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Lecture (5): Hypersensitivity Reactions
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Objectives

» To know that hypersensitivity reactions are over and excessive immune responses that can be harmful to the body in four different ways.
» To be familiar with inflammatory processes in Type | hypersensitivity reaction that mediates allergic inflammation.

» To recognize that Type Il hypersensitivity deals with immune responses against antigens that are integral part of cell membrane and are
usually associated with autoimmune disorders.

» To know that Type lll hypersensitivity reactions are mediated by immune complexes and cause vasculitis.

» To describe Type IV hypersensitivity is a purely cell mediated immune response associated with chronic inflammation.

Reference
Kuby Immunology 7t Edition 2013
Chapter 15 Pages 485-510

Note: there are some explanatory videos on some pictures



What is hypersensitivity?

» Protective immunity: desirable reaction
» Hypersensitivity: undesirable reaction

» Undesirable responses can be mediated by:

Antibody-
Antigen
binding:

(Types I-111)

Types of

Cell-mediated
reaction

(Type IlIl)

Hypersensitivity




Type I:

Features

producing increased — B lymphocyte presents allergen to Ty e, Cell
amounts of IgE — Activation to Plasma cell

Non-allergic — Production of anti-bodies (IgE) specific to antigen
individuals respond — Anti-bodies bind on surface of mast cells /

Ty cell

Immediate Mechanism
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Clinical
Diagnosis examples
Anaphylactic reaction: Anaphylactoid reaction:
Skin-prick test: Allergic
«  Prick skin with small sample of allergen Severe Type | reaction * Non-IgE mediated reaction i i
«  Patients who are hypersensitive will develop Exposure to allergen *  Produces same clinical rodstew ) Y
rash & urticarial (immune response) IgE mediated expressions and stomach
symptoms of anaphylaxis ' s
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o (bee/wasp) media/local anesthetics Ay dermai
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*  Method to test out food tolerance
*  Used to identify food allergies




Features

» Antibodies bind to antigens on tissue surface.

* IgG mediated process.

Hypersensitivity

* Involves activation of complement protein system.

Antigens

Intrinsic:

Self antigens (in
autoimmune disease)

—Kidney

Diagnosis

Extrinsic

Exogenous antigens
(microbial)

Type ll:
Cytotoxic
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Type 1l Damag

Fc receptor
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C3 receptor

1. neutrophil microbe 2. phagocytosis 3. lysaosome fusion
adherence

Antibody (IgG) binds to antigen on cell
membrane surface.

Activation of compliment protein system QNH"T::i“C'mbiGI
via classical pathway (antigen-antibody). action
Result: Opsonization of antigen and
chemotaxis of macrophages.
Frustrated phagocytosis resulting in
some cell damage.
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hypersensitivity
reaction
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Detection of antibodies and antigens
by Immunofluorescence in tissue
biopsy specimen

Example:

—Skin

Clinical
examples

1. Glomerulonephritis

caused by

Anti-Glomerular Basement membrane disease

Antibodies directly attack and bind to antigens on cell
surface resulting in frustrated phagocytosis and cell damage

2. Mismatched blood transfusion:
Results of agglutination (clumping) of donor’s red blood
cells by antibodies of recipient

Ultimately leads to hemolysis of donor RBCs



Type IlI: Immune Mechanism

Complex

Features

Features: Hype rsensitivi ty

Antibody (IgG or IgM) + Antigen (soluble) = When an antigen reacts with an
antibody the product they form
‘ is called an immune complex
- Immune - Complex formation which is capable of inducing an
inflammatory response
‘ . Immune complexes are

deposited in tissues like kidneys

(nephritis), joints (arthritis) or

‘ blood vessels (vasculitis)

= Antibodies attach to soluble
antigens as opposed to antigens
on cell surfaces (as seen in type
2 hypersensitivity).

- Complement activation (classical pathway)

- Attraction of inflammatory cells

Diagnosis

Clinical
examples

Clinical examples: [Complex-mediated inflammation

_- Complement

* Glomerulonephritis: oo
Rheumatoid Pt
arthritis, SLE N

« Happened as
consequences of
deposition of the Flbauid,
free antigen.

» Systemic Lupus
Erythematosus

Demonstration of
specific immune
complexes in the blood
or tissues by:
Immunofluorescence

/
Neutrophil lysosomal enzymes

Copyright © 2000 John Wiley & Sons, Inc. All rights reserved.




