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Introduction

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

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

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

o The adaptive response is unique to vertebrates, reacting to foreign invaders
with specificity and selectivity. On the other words the immune system is the
Human Battle against the Microbe World.

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

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

diabetes mellitus.



Essential differences between the innate and adaptive

Immune systems

Innate immune system Adaptive immune system

* Provides a rapid response. * The response takes time to develop,

* It is not antigen specific. because:

*The response does not * 1t is specific for each different antigen
improve with repeated * Initial exposure to an antigen leaves
exposure. memory cells; subsequent infections

with the same antigen are therefore

dealt with more quickly.
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History of immunoloqy:

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.

« 1796 — Edward Jenner: First demonstration of vaccination smallpox

vaccination

o 1857-1870 — Louis Pasteur: Confirmation of the role of microbes in

fermentation

« 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

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

structure

« 1963 - Gell and Coombs: classification of hypersensitivity
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1971 — Peter Perlmann and Eva Engvall at Stockholm University invented
ELISA
1972 — Structure of the antibody molecule

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

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 IL-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 Immunology

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

disorders.
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Cellular components of immune system

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

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

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

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

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

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

3- Erythroid progenitor: forms red blood cells (RBCs)
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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
by antigen presenting cells (APCs).

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

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

b- B-lymphocytes

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

- Formation of memory cells.
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2- Large Lymphocytes
Natural Killer (NK) cells (Innate immunity)

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

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

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

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

Myeloid progenitor (Innate immunity)

A- Neutrophils (PMNSs)

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

leukocyte in the blood stream.

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

basic and acidic dyes, thus appear with purple color.

- Neutrophils are the important cell of innate immune response because it is one of
the first-responder inflammatory cells and migrate to the injury site and thus act as

the first line of body defense against foreign invaders.

The main function of neutrophils is phagocytosis.



- Neutrophils have three types of cytoplasmic granules:

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

3. Gelatinize-containing granules.

£ e

Neutrophil
B- Eosinophil

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

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

- Responsible for the immune response against parasitic worms such as
schistosoma due to containing antiparasitic agents such as cathepsin, peroxidase

and histaminase.



Eosinophil
D- Basophil

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

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

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

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

Basophil
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a4 Mast cells

E- Monocyte-macrophage system

Non- granulated cells with kidney-shaped nucleus.

They are constitute (2-9%) of leukocyte.

Part of innate immune response

They have Fc receptor for IgG antibody and c3b receptor of complement
system.

Monocyte develop into macrophage in tissues; Macrophages have several

functions including:

1- Scavenger of cellular debris

2- Phagocytosis

3- Antigen presenting cell (APC)

4- Initiation and regulation of immune response

5- Cytokines production.

Macrophage in tissues have different names depending on the tissues site as

following:
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Organ Name of macrophage

Liver Kupffer cell

. Pulmonary macrophage or alveolar
ung
macrophage or dust cell

Kidney Mesangial cell

Brain Microglial cell

Bone Osteoclasts

Connective tissues Histocytes

Gut Intestinal macrophages

Skin Dendritic cell or Langerhans cells

B

Monocyte

12



Monocyte-macrophage system dsaalidly 8)sill 306l LAY —4

c3b L 19G J sbadl avall FC Juiin Lol LA JR5 e 8l I3 dune e WA -
.(u:\A\ (..ué;s
aald) dlaay alislly (golall (,uaj\ )y -

S sl 2 bl Ao i) st ailasi APC (V) ai -

4\:\5 B.J‘,;}d\ }..aad\ wag daha o «;Lc.u:h G“""‘:’ -

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

13



- Their main function is to process antigen material and present it to the T cells of
the immune system. They act as messengers between the innate and the adaptive

Immune system.
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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

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

B- Bone marrow

- Site of B-cell development and maturation (bursa fabricius in birds).

- Site of hematopoiesis (including red blood cells (RBCs) production).
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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)

8
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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:

1- Afferent vessels drain to nodes.

2- Efferent vessels drain out of nodes.
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Figure 2. 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.

12
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Figure 3. 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 (MALTYS)

(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 parasites. Important for immunity of mucosa layer producing secretory
IgA (Figure 5).

