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IMMUNE RESPONSES I Antigen Presenting Cells (APCs) @ 
Antigen presenting cells (APCs) process and present exogenous antigens to~ 
While B cells can recognize antigen that is free in the extracellular fluid, T cells can only recog­
nize antigen th · complexed (associated) with MHC proteins on the surfaces of plasma mem­
branes. Presenting' an ant1gen means that a fragment of the antigen is associated with an MHC 
protein and inserted in the plasma membrane of the APC; only when an antigen is "presented" in 
this manner is aT cell able to recognize it (bind with it). 

Endogenous Antigens (Host Antigens) Endo enous antigens originate inside the body. Cer­
tain~on the plasma membranes of_ irus-infected cells an~ ~e e~s 
antigens. They are complexed with ~sand are r~~ by~xic !_cell~.~ 

Exogenous Antigens (Foreign Antigens) Exogenous antigens originate outside the body. The 
millions ofJ?rotein molecules present in the external environment that are not produced by the 
b.QQl are all exogenous antigens. They are com lexed with MHC-II proteins on the surfaces of 
antige~ presenting cells and are recognized b helper T cells. 

TYPES OF ANTIGEN PRESENTING CELLS 
There are three basic type_s of antigen presenting cells: 

Macrophages 
Macrophages phagocytize and partially digest antigens; then combine antigen fragments with 
MHC-II proteins and insert the complex into the plasma membrane for presentation to helper T 
cells. They can also present antigen that is I):Ot associated with MHC proteins to B cells. 

Dendritic Cells 
Dendritic cells@-ap antigens on the1r surfa~e~and ~t them ton= cells orB cellS} depending 
upon the location of the dendritic cell. Dendritic cells have different name~ depending upon their 
locations; they are{nOtphagocyti~ - 'f' 1\' 

Langer hans Cells Langerhans cells are found in the skin epidermis. They trap antigens on their 
surfaces, then migrate to nearby lymph nodes, where they present the antigens complexed with 
MHC-II proteins to(lielper T cell~) 
Follicular Dendritic Cells Follicular dendritic c;ells are located in follicles (lymphatic nodules) 
of lymph nodes and spleen. They process and present antigen that is not associated with MHC 
proteins to B q~lls. · -=--
Interdigitating Dendritic Cells Interdigitating dendritic cells are located in the regions of lymph 
nodes and spleen where T cells reside. They process and present antigen complexed with MHC-

't 

II proteins to helper T cells. 

B Cells 
In certain situations B cells can perform the macrophage functions of processing and presenting 
antigens to helper T cells; they also secrete interleukin-1 (needed to activate the T cells). 

LOCATIONS OF ANTIGEN PRESENTING CELLS 
Antigen presenting cells are found in four basic locations: skin epidermis, diffuse lymphatic 
tissue (mucous membranes of tracts), lymph nodes, and spleen. I G.. 
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ANTIGEN PRESENTING CELLS 
Antigen Presenting Cells Process and Present Antigens to 
Helper T Cells and B Cells. 

Macrophage Dendritic Cell B Cell 

Macrophages present to 8 and TH cells. 

Follicular dendritic cells present to 8 cells. · 

Interdigitating dendritic cells present to TH cells. 

Langerhans cells present to TH cells. 

8 cells present to TH cells. 

~ 
Locations of Antigen Presenting Cells ~~itl' 
Macrophages are found in many tissues of the body. 
Dendritic cells are found in the skin (Langerhans cells) 
and in lymphatic tissues (follicular dendritic cells and 
interdigitating dendritic cells). 8 cells are found in lymphatic tissues. 

