YOUR ACTIVE IMMUNE DEFENSES
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. Complement and other proteins 3. B cells - produce antibody
specific for antigen



STARTING AN IMMUNE RESPONSE i

Foreign invaders - viruses, bacteria, allergens, toxins
and parasites - constantly bombard our body.
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The response to this assault is a carefully orchestrated and
controlled interaction between immune cells with the ultimate

goal to eliminate the invader by pathogen-specific
mechanisms.



Antigen presentation

T cells have special antigen-
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T cell activation
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Presentation of antigen to a
T cell triggers its activation
Into a helper T (T,) cell.
Activated T cells produce
a cytokine called
interleukin-2 (IL-2). IL-2
causes the T cells to divide.
Some of the new T cells go
Into battle (T, effector cells)
and some become memory
cells.



B cell activation and differentiation

Activated T Activated T cells interact with

arigen._ iy B cells through the action of

cytokines. The B cells
become activated and
differentiate into plasma
cells. Plasma cells secrete
antibodies, which help to
Inactivate the antigen.
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How lymphocytes produce antibody
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Production of cytotoxic T cells

(X
Activated T
helper cell
2 T cells may be activated by
| IL-2 from T helper cells.
Some will become
gltlotO(XTig T cytotoxic T cells (T, ) that
Il kill abnormal and infected
N cells. Others will become
\,_i,, memory cytotoxic T cells.
Memory T,

Effector T,
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IMMUNE RESPONSE

There are two phases in the generation of an immune
response:

A primary response i when the Ag is first encountered

I the response is slow because, at first, there are only a few B cells that
react with the Ag

I the weak response allows the invader enough time to cause iliness
I atype of antibody (IgM) and memory B cells are produced

A secondary response i the next time the antigen is
encountered
I the response is quicker and stronger each time

I memory B cells recognize antigen and they all begin to divide quickly

I lots of plasma cells are produced which make lots of a different type of
antibody called IgG




The course of a typical antibody response 0
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The first encounter with an antigen produces a primary response.
Antibody against antigen A (blue) appears; its concentration rises to a
plateau, and then declines. When antigen A and a new antigen, B, are
encountered later, a very rapid and intense secondary response to A
occurs due to immunologic memory. This is the main reason for giving

booster injections after an initial vaccination. A primary response occurs
to antigen B.




How does an iImmune response end?

A The immune response will end when the antigen that
caused the response is no longer present

I this is what happens when antibiotics are used to
treat a bacterial infection. Once the bacteria are
killed and cleared from the body, the production of
a specific immune response to the bacteria will
stop, including the activation of T cells and the
production of specific antibodies. Suppressor T
cells may help in this process.
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Induction of an Immune response to infection
requires several days or weeks

What can you do whil e yol

A Temporary protection against infection can be
established by giving pre-formed antibody

- anti-tetanus and anti-diptheria toxin antibodies from humans
and horses may be used.

- a person may develop serum sickness if their immune
system reacts with the antibodies.

- Injection of pooled human antibodies is an important
treatment for persons with deficient immune systems.
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THE IMMUNE SYSTEM IN HEALTH
AND DISEASE

What happens when the immune
system doesnot wor Kk
should??



Hypersensitivity

There are four different types of hypersensitivities that
result from different responses of the immune
system:

Type I: Immediate hypersensitivity

- onset within minutes of antigen challenge

- examples are allergies to molds, insect bites
Type II._Cytotoxic hypersensitivity

- onset within minutes or a few hours of antigen challenge

- examples are adult hemolytic anemia and drug allergies
Type lll: Immune complex-mediated hypersensitivity

- onset usually within 2-6 hours

- examples include serum sickness and systemic lupus

erythematosus

Type IV: Delayed Hypersensitivity

- inflammation by 2-6 hours; peaks by 24-48 hours

- examples include poison ivy and chronic asthma
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Type | hypersensitivity T sensitization to an
Inhaled allergen or bee sting

10 Garland Fublishing/Elsevier Science

Antigens (red dots) from inhaled pollen are ingested and presented by
macrophages to T cells. Activated T cells produce cytokines leading to
the production of IgE, which binds to receptors on mast cells and causes
the release of histamine, which is responsible for allergy symptoms.
Onset is usually within minutes of contact with antigen.



Type Il hypersensitivity T immune-mediated

destruction of red blood cells

macrophags
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Drug (p=penicillin)
modified red blood cells
Induce the production of
antibodies, because the
bound drug makes them
look foreign to the
Immune system. When
these antibodies are
bound to them, the red
blood cells are more
susceptible to lysis or
phagocytosis. Onset is
dependent on the
presence of specific
antibodies.



Type Ill hypersensitivity T immune complex
formation and deposition

Immune complexes -
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In sensitized individuals, allergen (antigen) combined with antibody
leads to the formation of immune complexes, which activate
complement and the inflammatory response. The location of the
iInflammation depends on the location of the antigen - inhaled, under
skin, systemic. Onset is usually within 2-6 hours.



Type IV hypersensitivity T delayed-type or contact

T cells (blue cells)
that recognize

Antigen (red dots) antigen are Inflammatory
are processed by activated and response causes
local APCs release Cytokines tissue injury.
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Antigen is presented by APCs to antigen-specific memory T cells
that become activated and produce chemicals that cause
iInflammatory cells to move into the area, leading to tissue injury.
Inflammation by 2-6 hours; peaks by 24-48 hours.
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What makes us sick?

