram of Granuloma
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Major Histocompatibility Complex (MHC)

»MHC is a cluster of genes named because they determine whether transplanted
tissue is compatible between donor and recipient. This cluster occurs in all
vertebrates, this system in human is called HLA while in mice called H-2

interchangeably with MHC.
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Genetic organization

@®Through the genome sequencing effort, some 224 to loci have been identified in

the HLA region in human (Figure 1).

@ The loci are breakdown into three major classes:- class I, class 11 & class 11 which

located on the short arm of chromosome (6) in human.

@In mouse, the MHC genes are located on chromosome (17) and it called H-2

complex (Figure 1).
@ There are three classes of class | genes knownas HLA-A, HLA-B & HLA-C
@®There are three classes of class Il genes:- HLA-DP, HLA-DQ, HLA-DR

@Class Il included genes for tumour necrosis factor a, B, Complement (C2,C4),
factors B and F and Leukotrein a,f (LT-a,p)

@One individual has a pair of chromosome one from father and one from mother



@Each individual has six class I loci (2HLA-A,2HLA-B&2HLA-C)and six class 11
loci (2HLA-DP,2HLA-DQ,2HLA-DR), so that individual has 12 HLA loci

@ HLA genes are co-dominant, each inherited gene is expressed. This means that a

total of 12 maternal and paternal genes are expressed.

@®The HLA gene from each parent is inherited as a block called haplotype (Figure
3)

@ There are relatively few cross over event take place involving the chromosomal

segment that includes the MHC.
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Structure of MHC class | Molecule (Figure 2)

MHC-I- a non-covalently associated Heterodimers, it is composed of :-
@A 44.000 Dalton o chain (glycoprotein) encoded by chromosome (6)
@ A 12.000 Dalton B2—Microglobuline encoded by chromosome (15)

@ B2-Microglobuline is a soluble protein that complex with a chain, it is essential

for the peptide-binding function of the MHC-encoded "heavy chain".

@ The peptide —binding cleft in MHC class I is formed entirely by the a chain,pepide

of about 8 to 11 amino acid residues fit into class | binding site.

@®The COOH terminal of o chain anchored to the cytoplasmic membrane of the cell.

The extra cellular portion of a chain is folded into three domains called al, a2, a3

@ The extracellular portion of a3 domain is associated with a smaller polypeptide
called P2-Microglobuline the association to o is critical for stabilizing and

facilitating its transport to the cell surface.

@ The antigen binding groove is formed by the cleft between o1& a2 domain. a3
domain bind to CD8 on CD8" T cell during Recognition.
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Structure of MHC class Il Molecule (Figure 2)

@MHC class II molecule is dimers form by one a chain (31.000 dalton and one B
chain (23.000 dalton)

@ The COOH terminals of both chains are anchored to the cell membrane
@ a-chain has two domain:- al, a2
@ B-chain has also two domain B 1, B 2

@ The Antigen binding site is formed by o1& B1, the binding site is consisting of 36

amino acids.

©CD4 molecule on CD4 T cell contact top 2 domain.
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HLA polymorphism

@®Polymorphism refer to minor differences between genes present in

more than 1% of anormal population

®Monomorphism it means that the gene locus carrier the same allele,in

all member of the population

@ Individual who inherit the same alleles from both parents (if the parents
are cousins or from the same degree) are at high risk of developing disease

from some infection (e.g HIV)

@ This because aheterozgyous individual has 12 different alleles each of

which could present an HIV peptide.
®While ahomozygous individual only has a six different alleles.

@®The existence of multiple different HLA class | &Il genes mean that
there are numerous different peptide antigen-binding molecules available

for the presentation of Agto T cell

@ This polymorphism is to overcome the constraint the number of HLA

genes would place on peptide binding.
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Restriction of Ag Recognition

@ TCR only Recognize non-self Ag in association with self MHC,there is adual
recognition process

@ The function of MHC is to be both abinding site (for non-self peptide) and a ligand
(for the TCR)

@T cell "learn” self MHC in the thymus during development and those that cannot
bind appropriately to self MHC are eliminated

(Gl pean) Sasall) oS
Eia e 4ilily allac) 2o Y1l IS8 dtivd) e o 4Sel A8 LY Jiee o) -
Jue 4 B Sua ) seb g sl desiell AN mhu e Spmall sl (38530
o) G A SIS, Jsanall amicaal) (o S
Allisy Ll V) aBse PUA (e Jsenall dmiceal) o BLiY) & asell 35 Siro dega o) -
A DAY i) Loy 435 dcstiedll 0085 Las aly (O b (piadasg aske sed
e e ) LDANS Bgl b lgasans o1 G5 Lija Sadd dege 4500 DAY M -

Dl 5538 ) Al UDAN L &y g aentl) (3815

10



Disease correlation

@ There are many human diseases that linked to certain HLA-alleles

For example:-

1- Ankylosing spondylitis associated with HLA-B27 allele.

2- Insulin dependent diabetes mellitus (IDDM) associated with HLA-DQ2

3- Systemic Lupus Erythromatosus (SLE), associated with complement gene
(MHC class I1I).
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The importance of MHC

1-MHC has important role in immune response regulation in addition to Ag

presentation to T cell.