Lymph Node 

CORTEX---~-'­

Macrophages 
Folicular Dendritic Cells 

and 
8 Cells 

PARACORTICAL REGION 
Interdigitating Dendritic Cells 

MEDULLA 
Macrophages 
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LYMPH NODE 

Blood 
Vessels 

Efferent Lymphatic Vessel 
lymph flows out of node 

Subcapsular Sinus 
macro phages 

Secondary Follicle 
resting B cells 
dendritic cells 

germinal center 
activated B cells 

mantle zone --• 
memory B cells 

Paracortical Region 
resting T cells 
dendritic cells 

Medullary Cords 
activated t'cells 
plasma cells 

Primary Follicle 
resting B cells 
dendritic cells 

Hilus 

Peritrabecular Sinus 
macrophages 



36 

P.. YMPHA TIC TISSUES I Lymph Nodes 

STRUCTURE 
Lymph nodes are spherical or kidney-shaped. A depression called the hilus (or hilum), where 
arteries and nerves enter and veins exit, is located on the concave side. Lymph nodes are found 
throughout the body along the course of lymphatic vessels. They are abundant under the arms, in 
the groin area, along the great vessels of the neck, and in the thorax and abdomen. Lymph nodes 
are covered by a capsule of dense connective tissue; extensions of the capsule. called trabeculae . 
form partitions w'ithin the lymph nodes. A network of r~icular fibers ensheathed by reticular cell"""i 
extends throughout the node; 111ature (immunocompetent) B cells and T cells are suspended 
throughout. 

CORTEX 
The cortex is the outer region of a lymph node directly beneath the capsule. 
Sinuses Sinuses are irregular spaces throughwhich the lymph percolates. The subcapsular sinus 
is the space between the capsule and the cortex; the peritrabecular sinuses surround the trabeculae. 
Macrophages span the sinuses; they phagocytize and destroy foreign materials (antigens) suspended 
in the lymph. Over 99% of the antigens entering a lymph node are d strayed by macrophages,-?1 

~ ~---·-----~- ~~ 

Primary Follicle Aggregation of~ cells)an follicular dendritic cells 
Resting (inactive) B Cells Most of the cells in primary fol1c es are resting (inactive) B cells. 
Follicular dendritic cells tl!f antigens encountered in the lymph and present them to B cells. 

Secondary Follicle (contains a germinal center) When activated by antigens, B cells mi­
grate to the center of the follicle, forming a germinal center. Germinal centers are the central 
regions of secondary follicles where activated B cells are proliferating (dividing by mitosis) and 

--7': differentiating into plasma cells and memory B cells. When stimulated by antigens, lymph nodes 
~large due to the formation of germinal centers and B cell proliferation. 

Activated B Cells Activated B cells enlarge, divide mitotically, and differentiate into plasma cells 
and memory B cells. Memory cells are found in the mantle zone (outer border of secondary fol­
licle). Some B cells do not differentiate into plasma cells; they become memory B cells. 
Memory cells flow with the lymph and re-enter the blood circulatory system. ~ ~ 

\)\,..r. ~ . 
PARACORTICAL REGION 

The paracortical region is between the cortex and the medulla. 
Resting (inactive) T Cells Resting T cells reside in the paracortical region. Interdigitating 
dendritic cells in the paracortical region trap antigens and present them toT cells. 

MEDULLA 
The medulla is the innermost portion of a lymph node adjacent to the hilus. 
Medullary Sinuses The lymph from cortical sinuses passes through the medullary sinuses and 
then exits the lymph node via the efferent lymphatic vessels. 
Activated l]Cells and Plasma Cells Medullary cords (regions of densely packed lymphocytes) arc 
composed of activated 1/ cells and plasma cells. 

!FUNCTION 
Nodes filter the lymph, removing foreign material and microorganisms (bacteria). All lymph is 
filtered by at least one lymph node before it returns to the blood. Antibody-mediated and cell-
mediated immune responses occur in the lymph nodes. --

-----
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Figure 12-8 
(Xl32). 

Photomicrograph of the lymph node cortex 
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THYMUS GlAND 
Immature T Cells : Immature T cells migrate from the bone marrow ~{. 
via the blood to the thymus, where they mature. 

Mature T Cells : Mature T cells migrate from the thymus 
to specific regions in the lymph nodes and the spleen, where they reside. 

