
2/17/2016 Modules: Print Module

https://my.unisa.ac.za/portal/tool/70905cbc-3c48-47cc-a994-e05c9e6c8a27/print_module.jsf?printModuleId=335315022# 1/6

 

Learning unit 11: The body’s defences

11.1 Introduction

To complete the learning unit, you will need to refer to pages 1104–1128 chapter 47 in Campbell et al. (2015)

The immune system, our defense system, is made up of the molecules and cells that shield the body against foreign
macromolecules, including disease-causing organisms, or pathogens. The latter, include certain viruses, bacteria, fungi,
protozoa, and worms. In this learning unit, we will examine how each type of immunity protects animals from disease. We
will also investigate how pathogens can avoid or overwhelm the immune system and how defects in the immune system
can imperil health.

11.2 Learning outcomes

By the end of this learning unit you should be able to

• demonstrate your knowledge of the defence mechanisms of vertebrates

• explaining and identifying the non-specific (innate) and specific defences (acquired) in vertebrates

• discussing the different lines of defence in vertebrates

   • discussing the role immunity plays in health and disease

11.3 In innate immunity, recognition and response
rely on shared pathogen traits

Recommended reading: pages  1104–1126 of chapter 47 in Campbell et al. (2015)

It is well known that innate immunity is found all animals as well as plants. We will look at both invertebrates and
vertebrates.

11.3.1 Innate immunity of invertebrates

Insect exoskeletons are a first line of defense against infection. Composed largely of the polysaccharide chitin, the
exoskeleton provides an effective barrier defense against most pathogens. A chitin-based barrier is also present in the
insect intestine, where it blocks infection by many microbes ingested with food. Lysozyme, an enzyme that digests
microbial cell walls, and low pH also protect the digestive system.

In insects, circulating cells called hemocytes flow throughout the hemolymph, the insect equivalent blood. Some hemocytes
can phagocytose microbes. Other hemocytes trigger the production of chemicals that kill microbes and entrap parasites.
Hemocytes and other cells secrete antimicrobial peptides that bind to and destroy bacteria and fungi by disrupting their
plasma membranes. Hemocytes recognize unique structures in the outer layers of bacteria and fungi. Fungal cell walls
have unique polysaccharides, while bacterial cell walls contain combinations of sugars and amino acids not found in
animal cells. Insect immune cells secrete specialized recognition proteins, each of which binds to the macromolecule
specific to a particular type of microbe.

Immune responses are distinct for different classes of pathogens. For example, when the fungus Neurospora crassa infects
a fruit fly, pieces of the fungal cell wall bind a recognition protein that activates the protein Toll, a receptor on the surface of
immune response cells. Signal transduction from the Toll receptor to the cell nucleus leads to synthesis of a particular set of
antimicrobial peptides. When the bacterium Micrococcus luteus infects a fly, a distinct recognition protein is activated, and
the fly produces a different set of antimicrobial peptides.

11.3.2 Innate immunity of vertebrates

In mammals, epithelial tissues block the entry of harmful viruses and bacteria. An invading microbe must penetrate the
external barrier formed by the skin and mucous membranes, which line the digestive, respiratory, and genitourinary tracts.
Mucous membranes produce mucus, a viscous fluid that traps microbes and other particles. In the trachea, ciliated
epithelial cells sweep out mucus with its trapped microbes, preventing them from entering the lungs.

Microbial colonisation is also inhibited by the washing action of saliva, tears, and mucous secretions that continually bathe
the exposed epithelium. Beyond their role as a physical barrier, the skin and mucous membranes counter pathogens with
chemical defenses. Lysozymes in saliva, mucous secretions, and tears kill bacteria that enter the upper respiratory tract or
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the openings around the eyes. Microbes present in food or water, or those in swallowed mucus, must contend with the
highly acidic environment of the stomach.

The acid destroys many microbes before they can enter the intestinal tract. Secretions from sebaceous and sweat glands
give the skin a pH ranging from 3 to 5, which is acidic enough to prevent colonization by many microbes.

Pathogens that penetrate the first line of defense face phagocytic white blood cells (leukocytes). Leukocytes recognize
microbes through receptors that are very similar to the Toll receptor of insects.

