IMMUNOLOGY READING GUIDE.

The First Line: Barriers
Your body's first line of defense against pathogens consists of physical and chemical barriers that prevent pathogens from entering the body. These barriers are nonspecific defenses, meaning they do not distinguish one invader from another. Your skin is one example of such a barrier. Your skin also contains sweat and oil glands. These glands secrete acids and oils that prevent the growth of many microorganisms, acting as a chemical barrier. Furthermore, sweat contains lysozyme, an enzyme that breaks down the cell walls of many bacteria.

While skin covers most of your body, the mouth, eyes, and nostrils are all areas through which pathogens could enter. Saliva and tears contain lysozyme, which helps protect the mouth and eyes from bacterial invasion. In addition, your digestive and respiratory passageways are lined with mucous membranes, another barrier. Mucus in the trachea, for example, creates a sticky barrier that traps microorganisms. Cilia move these trapped particles up to the pharynx where they are swallowed. Then, stomach acids and enzymes help to destroy the pathogens, as well as many other microorganisms in your food and drink.

The Second Line: Phagocytes.

Certain white blood cells roam through the bloodstream, interstitial fluid, and lymphatic system attacking invaders. Some, such as macrophages and neutrophils, destroy microorganisms through phagocytosis (meaning "cellular eating"). Macrophages (meaning "big eaters") are found mainly in interstitial fluid. When a macrophage encounters an invading pathogen, the macrophage engulfs the organism much as an amoeba ingests food. The pathogen is drawn into the macrophage, where enzymes such as lysozyme kill the pathogen.  Neutrophils are smaller and more numerous in the body than macrophages. Neutrophils also kill by phagocytosis. Once the pathogen is inside the neutrophil, the neutrophil releases chemicals (similar to bleach) that kill the invading pathogen. However, these chemicals also kill the neutrophil.  Key to these responses is the white blood cells' ability to identify which structures to attack, and which to leave alone. White blood cells can identify certain proteins and carbohydrates on the surface of an invading pathogen called antigens. Recognizing these "foreign" molecules triggers the cells' responses.

The Third Line: Targeted Defense
Supporting the nonspecific defenses is your body's third line of defense, the immune response. When macrophages encounter The surfaces of viruses, bacteria, fungi, cancer cells, pollen, and other cells contain certain molecules called antigens. An antigen is a large molecule, usually a protein, that provokes an immune response.   

The word antigen is a contraction meaning "antibody-generating." Antibodies are proteins found on the surface of certain white blood cells, or in blood plasma, that attach to particular antigens.

The most common antibodies are Y-shaped molecules that look a bit like "rabbit-ear" antennae. At the tip of each arm of the Y is an antigen-binding site, or antigen receptor. The shape of this binding site makes it possible for the antibody to recognize a specific antigen with a complementary shape. Each antigen sits on the surface of the invading particle and has a particular shape with knobs that protrude from the surface. The knobs, also known as "markers," are unique for each antigen. For example, the markers found on the chicken pox virus are different from the markers found on the measles virus. Just as a particular key's shape enables it to fit into a specific lock, the antigen marker fits into a specific antibody. There is a huge variety in the three-dimensional shapes of antigen-binding sites. This variety gives antibodies the ability to recognize an equally large variety of antigens.

Rather than directly engulfing pathogens, antibodies work indirectly in destroying them. An antibody "tags" the invader by binding to the antigen molecule (Figure 31-10). This triggers mechanisms that neutralize or destroy the invader.

In one such mechanism, the binding of antibodies stops viruses from attaching to a host cell. This disables the virus and halts further infection. In another example, an antibody might bind to the toxin-producing molecules on the surface of a bacterial cell. This makes the pathogen harmless and tags it for destruction by phagocytes. In still another mechanism, antibodies cause pathogens to clump together. This clumping makes the cells easy targets for phagocytes to capture and destroy.

Antibodies may also activate immune system chemicals called complement proteins that can attach to viral surfaces or bacterial membranes. These proteins help to clump viruses for phagocytosis by white blood cells or puncture holes in a bacterial outer membrane, causing the pathogen to break open. All of these antibody mechanisms involve a specific recognition and attack phase, followed by a nonspecific destruction phase.

Lymphocytes
The white blood cells that recognize specific invaders are called lymphocytes. Lymphocytes originate in bone marrow from stem cells, which also give rise to various other kinds of cells (Figure 31-11). Some lymphocytes, called B cells or B lymphocytes, continue their development in bone marrow. Others, called T cells or T lymphocytes, are transported to the thymus gland where they mature. Eventually both B and T cells travel in the blood to the lymph nodes and other parts of the lymphatic system.

Not all B cells or T cells are alike. The body has an enormous diversity of these cells, each specialized to recognize and react to a particular antigen marker. This ability to target a particular antigen is due to the specific shapes of the antigen receptors on the lymphocyte surface.

During the development of lymphocytes, many different antigen receptors are generated. However, the body destroys those lymphocytes with antigen receptors that could react against the body's own molecules and cells. Thus, by the time an individual is born, the immune system can distinguish self (the body's own cells) from nonself (foreign substances).

The types of lymphocytes have different functions. B cells play a key role in humoral immunity, while T cells play the major role in cell-mediated immunity.

B Cells and Humoral Immunity
Antibody proteins are embedded on the surface of B cells as specific receptors for antigens. In total, researchers estimate there are approximately 100 million different B cell surfaces. That's enough to recognize almost any kind of antigen you are likely to ever encounter.

