
                                                          
 

    
*********************************************************************************************************************** 

1 
 

College Al-Safwa University  

Pathological Analysis Department 

2018-2019  

 

Immunology - Lec.:- 1  

 
 

 

Immunology 

Immunology is a branch of biomedical science which covers the study of all aspects 

of the immune system in all organisms.  

It deals with the physiological functions of the immune system in cases of both 

health and diseases; failures of the immune system in immunological disorders; the 

physical, chemical and physiological characteristics of the immune system components in 

vitro, in situ and in vivo.  

 

Classify of Immune System  

The immune system is a system of many biological structures and processes within 

an organism that protects against disease. Its function is detect a wide variety of agents, 

known as pathogens, from viruses to parasitic worms, and distinguish them from the 

organism's own healthy tissue.  

The immune system can be classified into subsystems: the innate immune system 

versus the adaptive immune system, or humoral immunity versus cell-mediated immunity.  

 

Innate immune system (nonspecific immune system)  

If microbes should penetrate the body's first line of defense-the mechanical, 

chemical , and biological barriers- the innate immune system provides the second line of 

defense (the first immunologic line of defense) against infection. Because its components 

are always in an activated or near-activated state, responses by the innate immune system 

occur much faster than those of the adaptive immune system that provides the third line 

of defense (the second immunologic line of defense) . 

The innate immune system is comprises the cells and mechanisms that defend the 

host from infection by other organisms.  
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General characteristics of innate immune system: 

1. Innate immune defenses are non-specific, meaning these systems respond to 

pathogens in a generic way.  

2. This system does not confer long-lasting immunity against a pathogen.  

3. They are the dominant system of host defense in most organisms.  

4. Innate immune systems provide immediate defense against infection, and are found 

in plants, fungi, insects, and primitive multicellular organisms.  

5. They include both humoral immunity components and cell-mediated immunity 

components.  

 

The major functions of the vertebrate innate immune system include:  

1. Recruiting immune cells to sites of infection, through the production of chemical 

factors, called cytokines.  

2. Activation of the complement cascade to identify bacteria, activate cells, and 

promote clearance of antibody complexes or dead cells 

3. The identification and removal of foreign substances present in organs, tissues, the 

blood and lymph, by specialized white blood cells.  

4. Activation of the adaptive immune system through a process known as antigen 

presentation.  

5. Acting as a physical and chemical barrier to infectious agents.  

 

The Adaptive immune system (specific immune system)  

The adaptive immune system (acquired immune or the specific immune system) is 

composed of highly specialized, systemic cells and processes that eliminate or prevent 

pathogen growth. The adaptive immune system is found in vertebrates. 
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Characteristics of Adaptive immune system: 

1. The adaptive immune system is highly specific to a specific pathogen.  

2. It creates immunological memory after an initial response to a specific pathogen, 

leads to an enhanced response to subsequent encounters with that pathogen.  

3. It includes both humoral immunity components and cell-mediated immunity 

components.  

4. Adaptive immunity can also provide long-lasting protection: for example; someone 

who recovers from measles is now protected against measles for their lifetime but in 

other cases it does not provide lifetime protection: for example; chickenpox. The 

adaptive system response destroys invading pathogens and any toxic molecules they 

produce. 

 

Anatomical barriers  

Anatomical barriers include physical, chemical and biological barriers.  

a) The epithelial surfaces form a physical barrier that is impermeable to most 

infectious agents, acting as the first line of defense against invading organisms.  

b) Desquamation of skin epithelium also helps remove bacteria and other infectious 

agents that have adhered to the epithelial surfaces.  

c) In the gastrointestinal and respiratory tract, movement due to peristalsis or cilia, 

respectively, helps remove infectious agents.  

d) Mucus traps infectious agents.  

e) The gut flora can prevent the colonization of pathogenic bacteria by secreting toxic 

substances or by competing with pathogenic bacteria for nutrients or attachment to 

cell surfaces.  

f) The flushing action of tears and saliva helps prevent infection of the eyes and 

mouth.  
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Complement system  

Complement is a collective term for a system of enzymes and proteins that function 

in both the innate and adaptive branches of the immune system as soluble means of 

protection against pathogens that evade cellular contact.  

