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Lymphoid System Lecture Objectives

• Briefly describe the functions of the lymphoid system. 

• Describe the composition and circulation of lymph.

• Describe the following features of lymphoid organs:
• Classification as primary or secondary
• Function of each organ
• Histologic regions and structures that are 

characteristic of each organ
• Location of B and T lymphocytes within each organ
• Composition of the stroma



Lymphoid System Lecture Outline

• Introduction 
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• The main purpose of the lymphoid system is 
to detect and get rid of unwanted substances, 
such as:
• Invading microorganisms 
• Foreign materials (like pollen)
• Cancer cells

• The lymphoid system also carries waste 
products away from tissues and dumps them 
into the blood for disposal.

Functions of the Lymphoid System



• Lymph consists of interstitial (“between cells”) 
fluid, lymphocytes, cellular waste, and sometimes 
other stuff (bacteria, metastatic tumor cells).

• Lymph travels through the body in lymphatic 
vessels.

• Lymphatic vessels begin as tiny open-ended vessels 
in tissues. 

• Eventually they merge together, pass through 
lymph nodes, and empty into the blood circulation 
via the thoracic duct and right lymphatic duct.

Lymph (Lymphatic Fluid)



Thoracic 
duct

Right
lymphatic

duct
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Primary lymphoid organs are the places where 
lymphocytes arise and mature. There are two 
primary lymphoid organs:

Bone marrow
All lymphocytes (B, T, and NK cells) arise here. 
B cells and NK cells mature here.

Thymus
T cells mature here.

Primary (Central) Lymphoid Organs
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Normal bone marrow biopsy



Normal bone marrow biopsy



Normal bone marrow aspirate



Lymphocytes

Normal bone marrow aspirate
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• Located in mediastinum.

• Super rigorous and selective training school 
where T cells mature. 

• Sterile! No afferent lymphatics; tight blood-
thymus barrier. 

• Consists of lobes which are incompletely 
divided by fibrous septae into numerous 
lobules.

Thymus



Thymus, low power
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Thymus, medium power
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• Contains T cells and unique stromal cells called 
epithelial reticular cells.

• Immature T cells from bone marrow enter the 
outer cortex and undergo proliferation.

• In the deeper cortex, T cells undergo rigorous 
“selection.” Only about 3% of T cells survive; the 
rest are killed.

• Surviving T cells leave the thymus via post-
capillary venules located at cortico-medullary 
junction and in medulla.

Cortex



• Yes! Epithelial cells! Weird!

• Stroma of all other lymphoid organs is composed of 
reticular (type III collagen) fibers.

• Stroma of the thymus is composed of epithelial 
cells with long, thin processes which connect to 
each other via desmosomes, forming a network 
(reticulum!).

• These cells also surround blood vessels to help form 
the blood-thymus barrier (keeps antigens from 
getting in and messing up the selection process). 

Wait, epithelial reticular cells?



Cortex: tons of T cells
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Cute little post-capillary venule 
(looks like a lymph node high-endothelial venule!)

Tall endothelial cells

T cells getting ready 
to leave the thymus!



• Contains mature T cells, epithelial reticular cells, 
and Hassall corpuscles.

• Hassall corpuscles are formed of concentric rings 
of degenerating epithelial reticular cells with 
keratin at the center. Found only in the medulla; 
function unknown. 

• Medulla stains lighter than cortex because it 
contains Hassall corpuscles and fewer T cells 
than the cortex.

Medulla



Cute little Hassall corpuscle

Degenerating 
epithelial 

reticular cells

Keratin



• The thymus is well-developed before birth.

• The thymus is heaviest at puberty.  After 
puberty, it involutes but never completely 
disappears.

• In old age, the thymus is composed mainly of 
connective tissue and fat, but it is still capable of 
producing lymphocytes.

Age-related changes



The thymus in elderly people consists mostly of 
fat and connective tissue
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Secondary lymphoid organs act as filters that trap 
antigens and expose them to lymphocytes, which 
then go off and fight infections. There are three 
secondary lymphoid organs:

Lymph nodes
Filter lymph.