2-1t is determined whether there is compatible between donor and host in tissue

Transplant.
3-In the paternity test.

4-The children inherit a haplotype from each parent so there is identity between
children and their parent in these molecules, the identity percentage is about 50%,
and it’s a co-dominant trait, and exit from born to die. This can detect by using DNA

sequencing test.

5- It has a correlation with inflammation and autoimmune diseases.
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Figure 1: (A) Schematic maps of human and mouse MHC loci. (B) Law of
transplantation.
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Figure 2. schematic diagram of a class | and a class Il molecule showing the
external domain, transmembrane segment and cytoplasmic tail.
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Figure 3. (A) Polymorphism in the major histocompatibility complex (MHC).

(B) Haplotype inheritance, a simplified example with only one class 11 locus.
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Figure 4. (A) Co—dominant expression of MHC molecules, illustrated from

16



University of Baghdad

College of Education for Pure
Sciences (Ibn Al-Haitham)

Department of Biology
Fourth stage

2023/2024

IMMUN L 8y

Lecture 12

Primary & Secondary Immune Response

¢ The primary immune Response (1.R.) induced at the time of the first entry of Ag
into the host; the Immune Response induced during the second and subsequent
entry of similar Ag into the host is called secondary immune response.

¢ In the primary |.R., antigen presenting cell (APC) present Ag to T and B-cells;
Tc cells activates in this response and start cytotoxic mechanism to kill Ag.; while
Th cells are produce cytokines which have an important role to activate B-cells
to differentiate into plasma cells which in turn produce antibodies (IgM).

+ The features of primary immune response are :-
a. Kinetically slow

b. Small in magnitude



c. Production of IgM.
d. Low-moderate affinity to antibodies.

e. No recognition to Ag by memory cells.

In the primary I.R., the peak of IgM level is appear within (1-2) weeks after the
exposure to Ag and gradually decline within 1 month while IgG levels can be

detectable for few years.
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Secondary immune response

¢+ The secondary I.R. is specific and rapid than primary |.R. for the Ag previously
encountered. In this type of I.R., APC presents Ag to T and B and memory cells
as well which in turn lead to produce Abs (1gG).

% The secondary I.R. is rapid and specific and 1gG is produced with high quantities
while IgM level is low; and this high titer of 1gG is still with high level for long
period and decline gradually.

% The secondary I.R. is characterized as fallowing:-

a. More rapid

b. Increasing in the antibody titer

c. Production of I1gG

d. The affinity of Antibodies to Ag is high.



Thus, the major differences between primary and secondary immune response
are in the titer and the activity of memory cells due to the long half-life of these

cells.
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Kinetic of the primary Immune Response (Figure 1)

1. Lag phase (Latent) Lag phase is the interval between the time of entry of
antigen to the time of detection of antibodies against the Ag in blood, in the
human Lag phase is about one week during the Lag phase, The Ag is
processed and presented to the T cell and then the B cells are activated and
the plasma cells begin to secret antibodies.

2. Exponential phase: is the period during which the level of Abs rapidly
increases this period reflects: the large quantity of antibodies secreted by
enormous number of plasma cells.

3. Steady — state (plateau) phase, during the plateau the Abs levels remains at a
constant level over a long period of time, the secretion of Abs and degradation
of Abs occur approximately equal rates and hence the Abs level remains at a
steady state.

4. Declining phase: during this phase the level of Abs slowly decrease, after the
removal of Ag, new plasma cells die rapidly within few days after their
production and consequently. New Abs. are not secreted, the degradation of

the secreted Abs molecules leads to a decline in the Abs level.
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Figure 1: The primary and secondary immune response.

7



Figure 2: Features of primary and secondary antibody responses. Primary and
secondary antibody responses differ in several respects, illustrated
schematically in panel A and summarized in panel B. In a primary response,
naive B cells in peripheral lymphoid tissues are activated to proliferate and
differentiate into antibody-secreting cells and memory cells. In a secondary
response, memory B cells are activated to produce larger amounts of

antibodies, often with more heavy chain class switching and affinity
maturation.



s The reason for this longer period to achieve maximum Abs production

during the primary I. R is due to the time needed for the following events:-

1. Antigen specific T cell & B cells are few at the time of first entry of Ag. The
initial binding to specific T (TCR) & B (BCR) cells takes more time.

2. The Ag must be processed and presented to Ag specific Th cells via MHC.

3. The activated TH cells should be multiply and contact Ag specific B cells.

4. Then the activated B cell should proliferate and produce plasma cells to secret
Abs.
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The Immune Response

Humoral and Cell Mediated Immunity

Humoral immunity

- It is also called the antibody-mediated immunity, and is mediated by
secreted antibodies, and its physiological function is defense against
extracellular microbes and microbial exotoxins.

- Humoral immunity is so named because it involves substances found in the

humors, or body fluids.


http://en.wikipedia.org/wiki/Humorism

- Defect in humoral immunity leads to enhanced infections by bacteria and
fungi.

