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Altered state of immunoreactivity resulting

in self-injury

Effector molecule that remove antigen can induce a localized inflammatory
response that eliminates antigen without extensively damaging the host’s
tissue. Under certain circumstances, however, this inflammatory response can
have deleterious effects, resulting in significant tissue damage or even death.
This inappropriate immune response is termed hypersensitivity or allergy.

Hypersensitive reactions may develop in the course of either humoral or cell-
mediated responses.

Within the humoral branch initiated by antibody or antigen-antibody complexes as
immediate hypersensitivity, because the symptoms are manifest within minutes or
hours after a sensitized recipient encounters antigen. Delayed-type hypersensitivity
(DTH) is so named in recognition of the delay of symptoms until days after
exposure.

Hypersensitive reactions are inflammatory reactions within the humoral or cell-mediated
branches of the immune system that lead to extensive tissue damage or even death.
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Gell and Coombs Classification

In immediate hypersensitive reactions, different antibody isotypes induce different immune
effector molecules.

IgE antibodies, for example, induce mast-cell degranulation with release of histamine and
other biologically active molecules.

IgG and IgM antibodies, on the other hand, induce hypersensitive reactions by activating
complement. The effector molecules in the complement reactions are the membrane-attack
complex and such complement split products as C3a, C4a, and C5a.

In delayed-type hypersensitivity reactions, the effector molecules are various cytokines
secreted by activated T, or T, cells.

P. G. H. Gell and R. R. A. Coombs proposed a classification scheme in which hypersensitive
reactions are divided into four types.

Three types of hypersensitivity occur within the humoral branch and are mediated by
antibody or antigen-antibody complexes: IgE-mediated (type |), antibody-mediated (type Il),
and immune complex—mediated (type Ill).

A fourth type of hypersensitivity depends on reactions within the cell-mediated branch, and
is termed delayed-type hypersensitivity, or DTH (type V).
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"I've discovered that I'm homework intolerant."
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Type | Hypersensitivity
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Type | Hypersensitivity

A type | hypersensitive reaction is mediated by
IgE antibodies, whose Fc region binds to
receptors on mast cells or blood basophils.
Cross-linkage of the fixed IgE by allergen leads to
mast cell or basophil degranulation with release
of pharmacologically active mediators. The
principal effects of these mediators are smooth-
muscle contraction and vasodilation. Clinical
manifestations of type | reactions include
potentially life-threatening systemic anaphylaxis
and localized responses such as hay fever and
asthma.
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First exposure to an allergen activates B cells to form |IgE secreting plasma cells.
The secreted IgE molecules bind to IgE specific Fc receptors on mast cells and blood basophils. (Many
molecules of Igé  with various specificities can bind to the IgE-Fc  receptor.)
Second exposure to the allergen leads to crosslinking of the bound IgE, triggering the release of
pharmacologically active mediators (degranulation), vasoactive amines, from mast cells and basophils.
The mediators cause smooth-muscle contraction (may
be either systemic or localized, depending on the extent of
mediator release), increased vascular permeability, and vasodilation.
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Components of Type | hypersensitivity

Allergens
Proteins Foods
Foreign serum Muts
Vaccines Seafood Some persons, however, may have an
Eggs abnormality called atopy, a hereditary
Plant pollens Peas, beans . ..
TR — Milk predisposition to the development of
Ragweed immediate hypersensitivity reactions against
Timothy grass Insect products common environmental antigens. The IgE
Birch trees Bee venom regulatory defects suffered by atopic
Wasp venom e .- .
D individuals allow nonparasitic antigens to
rugs Ant venom ) . . .
Penicillin Cockroach calyx stimulate inappropriate IgE production,
Sulfonamides Dust mites leading to tissue damaging type |
Local anesthetics hypersensitivity.
Salicylates Mold spores

Animal hair and dander

Abnormally high levels of circulating IgE and also more than normal numbers of circulating
eosinophils. These individuals are more susceptible to allergies such as hay fever, eczema, and
asthma.

The genetic propensity to atopic responses has been mapped to several candidate loci. One locus, on
chromosome 5q, is linked to a region that encodes a variety of cytokines, including IL-3, IL-4, IL-5, IL-
9, IL-13, and GM-CSF. A second locus, on chromosome 11q, is linked to a region that encodes the
chain of the high-affinity IgE receptor.
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Reaginic antibody (IgE)

The local wheal and flare response that occurs when an allergen is injected into a sensitized
individual is called the P-K reaction. Because the serum components responsible for the P-K
reaction displayed specificity for allergen, they were assumed to be antibodies, but the
nature of these P-K antibodies, or reagins, was not demonstrated for many years.