In the innate immune system, complement can be activated in two ways: via the 

alternative pathway or via the mannan-binding lectin ( MBL) pathway. Complement can 

also be activated in the adaptive immune system via the classical pathway that begins with 

antigen-antibody complexes.  

Regardless of the pathway of activation, functions of complement include lysis of 

bacteria, cells, and viruses; promotion of phagocytosis (opsonization); triggering of 

inflammation and secretion of immunoregulatory molecules; and clearance of immune 

complexes from circulation . 

 

Inflammation  

Inflammation is one of the first responses of the immune system to infection or 

irritation. It is stimulated by chemical factors released by injured cells and serves to 

establish a physical barrier against the spread of infection, and to promote healing of any 

damaged tissue following the clearance of pathogens.  

Components of both the innate and adaptive immune systems may respond to 

certain antigens to initiate a process known as inflammation.  

The cardinal signs of inflammation are pain,  heat, redness, swelling, and loss of 

function.  

Enlarged capillaries that result from vasodilation cause redness (erythema) and an 

increase in tissue temperature. Increased capillary permeability allows for an influx of 

fluid and cells, contributing to swelling (edema). 

Phagocytic cells attracted to the site release lytic enzymes, damaging healthy cells. 

An accumulation of dead cells and fluid forms pus, whereas mediators released by 

phagocytic cells stimulate nerves and cause pain .  
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The innate immune system contributes to inflammation by activating the alternative 

and lectin-binding complement pathways, attracting and activating phagocytic cells that 

secrete cytokines and chemokines, activating NK cells, altering vascular permeability, and 

increasing body temperature 

 

Anaphylotoxins:  

The small fragments (C3a, C4a, C5a) generated by the cleavage of C3 and C5 in the 

alternative pathway and of C3, C4, and C5 in the MBL pathway act as anaphylotoxins. 

Anaphylotoxins attract and activate different types of leukocytes. They draw additional 

cells to the site of infection to help eliminate the microbes. C5a has the most potent effect, 

followed by C3a and C4a. 

 

Cellular Barriers  

Leukocytes (white blood cells) act like independent, single-celled organisms and are 

the second arm of the innate immune system. The innate leukocytes include the 

phagocytes (macrophages, neutrophils, and dendritic cells), mast cells, eosinophils, 

basophils, and natural killer cells. These cells identify and eliminate pathogens either by 

attacking larger pathogens through contact or by engulfing and then killing 

microorganisms. Innate cells are also important mediators in the activation of the adaptive 

immune system. 

 

Immunological cells 

White blood cells or leukocytes serve as sentinels and defenders against infection by 

patrolling the tissues and organs of the body. They move around the body via the 

lymphatic and blood circulatory systems and can leave and reenter the circulation to move 

through body tissues. As "soldiers" of the immune system , leukocytes have specialized 

roles in defense of the body. 
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Lymphocytes  

The cells of the adaptive immune system are special types of leukocytes, called 

lymphocytes. They are derived from hematopoietic stem cells in the bone marrow. They 

include T cells (for cell-mediated, cytotoxic adaptive immunity), B cells (for humoral, 

antibody-driven adaptive immunity) and natural killer cells (which function in cell-

mediated, cytotoxic innate immunity). They are the main type of cell found in lymph, 

which prompted the name lymphocyte.  

1- T Lymphocyte  

T lymphocytes are a type of white blood cells that plays a central role in cell-

mediated immunity. They are characteristic by the presence of a T-cell receptor (TCR) on 

the cell surface. They are called T cells because they mature in the thymus.  

T cells can be identified by the presence of the CD3 (cluster of differentiation 3) 

molecule that is associated with the TCR on the T-cell surface. Two other CD molecules 

are also used to identify CD3+ T-cell subsets, CD4 and CD8, and to readily distinguish 

their potential immune function. There are several types of T lymphocyte:  

a. T Helper cells (CD4+ T cells)  

b. Cytotoxic T lymphocytes (CD8+ T cells)  

c. Memory T cells  

d. Suppresser T cells 

e. Natural Killer T cell 

f. Mucosal associated invariant T cells 

g. Gamma Delta T cells  

 

A. CD4 + T cells:  

These cells account for approximately two-thirds of mature CD3+ T cells. CD4 

molecules displayed on the surfaces of these T cells recognize a non-peptide-binding 

portion of MHC class II (Major Histocompatipality Complex) molecules. As a result, CD4 
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+ T cells, also known as helper T (Th) cells, are "restricted" to the recognition of MHC 

class II complexes.  