Each mammalian TLR, or Toll-like receptor, functions to recognize molecules common to a set of pathogens. TLR4 of
immune cell plasma membranes recognizes lipopolysaccharide, a molecule found on the surface of many bacteria. TLR3
on the inner surface of endocytic vesicles is the sensor for double-stranded RNA, a form of nucleic acid characteristic of
certain viruses. In each case, the recognized macromolecule is normally absent from the vertebrate body and is an
essential component of a class of microbes.

Phagocytosis is often the first step in internal defenses. White blood cells recognize and engulf microorganisms, forming a
vacuole that fuses with a lysosome. Microbes are destroyed within lysosomes in two ways. Lysosomes contain nitric oxide
and other gases that poison the engulfed microbes. Lysozymes and other enzymes degrade microbial components. The
most abundant phagocytic cells in the mammalian body are neutrophils. Signals from infected tissues attract neutrophils,
which engulf and destroy microbes. Macrophages are even more effective phagocytic cells. Some macrophages migrate
throughout the body, whereas others reside permanently in certain tissues, especially in lymph nodes and the spleen.
Microbes that enter the blood become trapped in the spleen, whereas microbes in interstitial fluid flow into lymph and are
trapped in lymph nodes. In either location, microbes soon encounter resident macrophages. Eosinophils contribute to
defense against large invaders, such as parasitic worms. Eosinophils position themselves against the external wall of a
parasite and discharge destructive enzymes. Dendritic cells populate tissues that are in contact with the environment,
acting to stimulate the development of acquired immunity.

11.3.3 Evasion of innate immunity by pathogens

Some pathogens can avoid destruction by phagocytic cells. For example, the outer capsule that surrounds certain bacteria
hides polysaccharides on their surface, preventing recognition. Some bacteria do not avoid recognition but are resistant to
breakdown within lysosomes following phagocytosis. One example is the bacterium that causes the disease tuberculosis.
Rather than being destroyed within the host’s cells, such microbes grow and reproduce, effectively hidden from the
acquired defenses of the body. Tuberculosis, also known as TB, kills more than a million people a year worldwide.

11.4 In adaptive immunity, receptors provide
pathogen-specific recognition

Recommended reading: pages  1110–1112 of chapter 47 in Campbell et al. (2015)

Vertebrates are very unique in having both adaptive and innate immunity. The vertebrate body is populated by two main
types of lymphocytes: B lymphocytes (B cells) and T lymphocytes (T cells). Both types of lymphocytes are critical for
acquired immune defense. Lymphocytes that originate from stem cells in the bone marrow and migrate to the thymus
mature into T cells. Lymphocytes that mature in the bone marrow develop as B cells. B and T cells recognize and inactivate
foreign cells and molecules. Both types of cells also contribute to immunological memory, an enhanced response to a
foreign molecule encountered previously.

Although B cells and T cells function only in the acquired immune system, innate and acquired immunity are not
independent. At the start of an infection, signals from phagocytic cells activate lymphocytes, stimulating an acquired
response. For example, phagocytic cells secrete chemokines that help recruit and activate lymphocytes. Macrophages and
dendritic cells also have a direct role in pathogen recognition by B cells and T cells.

Each B cell and T cell has on its surface many receptor proteins that can bind a foreign molecule. The receptor proteins on
a single lymphocyte are all the same, but there are millions of lymphocytes in the body that differ in the foreign molecules
that their receptors recognize. When a host animal is infected, B and T cells with receptors that can recognize the microbe
are activated. Activation involves the B and T cells interacting with fragments of microbes displayed on the surface of cells.

Some T cells assist in activating other lymphocytes, while other T cells detect and kill infected host cells. Foreign molecules
and cells that circulate in body fluids are subject to attack by soluble receptor proteins secreted by specialized B cells.
Activated lymphocytes also undergo cell division, with some of the daughter B and T cells being set aside to fight any future
infections of the host by the same microbe.