14



Dr. Anwar Edrees, Dr. Hazima Moussa, Dr. Sahar Saadi, Dr. Hanan Yassin
(MALTS) Jaliall o Lially dagipall 4 glialll daudy)
Aglall) sanlly Lulsll Jodl Sleally gailly dlsed) onills asalills slaaYl 3 525250 (MALTS)
LAaaaall

adagiyal) Aphalad) 2023 g )ledall aliall ml) 8 Bole 3agasal) Claiall b dranic MALT 2agi ¢
Al ellladly ¢ il Sleally ¢ SO0 Lulall Sleally

lead gl (B85 oty LAyglialll cDlayeall & Gl A3l Ay aalll LAY e shlidl sda (g5iai .
Glaailly dagiyall Apslaalll dawlly (GALT) elaa¥l dlagyall dpslialll Aol Jio anall 8
sty Ay sall 330305 (BALT) 4l el

oo Agsue oas 480N DAL due (55 Peyer b ady and 0,40 Clagall e GALT (585 @

clliidally s g il L€l Jia g yall Cilissal) aum delial)

15



Dr. Anwar Edrees, Dr. Hazima Moussa, Dr. Sahar Saadi, Dr. Hanan Yassin

Intestinal lumen

Follicle Inductive site Villi

"‘

Y7 Yk SLS
‘. o%a | e
NG o2 PSR ==Y
N XEH [EI EE : N H i
AN, 47 FESXILe D& I7 e 1 T A <

AT ZIH BESES H S B SR

[(F XS/ ~F /3T [ = EE 2= am

-gAV [F = £ 377 =F 2 — 2 R

A F /H H =H = = ‘ ’.‘*.:

8/ HH HERE B S SS9
X/ O H H 3R BE D % )
- 37 't 3 4 e N3
X 7 - = —c =
RS =3 7 % ‘,.
= >
ina

follicle

~ J

v Germinal
Peyer’s patch center

Figure 4. cross-sectional diagram of mucous membrane lining ingestine,
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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).

Epitope 1

Epitope 5

Epitope 4

Epitope 2

Epitope

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.

Ag. Has only
one copy epitope

'Thymus-dependent antigens
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Super antigens (SAQS)

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 4 Uall cfidaal) & 55 Al Jalgd)

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.

> wnh 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
Immune 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

10



- 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 immunoglobulines




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 1gG) 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 (Fiqure 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.

2- Constant region (C)

In the 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 (COQO")


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

- 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/Complement_system
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Figure 4-6
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W. H. Freeman and Company

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)

PAa (e Edelman and Porter olallell J cpe saliaall sluadU alal) (S5l e Cayaill a3
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H chain Pepsin
digestion
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chgcstmn Mercaptoethanol
reduction
Fab Fah
/7 _ _
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: HS ~SH | rSH
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.

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. 19G
- 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.

- Produce in the secondary immune response. . The concentration in the serum
1s 12.4 pg/ml

- Half-life of I1gG is 23 days

- IgG is monomere and the heavy chain is with Gamma (y) type.

- 1gG molecular weight is with 160 kDa

- It is has four isotypes: 1gG1, 19G2, 1gG3, 1gG4

< 055 L liall Glidgslal) £gane (10 %80 &l 70 (e Jsa o liall Galgnslall 138 Jiay
) acall 13a L) (1) LS s (e b 4 ALED ALululy dapiial) s e A0 4l ¢ dlal A5
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http://www.mondofacto.com/facts/dictionary?query=monocyte&action=lookup
http://www.mondofacto.com/facts/dictionary?polymorphonuclear+leukocyte

\ Hinge

region

2- IgM

IgM exists as a pentamer (consist of five parts binds together by J chain). the
heavy chain 1s with Meo (p) 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)

led) (e i (8 Daulul Gl dued e (5 G Laas SV JaDY) e psill 18 i
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' IgM (pentamer)

Y 4

Disulfide

3- IgA

IgA is exist in two forms:

1. Serum IgA

2. Secretary IgA (SlgA): 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: IgALl, IgA2.

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

11
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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.

It is exist as monomeric and the heavy chain is with Epsilon (g) type.
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IgE

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 (3) type.

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

- Destroyed by heating and digestive enzymes
WAl mhass e anss (8) Wl g5 e (oa 408 ALEN Alulally Zala) yja IS5 6K sl 1
Aaalgd) clapiVls sl slad) avall 13a alasy L4500

IgD
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Lecture 6

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)
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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.

2



- The lacrimal gland is found in the eye and it is small almond shapul 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.

(Dl parianall (0 65 (e Lgadai o Ly SN g3 Glais Laa DIS

-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.

) 5ells A gamall UK 5 Ll 3 sk e pelaall g as) Jans

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.

wole Ll (5 iy (ol RN laa o Jant) dilide Al by il e (5 5ia3 <)Y ells O
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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 (IFNSs)

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

- Fibronectin:
- It 'is a glycoprotein (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.
Aaal 3alS Jary Cus cAaaldl Alas appudt (8 Lage D andy crasall andy (oS0 Gligp i -
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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 that present in gastric intestinal tract (GIT), in skin, in
reproductive system, which act as barriers to infection because it compete with

pathogens on the food and space.
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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-a 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 Kkilling cancer cells and used as a medical treatment to eliminate

tumors.
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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.
Glalise (Plast LaglY @lldy uliall cDleld 3 Al duall WA, 5080 LAY 0 DS i
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3- Plasma proteins (humoral barriers) include:

1. Coagulation system
2. Fibrolytic system
3. Kinin system

4. Complement system

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

cell lysis.
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Lecture 7

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.
o slaill 8 dealdl WA, sdbcaddl pleaV) ALE JS 4l (JeSd) acidl sy ew
cni€ally gyl e liall aUsill (he gia ydinyg. il adll

» 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.