B. CD8 + T cells  

CD8+ T cells account for approximately one-third of all mature CD3+ T cells. CD8 

molecules displayed on the surfaces of these T cells recognize the non-peptide-binding 

portion of MHC class I molecules. Functionally, CD8+ T cells are also known as cytotoxic 

T (Tc) and some act as suppressor T (Ts) cells.  

Tc cells identify body cells that are infected with intracellular organisms, such as 

viruses and intracellular bacteria, and eliminate the cells harboring these organisms. Ts 

cells function to down regulate and thus control adaptive immune responses.  

 

2- B Lymphocyte  

B lymphocytes are a type of white blood cells. They function in the humoral 

immunity component of the adaptive immune system by secreting antibodies. 

Additionally, B cells present antigen (so called antigen-presenting cells (APCs)) and 

secrete cytokines.  

In mammals, B cells mature in the bone marrow. In birds, B cells mature in the 

bursa of Fabricius.  

B cells express B cell receptors (BCRs) on their cell membrane, that allow the B 

cell to bind a specific antigen, against which it will initiate an antibody response.  

 

3- Natural killer cell  

NK cells are a part of the innate immune system and play a major role in defending 

the host from both tumors and virally infected cells. NK cells distinguish infected cells and 

tumors from normal and uninfected cells by recognizing changes of a surface molecule 

called MHC class I.  

NK cells are activated in response to a family of cytokines called interferon. 

Activated NK cells release cytotoxic (cell-killing) granules which then destroy the 
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transformed cells. They were named "natural killer cells" because of they do not require 

prior activation in order to kill cells which are missing MHC class I.  

 

The Receptors of Lymphatic cells:  

The immune system must be able to distinguish its own molecules, cells, and organs (self) 

from those of foreign origin (nonself or antigen). The innate immune system does this by 

expressing, on the surfaces of its cells, pattern recognition receptors (PRRs) that recognize 

structures on potentially invasive organisms. The adaptive immune system uses specific 

T-cell and B-cell receptors (TCRs and BCRs) .  

 

a- TCR  

T lymphocytes express T cell receptor (TCR) on their surface, is a molecule that is 

responsible for recognizing antigens bound to major histocompatibility complex (MHC) 

molecules.  

When the TCR engages with antigenic peptide and MHC, the T lymphocyte is 

activated through signal transduction, that is, a series of biochemical events and activated 

or released transcription factors.  

 

b- BCR  

B lymphocyte express B cell receptor (BCR), which is a transmembrane receptor 

protein located on the outer surface of B-cells. When a B-cell is activated by its first 

encounter with an antigen that binds to its receptor, the cell proliferates and differentiates 

to generate a population of antibody-secreting plasma B cells and memory B cells.  

 

c- Activating and Inhibitory Receptors  

NK cells are express activating receptors and inhibitory receptors. Activation of natural 

killer cell is determined by the balance of inhibitory and activating receptor stimulation.  
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Development  

Mammalian stem cells differentiate into several kinds of blood cell within the bone 

marrow. This process is called haematopoiesis. All lymphocytes originate, during this 

process, from a common lymphoid progenitor before differentiating into their distinct 

lymphocyte types. The differentiation of lymphocytes follows various pathways in a 

hierarchical fashion as well as in a more plastic fashion.  

The formation of lymphocytes is known as lymphopoiesis. B cells mature into B 

lymphocytes in the bone marrow, while T cells migrate to and mature in a distinct organ, 

called the thymus. Following maturation, the lymphocytes enter the circulation and 

peripheral lymphoid organs (e.g. the spleen and lymph nodes) where they survey for 

invading pathogens and/or tumor cells.  

The lymphocytes involved in adaptive immunity (i.e. B and T cells) differentiate 

further after exposure to an antigen; they form effector and memory lymphocytes.  