Afienemi eso in the
microbes and chemicals are constantly
attacking our bodies, disrupting
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A sometimes immune system homeostasis is
disrupted on its own

It may over-react to
antigens such as
with allergies
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it may under-react as

iImmunodeficiency
virus infection (HIV)

it may react to self
proteins as with
autoimmune disease

with human




Over-reaction to antigens

Ahe i mmune system reacts
cause a reaction in most people 1 like pollen

""""""

Pollen grains Mast cell
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A a type of antibody called IgE binds to the allergen causing

mast cells to produce chemicals called histamines.
Common symptoms include:

I runny nose and itchy, watery eyes, with repeated exposure resulting

In @ more rapid onset of symptoms

A treatments
I antihistamines are given to counteract the histamines

I shots containing low doses of an allergen can help a person to

become desensitized to that specific antigen


http://www.denniskunkel.com/
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Reaction to Self

Occurs when the I mmune syste
as nNnonsel fo

A may be due to genetic factors, infectious agents,
gender, and age

A the autoimmune response results in tissue damage

I Some damage occurs in only one or a few organs, in other
cases it may be body-wide (systemic)

A ~ 3.5 % of people have autoimmune diseases

I On average, women are 2.7 times more likely to develop
these diseases than men

A most have no known cause or cure - treatment is
aimed at controlling symptoms
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Why does the Immune system attack the body
that 1 tdos supposed to pr

Afailure to recognize some ¢

I In rheumatic fever, the streptococcus antigen is very similar
to a protein in heart tissue, so the body mistakenly identifies
heart tissues as foreign

A cells seen as foreign are attacked and destroyed

I may be only a few select cells or organs (organ-specific) i
e.g., multiple sclerosis, juvenile diabetes, rheumatic fever

I may be systemic - e.g., systemic lupus erythematosus,
rheumatoid arthritis
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Rheumatic Fever

A usually occurs between 1-5 wks after a strep infection
A the Streptococcus antigen is almost identical to a protein

present in heart muscle

I untreated strep infections may result in the production of antibodies
that destroy not only the strep bacteria but also heart tissue

Streptococcal cell wall Some antibodies cross-react with heart tizsue,
stimulates antibody response causing rheumatic fever
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A early treatment with penicillin or erythromycin may reduce
the risk of this disease, but long-term heart and joint
problems may occur




Examples of autoimmune diseases

organ-specific non-organ-specific

brain
multiple sclerosis(?)

thyroid

Hashimoto's
thyroiditis

primary myxoedema

hyrotoxicosi
thyrotoxicosis muscle

dermatomyositis

stomach

ernicious anaemia -
P kidney

SLE
adrenal

Addison's disease =

)\ skin
scleroderma
SLE

pancreas

insulin-dependent “
diabetes mellitus

joints

rheumatoid arthritis

© Fleshandbones.com Roitt et al: Immunology 6E

A Organ-specific

I Multiple Sclerosis

T Juvenile Diabetes

A Systemic

I Systemic Lupus
Erythematosus

T Rheumatoid arthritis
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Systemic Lupus Erythematosus (SLE)

A a chronic systemic autoimmune disease

I Complexes of anti-self antibodies and antigen deposit in,
and cause damage to, tissue

A 1 million sufferers in the U.S.
T Strikes women nine times more often than men

A symptoms may include butterfly-shaped rash on face,
fatigue, headaches

A triggered by environmental effects in persons who
are genetically susceptible

© 2000 Garland Publishing/Elsevier Science

Damaged kidney (left) caused by
Butterfly rash of lupus immunoglobulin deposits (right)



Rheumatoid Arthritis (RA)

A chronic systemic autoimmune disease

- anti-self antibodies that react with the constant regions of
other antibodies (rheumatoid factor)

A onset of disease occurs most often between the ages
of 25-55

I women are 3 times more likely to develop this than men
A symptoms include weakness, fatigue, and joint pain

A infections, hormones and genetic factors may be
Involved

X-ray shows severe arthritis
affecting the joints and
limiting mobility
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Multiple Sclerosis (MS)

A chronic organ-specific disease - may be mild or severe
I Involves the destruction of the myelin sheath that covers cells of
the spinal cord and brain
A affects ~ 1 in 1600 people
I 60% of the cases occur in women

A symptoms include weakness, tremors or paralysis of one
or more extremities, numbness, decreased memory and
attention span and may disappear and recur over time

A infections, hormones and genetic factors may be involved

Magnetic resonance image of
brain of patient with chronic
form of multiple sclerosis,
showing characteristic
lesions of MS (white spots)
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Juvenile Diabetes

A also known as Type | diabetes or insulin-dependent
I beta-cells in the pancreas produce little or no insulin.

A usually occurs before the age of 30
I occursin 1in 7000 children each year
I Incidence decreases after the age of 20

A symptoms include increased thirst and urination,
weight loss, nausea, fatigue

A cause is linked to genetic, viral, and autoimmune
factors

Normal
pancreas

Diabetic
pancreas



