Lecture 3 for 3ed biology department
The immune system is the body’s defence network from harmful invaders (microorganisms) that cause diseases, and even abnormal cells like cancer. It consists of many types of cells, molecules, and organs working together to detect, attack, and eliminate threats — while avoiding damage to the self-tissues. In short, the immune system maintains the body’s internal balance (homeostasis).
Main Functions of the Immune System
1. Defense against infections: by  recognizes and destroys disease-causing.
2. Surveillance and removal of abnormal cells: by detect and destroy abnormal or cancerous cells before they become dangerous.
3. Elimination of damaged or dead cells to clean up dead or dying cells, keeping tissues healthy.
4. Tolerance to self and harmless substances: A healthy immune system distinguishes between “self” and “non-self” (foreign invaders).  And it usually does not react to harmless substances like food proteins or beneficial microbes.
Lymphoid Organs and Tissues
Lymphoid organs and tissues are critical to the proper functioning of the immune system. They serve as sites for the development, maturation, and activation of immune cells.
1. Primary Lymphoid Organs:  The primary lymphoid organs—thymus and bone marrow—are essential for the development of lymphocytes, which are crucial components of the immune system.
1- Bone Marrow
· This is where all blood cells, including immune cells, are formed and mature. Not all lymphocytes leave the bone marrow to develop in the thymus — some remain and complete their development there. These cells give rise to B lymphocytes (B cells), plasma cells, and natural killer (NK) cells. Together, they play essential roles in adaptive and innate immunity.
1. B Lymphocytes (B Cells)  
· Types of B cells:
· B-1 cells:
· Develop early in embryonic life.
· Self-renewing and mainly found in the pleural and peritoneal cavities.
· B-2 cells (Conventional B cells):
· Arise after birth and are continuously replenished from the bone marrow.
· Widely distributed in lymphoid tissues and organs.
· Function:
Each B cell produces a unique immunoglobulin (antibody) that recognizes only one specific epitope (part of an antigen).
· This diversity of B cells, each with a distinct specificity, creates the vast variety of antibodies that the immune system can produce.
· The immunoglobulin on the surface of B cells acts as the B cell receptor (BCR), allowing them to recognize antigens.
2. Plasma Cells  develop from activated and differentiated B cells after encountering their specific antigen.   
· They stop expressing membrane-bound antibodies (BCR) and instead secrete antibodies into surrounding body fluids.
· Plasma cells are large, metabolically active, and act as antibody factories.
· They typically survive for less than 30 days.
· Features:
· Basophilic cytoplasm (rich in RNA and ribosomes).
· A stellate (star-like) nucleus.
· Extensive endoplasmic reticulum and Golgi apparatus, where antibodies are assembled and prepared for secretion.
3. Natural Killer (NK) Cells
· Overview:
NK cells are innate immune lymphocytes that make up about 5–10% of circulating lymphocytes.
· They lack T cell receptors (TCR) and B cell markers (surface immunoglobulin).
· Despite this, they are capable of destroying virus-infected cells and tumor cells without prior activation.
· Mechanism of Action:
· NK cells contain cytoplasmic granules that can release toxic molecules to damage the membranes of target cells.
· They use two main types of receptors to distinguish healthy cells from abnormal ones:
· Killer Activation Receptors (KARs): Trigger NK cell killing.
· Killer Inhibition Receptors (KIRs): Prevent killing of normal, healthy cells.
4. NKT Cells (Natural Killer T Cells)
· Special Subset:
· NKT cells are a unique population of T cells that share some features with NK cells.
· They develop in the thymus and express a TCR with limited diversity.
· Function:
· Unlike conventional T cells, NKT cells respond to lipids, glycolipids, and hydrophobic peptides presented by CD1d, a special non-classical MHC class I molecule.
· They are rapid responders and secrete large amounts of cytokines, especially interleukin-4 (IL-4), which influences other immune responses.
	In short:
· B cells are central to the adaptive humoral immune response by producing antibodies.