Effector lymphocytes function to eliminate the antigen, either by releasing 

antibodies (in the case of B cells), cytotoxic granules (cytotoxic T cells) or by signaling to 

other cells of the immune system (helper T cells).  

Memory T cells remain in the peripheral tissues and circulation for an extended time 

ready to respond to the same antigen upon future exposure. They live weeks to several 

years to a whole lifetime, which is very long compared to other leukocytes. 
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Cells of innate immune system (Leukocytes)  

The innate leukocytes include: Natural killer cells, mast cells, eosinophils, basophils; 

and the phagocytic cells include macrophages, neutrophils, and dendritic cells, and 

function within the immune system by identifying and eliminating pathogens that 

might cause infection. 
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Many of the cells in the innate immune system (such as dendritic cells,macrophages, 

mast cells, neutrophils, basophils and eosinophils) produce cytokines or interact with 

other cells directly in order to activate the adaptive immune system.  

 

 

Phagocytosis (The cellular response to infection) 

Phagocytosis is process of ingestion and destruction of pathogen by cells named 

phagocytes. Macrophages and neutrophils are the main types of phagocytes cells.The 

way that macrophages and neutrophils phagocytic microbes is the same and it involve 

four steps: 

1.Attachment of the phagocytes to the nonself-molecule or particle, which may be 

pathogen, dead or damaged cells or very tiny of piece of tissue. 

2. Ingestion by extending the pseudopodia around the particle. The particle is 

engulfed by the phagocyte and it is taken inside the cell as a phagocytic vacuole. 

3. Killing. The live engulfed particle such as bacterium will be killed by phagocyte 

by one of various mechanisms. 
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4. Degradation. The phagocytic vacuole release enzymes, that are broken down the 

phagocytosed particles whether it is pathogen, dead cell or tiny piece of tissue. 

 

Antigen presenting cells (APC) 

An antigen-presenting cell (APC) or accessory cell is a cell that displays 

foreign antigens complexed with major histocompatibility complexes (MHCs) on 

their surfaces; this process is known as antigen presentation.  

T-cells may recognize these complexes using their T-cell receptors (TCRs). 

These cells process antigens and present them to T-cells.  

There are three major types of APCs known (which are listed below in 

descending order of antigen-presenting ability):  

Dendritic cells  

Macrophages  

B cells  
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Fig. 4: Antigen presenting cells.  

Lymphoid Organs 

The organs of the immune system are positioned throughout the body. They 

are called lymphoid organs because they are home to lymphocytes, small white blood 

cells that are the key players in the immune system.  

There are two groups of immune system organs.  

1. Primary organs where immature lymphocytes develop  

a) Thymus  

b) Bone marrow  

2. Secondary tissues where antigen is localized so that it can be effectively 

exposed to mature lymphocytes  

a) Lymph nodes  

b) Spleen  

c) Peyer's Patches  

d) Mucosal-Associated Lymphoid Tissue (MALT)  

e) Tonsils  
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f) Appendix  

g)  

 

 

Fig. 1: Lymphatics, lymphoid organs 

and tissues. 
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Ligands recognized by cells of both the innate and adaptive immune 

systems are collectively known as antigens. It  may be simple or complex, 

protein, carbohydrate, or synthetic in origin 

The smallest individually identifiable part of an antigen that is bound 

by a receptor is known as an epitope. 

An antigen is defined as an organism, a molecule, or part of a 

molecule that is recognized by the immune system, and are capable of 

interacting with the elements of immune response either humoral elements 

(antibodies) or cellular elements (T- lymphocyte receptors).  

Immune responses are initiated by the interaction between a ligand 

and a receptor protein on the cell's surface of a soluble receptor. These 

interactions trigger the activation of leukocytes or white blood cells. 

 

 

Fig.1: Receptor-ligand interactions. Receptors bind molecules or 

ligands that may be either soluble or bound to membranes. If 

the binding is sufficient, the receptor is able to provide a 

signal to the cell. 
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1. Epitopes : The basic recognition unit 

Antigen receptors recognize discrete regions of molecules called 

antigenic determinants or epitopes, the smallest part of an antigen that is 

"seen" by somatically generated B- and T-cell receptors. The antigen to be 

immunogenic it must possess at least two epitopes or more.  

