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Learning objectives

m Understand how IgE is produced during
allergic reactions.

m Understand the effector mechanisms of allergic
reaction.

m Understand the mechanisms underlying other
hypersensitivity diseases.



Hypersensitivity

E an Immune reaction to Innocuous antigens that
results In tissue Injury and/or disease

directed against foreign antigens and damage is a
consequence of inflammation

m Classified into 4 types (by Coombs and Gell)

m Distinguished based on
Immune mechanisms involved, and
types of antigen recognized




Allergen

m Definition:
An antigen capable of causing allergy

m Can you define the following terms?

Immunogen 2% H
Antigen 1 JH

Allergen &R



P

Urticaria

Hypersensitivity types I-1lI

Type | Type |l Type Il
Immune
reactant IgE IgG IgG
P — Soluble Cell- or matrix- ||| Cell-surface Soluble
niig antigen associated receptor antigen
antigen
Complement, :
Effector Mast-cell FcR* cells A:};g?sdy Complement,
mechanism activation (phagocytes, ianali Phagocytes
NK cells) sighafing
% immune complex
platelets K .
i
b o
Example of Allergic rhinitis, Some drug | Chronic urticaria Serum sickness
hypersensitivity|asthma, systemic allergies (antibody against Arthus reaction’
reaction anaphylaxis (eg, penicillin) FCeR1)

Figure 12-2 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)

Fig 14-1
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Hypersensitivity type IV

Type IV
Immune Tl cells Th2 cells CTL
reactant
. Soluble Soluble Cell-associated
Antigen antigen antigen antigen
— IgE production,
ector Macrophage Eosinophil <
mechanism activation activation, Cytotoxicity
Mastocytosis
vevw
chemokines, cytotoxins,
cytokines, cytotoxins |inflammatory mediators
Example of  {Contact dermatitis, CI;.rom_c aTIthm_a, Contact
hypersensitivity (|ypercylin reaction | CNTONC a1€rAIC | qermatitis
reaction rhinitis

Figure 12-2 part 2 of 2 Immunobiology, 6/e. (© Garland Science 2005)

Fig 14-1

Contact
dermatitis
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Alternative names of
hypersensitivity types

m Typel
Immediate/Atopic/Anaphylactic
m Typell
Cytotoxic/Cytolytic
m Type lll
Immune complex/Arthus
m TypelV
Delayed type/T-cell mediated



Type |

IgE

Soluble
antigen

Type |

Hypersensitivity

Allergic rhinitis,
asthma, systemic
anaphylaxis




lgE-mediated allergic reactions

Syndrome Common allergens| Route of entry Response
_ Drugs Intravenous (either IncreagggT:scular
Systemic Serum directly or following permeability
anaphylaxis Venoms oral absorption |11 Tracheal occlusion
Peanuts into the blood) ||| Circulatory collapse
Death
- Animal hair Local increase in
(l:wcﬁéglu;ﬁge}rlge) Insect bites Through skin blood flow and
Allergy testing vascular permeability
ey Pollens (ragweed, Edema of nasal mucosa
Iﬂlerglc thinits timothy, birch) Inhalation Iritation of
(hay fever) Dust-mite feces hasal mucosa
Bronchial constriction
Danders (ca . Increased mucus
Asthma Pollens Inhalation production
Dust-mite feces Airway inflammation
Tree nuts i
Vomiting
gﬁ:ﬁfﬁ?‘ Pruﬁ:gr(l?fcahing)
Food allergy Milk Oral Urticaria (hives)
EF???: Anaphylaxis (rarely)

Figure 12-1 Immunobiology, 6/e.(© Garland Science 2005)

IgE-mediated
reactions to
extrinsic
antigens

All IlgE-mediated
responses involve
mast-cell
degranulation!!

Fig 14-2



Allergens

1. Ags delivered (often) via mucosa surface, and at low dose.
2. Can selectively evoke Th2 cells that drive an IgE response

More potent allergens
m protein
/\ m polypeptide
m polysaccharide
m nucleic acid
m low M.W. chemicals

Less potent allergens




Common allergens

m Pollen

m House dust mite
e.g. protease Der pl in the feces

m Animal dander
m Microorganisms
m Serum protein/Animal protein
m Antibiotics (penicillin, streptomycin)
e.g. some patients develop anti-penicillin IgE
m Insect poison
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Characteristics of
iInhaled allergen

m Generally low In M.W.
< 40 kD

m Water soluble
m Generally stable

Fig 14-5

Features of inhaled allergens that may
promote the priming of T2 cells
that drive IgE responses