· Plasma cells are the active, antibody-secreting form of B cells.
· NK cells are part of the innate immune system, killing abnormal cells without prior sensitization.
· NKT cells bridge innate and adaptive immunity by responding rapidly and producing cytokines.



2- Thymus    
· Its bilobed organ, located behind the sternum, the thymus is crucial for the maturation of T cells. It provides an environment for T cells to learn to distinguish between self and non-self.
· The thymus is the first lymphoid organ to develop and grows during fetal and early life but shrinks after puberty.
· T cell precursors, called prothymocytes, migrate from the bone marrow to the thymus.
· Inside the thymus, these cells are known as cortical thymocytes and begin to develop their T cell receptors (TCR) along with CD4 and CD8 surface markers--- a stage known as double positive (DP).

1. Positive Selection – Recognizing Self-MHC
· Double positive (DP) thymocytes (CD4+ and CD8+) must recognize MHC class I or II molecules.
· Those that fail this recognition die off by apoptosis.
· Cells that successfully recognize MHC, Successful thymocytes then lose either CD4 or CD8 to become single positive (SP) cells (either CD4+ or CD8+).
2. Negative Selection – Avoiding Self-Reactivity
· Surviving SP thymocytes move to the medulla, where they encounter and interact with antigen-presenting cells.
· If they bind too strongly to self-MHC or peptide–MHC (pMHC) complexes, they undergo programmed cell death (apoptosis), they undergo negative selection, a process that removes cells 
· Only about 5% of thymocytes survive both selection processes to become mature T cells.
3. Outcome of T Cell Selection
· The thymus processes millions of thymocytes, but fewer than 5% successfully pass both positive and negative selection.
· Those that survive are safe, functional mature T cells that leave the thymus to perform their immune functions.
3. Secondary Lymphoid Organs: Secondary lymphoid tissues and organs, including the spleen and lymph nodes,  play a vital role in the immune response by filtering and processing lymphatic fluid, facilitating interactions among immune cells, to remove foreign matter, dead cells, and protein aggregates from circulation. Finally Cellular Interaction: Richly supplied with blood and lymphatic vessels, these tissues allow for the movement of lymphocytes, monocytes, and dendritic cells, enabling cellular interactions and signaling.
· Lymph Nodes:
· Small, round or oval-shaped organs located throughout the lymphatic circulatory system.
· Function as filters to purify lymph and provide sites for the interaction of lymphocytes, monocytes, and dendritic cells, initiating immune responses.
· Structure: 
1. Afferent Lymphatic Vessels: Bring lymph into the node.
2. Filtering Process: Lymph percolates through the node, encountering phagocytic cells (macrophages and dendritic cells) that remove debris and pathogens.
3. Efferent Lymphatic Vessels: Carry the filtered lymph away.
· Anatomically divided into the cortex (rich in lymphocytes) and medulla, with a reticular framework of phagocytes and specialized dendritic cells.
· Spleen: The spleen filters blood and helps to mount an immune response against blood-borne pathogens. It also serves as a reservoir for immune cells.
· The largest lymphoid organ, responsible for clearing particulate matter from the blood and concentrating blood-borne antigens and microbes.
· Contains B and T lymphocytes, along with a significant number of plasma cells that secrete antibodies into circulation.
· Histologically divided into: 
1. White Pulp: Rich in lymphocytes, surrounding small arterioles.
2. Red Pulp: Rich in erythrocytes.
4. Mucosa-associated Lymphoid Tissue (MALT):  are crucial components of the immune system, located at sites of potential microbial entry, such as the gastrointestinal tract and respiratory system. This includes: 
· Tonsils: Found in the nasopharynx, these structures help defend against pathogens entering through the mouth and throat.
· Peyer's Patches: Located in the submucosal surfaces of the small intestine, these aggregates of lymphoid tissue play a critical role in gut immunity.