Any foreign molecule that is specifically recognized by lymphocytes and elicits a response from them is called an antigen.
Most antigens are large molecules such as proteins or polysaccharides. Most antigens are cell-associated molecules that
protrude from the surface of pathogens or transplanted cells. Others, such as toxins secreted by bacteria, are released into
extracellular fluid. Each B cell and T cell has many antigen-specific receptors embedded in its plasma membranes. A
single B or T lymphocyte bears about 100 000 identical antigen receptors. B cells sometimes give rise to plasma cells that
secrete a soluble form of the antigen receptor.

This secreted protein is called an antibody, or immunoglobulin. A lymphocyte actually recognizes and binds to a small
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portion of an antigen called an epitope or antigenic determinant. A single antigen usually has several different epitopes,
each capable of inducing a response from a lymphocyte. Because lymphocytes recognize and respond to particular
microbes and foreign molecules, they are said to display specificity for a particular epitope on an antigen. Each B cell
receptor for an antigen is a Y-shaped molecule consisting of four polypeptide chains: two identical heavy chains and two
identical light chains linked by disulfide bridges. A transmembrane region near one end of each heavy chain anchors the
receptor in the cell’s plasma membrane.

Differences in the amino acid sequence of the variable (V) region account for the specificity of antigen receptors on
lymphocytes. A single B or T cell displays about 100,000 identical antigen receptors. It is highly unlikely that any two B cells
or T cells have the same antigen receptor. The variable regions at the tip of a particular antigen receptor differ in amino
acid sequence from one cell to the other. Because the variable regions form the antigen-binding site, a particular amino
acid sequence generates specificity for a certain epitope. Each person has more than 1 million different B cells and 10
million different T cells, each with a particular antigen-binding specificity.

11.5 Adaptive immunity defends against infection of
body cells and fluids

Recommended reading: pages  1116–1121 of chapter 47 in Campbell et al. (2015)

The immune system can mount two types of immune responses to antigens: humoral and cell-mediated. The humoral
immune response involves the activation and clonal selection of effector B cells, which secrete antibodies that circulate in
the blood plasma and lymph. The cell-mediated immune response involves the activation and clonal selection of cytotoxic
T lymphocytes, which identify and destroy target cells (Fig. 11.1). A third population of lymphocytes, the helper T cells, aids
both responses.

Figure 11.1: Cells of the immune system

http://upload.wikimedia.org/wikipedia/commons/f/f2/Cells_of_the_immune_system.jpg

Note that the cells of the immune system are generated in bone marrow to give rise to stem cells.  These stem cells mature
into lymphoid and myeloid progenitor cells and these cells then mature further into the various cell lines as shown in figure
11.1.

11.5.1 Helper T cells

Activated by encounters with antigen-presenting cells, helper T cells play a central role in enhancing humoral and cell-
mediated responses. The helper T cell proliferates after interacting with peptide antigens displayed by antigen-presenting
cells. The resulting clone of cells differentiates into activated helper T cells and memory helper T cells. The activated helper
T cells then secrete cytokines that stimulate the activation of nearby B cells and cytotoxic T cells.

The T cell receptors on the surface of the helper T cell bind the peptide antigen that is held by a class II MHC molecule on
the antigen-presenting cell. At the same time, a protein called CD4, found on the surface of most helper T cells, binds the
class II MHC molecule. CD4 helps keep the helper T cell and the antigen-presenting cell joined. As the two cells interact,
signals in the form of cytokines are exchanged in both directions. For example, cytokines stimulate the helper T cell, which
produces its own set of cytokines. The net result is activation of the helper T cell. The three principal types of antigen-
presenting cells—dendritic cells, macrophages, and B cells—interact with helper T cells in different contexts. Dendritic cells
serve as sentinels in the epidermis and other tissues frequently exposed to foreign antigens, acting to trigger a primary
immune response. After dendritic cells capture antigens, they migrate from the infection site to lymphoid tissues, where they
present antigens, via class II MHC molecules, to helper T cells. Macrophages play the key role in initiating a secondary
immune response by presenting antigens to memory helper T cells.