Protein, often with
carbohydrate
side chains

Only proteins induce
T-cell responses

Enzymatically
active

Allergens are often
proteases

Low dose

Favors activation of IL-4-
producing CD4 T cells

It is not fully understood how or why,
but these type of antigens tend to
stimulate 1L-4 production;

1. IL-4 production tends to lead to more
IL-4 production (autocrine).

2. And IL-4 favors Ig class switching to
IgE.

Low molecular
weight

Allergen can diffuse
out of particle into mucus

Allergen can be readily

abe Ll eluted from particle

Stable Allergen can survive in
desiccated particle

Contains peptides .

that bind host || Fedired for

MHC class Il P 9

Figure 13-3 Immuncbiology, 7ed. (© Garland Science 2008)
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Route of allergen entry

GIC REACTIONS

Portal of entry | B TI S  C
m Blood
m Gl tract (gut)

m Respiratory
tract

animal
dander

pollen

latex

m Eye (rare)




Fecal pellets

Dust mite (Dermatophagoides pteronyssimus)

14



Sensitization to an inhaled allergen (Der pl)

Fig 14-3

The enzyme Der p 1 cleaves
occludin in tight junctions
and enters mucosa

Dendritic cell primes cell
in lymph node

Plasma cell travels back to
mucosa and produces Der
p 1-specific IgE antibodies

Der p 1-specific IgE binds to
mast cell; Der p 1 triggers
mast-cell degranulation

Airway
tight
@ Derp1 junction
| a "
O OrOp
4 1] : plasma
naive el
® T cell
OO K P
L 2 iy
@ <l
a8 0d bt
8g® @ <
7 IgE
dendritic cell mast cell “u

L7
~

-

)
L7
b

plasma cell

degranulation

Der p 1 is taken up by
dendritic cells for antigen
presentation and
Th2 priming

T2 cell induces B-cell
switch to IgE production

IgE binds to FceRl receptor
on mast cell

Mast-cell granule contents
cause allergic symptoms

Figure 14.3 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)

Der pl can cleave tight junction protein (e.g. occludin), allowing
itself enter through the epithelial barrier to encounter APCs
(DCs) down below = Th2 responses is activated.
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. . {E\:‘x < ;’x ; (-
Characteristics of IgE &) 4284
\\wu},) 1

Located predominantly in tissues
Important for defense against muticellular parasites |
2 known receptors
FceRI (mast cells, basophils, activated eosinophils)
FceRII/CD23 (B, DCs) = (-) regulator of IgE
Heat labile
Fc binding destroyed by heating at 56°C for 30 min
antigen binding is not lost
Short half-life
serum half-life is 2.5 days (c.f. 1gG is 21 days)
when bound on mast cell = 12 weeks

16



IgE and parasitic infection

m Eosinophils and IgE are important in the
defense against helminth parasitic infection

SKin
Epithelial surface of the airways (MALT)
Gl tract (GALT)

m Cells at the above anatomical sites are
specialized to secrete predominantly cytokines
driving THZ2 responses

17



Two sets of specific signals for IgE production

1. Signals promoting ThO = Th2 differentiation
- IL-10 (major)
-1L-4, 5, 9, 13 (minor)
- IL-2 (T-cell growth factor)

2. Signals promoting Ig class switch on B cells
a. 15t signal
- IL-4 (major)
- 1L-5, 9, 10, 13 (minor)
b. 2"d signal

- co-stimulatory signals (CD40L)
- from either DCs or mast cells 18



Events leading to IgE class switching
and massive IgE production

(1) IL-4/13 induce activation of JAK tyrosine kinases
Fig. 6-30 (71" ed.)

Cytokine binding dimerizes

Cytokine receptors consist the receptor, bringing

Transcription factors (STATs) Phosphorylated STATs form

of at least two chains, the i bind to the phosphorylated : :
eytoplasmic domains of | | [ogetherthe cytoplasmie || “recoptors,and are intum | | AImers that ranslocate nto
which bind Janus : phosphorylated by the

kinases (JAKs) other ?ﬂg g::z:lt’g:rvlate activated JAK: new gene transcription

IL-4

Stat6-p
JAK

> (4
JAK
JAK1 or JAK3 sm’
BSTAT Stat6 / W

Figure 6-23 Immunobiology, 6/e. (© Garland Science 2005)

lg switched to IgE 19



Events leading to IgE class switching
and massive IgE production

(2) Mast cell activation causes amplification of IgE synthesis

Fig 14-4

IgE secreted by plasma cells binds
to a high-affinity Fc receptor
FceRIl on mast cells

