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10.310.3
Malfunctions of the

Immune System
Abnormal functioning of the immune system can cause two types of problems: immune-
deficiency diseases and inappropriate attacks of the immune system against nonthreat-
ening agents. Immune-deficiency diseases may be caused by a foreign agent, such as the
HIV virus, which attacks T cells, or a hereditary condition, such as severe combined
immunodeficiency (SCID). The gene mutation that causes SCID results in the inability
to produce B cells and T cells. Cancer therapy or prolonged exposure to anti-inflam-
matory drugs, such as cortisol, can also reduce the effectiveness of the immune system.

Inappropriate or exaggerated immune responses can also create problems. A hyper-
sensitivity to harmless agents, or a response in which the immune system begins to
attack normal cells in one’s own body, can destroy tissues and organs.

Allergies
Allergies occur when your immune system mistakes harmless cells for harmful invaders.
If you are allergic to peanuts, your immune system recognizes one of the proteins in the
peanut as dangerous. Although the protein is quite safe, you mobilize the antibody strike
force against the peanut. Increased tissue swelling and mucus secretion, and, sometimes,
constricted air passages are all part of the immune response. Dust, ragweed, strawber-
ries, and leaf moulds do not pose any direct threat to life, but the immune response
itself can sometimes be so severe that it becomes life threatening.

A severe food allergy is an anaphylactic reaction (Figure 1), which involves the res-
piratory and circulatory systems. It often is accompanied by swelling of different body
parts, hives, and itching. When you eat a food to which you are allergic, cells that “believe”
they are endangered release a chemical messenger, called bradykinin, which stimulates
the release of another chemical stimulator, histamine. Histamine is produced by the cir-
culating white blood cells known as basophils and by mast cells found in connective tis-
sues. Histamine changes the cells of the capillaries, increasing permeability. The enlarged
capillary causes the area to redden. Proteins and white blood cells leave the capillary in
search of the foreign invader, but, in doing so, they alter the osmotic pressure. The pro-
teins in extracellular fluids create another osmotic force that opposes the osmotic force
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Figure 1
An anaphylactic reaction to an
allergy-causing agent can be life
threatening.

Peanut Allergy
Peanut allergy is the most common
cause of food anaphylaxis (anaphy-
lactic shock from foods). Unlike
other food allergies, peanut sensi-
tivity tends to be lifelong. Minute
amounts ingested can lead to a
rapid reaction resulting in death
within minutes. Because a reaction
may recur even after an initial epi-
nephrine injection, the affected
person must be immediately hospi-
talized. Traces of peanut from a
knife, plate, countertop, or even
from kissing someone who has
eaten peanuts can trigger a reac-
tion. For those who are sensitive to
peanuts, avoiding peanut products
is crucial but also difficult. In
Canada, annual peanut butter
consumption is estimated to be
about 3 kg per person. Many
processed foods contain the
ingredient “hydrolyzed vegetable
protein,” which may contain
peanut protein.
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in the capillaries. Less water is absorbed into the capillaries, and tissues swell. These
reactions can be brought on by drugs, vaccines, and some foods (peanuts, shellfish, eggs,
berries, and milk) in individuals who are sensitive to these substances. Anaphylactic
shock can occur very quickly. Weakness, sweating, and difficulty breathing are indicators
of the condition. Nausea, diarrhea, and a drop in blood pressure may also occur. Medical
precautions may range from carrying a kit with adrenaline (epinephrine) to carrying
antihistamines. People with severe food allergies should wear a medical alert bracelet
or necklace and read all food labels carefully.

Autoimmune Disease
The immune system can make mistakes. As you have already learned, allergies are caused
when the immune system perceives harmless substances to be life threatening. The
immune system can also go awry and launch an attack on the body’s own cells. The
renegade lymphocytes treat the body’s cells as aliens and make antibodies to attach to their
own cell membranes. Many researchers believe that most people have the mutated T cells
and B cells that are capable of attacking the body; however, the renegade cells are usu-
ally held in check. The suppressor T cells play an important role in recognizing and
intercepting the renegade T cells and B cells. One theory suggests that the suppressors
secrete a substance that tells the macrophages to engulf the renegade cells.

