
Anatomy and Physiology is a visual science. To succeed, you need to practice and develop visual 
literacy skills for understanding and interpreting information. To help you achieve this goal, the text 
and associated figures are tightly integrated so that you do not have to flip pages back and forth to 
connect visuals with words.

26 Focus Figures walk you through 
complex processes using exceptionally 
clear, easy-to-follow illustrations with 
integrated text explanations.

3 Dendritic cell activates CD4 cell, which forms 
a clone of helper T (TH) cells and memory cells.

4a Dendritic cell and TH cell 
together activate CD8 cell, which 
forms a clone of cytotoxic T (TC) 
cells and memory cells.

4b TH cell activates a B 
cell, which forms a clone 
of plasma cells and 
memory B cells.

2 Dendritic cells migrate to 
a lymph node where they 
activate T lymphocytes.

1 Dendritic cells (APCs) engulf 
viruses and dead virus-infected cells.

5b Plasma cells release 
antibodies, which travel (via 
blood) to site of infection.

5a TC cells migrate 
to site of infection. 
They attack and kill 
the infected cells.

Antibodies neutralize viruses by covering 
the proteins that allow the virus to bind to 
and enter our cells. No entry = no infection.

Agglutination and complement 
activation enhance phagocytosis by 
neutrophils and macrophages.
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Third Line of Defense: Adaptive Defenses  

Cellular immunity

Humoral immunity
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Virus-infected cells release interferon to 
warn nearby uninfected cells.

Phagocytes (e.g., resident macrophages) 
engulf viruses and “sound the alarm” by 
releasing inflammatory chemicals. 

Inflammation brings more immune cells and 
plasma proteins to the area by dilating 
arterioles and increasing capillary permeability.

Complement activation enhances inflammation 
and causes opsonization of virus particles.

NK cells recognize and kill 
virus-infected cells.
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Let’s look at how the body defends against
its first exposure to influenza virus.

Cilia sweep contaminated mucus toward the
pharynx, where it is swallowed and digested. 

Mucus traps viruses.

Second Line of Defense: Innate Internal Defenses

First Line of Defense: Surface Barriers 

The mucous membrane lining the airways helps
prevent the virus from entering the body. 
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The immune system has three lines of defense  
against foreign invaders.

FOCUS F IGURE 21.1 An Example of a Primary Immune Response

See pp. 
840–841

Focus Figure 
“Mini-Animation” 
Coaching Activities 
bring some of the 
Focus Figures to life 
using short video 
segments.

Blue text represents the voice of an A&P 
instructor, highlighting important points to 
remember.

31 unique In-Line Figures are 
strategically placed within the text to 
visually reinforce the text discussion.

828 UNIT 4 Maintenance of the Body
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Activation and Differentiation of B Cells
An immunocompetent but naive B 
lymphocyte is activated when match-
ing antigens bind to its surface recep-
tors and cross-link adjacent receptors 
together. Antigen binding is quickly 
followed by receptor-mediated endo-
cytosis of the cross-linked antigen-receptor complexes. As we 
described previously, this is called clonal selection and is fol-
lowed by proliferation and differentiation into effector cells 
(Figure 21.11). (As we will see shortly, interactions with T cells 
are usually required to help B cells achieve full activation.)

Most cells of the clone differentiate into plasma cells, the 
antibody-secreting effector cells of the humoral response. 
Plasma cells develop the elaborate internal machinery (largely 
rough endoplasmic reticulum) needed to secrete antibodies 
at the unbelievable rate of about 2000 molecules per second. 
Each plasma cell functions at this breakneck pace for 4 to 5 
days and then dies. The secreted antibodies, each with the same 

21.5  In humoral immunity, 
antibodies are produced that target 
extracellular antigens
Learning Outcomes

 ✔ Define humoral immunity.
 ✔ Describe the process of clonal selection of a B cell and 
recount the roles of plasma cells and memory cells in 
humoral immunity.
 ✔ Compare and contrast active and passive humoral 
immunity.
 ✔ Describe the structure and functions of antibodies and 
name the five antibody classes.

Now that you understand the common steps in lymphocyte 
maturation and activation, let’s examine how this basic pattern 
applies to B lymphocytes. When a B cell encounters its antigen, 
that antigen provokes the humoral immune response, in which 
antibodies specific for that antigen are made.
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Adaptive defenses Humoral immunity

Subsequent 
challenge by the 
same antigen 
results in a larger, 
more rapid 
response.

Figure 21.11 Clonal selection of a B cell.
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See p. 828

Study the Figures  
as You Read the Text
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