Activated mast cells provide
contact and secreted signals to
B cells to stimulate IgE production

Figure 13-6 Immunobiology, 7ed. (© Garland Science 2008)
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Mast cell degranulation by antigen (allergen)
cross-linking of FceR-bound IgE

Resting mast cell Activated mast cell 1. Sensitization phase

- Occurs when body first
encounter allergen

- IgE produced and bound
to mast cell

2. Activation phase

- Occurs when the same
allergen encountered IgE-
bound mast cell

- Cross-linking

- Degranulation 0

Type |
Resting mast cell contains granules Multivalent antigen cross-links Hypersensitivity
containing histamine and other bound IgE antibody, causing release
inflammatory mediators of granule contents EOSinOphils and basophils

Figure 9-35 Immunobiology, 7ed.(® Garland Science 2008)

may also participate 21
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Atopy (4% £ 288 F)

m Definition:

The increased trend seen in some individuals
(atopics) to show exaggerated tendency to mount
IgE responses to wide variety of innocuous
substances

m Strong hereditary linkages
m Influenced by several genetic loci (Fig. 13-7)

m Mediated by a serum factor formally termed
"reagin”
Now known as IgE

22



Atopics (& #F R 28T F)

m Individuals exhibiting predisposition to type |
hypersensitivity
m Characteristics
Family history (genetically linked)
Raised seral IgE levels
Skin prick test (+)
However, not all atopics exhibit clinical diseases

23



5031-33
. 1L-3,4,5,9,13; GM-CSF genes
. TIM proteins

(Tim3/Tim-2 proteins inhibit Th1/Th2 cells, respectively)
. IL-12 p40 subunit (promotes Thl responses)

Fig 14-7

6p21
. MHC-II genes

11912-13
. FceRI B subunit

/
/3/

g
=

10 11 12 13 14 15 16 17 18 19 20 21 22 X Y

. Asthma - Atopic dermatitis A Psoriasis . Autoimmune diseases

:

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



Candidate susceptibility genes for asthma

Asthma susceptibility genes

Genes triggering the immune
response or directing CD4
Th cell differentiation

Pattern recognition receptors: CD14, TLR2, TLR4,
TLR6, TLR10, NOD1, NOD2

Immunoregulatory cytokines: IL-10, TGFB1

Transcription factors: STAT3

Antigen presentation: HLA-DR, HLA-DQ, HLA-DP alleles

Prostaglandin receptor: PDGER2

Genes regulating Ty2 cell
differentiation and effector afunction

GATA3, TBX21, IL-4, IL-13, IL4RA, FCER1B,
IL-5, IL5RA, IL12B

Genes expressed in epithelial cells

Chemokines: CCL5, CCL11, CCL24, CCL26

Antimicrobial peptides: DEFB1

cc16

Epithelial cell barrier: SPINKS5, FLG

Genes identified by positional cloning

ADAM33, DPP10, PHF11, GPRA, HLA-G, IRAKM,
COL29A1

Figure 14.8 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)

Fig 14-8
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GSTMI
FLG

L0
CTLA4
IL13

IL4

oM
SPINKS
ADRB?
HAVCRI
LTC45

LTA

TINF
HLA-DRBI
HLA-DQE!
HLA-DPE]
NATZ
FCERIB
cals

g
5TAT &
MNOST
il
IL4R
Cam
Cas
ACE
TEXAZR
TGFA
ADAM3I3
GSTTT

(salFE M=% H)

5q35

&pdl3
&pdl3

&pdl

&pdl

&pdl

7pla3

8pi2

Tigi3
NigiZ3-gi3]
Tigi3
Niqiz1-qii3
12g13
12g24.3-q24 31
14qT1.2
16p121-pi2.2
Tgqll-g2
7ql.iql2
Tgii3
19p133
19g131
20p13
g3

Function and pathway

Erwironmental and oxidative stress — detoxification
Epithelial barrier integrity

Immunoregulation

T-cell-response inhibition and immunoregulation
T, effector functions

T, differentiation and IgE induction

Innate immunity — microbial recognition
Epithelial serine protease inhibitor

Bronchial smooth-muscle relaxation
T-cell-response regulation — HAV receptor
Cvsteinyl leukotriene biosynthesis — inflammation
Inflammiation