Serum IgE levels in normal individuals fall within the range of 0.1-0.4 pg/ml; even the most
severely allergic individuals rarely have IgE levels greater than 1 pg/ml.

half-life of IgE in the serum is only 2—3 days, once IgE has been bound to its receptor on
mast cells and basophils, it is stable in that state for a number of weeks.

Basophils and mast cells

Basophils are granulocytes that circulate in the blood of most vertebrates; in humans, they account
for 0.5%—1.0% of the circulating white blood cells. | has electron-dense membrane-bound granules
scattered throughout the cytoplasm that contain pharmacologically active mediators.

Mast-cell precursors are formed in the bone marrow during hematopoiesis and are carried to
virtually all vascularized peripheral tissues, where they differentiate into mature cells. Mast cells are
found throughout connective tissue, particularly near blood and lymphatic vessels. Some tissues,
including the skin and mucous membrane surfaces of the respiratory and gastrointestinal tracts,
contain high concentrations of mast cells
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numerous membrane-bounded granules distributed throughout the
cytoplasm, which, like those in basophils, contain pharmacologically active mediators. After
released from the granules,
manifestations of the type | hypersensitive reaction. Mast cells also secrete a large variety of
of physiologic,

in the clinical

immunologic,



IgE Crosslinkage Initiates Degranula
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Intracellular Events Also Regulate svbhadipa2022
Mast-Cell Degranulation
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Several Pharmacologic Agents Mediate
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Principal mediators involved in type |
hypersensitivity

The primary mediators are produced before degranulation and are stored in
the granules. The secondary mediators either are synthesized after target-cell
activation or are released by the breakdown of membrane phospholipids
during the degranulation process.

Mediator

Htects

PRIMARY

Histamine, heparin

Serotonin

Eosinophil chemotactic factor (ECF-A)
Neutrophil chemotactic factor (NCF-A)
Proteases

Increased vascular permeability; smooth-muscle contraction

Increased vascular permeability; smooth-muscle contraction

Eosinophil chemotaxis

Neutrophil chemotaxis

Bronchial mucus secretion; degradation of blood-vessel basement membrane;
generation of complement split products

SECOMNDARY

Platelet-activating factor
Leukotrienes (slow reactive substance
of anaphylaxis, SRS5-A)
Prostaglandins
Bradykinin
Cytokines
IL-1 and TNF-o
IL-2, IL-3, IL-4, IL-5, IL-6, TGF-B, and GM-CSF

Platelet aggregation and degranulation; contraction of pulmonary smooth muscles

Increased vascular permeability; contraction of pulmonary smooth muscles
Vasaodilation; contraction of pulmonary smooth muscles; platelet aggregation
Increased vascular permeability; smooth-muscle contraction

Systemic anaphylaxis; increased expression of CAMs on venular endothelial cells
Various effects (see Table 12-1)
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Type | Reactions Can Be Systemic or Localized

Systemic anaphylaxis is a shock-like and often fatal state whose onset
occurs within minutes of a type | hypersensitive reaction.

Systemic anaphylaxis in humans is characterized by a similar sequence of
events. A wide range of antigens have been shown to trigger this reaction
in susceptible humans, including the venom from bee, wasp, hornet, and
ant stings; drugs, such as penicillin, insulin, and antitoxins; and seafood
and nuts.

If not treated quickly, these reactions can be fatal.
Epinephrine is the drug of choice for systemic anaphylactic reactions.

In localized anaphylaxis, the reaction is limited to a specific target tissue
or organ, often involving epithelial surfaces at the site of allergen entry.

The tendency to manifest localized anaphylactic reactions is inherited
and is called atopy.

Atopic allergies, which afflict at least 20% of the population in developed
countries, include a wide range of IgE-mediated disorders, including
allergic rhinitis (hay fever), asthma, atopic dermatitis (eczema), and food
allergies.



Late-Phase Reactions Induce Localized
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Several Methods Are Used to Detect Type |
Hypersensitivity Reactions
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Mechanism of action of some drugs
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used to treat type | hypersensitivity

Often the removal of house pets, dust-control
measures, or avoidance of offending foods can
eliminate a type | response.

