Chapter 12

The Immune Response

Basic Concepts

The immune system functions to recognize and destroy that which is foreign, including invading microbes and their secretions, toxins, and enzymes. Functionally, the immune system consists of two components: nonspeciﬁc or innate (inherent) immunity and speciﬁc or adapted (acquired after birth) immunity (Figure 12.1). 

Anatomy and Physiology of the Body’s Defenses 
The major structures of the immune system are shown in Figure 12.2. 

Mechanical and Chemical Barriers

The body possesses a variety of innate mechanical and chemical barriers to infection.  Skin is the ﬁrst line of defense against microbial infection; it is a physical barrier that blocks the entry of microbes.  The barrier formed by skin may be broken by cuts and abrasions, insect bites, and injections with hypodermic needles, etc. Stomach acidity is inhibitory to most microbes. Mucous membranes line the internal body cavities and act as a mechanical barrier to microbes. Cilia in airways propel microbes into the pharynx where they are swallowed and expelled (mucosal-ciliary escalator system). Lysozyme is an enzyme that destroys the cell walls of many bacteria; lysozymes are found in saliva, tears, and sweat.
Blood

Cellular and protein components in blood contribute to innate (nonspecific) immunity, adaptive (specific) immunity, or both.  White blood cells (leukocytes) include the granulocytes and agranulocytes. Granulocytes are so-named due to the presence of cytoplasmic granules; they include neutrophils, basophils, and eosinophils. Agranulocytes include monocytes (phagocytic cells critical to innate immunity) and lymphocytes, which are the crucial cells of the adaptive immune response. Lymphocytes include T lymphocytes (T- helper [TH] cells and cytotoxic [Tc] cells) and B lymphocytes.  B cells have the unique capacity to produce antibodies. A differential count determines the ratio of the white blood cell components and is an important tool in the diagnosis of suspected infection (Figure 12.3). Various protein components of blood are active in innate and adaptive immunity.  Antibodies recognize and bind to specific foreign antigens (adaptive response).  The complement system is critical to innate defenses; complement proteins enhance phagocytosis, and they can bring about lysis (destruction by chemical attack) of microbes.  Interferon is a group of proteins that act as part of an innate response to interfere with viral replication; interferons are released from virus-infected cells and act to alert other cells of impending attack, triggering those cells to manufacture virus-blocking enzymes.
Lymphatic System 

The lymphatic system is anatomically intertwined with the blood circulatory system. Lymph is fluid derived from blood and drains back into blood (Figure 12.4). The lymph nodes contribute to innate and adaptive immunity and are situated along the path of the lymphatic veins.  Swollen lymph nodes in the armpits, groin, or neck indicate an active immune response to an infection.  These nodes are highly signiﬁcant because they contain both B and T cells and are the site of antibody production.  Lymph nodes also contain phagocytic cells, which destroy microbes and stimulate adaptive immune response. 
Primary Immune Structures 

There are two pathways of blood cell maturation (Fig. 12.5).  The myeloid path produces platelets, red blood cells, and four of the five types of leukocytes (monocytes, neutrophils, eosinophils, and basophils).  The lymphoid path produces B lymphocytes, which mature in the bone marrow, and T lymphocytes, which mature in the thymus (Figure 12.2). These are the primary structures of the immune system and serve as locations for the maturation of T and B lymphocytes, respectively; these mature cells are then seeded into the secondary structures of the immune system (Figure 12.6).

Secondary Immune Structures 

The spleen, tonsils, adenoids, lymph nodes, and patches of tissue associated with the intestinal tract (Peyer’s patches), constitute the secondary immune structures. Almost all antigens entering the body (usually as microbial components) end up in lymph or blood and are then carried to lymph nodes or to the spleen, where they encounter cells of the immune system.
Duality of Immune Function: Nonspeciﬁc and Speciﬁc Immunity 

The immune system consists of nonspeciﬁc or innate immunity and speciﬁc or acquired immunity (Figure 12.7). 

Nonspecific Immunity

Table 12.3 summarizes nonspeciﬁc immunity. These physiological defense mechanisms are innate (present since the time of birth). They act against microbe types. Phagocytosis is an important defense mechanism by which monocytes and neutrophils phagocytose foreign cells and antigens (Figure 12.8). A wound displays the four cardinal signs of inﬂammation: redness (rubor), heat (calor), swelling or edema (tumor), and pain (dolor). The discovery of phagocytosis by Elie Metchnicoff resulted in a Nobel Prize in 1908 (Figure 12.9). A variety of phagocytic cells are strategically located throughout the body. Macrophages are monocytes that have migrated out of the blood. Collectively, monocytes, neutrophils, and macrophages are referred to as “professional phagocytes.”