- Antibodies are produced by plasma cells in the secondary lymphoid organs.

- The first exposure to a microbe or an antigen, by infection, leads to the
activation of naive B lymphocytes. B cells can be distinguished from other
lymphocytes, such as T cells and natural killer cells (NK cells), by the
presence of a protein on the B cells outer surface known as a B cell receptor
(BCR). This specialized receptor protein allows a B cell to bind to a specific
antigen. These B cells differentiate into:
a. Antibody-producing plasma cells.

b. Memory cells.
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http://en.wikipedia.org/wiki/T_cell
http://en.wikipedia.org/wiki/Natural_killer_cell
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/B_cell_receptor
http://en.wikipedia.org/wiki/Receptor_(biochemistry)
http://en.wikipedia.org/wiki/Antigen

Benefits of Antibodies:

1. Participate in opsonization and then increase phagocytosis.
2. Agglutination or precipitation of particles.

3. Activation of complement system which leads to foreign cell lysis.
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B cells activation require two signals:

1- The first signal:

When antigen binding with B cell for the first time through Ig receptor on B cell

surface (Ig receptor + Ag.).
2- The second signal:

This signal come from T-helper (Th) CD4" cells, which secrete different

lymphokines:

a. IL-4 B-Cell Growth Factor (BCGF)
b. IL-5 B Cell Differentiation Factor (BCDF)



:oild) B DAY b il

rAs Blay) -1

B Ak mh o sse sl 1g e DA e (Y1 5all B As ae dmin 2aT Letie
;A0 BLay) -2

e Al Sl i Al Th CDA* saelad) T 4403 e )Ly 038 s

B-cell 45l 443l (BCGF) saill Jale — 4-IL .|

(BCDF) B-cell adall ylall Jale 5-IL .o

Cellular Immunity:

- Cellular Immunity or Cell-Mediated Immunity (CMI) is an immune
response that does not involve antibodies but rather involves the activation
of phagocytes, antigen-specific cytotoxic T-lymphocytes, and the release

of various cytokines in response to an antigen.

- CD4 cells or helper T cells provide protection against different pathogens.
- CD8 or cytotoxic T cells cause death by apoptosis without using
cytokines; therefore in cell mediated immunity cytokines are not always

present.


http://en.wikipedia.org/wiki/Immune_response
http://en.wikipedia.org/wiki/Immune_response
http://en.wikipedia.org/wiki/Antibodies
http://en.wikipedia.org/wiki/Phagocytes
http://en.wikipedia.org/wiki/Antigen
http://en.wikipedia.org/wiki/Cytotoxic
http://en.wikipedia.org/wiki/T-lymphocytes
http://en.wikipedia.org/wiki/Cytokines
http://en.wikipedia.org/wiki/Apoptosis

- T cell can recognize antigens through the complex of T-cell receptor
(TCR) which presents on T cell surface.

- T cell depends on the direct contact with targets.

- Cell-mediated immunity is directed primarily at microbes that survive inside
phagocytes and microbes that infect non-phagocytic cells. It is most
effective in removing virus-infected cells, but also participates in defending
against fungi, protozoans, cancers, and intracellular bacteria. It also

plays a major role in transplant rejection.

T-cell can recognize processing and presenting antigens (in the context of MHC

molecules) by antigen presenting cells, which includes;

a. Macrophages.
b. Dendritic T- cells.

c. Activated B- cells.
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http://en.wikipedia.org/wiki/Phagocytes
http://en.wikipedia.org/wiki/Microbes
http://en.wikipedia.org/wiki/Fungi
http://en.wikipedia.org/wiki/Protozoan
http://en.wikipedia.org/wiki/Cancer
http://en.wikipedia.org/wiki/Transplant_rejection
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Naive T cells can’t respond to antigen unless transforming to effector cells, this is

done through its activation, which includes;



T cell activation signals:

1- The first signal or stimulus signal:
(MHC class IT + processing Ag.) on (APC) + (TCR) on T cell surface.
2- The second signal or Co-stimulus signal:
(CD86, CD80) on (APC) + CD28 on T cell surface.

When T cell activated, it can produce IL-2 in autocrine or paracrine manner on
the same cell and they help to activate other immune cells by releasing these
cytokines, leading to cell stimulation, clonally expansion and transforming to

effector cells secreting cytokines.

- Effector T- cells producing many types of lymphokines which can activate
macrophages, B-cells, T-cytotoxic cells and Natural killer cells (NK).

- This called immunologic synapse that leads to the production of T—cell
derived cytokines such as IL -2 to T cell subset and IL-4 to B cell.
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http://en.wikipedia.org/wiki/Cytokines

The Signals required for T cell activation
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There are two types of T-helper cells:-

Th1 and Th2.
Th1 products:

IFN-y which activate M@ and stimulate producing antibodies binding
with Fc receptor on Mg, also this increase the expression of MHC
molecules.

IL-2 which is necessary for T-cell proliferation.

Th2 products:

IL-4 (BCGF), necessary for B- cells growth.

IL-5 (BCDF), necessary for B-cells differentiation, class switching, IgE
production and eosinophil’s activation.