Immunotherapy with repeated injections of
increasing doses of allergens (hyposensitization)
has been known for some time to reduce the
severity of type | reactions. Such repeated
introduction of allergen by subcutaneous injections
appears to cause a shift toward IgG production or
to induce T-cell- mediated suppression (possibly by
a shift to the TH1 subset and IFN- production) that
turns off the IgE response. In this situation, the IgG
antibody is referred to as blocking antibody
because it competes for the allergen, binds to it,
and forms a complex that can be removed by
phagocytosis;

as a result, the allergen is not available to crosslink
the fixed IgE on the mast-cell membranes, and
allergic symptoms decrease.

Another form of immunotherapy is the use of
humanized monoclonal anti-IgE.

Drug Action
Antihistamines Block Hy and H; receptors on target
cells

Cromolyn sodium  Blocks Ca® influx into mast cells

Theophylline Prolongs high cAMP levels in mast cells
by inhibiting phosphodiesterase, which
cleaves cAMP to 5'-AMP*

Epinephrine Stimulates cAMP production by binding
(adrenalin) to B-adrenergic receptors on mast cells®
Cortisone Reduces histamine levels by blocking

conversion of histidine to histamine

and stimulates mast-cell production
of cAMP*

*Although cAMP rises transiently during mast-cell activation, degranulation is
prevented if cAMP levels remain high.



Type Il hypersensitivity
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A type Il hypersensitive reaction occurs when
antibody reacts with antigenic determinants
present on the surface of cells, leading to cell
damage or death through complement
mediated lysis or antibody-dependent cell-
mediated cytotoxicity (ADCC).

Transfusion reactions and hemolytic disease of
the newborn are type Il reactions.
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Antibody-Mediated Cytotoxic (Type Il)
Hypersensitivity

Transfusion Reactions Are Type Il Reactions

{a) Galactose

Lipid or protein
r’_\-:’_\ﬂ//_‘q-
N . .
Fucose MN-Acetylglucosamine Structure of terminal sugars, which
O antigen constitute the distinguishing epitopes,
M-Acetylgalactosamine Galactose in the Al Bl and O blood antigens
/ /
ngum ogemm
A antigen B antigen
(b)
Blood-group Antigens on erythrocytes Serum antibodies
Genotype phenotype (agglutinins) (fsohemagglutinias)
AA or AD A A Anti-B
BB or BO B B Anti-A
AB AB Aand B None
00 O None Anti-A and anti-B

ABO genotypes and corresponding phenotypes, agglutinins, and isohemagglutinins.



N Subhadipa 2022
Hemolytic Disease of the Newborn Hpnadipa

Is Caused by Type Il Reactions

DEVELOPMENT OF ERYTHROBLASTOSIS FETALIS (WITHOUT RHOGAM)
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circulation
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Rhspecific B cell  Memory cell

[gG anti-Rh Ab crosses placenta
and attacks fetal RBCs causing
erythroblastosis fetalls

PREVENTION (WITH RHOGAM)

Mother
(treated with Rhogam)

3 B cell
e

—Rhogam
5

Lo

i

|

Prevents

B-cell activation
and memory cell
formation

Within 24-48 h after the first
delivery.

Rhogam binds to any fetal red
blood cells that enter the
mother’s circulation at the time
of delivery and facilitate their
clearance before B-cell
activation and ensuing memory-
cell production can take place.
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Treatment in case of severe reaction

If hemolytic disease caused by Rh incompatibility is detected during
pregnancy, the treatment depends on the severity of the reaction. For a
severe reaction, the fetus can be given an intrauterine blood-exchange
transfusion to replace fetal Rh* red blood cells with Rh™ cells. These
transfusions are given every 10-21 days until delivery.

The mother can also be treated during the pregnancy by plasmapheresis. In
this procedure, a cell separation machine is used to separate the mother’s
blood into two fractions, cells and plasma. The plasma containing the anti-Rh
antibody is discarded, and the cells are reinfused into the mother in an
albumin or fresh-plasma solution.



Subhadipa 2022

Drug-Induced Hemolytic Anemia Is
a Type Il Response

TCIIRI N Penicillin-induced hypersensitive

reactions
Antibody or
Type of lymphocytes Clinical
reaction induced manifestations
I Igk Urticaria, systemic
anaphylaxis
Il IgM, IgG Hemolytic anemia
Il lgG Serum sickness,
glomerulonephritis

IV Toty celis Contact dermatitis
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Immune Complex—Mediated

(Type Ill) Hypersensitivity

Type Il Reactions Can Be Localized
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A type lll hypersensitive reaction is mediated by
the formation of immune complexes and the
ensuing activation of complement. Complement
split products serve as immune effector
molecules that elicit localized vasodilation and
chemotactically attract neutrophils. Large
amounts of immune complexes can lead to
tissue-damaging type lll hypersensitive reactions.