Type IV:
Delayed

Mechanism

Features

Features : Hypersensitivity

* Cell mediated immune response
- Antigen dependent T cell (CD4 generally and CD8 occasionally)
activation via MHC Class | (for CD8) or Class Il (for CD4) > 1-2 week period
» Activated macrophages »  (production of delayed hypersensitivity T
. Delayed onset (2-4 days) lymphocyte that recognizing that antigen)
(this's why we call it Delayed Hypersensitivity) +  Effector phase:
Abnormal cellular response 24-72 hours
-(Granuloma formation)

<« Sensitization phase:

Effector cells

>
>
> (activated macs)
>

act non-specifically —
Diagnosis Clinical
examples

> Contact dermatitis

1. Delayed skin test 2. Patch test (Contact dermatitis)
(Mantoux test)

2. Patch test (Contact
dermatitis)

Multinucleated
giant cell

3. Lymphocyte
transformation test
Epithelioid cell

Intracellular Activated
bacteria macrophage




Mediators released by Ty cells:

Development of DTH Response: _______________
. AMaEn 18 I ctmutatas T cole T 0o" ol «
w Sl .
) De;')AePrz:df on Delayed type Hypersensitivity i} Clt;ﬁjs js}iu pf;: |
- If it is class | INF: Interferon
(Cytotoxic T cell) TNF : tumor
- If it is class Il necrosis factor
(T helper cell) IL: Interleukin
GM-CSF:
Granulocyte-
i i macrophage
Qg 890l colony-
stimulating factor
(a) Sensitization phase

Intracellular
bacteria

= == J C 2L
T e

Chemokines IFN -y :THF—I:I and THNF-B IL-3GM-CSF
_ Induces exoression of Cause local tissue
Recruit wascular aﬂ;ﬂm s | nuc o, Stimulate monocyta
macrophages o A IESI"C"E'E'-‘ : Increase axpression of production by bong
: sale ol ar:mi_lhg-en imi"'éllr “'EE‘ mopd Egﬁm adhasion molecules on marrow staem calls
CDA*T,, depost inflammasory mediators iBEal BRI Wit

- Hapten Hapten Skin
Antigen-presenting cells: Ty cells: i itie: challenge site)
it sl Pathophysiology of Contact dermatitis: sn e — ,
Langerhans cells CD8* cells (occasionally) S::)s tization S
1

Langerhan
cells

Dermis

(b) Effector phase i .
Class I MHC
Secreted

Regulatory
CD4+ T cells

Efferent lymph

S

Membrane
TNEP = I'NF receptor Afferent lvmph
Resting
Sensitized Ty macrophage Activated macrophage Draining lymph node e Effector CDS+T cells
3 7 % Ficure 1: Pathophysiology of allergic contact dermatitis

Ty Secretions: m%C(S of macrophage activation: Sensiti.zatioy pflase (aﬂ’geyl:e?)tA phai). Haprtens penetrate the epidermis (step 1) and are uptaken by epidermal cells including skin

Cytokines: IENy, NEB L2 Class II MHC molecules DC which migrate to the draining lvmph nod_es (step 2) where they present hapter_lz(ed ]_)e.pudes to both CD8+_ effector T cells and
A & AT % 2 T TNF receptors down-regulatory CD4+ T cells (step 3). Specific T cell precursors clonally expand in draining lymph nodes, recirculate via the blood

IL-3, GM-CSF T Oxygen radicals and migrate to tissues including the skin (step ).
Chemokines: IL-8, MCAF, MIF T z ¥ Elicitation phase (challenge phase. efferent phase). When the same hapten is applied on the skin, it is uptaken by epidermal cells,

Nitric oxide including skin DC and keratinocytes (step 5) which present haprenated peprides to specific T cells. Activation of CD8+ CTLs induces

apoptosis of keratinocytes and production of cytokines and chemokines by skin resident cells (step 6). This leads to the recruitment of
leucocytes from the blood to the skin. CD4+ T cells may block activation/expansion of CD8+ effectors in lymph nodes during sensiti-
zation and in the skin during the elicitation phase of CHS (step 3 and 7).




Test your knowledge!

1- Which type of Hypersensitivity includes cell mediated reaction?

A.

- Anaphylactic reactions are considered in

I B. I C. ID. IV

- Which type of Hypersensitivity responds by producing large amounts of IgE?

AIB.IHC.ND. IV

- Which of the following is not a cellular component of type | hypersensitivity?

. Mast cells B. Basophils C. Eosinophils D. Neutrophils

. Type | hypersensitivity B. Type Il hypersensitivity C. Type lll hypersensitivity
. Type IV hypersensitivity

- Immunofluorescence can be used to diagnose which type of hypersensitivity?

.1 B. IIC. Il D. B&C

»  6- Which type of Hypersensitivity can causefib
» A IB.IIC.IID.IV

»  7- Allergic dermatitis is caused by?

» A IB.IIC.HID. IV

» 8- Contact dermatitis is caused by?

» A IB.IIC.IID. IV

»  9- Rheumatoid arthritis is a clinical example of?

» A IB.IIC.HID. IV

» 10- Immediate Hypersensitivity is which type of hype
» A.IB.IIC.1ID.IV
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