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Learning Objectives

By the end of this lecture you will be able
to:
(D List the four types of hypersensitivity reactions

(2 Describe the mechanism of each hypersensitivity
reaction

@ Understand the clinical manifestations and
managements of some hypersensitivity reactions



Hypersensitivity reactions

» Excessive or inappropriate
reaction of the immune
system

* Resulting from repeated
or prolonged exposure to
antigens

« Sometimes lead to host
tissue damage



Hypersensitivity reactions

* They cause injury by the release of substances
that attract and activate cells and molecules of
inflammation

* The reactions are classified into four types

depending upon the mechanism that underline
the tissue damage

Type | Type Il Type 1l Type IV
IgE-Mediated Hypersensitivity | IgG- or IgM-Mediated Cytotoxic | Immune Complex-Mediated | Cell-Mediated Hypersensitivity
Hypersensitivity Hypersensitivity
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Type I

 Is an Immediate

Hypersensitivity Reaction A"e“ti' o jeceptorforlet
* Also called Allergic » /
reaction Allergen-specific IgE /%{{‘,.. .:....:'.’:

* Characterized by
production if IgE against
proteins commonly
present in the
environment



Immediate Hypersensitivity Reaction

* Occurs within minutes
to hours of Ag
exposure

Allergen cross-linkage of
cell-bound IgE

Allergen —

* Allergens are
relatively harmless IgE
antigens commonly Fc receptor IgE
found in the w
environment

Mast cell
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Mast-cell activation
and granule release

Jo < a L
NV V& N
Gastrointestinal tract Airways Blood vessels

Increased fluid secretion,
increased peristalsis

Decreased diameter,
increased mucus secretion

Increased blood flow,
increased permeability
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Expulsion of
gastrointestinal
tract contents
(diarrhea, vomiting)
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Congestion and blockage
of airways (wheezing,
coughing, phlegm)

Swelling and mucus
secretion in nasal passages

A

Increased fluid in tissues
causing increased flow of
lymph to lymph nodes,
increased cells and protein
in tissues, increased
effector response in tissues
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Connective tissue mast cells

Mucosal mast cells

Route of allergen entry
Intravenous: high dose Subcutaneous: low dose Inhalation: low dose Ingestion
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General release of
histamine, causes
systemic anaphylaxis

Local release of
histamine, causes
wheal-and-flare reaction

Allergic rhinitis (upper
airway), caused by
increased mucus
production and nasal
irritation. Asthma (lower
airway) due to contraction
of bronchial smooth
muscle and increased
mucus secretion

Contraction of intestinal
smooth muscle induces
vomiting. Outflow of
fluid into gut causes
diarrhea. Antigen diffuses
into blood vessels and is
widely disseminated
causing urticaria (hives)
or anaphylaxis.
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Immediate Hypersensitivity Mediators

Histamine Vascular permeability and bronchospasm
v
§ Leukotrienes Vascular permeability and bronchospasm
O
<
2 Prostaglandins Vascular permeability and bronchospasm

Bradykinins Vascular permeability and bronchospasm

IL-1 & TNF-a  Systemic anaphylaxis and increase of CAMs expression

IL-4 & IL-13 Increase IgE production

CYTOKINES



Localized Type I reactions

* Mast cells accumulate
in tissues such as
respiratory passages,
intestinal walls, and
skin

* Inhaled allergens
cause allergic asthma
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Immediate and Late responses
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Acute and chronic asthma

Acute responses

Chronic response

Inflammatory mediators cause
increased mucus secretion and
smooth muscle contraction
leading to airway obstruction

(©/ blood
= vessel

Recruitment of cells
from the circulation

Chronic response caused by
cytokines and eosinophil products

Figure 13-16 Immunobiology, 7ed. (© Garland Science 2008)
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Localized Type I reactions

* Skin allergens cause
inflammatory response

cells

|

proteins

)

AUNOLOGY, Sixth Edition
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Immediate and Late responses