IL-10 and IL-11, they inhibit macrophage activation and inhibit cell-
mediated immunity.

Tc (CD8™) can recognize antigen associated with MHC class 1.

Th (CD4™) can recognize antigen associated with MHC class II.

Naive cell recognize Ag.

Effector cell eliminate Ag.

In cell-mediated immunity, Th, Tc and macrophage and their cytokines

may be active when it’s very close together or in direct contact.



The cellular interaction in humoral immune response:

- Certain mechanism for TD antigens includes triggering three types of cell;
(APC), Th and antigen specific B cell.

- Macrophage presents antigen in association with MHC class I1 to Th cell
and secrete 1L-1 which stimulate T cell to proliferate and to secrete IL-2,
which in turn stimulate Th to multiplicate and secrete (BCGF) to
multiplicate B cell and (BCDF) that leads to differentiate B cells to
plasma cells which produce antibodies.

- B-cells can recognize Ag. by surface receptor IgM. Later trigger
proliferation and differentiation into plasma cells to secrete antibodies.

- In TD antigens, the types of produced antibodies are: 1gG, IgA and IgE.
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The cellular interaction in humoral immune response
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Regulation of Immune Response:

1. Suppression:

Can lead to opportunistic infections, but may be appropriate in the following

circumstances:

a. Allergic conditions involving either immediate or delayed hypersensitivities.
b. Autoimmune disease, in which the body destroyed its own tissues through
Immune mechanisms.

c. Transplantation to prolong graft survival.
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2. Enhancement:

Enhancement of the immune response is advantageous in the management of

Immunodeficint patients.
5Ll g el =2
ce el Ggall iage Byla) (8 ate doc lidl) lailY) ks

3. Responsiveness: is the key to immune regulation.

Unresponsiveness: is the absence of an immune response.

Anerqy is a term used for this lack of response.
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Two broad categories of unresponsiveness exist:
a. Immunosuppression.

b. Immunotolerance.
WY ade (e Cpegi llia
el ) -
o) Jeatll —c

a. Immunosuppression: refers to general or broad reduction in the host’s
Immune responsiveness. This may be caused by

1. A congenital defect in the cells of the immune system.
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2. An acquired condition such as infection with HIV, malignancy,

malnutrition, or cytotoxic medication.
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b. Immunotolerance: is the absence of an immune response to a specific

antigenic stimulus.
Omra liae 8l daclie dolaiad gag a2e g8 eliall Jaadll Lo

4. Normal processes: control the immune response.

a. Major histocompatibility complex (MHC) restriction is a self-imposed
regulatory mechanism.
b. The idiotypic network has been proposed as a negative regulatory system.
Anti-idiotypic antibodies are antibodies to the epitope binding region of

the original antibody.
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c. Evidence suggests that the immune system is under neuroendocrine
control by:

1. The sympathetic nervous system interacts with the immune system.

2. .Lymphocytes and macrophages have membrane receptors for
neurotransmitters, such as acetylcholine, norepinephrine, and
endorphins, and lymphocytes secrete endorphin-like compounds.

3. Brain neurons in the hypothalamus have membrane receptors for
interleukins, interferon’s, histamine, serotonin, and prostaglandins,
which are mediators of inflammation.

4. Stress usually produces immunosuppressive effects in the body by

causing release of corticosteroids.

d. The endocrine glands appear to involved in these regulatory network as well
by:
1. Lymphocytes and macrophages have receptors for adrenocorticotropic
hormone (ACTH), corticosteroids, insulin, growth hormone, prolactin,
estradiol, and testosterone.

2. Lymphocytes secret ACTH.
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Regulation of immunity by neurotransmitters

17
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Immune Tolerance %,aum Jaadl)

- Immune tolerance is a state of immunological unresponsiveness (Humoral and
cellular immune response) to particular antigens or antigens that induced by previous

exposure to that antigen. It is included T and B lymphocytes.

- Antigens that induced tolerance called Tolerogen or tolerogenic antigens to

distinguish them from immunogen.

- Tolerance is important because the immune system generates a diversity of antigen-
specific receptors and some of these will be self-reactive. Tolerance prevents

harmful reactivity against body’s own tissues.



- Immune tolerance can be helpful in a number of clinical cases and deficits in
immune tolerance cause auto-immune diseases such as SLE, rheumatoid arthritis

and type 1 diabetes.
- It is classified into two types: Central tolerance and peripheral tolerance (Figure 1).

- Central tolerance of T-cells occurs in thymus while B-cells tolerance occurs in bone

marrow.

- Depending on where the state is induced, it is classified into central (in thymus and

bone marrow) and peripheral (circulating blood and other tissues).
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Figure 1. Central and peripheral tolerance to self-antigen. Immature lymphocytes specific
for self antigens may encounter these antigens in the generative lymphoid organs and
deleted, change their specific 9B cells) or (CD4+ T cellsO develop into regulatory lymphocytes
(Central tolerance). Some of self-reactive lymphocytes may mature and enter peripheral
tissue and may deleted or suppressed by regulatory T cells (peripheral tolerance).