Development of a localized Arthus
reaction (type Il hypersensitive reaction).
Complement activation initiated by
immune complexes (classical pathway)
produces complement intermediates that
(1) mediate mast-cell degranulation, (2)
chemotactically attract neutrophils, and (3)
stimulate release of lytic enzymes from
neutrophils trying to phagocytose C3b-
coated immune complexes.
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Type lll reactions can also be generalized

Symptoms of  Autoimmune Diseases
serum sickness .
Systemic lupus erythematosus
Free Ab Rheumatoid arthritis
== Goodpasture’s syndrome
3 J'Ir % .
z b M * Drug Reactions
= — h Allergies to penicillin and sulfonamides
_E Immune / ﬂ\ !.'i
complexes ! * Infectious Diseases
\ , Poststreptococcal glomerulonephritis
/ Meningitis
/ = Hepatitis
| | | | | | | | Mononucleosis
0 2 4 6 8 10 12 14 16 18 20 Malaria
Time after BSA injection, days Trypanosomiasis

A large dose of antigen (BSA) was injected into a rabbit at day 0. As antibody formed, it
complexed with the antigen and was deposited in the kidneys, joints, and capillaries.
The symptoms of serum sickness (light blue area) corresponded to the peak in immune-
complex formation. As the immune complexes were cleared, free circulating antibody
(dashed black curve) was detected and the symptoms of serum sickness subsided.



Type IV or Delayed-Type Hypersensitivity (DTH)

A type IV hypersensitive reaction involves the cell-mediated branch of the immune
system. Antigen activation of sensitized T,,1 cells induces release of various cytokines
that cause macrophages to accumulate and become activated. The net effect of the
activation of macrophages is to release lytic enzymes that cause localized tissue
damage. The reaction is characterized by large influxes of nonspecific inflammatory
cells, in particular, macrophages.

Intracellular pathogens and contact antigens that induce
delayed-type (type IV) hypersensitivity

Intracellular bacteria Intracellular viruses
Mycobacterium tuberculosis Herpes simplex virus
Mycobacterium leprae Variola (smallpox)
Listeria monocytogenes Measles virus
Brucella abortus

Intracellular fungi Contact antigens
Pneumocystis carinii Picrylchloride
Candida albicans Hair dyes
Histoplasma capsulatum Mickel salts
Cryptococcus neoforrmans Poison ivy

Poison oak

Intracellular parasites
Leishmania sp.
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There are several phases of the DTH response
Sensitization Phase

(a) Sensitization phase|

Intracellular
bacteria

N

racens  IN the sensitizaticn  phase,
generally)  after  initial  ccntact  with
) antigen (e.s., . -ptides derived
from intrac=nular bacteria), T,
cells yroliferate and
difforeniiate into T, 1 cells.

Antigen-presenting cells: DTH-medlating cells:
Macrophages Tyl cells generally
Langerhans cells CD8 cells occasionally
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Effector phase

(b) Effector phase TNE In the effector phase after
LAl e receplor  sybsequent  exposure - of

sensitized T 1 cells to

antigen, the T,1 cells secrete
a variety of cytokines and
chemokines. These factors

secreted

T attract and activate
[ Membrane macrophages ~and other
s TIED -- nonspecific inflammatory
ol et AectivRteg cells. Activated macrophages
H macrophage macrophage . .
are more effective in
Tyl secretions: Effects of macrophage presenti ng 4 ntigen, thus
Cytokines: [FN-y, TNEB, IL2, ethator perpetuating thg DTH
I1-3, GM-CSF T Class Il MHC response, and function as the
Chemokines: IL-8, MCAF, MIF molecules primary effector cells in thIS
T TNF receptors .
T Oxygen radicals reaction.
T Nitric oxide
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A prolonged DTH response can  lead to formation of a
granuloma, a nodule-like mass. Lytic enzymes released from
activated macrophages in a granuloma can cause extensive
tissue damage.

Multinucleated
glant cell

Epithelioid cell

Intracellular Activated
bacteria macrophage
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Contact Dermatitis is a type of DTH response

Poison cak
(Toxicodendron radicans)

Pentadecacatechol
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Skin 3
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") Tissue macrophage

Monocyte

Development of delayed-type
hypersensitivity reaction after a
second exposure to poison oak.
Cytokines such as IFN-, macrophage-
chemotactic factor (MCF), and
migration-inhibition  factor (MIF)
released from sensitized T,1 cells
mediate this reaction. Tissue damage
results from lytic enzymes released
from activated macrophages.