Wheal and flare , | _. Edema (late-
(early-phase) AR\ " phase) after 6
within 15 minutes |\ N Sl J@ hours of allergen
of allergen el ] challenge
challenge

Figure 13-14 part 2 of 2 Immunobiology, 7ed. (© Garland Science 2008)
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Systemic Type I reactions ANAPHYLAXIS

» Dissemination of some antigens by the
bloodstream can result in systemic inflammation
(anaphylaxis)

* Mediated by systemic release of basophilic and
mast cell mediators

* Management: Epinephrine (life saving), Hl and
H2 antagonists, Corticosteroids, and Salbutamol



Mechanism of action of some drugs

IABLE lang used to treat type | hypersensitivity
Drug Action
Antihistamines Block H, and H, receptors on target cells

Cromolyn sodium Blocks Ca2™ 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
(adrenaline) to B-adrenergic receptors on mast cells”
Cortisone Reduces histamine levels by blocking con-

version of histidine to histamine and
stimulates mast-cell production of cAMP”

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

Table 15-4
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



Anaphylactic vs. Anaphylactoid

* An anaphylactoid (“allergic-like”) reaction is an
immediate, systemic reaction that mimics anaphylaxis
(release of identical mediators from mast cells and
basophils), but differs in that it is NOT an IgE mediated

response
Allergen Fcreceptor C5a receptor
\ forlgE " C5a | Histamine
Allergen- K\r(/ / x|
Can be SpeleIC/%'g,. g Histamine- , Can be
IgE s ©Q%p) . containinng~ T
caused by granule |80 & caused by
drugs e.g. 7z 3 drugs e.g.
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ah  Ehe releasing C3a
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Anaphylactic Anaphylactoid




Anaphylactic vs. Anaphylactoid

Anaphylactic | Anaphylactoid
Reaction Reaction

Is sensitization required? Yes No
Can reaction occur in first

No Yes
exposure?
How much exposure is :
needed to start reaction? Little Much
Is reaction predicted by Ves NG

allergy skin test?

Can be caused by drugs? Yes Yes



Atopy and Hygiene Hypothesis

» Exposure to some infectious
agents in childhood drives the
immune system towards Tl
response and non-atopy.

* Children with genetic
susceptibility to atopy and living
in an environment with low
exposure to infectious disease
tent to mount T, 2 responses,
and will be more susceptible to
develop atopic allergic diseases
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Type 11

* Is an Antibody-Mediated
Cytotoxic Reaction

* Mediated by IgG and )
IgM binding to specific
cells or tissues surface

Fcreceptor Cyto-

\ toxic

Surface cell
“Marget antigen

/ cey Complement

* The damage is restricted

Immune
complex

activation
to the cells and tissues ) ‘

bearing this antigen




Antibody-Mediated Cyfofoxic Reaction

-DCC
* Antibody directed against cell oo

surface or tissue antigens ) " i (.

* also interacts with the Fc
receptor (FCR) on a variety of Fc receptor Cyto-

\ toxic
effector immune cells (e.g. NK, N s Surface | cell
Target antigen

M®, PMN)
7/ cey Complement
‘ activation
 or can activate complement )

cascade where MAC is formed Immune
and C3b can deposit on target complex
cells



FcR-Mediated Mechanism

@ Antibodies (may also be auto-
reactive) generated against TS, o i
surface antigens (O SO 7\

: 35 W N

@ They also bind to FcR on ~ —
effector cells | .

. @t&c: CCQ ‘dP' °Qv <;Lepitopes 7

@ Effector cells include NK cell, | <<% . a0 & ——
Macrophage, Neutrophil @*fﬁ _Z 3 %

@ NK cell will kill target cells S
by ADCC - change in Fc

® Macrophages and neutrophils E
will undergo phagocytosis or

frustrated phagocytosis



Complement Pathway-Mediated

@D Auto-reactive antibodies
generated against surface
antigens

@ C1 binds to auto-reactive 1gG
and IgM on target cell or
tissue

@ Classical complement pathway
is initiated on target cell or
tissue

@ MAC formation

h\ Epitopes
Antibody

Cytoplasm

Loss of electrolytes
resulting in cell lysis




CR-Mediated Mechanism

@ C3b deposit on target cell surface

@ Recognized by CR on macrophages and neutrophils
(recruited by C3a and C5a “"Chemotaxis”)