Cortex 
(immature T cells), 

Medulla 
(mature T cells}---~ 

interlobular 
connective 

tissue 

Cortex 
In the cortex of a lobule, 

reticular cells envelop groups ofT cells 
that are multiplying and maturing. 

'--desmosome 

Lobules 

Mech.11lla 
As T cells mature, they migrate to the medulla. 

Fully mature T cells leave the medulla 
via venules and efferent lymphatic vessels . 

. -' - . .,.,__. '-""'-... 
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IL YMPHA. TIC TISSUES I Thymus Gland 

STRUCTURE 
The thymus is a soft structure consisting of two lobes (bilobed). It is located in the chest 
(thorax) anterior to the great vessels of the heart and posterior to the upper part of the sternum. 

It reaches its maximum size at puberty. At birth the thymus weighs about 15 grams; by 
puberty (age 13) it weighs 30-40 grams; after puberty it atrophies, and in old age weighs 
about 15 grams again. 

Capsule A capsule consisting of connective tissue envelops the thymus. 
Septa Extensions of the capsule called septa form partial partitions that separate the tissues of 
the thymus into regions called lobules. 
Lobules Each lobule has an outer region called the cortex and an inner region called the 
medulla. 

Cortex 
Epithelial Reticular Cells The cortex has a spongelike texture and consists of a network of 

'7tepithelial reticular cells bound together by desmosomes. Dense granules in the cytoplasm of 
these cells secrete hormones that promote the differentiation ofT cells. Epithelial reticular 
cells envelop groups ofT cells in the process of mitotic division and maturation; they also 
surround all blood vessels in the cortex, providing a blood-thymus banier that prevents anti­
gens in the blood from making contact with the developing T cells. 

Immature T Cells T cells in various stages of differentiation and m~turation reside in the 
spaces between the reticular cells of the cortex. 

Macrophages Many macrophages are present. They phagocytize many of the T cells devel­
oping in the cortex of lobules. Macrophages reside in the spaces between capillaries and the 
epithelial reticular cells that cover the capillaries. 

Medulla 
Mature T Cells As T cells mature, characteristic surface antigens appear on the outer surfaces 
of their plasma membranes. The mature T cells migrate to the medulla. They leave the me­
dulla via blood vessels and migrate to specific regions of the lymph nodes (paracortical zone) 
and spleen (periarteriolar sheaths of the white pulp). 

!FUNCTION 
The thymus is colonized by immature T cells originating in the bone marrow. These cells 
develop into mature T cells, which are released into the circulation. The mature T cells travel 
via the blood to the lymph nodes, spleen, and diffuse lymphatic tissues, where they reside and 
are responsible for cell-mediated immune responses. :;1 

'"'-.., ~ 1\ 
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1.. YIVIfPHA TIC TISSUES I Spleen 

INTRODUCTION 
Size, Shape, and Location 
The spleen is the largest of the lymphatic organs-about 5 inches long. It is located in the upper left 
portion of the abdominal cavity, just beneath the diaphragm and adjacent to the lOth rib. Its shape 
resembles a large lymph node. The spleen filters the blood (as lymph nodes filter lymph). 

Basic Structures ~ 
Capsule The spleen is surrounded by a capsule of dense connective tissue. .· . ~rq , 
Hilum The hilum is a depression on the medial surface; nerves and arteries enter the spleen ere; ~ 
veins and lymphatic vessels exit here. 
Trabeculae Extensions of the capsule called trabeculae form partitions within the spleen. 
Pulp The tissue inside the spleen is called the splenic pulp or parenchyma. It is divided into white 
pulp (lymphatic tissue) and red pulp (rich in blood). 

Blood Circulation 
Splenic Artery The splenic artery divides into trabecular arteries as it enters the hilum. 
Trabecular Arteries These branches of the splenic artery follow the course of trabeculae. 
Central Arteries When trabecular arteries enter the white pulp they are called central arteries. They 
are surrounded by a sheath oflymphocytes. Arterioles branching from the central arteries carry blood 
to marginal zone sinuses and to sinusoids in the red pulp. 

