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Hematopoiesis is the process whereby all blood cells are formed

In humans, the bone marrow is the major site for hematopoiesis

Hematopoiesis



Hematopoietic stem cells (HSCs)
❖pluripotential, and self-renewing. 
❖They give rise to all the blood cell types (lineages)
❖express a protein designated as CD34
❖There they are induced to differentiate further by the large number of 
growth factors found in these tissues (e.g colony-stimulating-factors (CSFs) )



➢T lymphocytes develop in the thymus from 
thymocyte precursors derived in the bone 
marrow under the influence of the cytokine 
interleukin-7 (IL-7).

➢IL-7released from nonlymphoid 
stromal cells in the bone marrow

➢The developmental pathway for natural-
killer (NK) cells is not yet well defined

Development of the lymphoid cell



❖Cells that produce antibody

❖Express immunoglobulin as an antigen-specific receptor along with several other 
important molecules, such as major histocompatibility complex (MHC) class II molecules 
and the co-receptor molecule CD19
❖ Have a large nucleus surrounded by a small rim of cytoplasm (rest state )
❖Stimulated by antigen to form a larger blast cell with more cytoplasm, extensive 
endoplasmic reticulum, and secretory capacity for antibody

B Cell



T cells 

➢Morphologically, T cells resemble unstimulated B cells

➢T cells consist of two major subsets: CD4+ helper cells and CD8+ cytotoxic cells

➢Major source of antigen-specific protection against viral infection and other 
intracellular infections

Natural Killer Cells (NK)
➢ lymphocytes that do not have clonally 
distributed antigen-specific receptors

➢Part of the innate immune system and lyse 
certain virally infected cells and some tumor cells

➢Carry receptors (KIR) that are specific for 
molecules expressed on infected cells



Myeloid Cells
The various differentiation pathways are stimulated by the actions of different growth 
factor combinations—

❑erythropoietin stimulates development of erythrocytes, 

❑CSFs (granulocyte-macrophage CSF [GM-CSF], granulocyte-CSF [G-CSF] and 
monocyte/macrophage-CSF [M-CSF]) stimulate development of the myelomonocytic 
progenitor cell  (neutrophils, monocytes, macrophages, and dendritic cells )



1. Neutrophils

➢Exhibit phagocytic and cytotoxic activities
➢Migrate to sites of inflammation and infection in response to 
chemotactic factors
➢Short-lived with a half-life of about 6 hours
➢Have nuclei with two to five lobes
➢Development under the influence of G-CSF
➢They contain both primary granules, loaded with lysosomal 
enzymes including myeloperoxidase and elastase, and 
secondary granules containing lysozyme

Myeloid Cell Types

2. Mast Cells

➢Have large granules that can be stained purple with dyes
These granules contain heparin and histamine but do not contain hydrolytic enzymes

➢Express specific receptors on their surface for the Fc region of certain 
immunoglobulins, i.e., FcRγ and FcRε

➢Have important roles in allergic responses
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3. Eosinophils
➢ characterized by a nucleus with two or three lobes.

➢ Have large, specific granules, which contain heparin, as well 
as peroxidase and other hydrolytic enzymes. 
➢have phagocytic and cytotoxic activity and express Fc 
receptors, specifically FcRγ and FcRε.
➢ These cells also function to combat certain parasitic 
infections—particularly worms 

4. Monocytes/Macrophage
➢The largest blood cells, contain many granules and have a lobular-shaped 
nucleus. 
➢Have bacteriocidal activity, and can carry out antibody-dependent cell-
mediated cytotoxicity .
➢Migrate out of the blood into the tissues and become tissue macrophages, 
e.g., the Kupffer cells of the liver. 
➢Express the monocyte/macrophage marker protein designated CD14. 
➢Macrophages have a central role at the dividing line between the innate and 
specific immune response because of their role in antigen processing and 
presentation



5. Dendritic Cells
➢Irregularly shaped cells with many branchlike 
processes. 
➢Motile and found in the blood and lymph and in most 
organs. 
➢ Critical in antigen-capture and uptake in peripheral 
tissues. 
➢In the presence of infection, and under the influence 
of cytokines, they mature and migrate to lymphoid 
organs where they present antigen, activate T cells, and 
help develop a protective adaptive immune response
➢Two main types of DCs are conventional DCs (cDCs) 
and plasmacytoid DCs (pDCs)
➢The cDCs secrete IL-12, which activates the TH1 subset 
of T cells, and pDCs secrete the antiviral cytokine 
interferon-alfa.
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Major lymphoid organs in the adult human



B-cell generation takes place in these internal cavities; development from B-

cell progenitors to immature B cells occurs in a radial direction toward the 

center of the bone

Bone Marrow

All of the blood cell types except mature T lymphocytes are generated in the 

extensive cavities in the  bone marrow.