 

Fig.2: Epitopes and antigens: degrees of complexity. Complex 

antigens may contain large numbers of different epitopes. 

 

2. Immunogens 

lmmunogens contain epitopes that both induce an immune response and 

are the targets of that response. 

All immunogens are antigens but not all antigens are immunogens, 

sometime the antigen do not evoke the immune response. 
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3. Haptens 

Haptens are small, normally nonimmunogenic, molecules, usually of 

nonbiologic origin, that behave like synthetic epitopes. 

Haptens are antigens and can bind to immune receptors but cannot by 

themselves induce a specific immune response and hence are not 

immunogenic. 

However, when a hapten is chemically bound to an immunogen (also 

called a carrier), immune responses may be generated against both the 

hapten and the epitopes on the immunogen. 

4. Tolerogens 

During development of the immune repertoire, tolerance to self-

molecules and cells develops first. 

Therefore, a lack of immune response to self-antigens exists in the 

normal, healthy state. 

Tolerance can also develop later in life, for example, to antigens that 

are administered orally. They induce adaptive immune unresponsiveness, 

or it is an antigen used to introduce tolerance. 

Immunogenicity 

Although there are no firm rules for predicting whether a substance is an 

immunogen prior to exposure to the immune system , there are several 

guidelines: 

 *Size: Proteins greater than 10 kDa are usually more immunogenic. 

 *Complexity: Complex proteins with numerous epitopes are more likely 

to induce an immune response than are simple peptides that contain only 

one or a few epitopes. 
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 *Conformation and accessibility: Epitopes must be "seen by" and be 

accessible to the immune system. 

 *Chemical properties: A protein immunogen has to be enzymatically 

cleavable by phagocytes. For example, L-amino acid-containing 

polypeptides are generally good immunogens, whereas D-amino acid-

containing polypeptides are poor immunogens because proteolytic 

enzymes are able to cleave only the L-forms of amino acids. 

Many carbohydrates, steroids, and lipids tend to be poor immunegens. 

Amino acids and haptens are, by themselves, not immunogenic. 
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Complement is a collective term for a system of enzymes and proteins. They 

have function in both the innate and adaptive branches of the immune system as 

soluble means of protection against pathogens that evade cellular contact. It is 

enhances the ability of antibodies and phagocytic cells to clear pathogens from an 

organism.  

It is named “complement system” because it is “complement” antibodies in 

the killing of bacteria.  

This complement proteins found in the blood, in general synthesized by the 

liver, and normally circulating as inactive precursors (pro-proteins).  

In the innate immune system, complement can be activated in two ways: via  

1. The alternative pathway  

2. Mannan-binding lectin (MBL) pathway.  

Complement can also be activated in the adaptive immune system via the 

classical pathway that begins with antigen-antibody complexes.  

 

Function:  

The following are the basic functions of complement:  

1. Opsonization: enhancing phagocytosis of antigens.  

2. Chemotaxis: attracting macrophages and neutrophils  

3. Cell Lysis: rupturing membranes of foreign cells  

4. Agglutination: clustering and binding of pathogens together (sticking).  

5. Triggering of inflammation and secretion of immunoregulatory molecules.  

6. Clearance of immune complexes from circulation .  
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Complement system pathways: 

The first step in activation of the complement system is recognition of molecules on 

microbial surfaces but not host cells, and this occurs in three ways. 

Three biochemical pathways activate the complement system: the classical 

complement pathway, the alternative complement pathway, and the Mannan binding 

lectin pathway.  

1 . The classical pathway, Interaction of antibody with antigen initiates the classical 

pathway of complement activation. This biochemical cascade of enzymes and protein 

fragments facilitates destruction of microbes by the membrane attack complex 

(MAC) , by increased opsonization through C3b binding of microbial surfaces and by 

the production of anaphylotoxins C3a, C5a, and C4a. The cascade begins with the 

activation of component C1.  