1- Self Immune Tolerance

- In this type of tolerance, unresponsiveness state generates against self-antigens and
the immune system is able to recognize between self and non-self-antigens. This
unresponsiveness called self-immune tolerance or neonatal or natural or central
tolerance.

- Self immune tolerance acquired occurs during the development stages of embryo
due to negative selection of T-cells in thymus.
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2- Acquired Immune Tolerance

- An induced state in which antigens regarded as foreign become as self-antigens by
the immune system. This type of tolerance can induce in a way similar to the
vaccination by injection of antigens.

- It is the absence of immune response to antigens injected during the development
stages of embryo that cause tolerance after exposure to same injected Ags during
life. This type of tolerance can be declined and removed during life if the exposure
to these kinds of Ags did not occur for many times.

- In animal adults, inducing acquired tolerance concludes high levels of Ag which
called Tolerogen for each epitope.

- This type of tolerance could initiate after infection with diseases as shown in the
disability to remove the causative agent or in the case of using immunosuppression
drugs as used in transplantation.
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¢ T-cells immune tolerance

1- Central T-cells tolerance

- This type of tolerance induces in thymus. It is central for all types of lymphocytes

because T-cell is important to induce all kinds of T-cells and B-cells as well.

- T cells central tolerance involved two stages: positive selection and negative

selection.

A- Positive selection (Figure 2)

T-cells maturation and development stages in the thymus called positive selection;
T-cell is produced in bone marrow as naiive cells but they mature in the thymus and
expressed on its surface CD4+ and CD8+ receptors. Many T cells are able to bind

with self-HLA (MHC) expressed on macrophages surface in thymus and these T-



cells are capable to growth and divides. While T-cells are not able to bind with self-

HLA must remove by induction of apoptosis and deletion.

B- Negative selection (Fiqure 2)

- The second stage of T-cells development called negative selection (deletion). Ags
in thymus are self-antigens and cells are react with self-antigens are dangerous and
must be eliminated by apoptosis or some of these cells are developing into regulatory
T cells that regulate T cells function (Figure 3). While cells are could not recognize
self-antigens also must be removed, however cells bind with self-antigens
moderately can growth and develop and forms peripheral T-cell clone in lymph

nodes and lymphoid tissues.

- Cells elimination includes binding of active cells with auto reactive T-cells strongly
with tissue of thymus and thus will be died; while the binding T-cells that reacts with
forging bodies is very weak and thus can be migrate thymus to the secondary

lymphoid system and these processing is called Clonal Deletion.
- The final results of both selections are formation of TCD4+ and TCD8+.

- CTLA-4 plays an important role to induce the immune tolerance. CTLA-4 (CD152)
Is a receptor similar in structure to activating receptor CD28 expressed on CD4+ and
CD8+ T cells, and its function is to inhibit T cell activation by counteracting signals
delivered by the TCR complex and CD28. Thus, CTLA-4 is involved in terminating

T cell responses.



CTLA-4 binds to B7 molecule with high affinity than CD28 and thus prevents B7
co-stimulators on APCs from engaging CD28 and terminates T cells response. In
addition, CTLA-4 delivers inhibitory signals that negate the signals triggered by
TCR. CTLA-4 is also mediator of the inhibitory function of regulatory T cells
(Figure 6).
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Figure 2. Central T cells Tolerance. Recognition of self antigens by immature T cells may
lead to death of the cells (Negative selection), or the development of regulatory T cells that
enter peripheral tissues.



Figure 3. Regulatory T cells. Regulatory T cells are generated from antigen recognition in
the thymus and by antigen recognition in peripheral lymphoid organs (called inducible or
adaptive regulatory T cells. The development and survival of regulatory T cells require IL-
2 and the transcription factor FoxP3. In the peripheral tissues regulatory T cells suppressed
the activation and effector functions of other, self-reactive and potentially pathogenic
lymphocytes.
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2- Peripheral T-cells tolerance (Figure 4)

This process occurs during T-cells development. However, some of active cells can
escape from the deletion in negative selection and able to migrate from thymus to
the secondary lymphoid tissues but this this type of cells still with no response in

two mechanisms as fallowing:-
1- Clonal Anergy (functional unresponsiveness)
2- Clonal Paralysis

This clone can be in circulating but sometimes be under specific condition in

individuals can be active and lead to autoimmune diseases.
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Figure 4. Peripheral T cell tolerance. The signals involved in a anormal response (A) and the

three major mechanism of peripheral T cell tolerance (B).
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Figure 5. Mechanism of T cell anergy. T cell recognize Ag via APC, if T cell recognize self-
antigen with costimulation T cell becomes unresponsiveness to the antigen because of a block
in signaling from TCR complex or engagement of inhibitory receptors (CTLA-4).
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Figure 6. Mechanism of CTLA-4 action.

Phenotype characteristic of regulatory T lymphocytes

Surface markers

CD25 high
CTLA-4
GITR

CD127 (IL-7R «
chain

CD25

CD127 (IL-7Ra)
high

CD25 high or
medium

CD127 (IL-7Ra)
low on effector
cells, high on
memory cells

Table 1. Phenotypic of regulatory T lymphocytes.
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B-cells immune tolerance (Figure 7)

1- Central of B-cells tolerance

- The immune tolerance of B-cells is important because auto-reactive B-cells

produce auto antibodies which lead to destroy the tissues.