» 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.


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

» 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).


http://en.wikipedia.org/wiki/Amplification_(molecular_biology)
http://en.wikipedia.org/wiki/Activation
http://en.wikipedia.org/wiki/Membrane_attack_complex
http://en.wikipedia.org/wiki/Metabolic_pathway
http://en.wikipedia.org/wiki/Classical_complement_pathway
http://en.wikipedia.org/wiki/Classical_complement_pathway
http://en.wikipedia.org/wiki/Alternative_complement_pathway
http://en.wikipedia.org/wiki/Lectin_pathway
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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.

Classical pathway (Figure 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.


http://en.wikipedia.org/wiki/Complement_membrane_attack_complex
http://en.wikipedia.org/wiki/Innate_immunity
http://en.wikipedia.org/wiki/Classical_complement_pathway

» The classical pathway is triggered when Clq binds to IgM or IgG complexed

with antigens.
» 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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Clq

Figure 2.42 Thel Sy 3ed. (© Garland Science 2009)

» The C1r,s, component now splits C4 and then C2, producing C4a, C4b, C2a,
and C2b.


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
http://en.wikipedia.org/wiki/Complement_component_1S
http://en.wikipedia.org/wiki/Complement_component_4
http://en.wikipedia.org/wiki/Complement_component_2

» 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.

» 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.


http://en.wikipedia.org/wiki/Complement_membrane_attack_complex
http://en.wikipedia.org/wiki/Complement_membrane_attack_complex
http://en.wikipedia.org/wiki/Complement_membrane_attack_complex
http://en.wikipedia.org/wiki/Complement_component_6
http://en.wikipedia.org/wiki/Complement_component_7
http://en.wikipedia.org/wiki/C8_complex
http://en.wikipedia.org/wiki/Complement_component_9
http://en.wikipedia.org/wiki/Complement_membrane_attack_complex
http://en.wikipedia.org/wiki/Osmosis
http://en.wikipedia.org/wiki/Phagocyte
http://en.wikipedia.org/wiki/Opsonization
http://en.wikipedia.org/wiki/C5a
http://en.wikipedia.org/wiki/Chemokine
http://en.wikipedia.org/wiki/Anaphylatoxin
http://en.wikipedia.org/wiki/Degranulation
http://en.wikipedia.org/wiki/Mast_cell
http://en.wikipedia.org/wiki/Smooth_muscle
http://en.wikipedia.org/wiki/Smooth_muscle
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» Classical pathway has three units to work:
1- Recognition unit includes: Cl1q, C1r and C1s.
2- Activation or amplification unit includes: C4, C2 and C3.

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



Antigen-
Antibody
Complex

Clgrs

4
2

COMPLEMENT ACTIVATION
BY CLASSICAL PATHWAY

s Cda
= C2h

Cdbla (C3 convertase)

3

“or3a

C4b2a3b (CS convertase)

5=

\“‘—)CSa

CSI:HE,

Cell membrane

i i1 Sridhar Fao

Figure 1. The classical pathway of the complement system



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.
Jlaa lie dauls luall 138 Jadinyg dpdadll deliall jualic aal Juadl Goylally adiall jlue iy
& sasasall Laall saneiall LSl Jie fldglall mays G plally dgylailly 4,00 440

ahS iaal Lunsal) LK) L teichoic 31 (mala b ges ahS isal Al LSyl

lyy (il WIS mphu e (IC30 Jlaial 4bal Yy C3 Gl aciall ejal) oS Joasy ¥
i yally Tapall AN mslav (585 Lot oleaSli aiai illy aUaill Zaliial) Ciliigul) 3gn s
o olE Slusd) 138 iy G celiadyl odn Juiy Lty luall 138 o) Lasy colial) sdes 48U 5 Ahule

aaiall cilifigyd) el e alaie) (Rapall) 2 ) WA, 2803 DAY Gule Sl

» 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 aqueous 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 I.

» 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 iC3b) 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



Lectin pathway (Figure 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).

cilimyadl polan Jejsilall Wi ao (MBL silalls Lagiyall (iSlll) alasly oSl dllse Jadisi

........ 1388y AUy aalyl) eiall Jladsy &5 (e
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Figure 3. The lectin pathway of the complement system
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Reqgulation 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.

Wl el e ang o protectin gaws adiall alail ddaidl cliggull e CD59 ) iy
@) byl Loy 4 G caniall pUai Alandsy Jlaill e AN LAY G sl e Jeays gl

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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