Speciﬁc Immunity 

The speciﬁc immune system is divided into two categories: humoral (antibody-mediated) immunity and cell-mediated immunity (CMI).  Most antigens are large protein molecules associated with microbes, tumor cells, damaged cells, pollens, dust, and foods. They trigger the production of antibodies speciﬁc for that antigen (humoral immunity) or bring about the production of T lymphocytes directed against that antigen (CMI).  T lymphocytes have a role in both humoral immunity and CMI. There are several T cell types, or sub-sets (Table 12.4); each has a speciﬁc role and is identiﬁable by the cluster of differentiation (CD) molecules acquired in the thymus during the T-cell maturation process. Cytotoxic T (TC) cells are the effectors of CMI (Figure 12.10); they are CD8+. T helper (TH) cells are CD4+; they secrete molecules, known as cytokines, that activate B and T cells.

Antibody-Mediated (Humoral) Immunity 

Humoral immunity is mediated by antibodies, products of B cells (with the aid of TH cells) in response to antigens. Each antibody is constructed from two heavy (H) and two light (L) protein chains, the H and L chains combine to form a specific antigen binding site (Figure 12.11).  The binding of antibodies to antigens has several outcomes (Figure 12.12), each of which facilitates destruction of the antigen-bearing microbe. Antibody secreting cells are called plasma cells. There are ﬁve categories of antibodies, or immunoglobulins (Igs), termed IgG, IgA, IgD, IgE, and IgM. IgG accounts for approximately 80% of the antibody molecules and is the best characterized. TH cells are required to help B cells produce antibodies; they do so by releasing molecules called cytokines (Figure 12.13). B cells exist since birth for every possible antigen; the clonal selection theory explains how antigens select the appropriate B cells for activation and clonal expansion as plasma cells (Figure 12.14). In response to antigen, some B cells develop into long-lived memory B cells; these cells frequently provide life-long immunity to a microbe- or vaccine-antigen encountered earlier in life.
Cell Mediated Immunity
Antibodies play little role in protection against intracellular microbes. CMI is the major adaptive defense against tumor cells and intracellular microbes: viruses, bacteria, and protozoans.  CMI is mediated by CD8+ TC cells.  Antigens of intracellular microbes and tumor cells are digested into small peptides.  TC cells can only recognize these peptide antigens if they are carried to the cell surface and displayed on MHC (major histo-compatability) molecules.  TC cells, like B cells, are clonally expanded from preexisting TC cells in response to specific antigen displayed on MHC receptors. Activated TC cells produce perforin, a pore-forming protein that lyses the target tumor or infected cell.

Clinical Correlates 

Human Immunodeﬁciency Virus 

HIV, responsible for AIDS, destroys TH cells and, consequently, prevents mounting an antibody response or a CMI response by TC cells. The HIV-infected individual becomes immunocompromised.  They are subject to repeated or multiple infections, eventually resulting in death from infection.  The number of TH lymphocytes in blood is significant, as prognosis is grave when the number of TH cells drops signiﬁcantly.  A low TH cell count signals an inability to combat invading microbes via the adaptive immune system.
Leukemia 

Leukemia is a cancer resulting from the uncontrolled reproduction of white blood cells.  There are two major types of leukemia.  Myeloid leukemia is the result of overproduction of monocytes and granular leukocytes (neutrophils, basophils, and eosinophils).  Lymphocytic leukemia is overproduction of lymphocytes, leading to abnormally large numbers of immature and nonfunctional lymphocytes and their spread by metastasis into tissues throughout the body. In acute leukemia the symptoms appear suddenly and progress rapidly; death occurs in a few months unless the condition is successfully treated.  Chronic leukemia can remain undetected for many months.
Immunodeﬁciencies 

A variety of immunodeﬁciencies may be present at birth as a result of inheritance, including deﬁciencies in complement production, phagocytosis, B cells, and T cells. Table 12.5 gives a sampling of immunodeﬁciency disorders. 

Severe Combined Immunodeﬁciency (SCID) is a congenital disease in which individuals lack functional T and B cells and cannot mount an antibody- or CMI-response.  Death is a certainty, resulting from repeated infections.  This disorder is commonly known as “bubble boy disease,” because infants born with this condition must be kept in a germ-free “bubble.”  SCID is the result of a genetic enzyme deﬁciency.  In recent years gene therapy and early bone marrow transplants (within three months of birth) have proved to be effective for some.
DiGeorge syndrome is a disorder resulting from the absence or incomplete development of the thymus gland. T-cell maturation is abnormal, resulting in impairment of both humoral immunity and CMI. 

Chronic granulomatous disease is an inherited disorder of phagocytes. Because of the inability of phagocytes to kill, serious, life-threatening, and persistent infections result.