@ Phagocytosis or frustrated phagocytosis
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Damage mechanisms

A. Opsonization and phagocytosis
Opsonized Fc receptor
cell

C3b

C3b
receplor

Complement Phagocytosis
e

B. Complement- and F¢ receptor-mediated inflammation
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Transfusion Reaction

Galactose

Fucose

N-Acetylgalactosamine

/
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Hemolytic disease of the newborn (HDN)

Also known as: Erythroblastosis Fetalis

Rh- mother
bearing an
Rht fetus

Second fetus

dies

DEVELOPMENT OF ERYTHROBLASTOSIS FETALIS (WITHOUT RHOGAM)

Placenta
Maternal
circulation

%

RBCs
with Rh
antigen

1st Pregnancy

2nd Pregnancy

Figure 15-14
Kuby IMMUNOLOGY, Sixth Edition
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Type 1I-like Autoimmune diseases

C. Antibody-mediated cellular dysfunction

Antibody
against ﬁk D
TSH receptor

Thyroid
epithehal
cell

TSH
recepltor

"

Thyroid hormones

Antibody stimulates
receptor without hormone

Nerve
’ ending  Acetyicholine
\-‘ = - (ACh)

Antibody to ° . » >

ACh receptor

Antibody inhibits binding of
neurotransmitter to receptor

Graves disease

@© Elsevier 2005

Myasthenia gravis




Type 111

* Is an Immune Complex
Reaction to prolonged Ag
exposure

* Mediated by large
amounts of immune
complexes (Ab-soluble
antigens)

* The damage depends
upon the site of complex
deposition

Immune

complex %%

C3bo
.;.,.\@
Complement

activation

Or MO




Clearing Immune Complexes

* Immune complexes can damage
tissues

* C3b coats immune complexes

* RBC have capability of binding
C3b coated complexes and
carrying them to liver and
spleen to be cleared

BLOOD

lg —_
Ag—d&
g Soluble immune complex

lCompIement activation

LIVER
AND
SPLEEN

Phagocyte 3

Figure 7-15
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Clearing Immune Complexes

J L

Small antigen:antibody complexes

form in the circulation

Complement >o/coptor CR1 on
erythrocytes binds the immune
complexes via bound C3b

/

Virus Particle

‘-"-"-'
-

A A

Bacterial Toxin
Self Antigen

Activation of ¢ ompl ment leads

to the deposition of many
molecules of C3b on
the immune complex
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M
conver
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In the spleen and liver,
phagocytic cells remove the
immune complexes from

the erythrocyte surface
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PHASE |
Immune Complex Formation

Systemic Immune
Complex Reaction

ree antibody

PHASE Il

* Presence of large amount of LD e
antibodies in the serum against
soluble antigen
* Serum sickness

HAMA response

Autoimmune diseases (SLE, RA)

Drug reactions (penicillin, sulfonamides)

Infectious disease

PHASE Il
Immune Complex-Mediated
llllllllllll

necrosis

Neutrophil lysosomal enzymes
© Elsevier 2005



Basement

: membrane of
blood vessel
o Immune complexes
are deposited in wall

' Ag of blood vessel.

 Recruitment of

neutrophils and M¢
* Frustrated phagocytosis (IL-1, TNF-a)
* Platelets aggregation

e Presence of immune

complexes activates
complement and
attracts inflammatory

cells such as

Endothelial neutrophils.
cell

systemic
_vasculitis

~
~

~

~

from neutrophils
cause damage to
endothelial cells
of basement
membrane.