Thymus



The thymus forms from two types of epithelial cell (endoderm and 

ectoderm) derived from the third pharyngeal pouch

Thymus

Each of the lobes of the thymus is divided further into 

lobules by connective tissue septae called trabeculae

• The subcapsular zone containing the earliest progenitor cells

• The cortex, which is densely packed with developing T cells that 

are undergoing selection

• The medulla containing fewer, but more mature, T lymphocytes; 

these have survived the selection processes and are about to be 

released to the periphery

The thymus is a bilobed organ, found in the anterior mediastinum  



❖ It is a major “filter” for the blood, removing opsonized

microbes and dead red blood cells

Spleen

❖It is also the main site for responses to blood-borne antigens

❖ spleen has two main areas: 

1. red pulp, containing chiefly macrophages and red blood cells 

in the process of disposal

2. white pulp, containing dense lymphoid tissue.
The white pulp is segregated into B- and T-lymphocyte areas

A. Periarteriolar lymphoid sheaths (PALS ):  T cells area 

B. Lymphoid follicles  (some with germinal center ) :  B cells 





❖A lymph node is a bean-shaped structure

lymph node 

❖found clustered in groups at sites where numerous blood and 

lymph vessels converge

❖ Lymph nodes function to concentrate lymph-borne antigens for 

presentation to T cells

❖A lymph node is organized into several areas

a. cortex is predominantly the site of B cells

b. Paracortex is predominantly a CD4+ T-cell area

c. Medulla contains a mixture of B cells, T cells, and macrophages.

During a infection, B and T cells in the node are activated              Fluid 

and  cells are accumulated in the node leading to lymph-node 

enlargement (the “swollen gland” typical of response to infection)







Mucosa-Associated Lymphoid 

Tissue(MALT)

❖The mucosal immune system handles antigen at a contact point between 

the host and the environment

❖The mucosal immune system is principally composed, in humans, of 

lymphoid tissue

a. In respiratory gastrointestinal tracts : known as nasopharyngeal-

associated lymphoid tissue (NALT) e.g tonsils and adenoids

b. In gastrointestinal tracts :known as gut-associated lymphoid tissue 

(GALT; e.g., Peyer’s patches)



Mucosa-Associated Lymphoid Tissue(MALT)

❖ MALT contain a specialized epithelial cell type (M cells) that takes up antigens 

that are inhaled or ingested by the process of pinocytosis The M cells 

transport antigens by a transcellular transport process called transcytosis into 

the subepithelial tissues where they encounter lymphocytes. 



The B cells secrete immunoglobulin A (IgA) 

across the epithelium IgA is initially bound to 

the poly-Ig receptor and, after transport across 

the epithelial cell membrane, it retains a piece 

of this receptor (now known as secretory 

component), which may help protect it from 

degradation in the lumen. 

Transport of immunoglobulin A across epithelium



Intraepithelial 

Lymphocytes
❖The mucosal epithelium of the gastrointestinal, respiratory, and 

reproductive tracts contains large numbers of lymphocytes. These 

lymphocytes are mostly T cells (∼90%)

❖Intraepithelial lymphocytes act to protect the host against viral and 

bacterial pathogens encountered in the gut. In addition to their role as 

effector T cells, 

❖The intraepithelial T cells secrete cytokines that have a role in 

regulating immune responses in the mucosa. This regulatory role may, 

for example, prevent excessive responses to food antigens



After exposure to antigen in the MALT, lymphocytes may leave and home to 

other mucosal tissues. (recirculation or trafficking) from Peyer’s patches in the 

gut to other mucosal surfaces

Recirculation



Skin: The Cutaneous Immune 

System

The epidermal layer of the skin has numerous dendritic cells called Langerhans 

cells

The T cells found in the epidermal layer, the intraepidermal T cells, are chiefly 

CD8+ T cells that carry γδ T-cell receptors



LYMPHOCYTE RECIRCULATION

TRAFFICKING AND HOMING

a lymphocyte makes acircuit of the human body, from the blood, to 

the tissues, to the lymphatic system, and returns to the blood, once or 

twice a day.

Most of the circulating lymphocytes are T lymphocytes. 

lymphocyte homing

T lymphocytes migrate to and lodge in selected tissue sites, where 

they may remain for some time. 



How  skin-specific T cell respond to local 

inflammation 





Lymphocyte recirculation and homing is regulated by receptor-ligand 

interactions between members of the different families of cell adhesion 

molecules (selectins, addressins, integrins)



steps in lymphocyte extravasation.

1. Primary adhesion to endothelium  2. Lymphocyte 

activation

3. Secondary adhesion (arrest)            4. 

Transmigration/chemotaxis.

Lymphocyte 

Extravasation



Lymphocyte Extravasation