- This tolerance occurs during B-cells differentiation in bone marrow and expression
of its receptors (IgM, IgD), while immature B-cells that recognize self and non-self-

antigens will undergo apoptosis or deletion (this mechanism as negative selection).

Wy 40l dacal =i Al dlediall AL LAY o s Lyg pem 80 LIAN Jaanl) dda e
Cadag egill lall abiall & lgaas ol 8L DAY aads GlIN auall 8 AV led Gased

L DAY Jetl Lad il diicad)

L pang daall WIS ) 4580 LAY ol Laaie alaall 23 8 4500 WA (635l Jaatil) Juany
0289 zrayall Cigall auads Luaddll Glacaicddl Sua e Haall Ll Al WA o)y labie e

st AN Gl s dgabie 4y

15



Figure 7. Central tolerance in B cells. Immature B cell recognize self antigens in bone
marrow with high avidity (e.g. multivalent of cells and antigens) die by apoptosis or or
change the specificity of their antigens. Weak recognition of self antigens may lead to anergy

(functional inactivation).
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2- Peripheral B-cells tolerance (Figure 8)

Some of active mature B-cells that recognize self-antigen could escape from
apoptosis and leave bone marrow. This mechanism explained that B- cell to
recognize self-antigens needs for help from Th-cells before activation and producing
antibodies, and because the antigen that recognize by Th and B-cell is self-antigen,
thus Th will not response for it and no signal will transfer to B-cell and lead to
unresponsiveness state of B-cell against this antigen. Also the T-cell clone that
response to self-antigens are deleted in thymus, therefore B-cells will not receive

necessary signal from T-cells and become anergic cells.
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Figure 8. Peripheral tolerance in B cells. B cells that recognize antigens in peripheral tissues

become anergic or die by apoptosis.
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Autoimmune Diseases 4l dslial)  yalal

- Autoimmune disease is a result of specific immune response against self-antigens.

It is characterized as chronic and non-reversible disease.

- Cellular and humoral factors can mediate the generation of autoimmune diseases
such as antibody, immune complex, hypersensitivity, and Tc cell-mediated
immunity, however cellular and humoral factors can mediate together this type of

diseases as shown in hashimoto’s thyroiditis and diabetes mellitus.



- Several factors can effect on the susceptibility in the autoimmune diseases

including:-
1- Sex: high percentage of these diseases is found in women more than men.

2- Age: autoimmune diseases are found with high percentage in age (20-40) years.

- Autoimmune diseases classified into main classes:

1- Organ specific: autoantibodies formed against specific organ as shown in
Hashimoto’s disease (antibodies against thyroid gland).

2- Non-organ specific: as shown with systematic lupus erythromatosus (SLE)
disease and antibodies formed against all the organs in the body such as skin,
kidney and central nervous system
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Immunological theories of autoimmune diseases

1- Forbidden clone theory (Clone selection theory)

This theory explained by Burnet in 1956. This theory explained that immune system
could not be able to react with self-antigens, but this may occur after somatic
mutation in auto-reactive cells responsible to react with self-antigens, and they
suggest that this cell is present in the body but will undergo deletion and this called
forbidden clone.

Examples for this, the protein of brain and lens protein of eye formed during
development stages of embryo before initiation of immune system and if accident
happened to brain and lens the circulating lymphocytes will enter these both organs
and recognize the self-antigens as foreign antigens and destroyed it.

2- Molecular mimicry theory

This theory suggests that antibodies formed against foreign bodies and self-antigens.
Example for this rheumatoid fever after f-hemolytic streprococcus infection. This
explained the streptococcus expressed epitopes on its surface similar to those
expressed on cardiac muscles and valves and thus antibodies formed against this

3



bacteria are able to react with epitopes of cardiac muscles, hyaline liquid in joints or
the basal membrane of glomerula in kidney and caused vulvitis, joints inflammation
and granulomatous.

3- Effect of drugs

Some of drugs and chemicals are able to bind with self-antigens and this caused
autoimmune diseases, B-cells bind to self-non-self-antigen complex which is a
molecule consist of binding of drug molecule with self-antigen such receptors
expressed on the cells and this complex will receive accessary signal from Th-cells
and caused forming of antibodies reacts with self and non-self-antigen as shown in
allergy for penicillin drug.
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Figure 1. Postulated mechanisms of autoimmunity.

Factors affecting on the Autoimmune diseases

1- Genetics: the individuals may inherit some of genes that increase or decrease the
susceptibility to infect with autoimmune diseases. For example: more than 90% of
patient with Ankylosing spondylitis have HLA-B27 gene; also there is a positive

relationship between Grave’s disease and epitopes of MHC.



2- Hormonal effect: the recurrence of autoimmune diseases in women more than
men due to the high levels of estrogen especially during child bearing age because
this hormone stimulates the immune response which may lead to increase the
autoantibodies production in their bodies, and lead to infect with autoimmune

diseases.