PHASE |
Immune Complex Formation

Antigen in
circulation

Endothelium

tigen-antibody
complex

Free antibody

PHASE Il
Immune Complex Deposition

N

Inflammatory

Antigen-antibody
complex \

PHASE Il
Immune Complex-Mediated
Inflammation

T~

Neutrophil lysosomal enzymes
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Symptoms of

Free Ag serum sickness
/ / Free Ab
fever

v AR rashes

K] ! % itching

> o % joint pain

_E' ! =~  lymphadenopathy

= Immune i malaise

u /] Hypotension

k< complexes r Splenomegaly
glomerulonephritis

\ proteinuria

hematuria
shock

|
O 2 4 6 8 101214161820
Time after BSA injection, days

Figure 15-16
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Local Immune Complex Reaction

* Injection of antigen intradermally or subcutaneously into
a body that has high level of antibody for that antigen
(e.g. Arthus reation, Bug bites)

Locally injected antigen
in immune individual
with IgG antibody

Local immune-complex
formation activates
complement. C5a binds
to and sensitizes the
mast cell to respond
to immune complexes

Activation of FcyRlIll on
mast cells induces
their degranulation

Local inflammation,
increased fluid and
protein release,
phagocytosis, and
blood vessel occlusion

llocal

=2, |vasculitis

Figure 13-26 Immunobiology, 7ed. (© Garland Science 2008)



Type IV QAntlgen
L T

* Is a Delayed-Type
Hypersensitivity (DTH)

Reaction

Sensitized T 1 \

It is a T-cell mediated
inflammatory response (no
Ab involved)

* Ag-specific effector T cells
lead to M® activation

Activated macrophage



Delayed-Type Hypersensitivity

* Can be elicited against exogenous or endogenous
antigens (autoimmune T cells)

Sensitization phase

Intracellular
bacteria

Tyl cells
(generally)

Antigen-presenting
cells: Macrophages
Langerhans cells

DTH-mediating cells:
Ty1 cells generally
CD8 cells occasionally

Figure 15-17a
Kuby IMMUNOLOGY, Sixth Edition
2007 W.H.Freeman and Company
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Secreted MHC /

IFN-y

Membrane

TNF-B Rasti
Sensitized esting
Twl macrophage

Activated
macrophage

Ty1 secretions:

Cytokines: IFN-y, TNF-8,
IL-2,
IL-3, GM-CSF, MIF
Chemokines: IL-8/CXCLS,
MCP-1/CCL2

Effects of macrophage
activation:
T Class Il MHC
molecules
T TNF receptors
T Oxygen radicals
T Nitric oxide

Figure 15-17b
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Delayed-Type Hypersensitivity

* Three variants of Type-1IV reactions:
 Contact hypersensitivity (48-72 hours)
* Tuberculin-type hypersensitivity (48-72 hours)
 Granulomatous hypersensitivity (21-28 days)

* The local response is also accompanied by a
variety of systemic immune responses, such as T

cell proliferation and synthesis of cytokines
including (IFN-y)



Contact hypersensitivity

* Reaction at the point of contact
Wifh allergen Poison oak
(Toxicodendron radicans)

¢ Seen fOllOWing COﬂ"'aC"' Wi".h Pentadeclacatechol

agents such as nickel, chromate, -
rubber, and pentadecacatechol '

Self protein

Sensitized Ty1
IFN-y

Langerhans cells present

Contact-sensitizing agent Activated keratinocytes The products of
penetrates the skin and w::;ftmp:l::: ::f“m:;:::;i: secrete cytokines such as keratinocytes and Ty1 cells
binds to self proteins, eatie T 1 el ki ‘hg IL-1 and TNF-a and activate macrophages to MCP-1
which are taken up by 9 et c"IFN ;n d chemokines such as secrete mediators of Langerhans cell (APC) MIF R
Langerhans cells other cyt o-l‘(yin = CXCL8, CXCL11, and CXCL9 inflammation g Lytic «~

= Figure 15-20
Figure 13-31 Immunobiology, 7ed. (© Garland Science 2008) Kuby IMMUNOLOGY, Sixth Edition
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Tuberculin-type hypersensitivity