SPLENIC PULP 
White Pulp 
Periarteriolar Lymphatic Sheaths (PALS) The white pulp consists of lymphatic tissue arranged in 
cylindrical sheaths (periarteriolar lymphatic sheaths) around central arteries. T cells are found in 
greatest concentrations in the region closest to the central arteries. 
Follicles (also called splenic nodules) Spherical clusters of B cells called follicles are scattered 
throughout the PALS. Primary (unstimulated) follicles contain resting (inactive) B cells; secondary 
(stimulated) follicles contain activated B cells in a central region called the germinal center. These 
follicles have the same structural organization as those found in lymph nodes. 
Marginal Zone The marginal zone is the region between the white and red pulp. It is composed 
primarily of macro hages and dendritic cells 

Red Pulp . ------------~\ 
The red pulp is mainly concerned with the destruction of (om-out red blood cell~ It consists of 

~ ~lenic cord~and ~nusoid0~ ~- . ~-·---·~ 
Splenic Cords (Billroth's Cords) Splenic cords consist of all cells between the sinusoids in the red 
pulp: reticular cells, macrophages, monocytes, lymphocytes, plasma cells, granulocytes, red blood 
cells, and platelets. 
Sinusoids Sinusoids are blood~filled spaces located throughout the red pulp. They have large, 
dilated, irregular lumens and large pores (spaces between the endothelial cells). 

FUNCTIONS 
Blood Cell Production Lymphocytes produced in white pulp migrate to red pulp sinuses. During the 
fetal phase of development, granulocytes and erythrocytes are produced. 
Blood Storage A small quantity of blood is stored in the sinusoids of the red pulp. 
RBC Destruction Most worn-out or damaged red blood cells are destroyed in the spleen (some in the 
bone marrow). They are phagocytized by macrophages. 
Defense Mechanisms Macrophages phagocytize microbes that have penetrated the blood. Antigens 
in the blood activate B and T cells residing in the spleen, triggering immune responses. 
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Because spaces 11 
of these sinuses may be as wide as 2 to 3 fLID, ~; i~ 
here that blood-borne cells, antigens, and particulate 
matter have their first free access to the parenchyma 
of the spleen. Thus, the following events occur at the 
margmal zone: 

C!...;APCs . sample the material traveling in blood 
searchmg for antigens. ' 

2 Macrophages attack microorganisms present in the 
blood. 

3 The circulating pool of T and B lymphocytes 
l~aves t_he_ bloodstream to enter its preferred loca-

* 
lions Wlthm the white pulp. 

4 Lymphocytes come into contact with the interdigi­
tatmg dendnl!c cells; if they recognize their epi­
tope-MHC complex, the lymphocytes initiate an 
rmfll~ne r_e~onse within the white pulp. 

5 B cells recognize and react to thymus-independent 
antigens (such as polysaccharides of bacterial cell 
walls). 
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DOFFUSIE LYMPHATIC TISSUE 
When lymphatic tissue is not enclosed by a capsule, it is called 
diffuse or unencapsulated lymphatic tissue. )?- ;::! 
Unencapsulated lymphatic nodules are found isolated or aggregated 
in the. lining of the digestive, respiratory, urinary, and reproductive tracts. 

~~~~f 
Tonsils 
Tonsils are aggregations of 
large lymphatic nodules 
embedded in the 
mucous membranes 
of the throat. 

They form a ring of 
lymphatic tissue 
at the junction of the 
mouth cavity 
and pharynx (throat). 
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Figure 14-26 p 1 t' . ules can be s~en ~:~~e tonsil. _Numerous lymphoid nod-
of the oropharynx. Thet~e h~tratliled squamous epithelium 
are germinal centers N~ t~reas In the lymphoid tissue 
ithelial crypts (C). . e e sections through the ep-
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