3- Environmental factors: Bacteria and viruses could act as stimulators for
autoimmune diseases; they increase the inflammation and may modify the self-
antigens of tissues and MHC receptors expression. Moreover, some of drugs and

chemicals could elevate the incidence of autoimmune diseases.

4- Exposure of sequestered antigens: some of tissues such as tissues in testis,
proteins in eye or myelin basic proteins in central nervous system did not exposure
to immune cells during developmental stages of embryo but the cases associated
with trauma on these organs, it will come out and could recognize by immune cells

as foreign bodies and this lead to generate autoimmune diseases.

5- Loss of immune regulation: decreasing of some of immune system factors such
as T-reg cell leads to increase antibodies production in serum and causing

autoimmune disease.
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Examples for autoimmune diseases

1- Rheumatoid arthritis: it is a systematic disease and autoantibodies are forming in
this disease against joints and network of blood vessels.

2- Diabetes mellitus: forming autoantibodies against B-cells in pancreas (organ
specific).



3- Pernicious anemia: forming autoantibodies against stomach (organ specific).

4- Grave’s disease: forming autoantibodies against thyroid gland and increases in
thyroxin production (organ specific)

5- Myasthenia gravis: forming autoantibodies reacts with acetylcholine receptors
and block the binding with acetylcholine (Ach) and then prevent muscle contraction.

6- Male infertility: forming autoantibodies against spermatozoa and cause clumping
sperms and prevents ovum fertilization.



Figure 2. Role of infection in the development of autoimmunity. A. Normally, encounter of a
mature self-reactive T cell with a self antigen presented by a costimulator-defecient resting
tissue antigen-presenting cell result in peripheral tolerance by anergy. B. microbes may
activate the APCs to express costimulators, and when these APCs present self antigens, the
self-reactive T cells are activated rather than rendered tolerant. C. some microbial antigens
may cross-react with self antigens (Molecular mimicry).
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Detection of autoimmune diseases

Several methods are used to detect these diseases in individuals as fallowing:

1- Direct Immunofluorescence
2- indirect Immunofluorescence
3- ELISA (Enzyme Linked Immunosorbant Assay)
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Immunodeficiency

Immunodeficiency results in an increased risk for opportunistic infections and

tumors. Two types are recognized:-

1- Primary immunodeficiency

- Result from intrinsic defects in cells mediators the innate and adaptive immune

response. It has a genetic basis and is relatively rare.
Causes of the primary immunodeficiency

A- Mutation: effect on any part of the immune system and cause severe disease
B- Polymorphism: effect on any part of immune system and cause a moderate
increase risk for infection.

C- Polygenic disorders: affect mainly antibodies and cause severe disease.
Examples

- Mutation examples: many mutations result are Severe Combined
Immunodeficiency Syndrome (SCID) disorder of both T and B cells. Mutation in
Zap & WASP gene lead to Wiskott-Aldrich Syndrome.

- Defect in B cell function result in recurrent pyogenic infections. Defective
antibody response is due to failure of B cells function as occurs in X-linked
agammaglobulinemia, or failure of proper T cell signals to B cell as occurs in hyper-

IgM syndrome and common variable immunodeficiency.

- Defect in T cell function causes increasing the susceptibility to opportunistic

infections, overactive immune response or dysregulation with autoimmunity.

12



- Hereditary complement component defects cause a number of clinical
syndromes: C1 inhibitor deficiency causes hereditary angioedema (HANE). C5, C6,
C7, C8, factor H factor I and properdin deficiency lead to increases the susceptibility

to infection with N.gonorheae and N. meningitidis.

- Phagocyte defects result in over whelming bacterial and fungal infections, failure

to kill lead to abscess or granulomas depending on the pathogen.

- Leukocyte adhesion deficiency (LAD) is associated with a persistent leukocytosis.
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2- Secondary immunodeficiency

Secondary immunodeficiency is acquired and disrupts the development or function

of an otherwise normal immune system. Major causes of this type are:

A- Malnutrition

B- Viral infection (e.g HIV)

C- latrogenic immune suppression (e.g post-organ transplant)

D- Cancer metastasis or leukemia especially those involving bone marrow
E- Cancer treatment such as chemotherapy or irradiation

F- Surgery or trauma

G- Chronic diseases, debility or stress

H- Advanced age
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Hyper Sensitivity Reactions  dawlual) b d cdle Wi

Hyper sensitivity means rapid (sudden) reaction no fumbling immune rapid antigen
shows the effects of tissue within minutes of entering the antigen and its interaction
with the antibody and its own, and be the first response is harmless to the body while
going on inflation in the second response, which cause a negative impact on the
individual rather than protect them so called (Anaphylaxis). Moreover, these
immune reactions that lead to tissue damage as a result of physical response against
a specific antigen, and was named so as to inflate the occurrence of this response in
the exposure with antigen, which was normal in the first exposure. These reactions

were classified by Gell and Coombs worlds into four basic types:



1- Type | immediate Hyper Sensitivity Reaction.
2- Type Il Cytotoxic Reaction.
3-Type Il Immune complex-mediated hyper sensitivity Reaction.