11.5.2 Cytotoxic T cells

Cytotoxic T cells are the effector cells in cell-mediated immune response. To become active, they require signals from
helper T cells as well as interaction with an antigen-presenting cell. Once activated, they eliminate body cells infected by
viruses or other intracellular pathogens. Fragments of nonself proteins synthesised in target cells associate with class I
MHC molecules and are displayed on the cell surface, where they can be recognized by cytotoxic T cells. A surface protein
called CD8, found on most cytotoxic T cells, enhances the interaction between a target cell and a cytotoxic T cell. Binding of
CD8 to the side of a class I MHC molecule helps keep the two cells in contact while the cytotoxic T cell is activated. Thus,
the roles of class I MHC molecules and CD8 are similar to those of class II MHC molecules and CD4, except that different
cell types are involved.

The targeted destruction of an infected cell by a cytotoxic T cell involves the secretion of proteins that cause cell rupture
and cell death, depriving the pathogen of a place to reproduce and exposing it to circulating antibodies, which mark it for
disposal. After destroying an infected cell, the cytotoxic T cell moves on to kill other cells infected with the same pathogen.

11.5.3 There are five major classes of antibodies

http://upload.wikimedia.org/wikipedia/commons/f/f2/Cells_of_the_immune_system.jpg
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The antibodies produced by a given B cell differ from the B cell receptor only in the constant (C) region of the heavy chain,
which contains sequences that determine where the d is distributed and how it mediates antigen disposal.

The five major types of heavy-chain constant regions determine the five major classes of antibodies. Two classes exist
primarily as polymers of the basic antibody molecule: IgM as a pentamer and IgA as a dimer. The other three classes—IgG,
IgE, and IgD—exist exclusively as monomers.

The power of antibody specificity and antigen-antibody binding has been applied in laboratory research and clinical
diagnosis. Some antibody tools are polyclonal—the products of many different clones of B cells, each specific for a different
epitope. Others are monoclonal, prepared from a single clone of B cells grown in culture. These cells produce monoclonal
antibodies, identical and specific for the same epitope on an antigen.

11.6 Disruptions in immune system function can
elicit or exacerbate disease

Recommended reading: pages  1122–1126 of chapter 47 in Campbell et al. (2015)

Malfunctions of the immune system can produce effects ranging from the minor inconvenience of some allergies to the
serious and often fatal consequences of certain autoimmune and immunodeficiency diseases.

11.6.1 Exaggerated, self-directed, and diminished
immune responses

Allergies are hypersensitive (exaggerated) responses to certain environmental antigens, called allergens. The most
common allergies involve antibodies of the IgE class. Hay fever, for example, occurs when plasma cells secrete IgE
specific for pollen allergens. Some IgE antibodies attach by their base to mast cells present in connective tissue. Later,
pollen grains that enter the body attach to the antigen-binding sites of mast-cell–associated IgE, cross-linking adjacent
antibody molecules. This event triggers the mast cell to degranulate—that is, to release histamines and other inflammatory
agents from vesicles called granules. High levels of histamines cause dilation and increased permeability of small blood
vessels.

These inflammatory events lead to typical allergy symptoms: sneezing, runny nose, tearing eyes, and smooth muscle
contractions that can result in breathing difficulty. Antihistamines diminish allergy symptoms by blocking receptors for
histamine.

Sometimes, an acute allergic response can result in anaphylactic shock, a whole-body, life-threatening reaction to injected
or ingested allergens. Anaphylactic shock results when widespread mast cell degranulation triggers abrupt dilation of
peripheral blood vessels, causing a precipitous drop in blood pressure. Death may occur within minutes. Triggers of
anaphylactic shock in susceptible individuals include bee venom, penicillin, or foods such as peanuts or fish. Some
hypersensitive individuals carry syringes with epinephrine, which counteracts this allergic response.

11.6.2 Exertion, stress, and the immune system

Moderate exercise improves immune system function and reduces the risk of infection. Exercise to the point of exhaustion
leads to more frequent infections with more severe symptoms. Physiological stress disrupts immune system regulation by
altering the interplay of the hormonal, nervous, and immune systems.