 

Fig.1: The classical pathway of complement activation. 
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2. The alternative pathway is initiated by cell-surface constituents that are recognized 

as foreign to the host, such as lipopolysaccharide (LPS). Various enzymes (e.g., 

kallikrein, plasmin, elastase) cleave C3 (the most abundant serum complement 

component) into several smaller fragments (C3a and C3b).  

Normally, C3b fragments, short-lived and unstable, is the major opsonin of the 

complement system and readily attaches to receptors on cell surfaces (Fig.2). 

C3 is also constitutively activated in solution at a low level and binds to cell 

surfaces, but it is then inhibited by regulatory molecules present on mammalian cells. 

Because microbes lack these regulatory proteins, the spontaneous activation can be 

amplified on microbial surfaces. Thus, this pathway can distinguish normal self from 

foreign microbes on the basis of the presence or absence of the regulatory proteins.  

 

Fig. 2:- Alternative pathway of complement 

activation. Beginning with the binding of C3b 

to a microbial surface and results in an 

amplified production of C3b and formation of 

a C5 convertase.  
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3. Mannan-binding lectin pathway: Lectins are proteins that bind to specific 

carbohydrates. This pathway is activated by binding of mannan-binding lectin (MBL) 

to mannose-containing residues of glycoproteins on certain microbes (e.g., Listeria 

spp., Salmonela spp., Candida albicans) .  

MBL is an acute phase protein, one of a series of serum proteins whose levels 

can rise rapidly in response to infection, inflammation, or other forms of stress.  

MBL, once bound to appropriate mannose-containing residues, can interact 

with  MBL-activated serine protease (MASP). Activation of MASP leads to 

subsequent activation of components C2, C4, and C3.  

 

Fig. 3: Mannan-binding lectin (MBL) pathway of complement activation.  
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4. The terminal or lytic pathway can be entered from the alternative, mannan-binding 

lectin, or classical pathway of complement activation. Attachment of C5b to the 

bacterial membranes initiates formation of the membrane attack complex (MAC) 

and lysis of the cell (Fig. 5).  

The attachment of C5b leads to the addition of components C6, C7, and C8. C8 

provides a strong anchor into the membrane and facilitates the subsequent addition 

of multiple C9 molecules to form a pore in the membrane.  

Loss of membrane integrity results in the unregulated flow of electrolytes and 

causes the lytic death of the cell (Fig. 4).  

 

Fig. 5: Terminal or membrane attack complex (MAC) of complement.  

Fig.4: Insertion of the membrane attack 

complex (MAC) components into a cell 

membrane. Formation of the MAC 

requires a sequential addition of several 

complement components, beginning 

with C5a and terminating with multiple 

C9 components, to form the pore in the 

microbial membrane. 
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Major histocompatibility complex (MHC) 

 

Dr.Dhawaa alkhateeb 



Introduction 

Major Histocompactibility complex (MHC) is set of 
surface proteins located on the cell membrane of nucleated 
cells.  

 It plays more important work to indentify the antigen 
between self and non self body, intracellular recognization 
and responsible for antigen presentation.  

 Histo refers to tissues. Compatibility refers to living 
together harmoniously.  

 MHC molecules always recognize only T lymphocytes. 
The two types of MHC are worked in immunity. T helper 
(Th) cell recognized by MHC molecules II, and T 
cytotoxic (Tc) cells are recognized by MHC I molecules.  



Definition 

• “Major Histocompactibility complex is 

membrane attached protein which work on 

recognization of antigen between self and 

non self body and antigen presentation 



Classes of MHC Molecules 

 The MHC molecules are classified in to 

classes namely ;-  

1. Class I MHC molecules  

2. Class II MHC molecules  

3. Class III MHC molecules 



Historical background 

• Three kinds of molecules encoded by MHC 

– Class I 

– Class II 

– Class III 

• Class I: on ALL NUCLEATED cells 

• Class II: on APCs 

– DC, macrophages, B cell 



Nucleated cells 

 

Class I MHC 

 

 

 

 

 

Class II 

MHC 

 

APCs 

RBC

s 



HLA/MHC 

β α β α β α B A C 

DP DQ DR 

Class II Class I 

Genes 

Gene 

products 

HLA-DP HLA-DQ HLA-DR HLA-B HLA-C HLA-A 



Class I MHC Molecules  

 •  Class I MHC(45 KD) molecule are a group 

of major histocompactibility antigen.  They 

are present on the surface of all nucleated 

cells except nervous tissue and platelets.  