4-Type IV (Delayed or Cell Mediated Reaction)

Hyper sensitivity Reactions: dswluwall Jad cdelds
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1- Type | immediate Hyper Sensitivity Reaction.

Antibody IgE: is opposite the primary responsible for this type of interaction which
has a high avidity with mast cells and basophils this so called (Homocytotropic),
which contains the surface of each of these cells to recipients of the heavy chain
(FceR) antibody IgE, which is produced from plasma cells. IgE production cells are
under the control of helper T cells and by lymphokines produced. Where the Th2
produces IL-4, which runs on the induction process Class-Switching from IgM

antibody to IgE antibody.
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How occurrence or mechanical interaction:-

The first exposure with allergen stimulates a quantitative production of IgE, and then
these antibodies combine with the surface of mast cells and basophils, while in the
second exposure to the same antigen reaction occurs between antigen and the IgE
antibody on the surface of these cells directly, where the linking between the arms
of these opposites and this is what causes the cells to produce chemical materials
such as histamine which cause smooth muscle contraction, increase the permeability
of the capillary vessels, increased mucous secretions and production of chemical

attractions Chemokines.
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2- Hypersensitivity reactions Type Il: Type |l Cytotoxic Reaction

This occurs through the interaction of the following requirements: -

a. Antibodies type (IgG or IgM)
b. Cell bound antigen

c. Natural killer (NK) cells

d. Complement System

This reaction occurs after binding Abs with cell bound antigen such as RBCs which
in turn induce the fallowing process that destroyed this complex with RBCs :

1- Cell lysis by complement system

2- Phagocytosis

3- Activation of NKs ADCC system which in turn destroyed RBs with antigen
and cause anemia.
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3- Immune complex-mediated reaction (Type I11)

This type of interactions occurs as a result of the immune complexes formation
(antibody and antigen) in the blood vessels and then deposited in the tissues, and
damage occurs by site sedimentation (arthritis, nephritis, vasculitis, skin lesions).
The first step of interaction is to be immune complexes dissolved in bloodstream.
Damage occurs here when the immune complexes formed are small and hence to
talk their process of phagocytosis, and as a result deposition. After complement
activation, chemotaxins are formed such as C3a and Cb5a that enhanced the
permeability of capillary blood vessels and the migration of PMNSs), to the site of
interaction, that produce proteolytic granules and lead to immune complex and tissue

lysis.



There are several clinical types of this interaction:-

1- Arthus reaction: Itis the deposition of immune complexes in the local dermis
process by drugs or other materials.

2- Serum Sickness: - It is the deposition of immune complexes due to injection
the individuals by serum contain anti-toxins agents against bacteria, both

reactions caused vascultitis at the end of the reaction.

Gl Jaadl) dlual) bajd cdle e

dosel dueg¥) 8 ( Cladaiedly JaaYl) daclial) Claieal) (568 dais el e gaill 138 Cuany
Giny VAN IS Ay (RS ¢ alal) Cunll aisa coua ) pual) Gianage daad) g o Gag
Cihaaall (s Ladie Ua ) pall Giaay adiall Jaditn ) (5ol aag laca (IgM 5 19G) dacal <y
0585 () (835 atiall Jasdii () Lgaua s Ay danly dlee g iaan Ml 8yinm 435S0l dae Lidl)
sl WAl Chemotaxis dibes cis dalse 2 o3ay Chac C3a: Jia ducayall milgill Liany
dise A deaiy il Jalgad GilainlS dam Gua ¢ delall adge ) Neutrophils (PMN)
Proteolytic sl Wlail s Wil da Julby duelial @lsbad) 2l fas & ¢ delal
Siaall lgab sy Al dadaiall Gl 8 mandl) )y 8 Canndii Cume (9AY) daludl clially enzyme

- ilgall el aylans ) (535 L 13y



—: delall (e gl gl dayye jallae sac 2agi -

dilide shalic & Immune Complexes 4 liall cliiadll i a9 =2 Arthus Reaction -1

el 313 8 (A g 5l AusV) e s sl 0

Baliaall Jguaall (amy Gl clac) 4o deliall colaiaall cawyi ga9 —:Serum Sickness -2

Agadll e V) Clally Gl aany 4sld odle) cule il AS by LSl o gad

bl Badl) Lpslal) Jaj cdlelis -4

4- Cell-Mediated Reactions (Type V) Delayed Hypersensitivity
This is different from the type of interaction in previous interactions are essential:-

A. This interaction is mediated by cells only (no role for antibody and
complement system).

B. Delayed the appearance of symptoms (24-48 hours).

Two types of T-lymphocyte have a role in this type of reaction: T-cytotoxic and

Delayed Type Hypersensitivity (DTH).

In the first reaction, T-Cytotoxic cells causes damage to tissue by the production

of lymphokines which are toxic.

In the second reaction, T-dth effect on the other cells such as macrophages which

have the biggest act in the events of histological damage.
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Type 1V (Delayed type hypersensitivity) reactions :4 J<i

A: overview of the DTH response. B: a prolonged DTH response can lead to
formation of a granuloma, a nodule-like mass.
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