11.6.3 Immunodeficiency disease

In immunodeficiency diseases, the ability of the immune system to protect against pathogens is compromised, leading to
frequent and recurrent infections and increased susceptibility to certain cancers. An immunodeficiency disease caused by
a genetic or developmental defect in the immune system is called an inborn immunodeficiency. An immunodeficiency
defect in the immune system that develops later in life, following exposure to a chemical or biological agent, is called an
acquired immunodeficiency.

Inborn immunodeficiencies result from defects in the development of various immune system cells or the production of
specific proteins, such as antibodies or the proteins of the complement system. In severe combined immunodeficiency
(SCID), functional lymphocytes are rare or absent. Individuals with this disease require a bone marrow or stem cell
transplant in order to supply functional lymphocytes. Several gene therapy approaches are in clinical trials to attempt to
reverse SCID.

Immune deficiencies may also develop later in life. Drugs used to fight autoimmune diseases or prevent transplant
rejection suppress the immune system, leading to an immunodeficient state. Certain cancers suppress the immune system.
An example is Hodgkin’s disease, which damages the lymphatic system. Acquired immunodeficiency syndrome, or AIDS,
is an acquired immune deficiency.

11.6.4 Attack on the immune system by HIV
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The human immunodeficiency virus (HIV), the pathogen that causes AIDS, escapes and attacks the acquired immune
response. HIV gains entry into cells by making use of proteins that participate in normal immune responses. The main
receptor for HIV on helper T cells is the cell’s CD4 molecule. HIV also infects some cell types that have low levels of CD4,
including macrophages and brain cells. Once inside the cell, the HIV RNA is reverse-transcribed, and the product DNA is
integrated into the host cell’s genome. In this form, the viral genome can direct the production of new viral particles.
Although the body responds to HIV with an aggressive immune response sufficient to clear most viral infections, some HIV
invariably escapes. One reason HIV persists is antigenic variation.

It mutates at a very fast rate during viral replication, preventing recognition and elimination by the immune system. Some
viruses survive, proliferate, and mutate further, evolving within the body. The continued presence of HIV is also helped by
latency. When the virus integrates into the chromosome of an infected cell but does not produce new virus proteins or
particles, it is shielded from surveillance by the immune system. The antiviral agents currently used against HIV attack only
an actively replicating virus. Over time, an untreated HIV infection not only avoids the acquired immune response but also
abolishes it. Virus reproduction and cell death triggered by the virus lead to loss of T cells, impairing both humoral and cell-
mediated immune responses.

The result is a susceptibility to infections and cancers that can be successfully rebuffed by people with a healthy immune
system. HIV infection cannot yet be cured, although certain drugs slow HIV reproduction and the progression to AIDS. The
mutational changes that occur with each round of virus reproduction can generate drug-resistant strains of HIV.

The impact of viral drug resistance is reduced by the use of a combination of drugs; viruses newly resistant to one drug can
be defeated by another. Strains resistant to multiple drugs reduce the effectiveness of multidrug “cocktails” in some
patients. Frequent mutational changes in HIV surface antigens also have hampered efforts to develop an effective vaccine.
In 2006, more than 2.5 million people died of AIDS, which is the leading cause of death in Africa. Transmission of HIV
requires the transfer of body fluids containing infected cells, such as semen or blood, from person to person. Most HIV
transmission is due to unprotected sex or the use of HIV-contaminated needles. People infected with HIV transmit the
disease most readily in the first few weeks of infection, before they express HIV-specific antibodies that can be detected in
a blood test.

11.6.5 Cancer and immunity

The increase in cancer rates with an impaired immune response may occur because the immune system normally attacks
body cells that become cancerous. There is an alternative explanation: Impairment of the immune response leaves the
body open to infection, which causes inflammatory responses, now known to be a contributing event to the development of
many cancers. Determining the link between cancer and immunity and finding out whether passive or active immunisation
can be used to fight cancer are active areas of investigation.

11.7 Activity 11.1

Do this activity and add it to your portfolio.