Functionality and Coordination:
· MALT facilitates interactions among circulating leukocytes, similar to lymph nodes and the spleen.
· These tissues are specifically designed to defend mucosal surfaces against pathogens.
· The interplay between primary and secondary lymphoid organs is essential for a coordinated immune response. For example, when pathogens are detected, signals are sent from the site of infection to lymph nodes, prompting the activation of specific immune cells that migrate to the infection site.
	Final Notes
· Primary lymphoid organs (bone marrow and thymus) are where lymphocytes develop.
· Secondary lymphoid organs are where they encounter antigens, activate, and coordinate immune responses.
· Together, they ensure the immune system can both prepare and respond effectively to infections and maintain homeostasis.



The Lymphatic Circulatory System
The lymphatic circulatory system is a crucial component of the immune system, and the body’s fluid balance system. It is a network of vessels, nodes, and organs that transports fluid called lymph throughout the body (that collect lymph, a clear, watery fluid rich in leukocytes and their products and cellular debris), working alongside the cardiovascular system to facilitate the movement of leukocytes and their products throughout the body.
Its main roles are to:
· Return excess fluid from tissues back to the bloodstream
· Filter and remove foreign particles, dead cells, and waste
· Transport immune cells and allow them to circulate and respond to infection
· Carry antigens to lymphoid organs where immune responses are initiated
1. Formation of Lymph
Blood circulates through capillaries to deliver oxygen and nutrients to tissues. Some of this fluid leaks out into the spaces between cells — this is called interstitial fluid.
· Most of it returns to the blood through capillaries.
· The rest enters small lymphatic vessels and becomes lymph.
Lymph is a clear, watery fluid containing:
· Water and small molecules (like glucose and electrolytes)
· Proteins that leaked from the blood
· Immune cells (mainly lymphocytes)
· Waste products and sometimes foreign particles or microbes
2. Lymphatic Vessels – The Transport Network
The lymphatic system is a one-way drainage system. Lymph flows in one direction — from tissues back to the blood circulation.
The pathway includes:
· Lymphatic capillaries: Tiny, thin-walled vessels that collect lymph from tissues.
· Larger lymphatic vessels: These have valves to keep lymph flowing forward, similar to veins.
· Lymph nodes: Small, bean-shaped structures located along lymphatic vessels where lymph is filtered and monitored by immune cells.
· Lymphatic ducts: Large collecting vessels that return lymph to the bloodstream through veins near the heart (the subclavian veins).
3. Role in Immunity
The lymphatic system is essential for immune defense because it:
· Transports immune cells (like lymphocytes and dendritic cells) to sites where they are needed.
· Carries antigens from infection sites to lymph nodes, where immune responses are triggered.
· Provides a route for activated lymphocytes to enter the bloodstream and reach infection sites.
Lymph nodes are especially important: they act as immune checkpoints, where lymph is filtered, and immune cells can detect and respond to pathogens.
4. Connection to Circulatory and Immune Systems
The lymphatic and blood circulatory systems are closely linked:
· Fluid constantly moves from blood → tissues → lymphatic vessels → back to blood.
· This prevents fluid buildup (edema) and maintains blood volume.
· The lymphatic system also connects local immune responses to the whole-body immune defense by circulating lymphocytes.
	Final Notes
· The lymphatic circulatory system is crucial for maintaining fluid balance, filtering harmful substances, and supporting immune function.
· It acts as a transport highway for immune cells and antigens, allowing the immune system to detect and respond to infections anywhere in the body.
· Without it, the body would struggle with fluid buildup, impaired immunity, and inefficient waste removal.



Differentiate between lymphatic system and blood circulatory system?
[bookmark: _GoBack]  The blood circulatory system is a closed, two-way system powered by the heart, responsible for delivering oxygen and nutrients and removing wastes.
  The lymphatic system is an open, one-way system that returns excess fluid to the bloodstream, filters pathogens, and plays a crucial role in immune defense.