•  It present antigen to Tc cells. 

•   It bind with CD-8 adhesion molecules of 

Tc cells.  

•  It brings about cell mediated immune 

response.  

 



Structure of MHC class I 

• Two polypeptide 

chains 

– Long α chain and 

short β 
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Structure of MHC class I 

• Four regions 

– Cytoplasmic contains 
sites for phosphorylation 
and binding to 
cytoskeleton 

– Transmembrane contains 
hydrophobic AAs 

– Highly conserved α3 
domain binds CD8 

– Highly polymorphic 
peptide binding region 
formed by α1 and α2 
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Structure of MHC class II 

• Two polypeptide 

chains 

– α and β 

– approx equal length 
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Class II MHC Molecule 

 Class II MHC molecule are present on the 

surface of antigen presenting cell and cell 

which engulfed the foreign antigen.  

 It binds with the exogenous(endocytic 

degradation ) antigens.  

 It binds with CD4 adhesion molecules TH 

cells 



Structure of MHC class II 

• Four regions 

– Cytoplasmic contains 
sites for phosphorylation 
and binding to 
cytoskeleton 

– Transmembrane contains 
hydrophobic AAs 

– Highly conserved α2 and 
β2 domains binds CD4 

– Highly polymorphic 
peptide binding region 
formed by α1 and β1 
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Important aspects of MHC 

• How do peptides get into 

MHC groove? 

– Class I: peptides in 

cytosol associate with 

MHC 

– Class II: peptides 

from within vesicles 

associate with MHC 
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Characteristic of Cytokines: 

• Cytokines are low molecular weight soluble protein messengers that are 

involved in the innate and adaptive immune response, including cellular 

growth , differentiation, inflammation, and repair.  

• Many cytokines are essential in regulating lymphocyte development and in 

determining the types of immune responses evoked by specific reactions. 

• Cytokines bind to specific receptors on target cells. 

• Originally were called lymphokines because they were initially thought 

to be produced only by lymphocytes. Then monokines because they 

were secreted by monocytes and macrophages  

• These substances are produced by a wide variety of leukocytes and non-

leukocytes. 

 



• Some cytokines enhance or inhibit the action of other 
cytokines in complex ways. 

• They are important in health and disease, specifically in 
host responses to infection, immune 
responses, inflammation, trauma, sepsis, cancer, and 
reproduction. 

• It seems to be a paradox that cytokines binding 
to antibodies have a stronger immune effect than the 
cytokine alone. 

https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Antibody


Compartmentalization of Cytokines : 
 

They are usually produced locally and transiently      
        













Classification of Cytokines: 
 

• Interleukin，IL 

• Interferon，IFN 

• Tumor necrosis factor，TNF 

• Colony stimulating factor，CSF 

• Chemokine 

• Growth factor，GF 



1.Interleukin:  
 The term Inerleukin originally refers to cytokines that are produced by one leukocyte 

and act on another leukocyte. It can be produced by other cells, and act on cells of other  

types. There are 31 kinds of interleukins have been found, denoted IL-1 to IL-31. 
 



2.Interferon 
 

It is the first discovered cytokine, designated as IFN based on its capability of 

interfering infection and replication of viruses. It is divided into three types, 

including ,  and .  

IFN- and IFN- together as type-I IFN are mainly produced by plasmacytoid 

dendritic cells in response to virus infection. IFN-, referred to as type-II IFN, 

is principally secreted by activated T cells and NK cells. 



  



3.Tumor Necrosis Factor:  
 

TNF is a cell signaling protein (cytokine) involved in systemic inflammation and is 

one of the cytokines that make up the acute phase reaction. It is produced chiefly 

by activated macrophages, although it can be produced by many other cell types 

such as CD4+ lymphocytes, NK cells, neutrophils, mast cells, eosinophils, and 

neurons. It can lead to hemorrhagic and necrosis in the tumor 



4.Colony Stimulating Factor 

It is the factor that is able to stimulate the proliferation and differentiation of 

multipotent hemopoietic stem cells. CSF includes Granulocyte macrophage colony-

stimulating factor GM-CSF, Granulocyte colony-stimulating factor G-CSF, 

Erythropoietin EPO. 