The failure of the suppressor T cells to control the renegade cells can be seen in
rheumatoid arthritis, where an immune response is mounted against the bones and
connective tissues surrounding the joints. Rheumatic fever, another autoimmune disorder,
results from an exaggerated immune response, which scars the heart muscle. Type 1 dia-
betes is caused by an immune reaction against the insulin-producing cells of the pancreas,
and lupus is caused by the accumulation of antigen–antibody complexes that build up
in the walls of blood vessels, joints, kidneys, and skin.

Drugs or serious infections can weaken the suppressor T cells, leaving the body vul-
nerable to autoimmune diseases. We know that the number of suppressor T cells declines
with age, increasing the incidence of rheumatoid arthritis and other autoimmune dis-
eases. Some individuals are born with defective suppressor T cells, and they battle these
diseases throughout their lives. Although no single cure exists, artificial immune suppressor
drugs have been developed that reduce the intensity of the attack by the renegade cells.

Frontiers of Technology:
Looking for a Cure for Multiple Sclerosis
Multiple sclerosis (MS) is an autoimmune disease in which T cells of the body initiate an
attack on the myelin sheath of nerve cells. In the advanced stages of MS, paralysis results
from the destruction of the insulation of the nerve cell provided by the myelin sheath.

Promise for a treatment comes from studies on monkeys that have a disease similar
to human MS. In January 2001, while studying what triggers abnormal T cell responses,
a group of researchers at the National Institute of Allergy and Infectious Disease in
Maryland found that exposure of T cells to a small amount of myelin protein initiated an
attack; however, exposure to larger amounts of the same protein reduced the immune
response. Researchers found when T cells were exposed to large amounts of protein, they
self-destructed. The treatment is puzzling because adding more of the antigen prevents
the autoimmune response and cures the disease. That would be the equivalent to adding
gasoline to a fire.

To test their theory, the researchers injected monkeys with enough myelin protein to
promote an immune response. T cells attacked the myelin sheath, producing MS-like
symptoms. Next, they divided the monkeys into three groups (Figure 2). Each group



The Maintenance of Balance by the Immune System 475NEL

received injections with different amounts of myelin protein. Group 1 received the
greater amount of myelin protein; Group 2, less protein; Group 3, no myelin protein.

Researchers noted the following observations:

• Group 1: no symptoms of MS

• Group 2: delayed symptoms

• Group 3: symptoms of MS

Unlike other research, which looks for a cure by suppressing the entire immune system,
the targeted T cell experimental therapy does not seem to impair the effectiveness of
the immune system in fighting off invading microbes.

Section 10.3

Figure 2
MS research revealed that increased amounts of myelin protein reduced the immune response
and appeared to cure the disease.
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• Abnormal functioning of the immune system can cause two types of problems:
immune-deficiency diseases and autoimmune diseases.

• Allergies occur when the immune system mistakes harmless cells for harmful
invaders.

• Autoimmune diseases occur when lymphocytes treat the body’s cells as aliens.

Malfunctions of the Immune SystemSUMMARY

Section 10.3 Questions
Understanding Concepts

1. What are allergies?

2. Explain how an allergic reaction to peanuts can be life
threatening.

3. Why is adrenaline (epinephrine) administered as a treat-
ment for a severe allergic reaction?

4. What causes autoimmune diseases?

Making Connections

5. What evidence suggests that suppressor T cells may be a
significant factor in autoimmune diseases?

6. Give reasons why some people believe potentially deadly
allergens, such as peanut butter and peanuts, should be
banned from school cafeterias and other public places.

7. Select an autoimmune disease and research the latest med-
ical advancements toward a cure. Search for information in
newspapers, periodicals, CD-ROMs, and on the Internet.

8. Research the role of histamines in an allergic reaction.

GO www.science.nelson.com