Spleen
Filters blood. Bonus function: destroys old red cells.

Mucosa-associated lymphoid tissue (MALT)
Filters antigens that try to cross mucosal surfaces.

Secondary (Peripheral) Lymphoid Organs



Lymphoid System Lecture Outline

• Introduction 

• Primary lymphoid organs
• Bone marrow
• Thymus

• Secondary lymphoid organs
• Lymph nodes



Lymph node structure
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• Cortex contains round structures called lymphoid 
follicles (composed of B cells)

• Paracortex (just beneath cortex) contains T cells and 
high endothelial venules

• Medulla composed of cords (containing B cells and 
macrophages) and sinuses (containing reticular fibers, 
lymph, circulating cells and antigens)

• Stroma is composed of reticulin (type III collagen) fibers 

Lymph Node Components



Lymph node: low power
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• Primary (unstimulated) follicles are composed of 
small, dark, mature lymphocytes. 

• Secondary (stimulated) follicles are composed of:

• Germinal center: a lighter-staining central area 
containing larger lymphocytes 

• Mantle zone: around germinal center; contains 
small, dark lymphocytes

Lymph Node Follicles
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Lymph node: secondary follicles



Secondary follicle with germinal center and mantle zone



Lymph node: medulla

Medullary 
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Afferent lymphatic vessels 
• Penetrate the capsule of the lymph node on 

the convex side.  
• Carry lymph (with antigen and cells) from sites 

of infection back to the lymph nodes.

Efferent lymphatic vessels 
• Leave through the the hilum. 
• Carry lymph (with lymphocytes) from the 

lymph node and return it to the blood.

Afferent and Efferent Lymphatic Vessels



• High-endothelial venules are unique venules with 
specialized, “tall” endothelial cells

• Located in paracortex 
• Look very much like the post-capillary venules of

the thymus
• Lymphocytes in the blood enter the lymph node 

by migrating across the walls of these high 
endothelial venules. 

High Endothelial Venules



High-endothelial venule in lymph node

Tall endothelial cells

Lymphocytes exiting venule!
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• Filters blood (traps antigens)

• Provides a place for lymphocytes to encounter 
antigens and become activated

• Removes old red cells and platelets

Functions of the Spleen



• The parenchyma of spleen is called splenic pulp 
and consists of white pulp and red pulp.

• No cortex or medulla are present.

• Stroma consists of capsule, trabeculae, and 
reticular connective tissue.

• Hilum contains nerves, arteries and veins.

Structure of the Spleen



Spleen: super low power view
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Spleen: a little closer
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White pulp consists of:

Periarteriolar lymphatic sheaths (PALS)
• Tubule-shaped collections of T cells 

around arterioles

Splenic follicles (nodules) 
• Just like secondary follicles in lymph 

nodes, except with one more layer: 
the marginal zone

• Composed of B cells

White Pulp of the Spleen



Spleen: white and red pulp
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Spleen: higher power of follicle

Germinal center Mantle zone Marginal  zone



Spleen: periarteriolar lymphatic sheath (PALS)

Periarteriolar lymphatic sheath

Arteriole



Splenic sinuses (sinusoids) 
• Leaky vessels lined by specialized endothelial 

cells (“stave cells”) and surrounded by rings of 
reticular fibers like hoops on a barrel

• Healthy red cells easily squeeze through!
• Old or damaged red cells get stuck

Splenic cords (cords of Billroth) 
• Located between sinuses 
• Contain lots of macrophages, which eat 

old or damaged red cells

Red Pulp of the Spleen
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Open and closed circulation

Open circulation

Closed circulation



Splenic sinusoids, cords and macrophages



Spleen: splenic sinusoids

SinusoidsEndothelial cells



Spleen: cords of Billroth

Cords
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• Unencapsulated lymphoid tissue in mucosa and 
submucosa of digestive, respiratory, 
reproductive and urinary systems.

• Catches antigens as they try to cross the 
mucosa and get into the body. Yay!

Mucosa-Associated Lymphoid Tissue (MALT)



MALT in lung



MALT (Peyer’s patches) in ileum
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