Inflammiation

Antigen presentation

Antigen presentation

Antigen presentation

Repgulation of cell growth and neural mechanisms
Detoxification of drugs and carcinogens
High-affinity FC receptor for IgE
Epithelium-derived anti-inflammatory protein
Erwironmental and oxidative stress — detoxification
Imduction of IFMy and THF

IL-4 and IL-13 signalling

Mitric oide synthesis — cell-cell communication
Mast-cell chymotry ptic serine protease

a-chain of the IL-4 and IL-13 receptors
Epithelium-derived eosinophil chemoattractant
Monocyte, T-cell and eosinoohil chemoattractant
Imactivation of inflammatory mediators
smooth-musde contraction, inflammation
Immunoregulation, cell proliferation

Cell—cell and cell-matrix interactions
Erwironmental and oxidative stress — detoxification

Nature Reviews Immunology 2008. 8(3)

Mumber of positive association reports

i 5 1] 15 20 75 30 15 40 45
Commaon yariants [ | | | | 1 I I 1 |

+mull

Arg510X, 2281del4
—ME2AS G, STICSA
—JBC/T, 494G
—M2C/T, Argl30GIn
—GEOC,T, +33CT
—TFAG/A, 2600/ T
Glud 20lys
ArgleGly, GInZ7 Glu
5383 5397del
—AA4 A

Mool (intron T)
—30BG/A, BT CT
Multi-5MP alleles
Multi-5MP alledes
Multi-5MP alleles
Haplotypes

Slow acetylation SMPs
Nel&llew, Gy 23T Gl
38ASG

lel0sval

—656T/G, -1 G/C
2964G/A, (GT)n exon 1
3OMC/T, 52680/ T
Bst], 19034
le50val, GluS5lArg
Ala23Thr, —132BG/A
—403A/G, -28C/G
In/del

SRATSC, TOSTAC
=509C/T

Multiple SMPs
Al
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Fig 14-9
“Hygiene hypothesis”

m Both inherited and environmental
factors contribute to the likelihood of
developing allergic diseases

Th1 responsiveness (non-atopic)
Fewer in susceptible genes

More exposures to some infectious agents
during in childhood

e In a more unhygienic environment

m ThZ2 responsiveness (atopic)
More in susceptible genes

Less exposures to infectious agent in
childhood

e In a more hygienic environment

Genetic
susceptibility

Environment

-

. . Un-
High Hyglenlc Low hygienic
J <
Atopic Non-atopic

Conjunctivitis
Rhinitis
Eczema
Asthma

Hepatitis A virus
Primary tuberculosis
Measles
Early bowel
colonization with
commensal bacteria

Figure 13-9 Immunobiology, 7ed. (© Garland Science 2008)
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Environmental factors determining
tendency for atopic allergic diseases

Fig 14-9

m Early exposure to ubiquitous
microorganisms

m Helminth infection

B Hepatitis A virus infection

B Composition of gut commensal microbiota

28



Both genetic and environmental factors

contribute to the development of IgE-mediated
allergy

Ervironment

-« ——

~ Intestinal microflora-variable, transient
- Low antibiotic use i

Allergic disorders
Non-allergic (asthma, eczema and rhinitis)

(Zéﬁ'%ﬁﬁ%:%ﬁﬁ ) Nature Reviews | Immunology 29



Effector mechanisms in allergic reaction

30



Mast-cell Mast-cell activation and

granule release
activation has
many effects

Fig 14-11

Y

Blood vessels

Increased blood flow,
increased permeability

J = - =
N N
Gastrointestinal tract Airways
Increased fluid secretion, Decreased diameter,
increased peristalsis increased mucus secretion
< Z =~ Z
T S

Congestion and blockage
of airways (wheezing,

Expulsion of gastrointestinal coughing, phlegm)

tract contents

(diarrhea, vomiting) Swelling and mucus

secretion in nasal passages

_/

\/
Why? Normally IgE responses are

associated with worm infestations. These
responses help evacuate the places where
the worms often live.