Refer to your textbook and answer the following questions:

b. What is the function of the immune system?
d. What are the two groups of the defense mechanisms of the body against foreign or harmful agents? What is the
difference between them?

f. What is an antigen?
h. Why is maternal milk important for the immune protection of a baby?
j. Why are vaccines used in the prevention but not in the treatment of infections? Why can antivenom serums be used
in prevention and treatment?

l. How do 25,000 protein-coding genes in the human genome generate such remarkable diversity in antigen
receptors?

11.8 Feedback on activity 11.1

b. The immune system is responsible for the specific defense against agents, called antigens, which are foreign or
harmful to the body. Exogenous antigens often come into contact with the skin or enter through the airway, the
digestive tract and genital orifices and mucosae. They can also penetrate into circulation directly through wounds.

d. The body has many defense mechanisms against foreign pathogenic agents. These mechanisms are divided into
two groups: specific mechanisms and the nonspecific mechanisms. Specific mechanisms are part of the immune
system and consist of the humoral immune response and the cellular immune response that produce antibodies
and defense cells against specific antigens, respectively. Nonspecific mechanisms fight in a general manner
against any type of antigen (they are not specific) and, in them, a series of defense mechanisms are included, such
as the skin barrier against foreign agents, the mucous and ciliated epithelium of the airway, inflammation (the
inflammatory response) and the action of nonspecific proteins and defense cells (such as interferons and
macrophages).

f. An antigen is any substance, particle or infectious agent recognized as foreign to the body. The contact of the
antigen with the body triggers a defense reaction against the antigen (nonspecific, specific or both).

h. Besides being nutritionally important, maternal milk is involved in the defense of the baby against infectious agents.
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Shortly after delivery, the mother produces more fluid milk called colostrum, which is rich in immunoglobulins
(antibodies). These antibodies are not absorbed by the baby’s circulation but rather cover the internal surface of the
baby’s bowels, attacking possible antigens and making it more difficult for pathogenic bacteria to proliferate within
the organ.

j. Vaccines are not used in the treatment of infections because they depend on the primary immune response, which
takes about a week to occur and is not so intense and effective. On the other hand, antivenom serums are
inoculated into circulation and are used as an immediate treatment because they are made of a large amount of
immunoglobulin (antibodies) which are potent against their respective specific venom.

l. The answer is the variety of combinations: By combining variable elements, the immune system assembles many
different receptors from a smaller collection of parts. Consider the immunoglobulin (Ig) gene, which encodes one
chain of the B cell receptor. This gene is used to make secreted antibodies (immunoglobulins) and membrane-
bound receptors.

11.9 Summary

An animal must defend itself against pathogens, infectious agents that cause disease. Infectious agents include viruses,
bacteria, protists, and fungi. Immune cells patrol the body fluids of animals, seeking out and destroying foreign cells.
Responses to infection include proteins that punch holes in bacterial membranes or block viruses from entering body cells.
Immune systems help animals to avoid or limit many infections. External barriers, formed by the skin or shell, provide an
obstacle to microbes. Chemical secretions that trap or kill microbes guard the body’s entrances and exits. The internal
defenses include macrophages and other phagocytic cells that ingest and destroy pathogens. An animal’s immune system
must detect foreign particles and tissues that invade the body. To identify pathogens, animal immune systems use
receptors that specifically bind molecules from foreign cells or viruses. Two general strategies for molecular recognition
form the basis for innate and acquired immunity. Innate immunity is common to all animals.

Innate immune responses are active immediately upon infection and are the same whether or not the pathogen has been
encountered previously. Innate immunity includes the barrier defenses (for example, skin) as well as defenses that combat
pathogens after they enter the body. The activation of many of these internal defenses relies on the recognition of
pathogens. Innate immune cells produce a small, preset group of receptor proteins that accomplish this recognition. Each
innate immune receptor binds a molecule or structure that is absent from animal bodies but is shared among a large class
of microbes. In this way, innate immune systems detect a very broad range of pathogens. Acquired immunity, also known
as adaptive immunity, is found only in vertebrates. Acquired immune responses are activated after innate immune
defenses and develop more slowly. These acquired defenses are enhanced by previous exposure to the infecting
pathogen. Animals with acquired immunity have a large number of receptors, each recognizing a feature typically found
only on a particular molecule in a particular microbe.