B cells defend primarily against bacteria and viruses that are found outside of cells in body fluids. When fighting a pathogen, a B cell containing the matching antigen receptor binds to the antigens of the pathogen. This activates the B cell. Activation means that the B cell grows and clones itself, forming millions of identical cells (Figure 31-12). Each of those cells is capable of developing into a plasma cell, which produces and secretes antibodies specific to the antigen that activated the original B cell. The plasma cells are carried in the lymph and blood to sites of infection throughout the body. Since antibodies travel in the blood and other body fluids, immunity that originates from B cells is called humoral immunity (the body fluids were once called "humors").

T Cells and Cell-Mediated Immunity
T cells work by directly attacking host cells that contain multiplying bacteria or viruses. These host cells are actually body cells that have become infected. Since T cells attack other cells, they produce a type of immunity called cell-mediated immunity.

How do T cells recognize infected cells? Each T cell has receptors for a specific antigen. When a pathogen infects a body cell, the pathogen's antigens are displayed on the surface of the body cell. Those antigens bind to the receptors of the "matching" T cell, which activates the T cell. The activated T cell then divides and produces millions of identical clones. These clones develop into cytotoxic T cells, which then attack cells infected with the pathogen that triggered the response. Cytotoxic T cells bind to an infected cell's membrane and poke holes in it by secreting a protein called perforin (think "perforate"). The infected cell leaks fluid, breaks open, and dies.

T Cells and Cancer Research indicates that individuals with weakened immune systems are more likely to get cancer. This suggests that the immune system is important in fighting some cancers. Certain B cells play a role in this battle. Researchers are studying how T cells may also be involved. They have learned that some changes that lead to cancer occur on the outer membrane of body cells. Scientists have hypothesized that the altered membrane may alert T cells to an intruder in the body. Cytotoxic T cells then proceed to destroy the cancer cells. Why this system sometimes fails is a key question in cancer research.

Central Role of Helper T Cells So far you have read that the immune system has two different responses to pathogens: humoral and cell-mediated immunity. During the humoral response, B cells produce antibodies after being activated by free antigens present in body fluids. During the cell-mediated response, cytotoxic T cells attack infected cells that display the antigens of pathogens on their surface.

Both humoral and cell-mediated immunity get a boost from a particular type of lymphocyte called helper T cells. Like all lymphocytes, helper T cells are present in many versions, each with surface receptors that recognize a specific antigen (Figure 31-14). Like cytotoxic T cells, the helper T cells are activated by binding to cells that display antigens of a pathogen. But the antigen-displaying cells that helper T cells recognize are macrophages, the white blood cells that eat pathogens by phagocytosis. The marked macrophages serve as an "announcement" that a pathogen is present. Helper T cells respond to this announcement by secreting chemicals that activate both cytotoxic T cells and B cells.

Primary and Secondary Immune Responses
When you are first exposed to a pathogen, specific B and T cells multiply and defend against that particular pathogen. Some of that "brand" of B and T cells remain in your body. These long-lasting lymphocytes are called memory cells (Figure 31-15). The first formation of B and T cells to battle a new invading pathogen is called the primary immune response. This first response is relatively slow and weak because time is needed for enough specific lymphocytes to form to defeat the pathogen.

A second exposure to the same pathogen triggers a much quicker and stronger response called the secondary immune response. The B and T memory cells for that pathogen recognize and quickly respond to this repeat visit. The second exposure stimulates the memory B cells to rapidly produce plasma cells that will secrete antibodies specific to that antigen. Meanwhile memory T cells rapidly produce large numbers of cytotoxic T cells that attack cells infected with the pathogen. The process is so quick that you don't develop symptoms of the disease. Your body destroys the invader before you feel sick.

Until the 1950s, a disease called polio crippled and killed hundreds of thousands of people. Dr. Jonas Salk developed a procedure to inject healthy children with poliovirus that had been chemically disabled. Much like a sparring partner functions to prepare a boxer for a future boxing match, the disabled virus stimulates healthy immune systems to produce antibodies that can fight future invasions by the functional poliovirus.

Vaccines
Earlier you read that being infected with a pathogen can result in natural immunity. Antigens of the pathogen stimulate an immune response and, among other results, memory cells are formed. These memory cells reside in the body and provide lasting resistance to that specific pathogen.

However, some pathogens can cause serious illness or death as a result of the first exposure, as in the case of polio. For those pathogens, or when a person's immune system is in a weakened state, natural immunity isn't much help. For some of these diseases, a vaccine can stimulate the immune response and formation of memory cells before exposure to the real pathogen. A vaccine is a dose of a pathogen or part of a pathogen that has been disabled or destroyed so it is no longer harmful.

vaccines are made from just the antigens of the pathogen. The antigens in the vaccine stimulate the immune response (Figure 31-16 above). Other vaccines are created by grinding up or heating the dangerous pathogen so that it is no longer functional. Some vaccines consist of a slightly different version of the pathogen that "fools" the body into reacting as if exposed to the real antigen. For example, the vaccine for the virus that causes smallpox (a deadly disease) is actually made from a closely related virus that causes cowpox (a mild disease). The two antigens are so similar that your immune system launches a full fight in the presence of either antigen. Vaccines have proven to be effective in reducing the occurrence of many diseases (Figure 31-17).
Active and Passive Immunity
Whenever your body produces antibodies against infection, the result is called active immunity. Active immunity can develop from catching a disease such as chicken pox or from receiving a vaccine, such as that for polio. In contrast, when your body receives antibodies for a particular disease from another source, the result is called passive immunity. For example, a fetus receives antibodies by transfer from the mother's bloodstream to its own. In another example, travelers to some foreign countries receive various shots containing antibodies rather than antigens. These antibodies temporarily protect the travelers in the event of exposure to particular diseases, such as various forms of hepatitis, in the country they will be visiting. Passive immunity only lasts a few weeks or months because the antibodies in the shots disintegrate over time, and the recipient does not make his or her own antibodies against that pathogen.