5.Chemokine: 

Chemokines constitute a protein family, their chief function are to recruit monocytes, 

neutrophils and lymphocytes from blood into infection sites.  

https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_macrophage_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_colony-stimulating_factor
https://en.wikipedia.org/wiki/Granulocyte_colony-stimulating_factor
https://en.wikipedia.org/wiki/Erythropoietin


Growth Factor:               
 GF is able to stimulate cell growth, including members of TGF-. 







Cytokine Network 
 

Cytokines are molecules that mediate and regulate 
immunity, inflammation, hematopoiesis, and many 
other cellular processes, forming a cytokine network.  



Thank you  





Gell and Coombs Classification 

 Type I (IgE-mediated) 

 Type II (Fc and complement-mediated) 

 Type III (Immune complex-mediated) 

 Type IV (Delayed-type hypersensitivity) 



 

 Type 1 : Immediate hypersensitivity (Allergy) 

• In type 1 hypersensitivity, B-cells are stimulated (by 

CD4+TH2 cells) to produce IgE antibodies specific to an 

antigen. The difference between a normal infectious immune 

response and a type 1 hypersensitivity response is that in 

type 1 hypersensitivity, the antibody is IgE instead of IgA, 

IgG, or IgM. During sensitization, the IgE antibodies bind to 

receptors on the surface of tissue mast cells and blood 

basophils. Mast cells and basophils coated by IgE antibodies 

are "sensitized". 



 

 Later exposure to the same allergen cross-links the bound 

IgE on sensitized cells, resulting in anaphylactic 

degranulation, which is the immediate and explosive release 

of mediators from storage granules (histamine, leukotriene 

and prostaglandin).The principal effects of these products 

are vasodilation and smooth-muscle contraction. Examples of 

this type are Hey fever, Food allergy and Asthma.  





Allergic reaction in the skin 

eczema 



Type II : Cytotoxic hypersensitivity  

 
• Antibody is directed against antigen on cell 

surface (such as circulating red blood cells) or 

extracellular matrix molecules. The resulting 

Ag-Ab complexes can activate complement 

proteins (via the classic pathway), leading to 

formation of Membrane Attack Complex (MAC) 

and finally cell lysis or extracellular tissue 

damage. Example of this type is incompatible 

ABO transfusion reaction, Rh hemolytic 

disease and drug induced type II 

hypersensitivity.  



• Drug induced hemolytic anemia : Certain 

drugs such as penicillin, cephalosporin and 

streptomycin can absorb non-specifically to 

protein on surface of RBC forming complex 

similar to hepten-carrier complex.In some 

patients these complex induce formation of 

antibodies, which binds to drugs on RBC and 

induce complement mediated lysis of RBC 

and thus produce progressive anemia.  



Type III : Immune complex hypersensitivity  

 

• When antibody combines with its specific antigen, 

immune complexes are formed. Normally, they are 

promptly removed, but occasionally, they persist and 

are deposited in tissues, resulting in several 

disorders. In persistent microbial or viral infections, 

immune complexes may be deposited in organs (eg, 

the kidneys), resulting in dysfunction. In autoimmune 

disorders, “self” antigens may elicit antibodies that 

bind to organ antigens or are deposited in organs and 

tissues as complexes. 



 



Type IV: Cell-Mediated (Delayed) Hypersensitivity  

 
• Cell-mediated hypersensitivity is a function not of 

antibody but of specifically sensitized T lymphocytes 

that activate macrophages to cause an inflammatory 

response. The response is delayed— it usually starts 2 

or 3 days after contact with the antigen and often lasts 

for days.  

 



Granulomatous lesions 

 
* In chronic diseases : T.B., Leprosy, schistosomiases 

 

* Intracellular organisms resist destruction by 

macrophage. 

 

* Persistent antigen in tissues stimulate local DTH 

reaction 

 

* Continuous release of cytokines leads to 

accumulation of macrophages which give rise to 

epitheloidal and giant cell granuloma   

 

 



Mechanisms of granuloma formation 

 