* Induced by injection of soluble Ag from
intracellular organisms such as Mycobacterium
tuberculosis e.g. Tuberculin test (PPD test)

Antigen is injected into
subcutaneous tissue
and processed by local
antigen-presenting cells

A Ty1 effector cell
recognizes antigen and
releases cytokines,
which act on vascular
endothelium

Recruitment of
phagocytes and
plasma to site of
antigen injection

causes visible lesion

Antigen is processed by tissue
macrophages and stimulates Ty1 cells

b, 4 v v
chemokines cytokines cytotoxins

I

24-72 hours

Figure 13-29 Immunobiology, 7ed. (© Garland Science 2008)
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Chemokines IFN-y TNF-a and TNF-B IL-3/GM-CSF
Induces expression
of vascular Cause local tissue .
Recruit adhesion molecules. destruction. Stimulate
: 4 monocyte
macrophages to Activates Increase expression

site of antigen
deposition

of adhesion
molecules on local
blood vesssels

macrophages,
increasing release
of inflammatory
mediators

production by
bone marrow
stem cells

Figure 13-30 Immunobiology, 7ed. (© Garland Science 2008)




Granulomatous hypersensitivity

* The most important form of Type-1IV reactions
* Persistence of intracellular organism within M®
* Particles cannot be destroyed by M®

* Chronic stimulation of T cells and release of
cytokines lead to the formation of epithelioid cell
granuloma (central collection of epithelioid cells
and M® surrounded by T cells)



Ty1 cell

Multinucleated

giant cell

Epithelioid cell

Activated

Intracellular
bacteria

macrophage




Penicillin-induced hypersensitive
TABLE 15-5 . yP
reactions
Antibody or
Type of lymphocytes Clinical
reaction induced manifestations
! IgE Urticaria, systemic
anaphylaxis
| IgM, IgG Hemolytic anemia
1] IgG Serum sickness,
glomerulonephritis
IV T, 1 cells Contact dermatitis

Table 15-5
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



o Antigen

o ADCC
omo® 4 TN Immune O\)
EIOEI(‘\ complex }}%.
Allergen Fc receptor \ A j Sensitized TH1
for IgE / .\\*{{ /\."
Fcreceptor Cyto- Complement 0'.'.
Allergen- R\T(// toxic | activation
specific — J Surface cell Cytoklnes
IgE Ta;'lget antigen
/<€ Complement
‘ activation 1 = D (g §
Neutrophil
Immune
complex
Degranulation - T = __ 1 = 1 9 Activated macrophage
Type | Type 1l Type Il Type IV
IgE-Mediated Hypersensitivity | IgG- or IgM-Mediated Cytotoxic | Immune Complex—Mediated | Cell-Mediated Hypersensitivity
Hypersensitivity Hypersensitivity

Ag induces cross-linking of
IgE bound to mast cells and
basophils with release of
vasoactive mediators.

Ab directed against cell surface
antigens meditates cell
destruction via complement
activation or ADCC.

Ag-Ab complexes deposited

in various tissues induce
complement activation and
an ensuing inflammatory
response mediated by massive
infiltration of neutrophils.

Sensitized Ty1 cells shown above
release cytokines that activate
macrophages or T cells that
mediate direct cellular damage.
Ty2 cells and CTLs mediate
similar responses.

Typical manifestations include
systemic anaphylaxis and
localized anaphylaxis such as

Typical manifestations include
blood transfusion reactions,
erythroblastosis fetalis, and

Typical manifestations include
localized Arthus reaction and
generalized reactions such

Typical manifestations include
contact dermatitis, tubercular
lesions, and graft rejection.

hay fever, asthma, hives, food | autoimmune hemolytic as serum sickness, necrotizing
allergies, and eczema. anemia. vasculitis, glomerulonephritis,
rheumatoid arthritis, and
systemic lupus erythematosus.
Figure 15-1
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You are now able to:

v List the four types of hypersensitivity reactions

v’ Describe the mechanism of each hypersensitivity
reaction

v"Understand the clinical manifestations and
managements of some hypersensitivity reactions