< =
N
Increased fluid in tissues
causing increased flow of
lymph to lymph nodes,
increased cells and protein
in tissues,

increased effector response
in tissues

31




Molecules released by activated mast cells

Fig 14-11

Pre-formed and stored in granules

Class of product | Examples Biological effects
Tryptase, chymase,
Enzyme cathepsin G, Remodel connective tissue matrix

carboxypeptidase

Toxic mediator

Histamine, heparin

Toxic to parasites
Increase vascular permeability
Cause smooth muscle contraction

32




Molecules released by activated mast cells

Fig 14-11

Newly synthesized upon m activation

".'4: l'n-1 3

Stimulate and amplify Ty 2-cell response

IL-3, IL-5, GM-CSF

Promote eosinophil production and activation

Cytokine
Promotes inflammation, stimulates cytokine
TNF-a (some stored : .
pref::'rf'l ed in granules) prqductmn by many cell types,
activates endothelium
Chemokine cCcL3 Attracts monocytes, macrophages,

and neutrophils

Prostaglandins D,, E,
Leukotrienes B4, C4

Cause smooth muscle contraction
Increase vascular permeability
Stimulate mucus secretion

Lipid mediator

Platelet-activating factor

Attracts leukocytes
Amplifies production of lipid mediators
Activates neutrophils, eosinophils, and platelets

JJ




Eosinophils

m Granulocytic leukocytes
Granules harbor arginine-rich basic proteins
e casily stained with acidic dye eosin

m Most are found In tissues (connective tissues,
Interconnection with IgE)

Respiratory tract
Gl tract

m Will express FceRI receptor
when activated




Molecules released by activated eosinophils

Pre-formed mediators Fig 14-12
Class of . :
product Examples Biological effects
L , Toxic to targets by catalyzing halogenation
Eosinophil peroxidase Triggers histamine release from mast cells
Enzyme

Eosinophil collagenase

Remodels connective tissue matrix

Toxic protein

Major basic protein

Toxic to parasites and mammalian cells

Triggers histamine release from mast cellsl

Eosinophil cationic protein

Toxic to parasites
Neurotoxin

Eosinophil-derived neurotoxin

Neurotoxin

Figure 12-14 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)
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Molecules released by activated eosinophils

Newly-synthesized mediators Fig 14-12
Class of 2l
oroduct Examples Biological effects
: AL ; Amplify eosinophil production by bone marro
Lylodne i L MR Cause eosinophil activation |
Chemokine CXCLS (IL-8) Promotes influx of leukocytes
Cause smoothmuscle contraction
Leukotrienes C4, D4, E4 Increase vascular permeability
Increase mucus secretion
Lipid mediator
Attracts leukocytes
Platelet-activating factor Amplifies production of lipid mediators
Activates neutrophils, eosinophils, and platelets

Figure 12-14 part 2 of 2 Immunobiology, 6/e. (© Garland Science 2005)
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Chemical mediator release

m Immediate phase = 2-3 min. ~ 6 hr
Histamine, prostaglandins
Eosinophil chemotactic facter (ECF)
Neutrophil chemotactic factor (NCF) etc.

m Late phase =2 > 6-24 hr
SRS-A (e.g. Leukotrienes)
Platelet-activating factor (PAF)
Chemokines/Cytokines (e.g. IL-3, IL-5, GM-CSF)

37



Fig 14-13

" Immediate

.

ey,

Figure 13-14 part 2 of 2 Immunobiology, 7ed. (© Garland Science 2008)

Immediate phase Late phase

-Wheal-and-flare (y ik fEEbE2) -Induction of more mediators
-Mediators released -Recruitment of eosino./Th2 cells
-1st contraction of smooth muscle -2nd contraction of smooth muscle

-Edema (due to vasodilation)
-Smooth muscle hypertrophy/hyperpla¥ia



Immediate vs late-phase reaction

Fig 14-13
Immediate Late phase
PEFR
(liters min-) S
Anti

300 - ch:Itllg:;e

200 -

100 -

0 /4
VL4
0 30 60 6 8 10 12 Time
minutes hours
Figure 14.13 part 1 of 2 Janeway's Immunobiology, 8ed. (© Garland Science 2012) i
Peak expiratory flow rate (FH JJsp 2l 7i 2K) PoEFR
257 ah| = /= pL =2 e

- 1] DL B sl B SRR [ HZE R TS Normal values

- DIkt s BE T (AsthmaMentor) il &2

39


http://allergy.kmu.edu.tw/~lectures.images/index.php?dir=immunology-Janeway/ch-13/&file=Peak_expiratory_flow_normal%20values%20for%20men%20and%20women-_EU_scale.png

Rt R EET(AsthmaMentor)

PEFR{ B ) — PEFR{ &)

R ESHEREE - —

/2 [PEFR{ B4 ) + FEFE({ & )]

— # 100 %

m G ERRIENE R R e H S R E S

KF220% » Bl a]z28 bRl

Ll § 1 II"'?“T'I { Kkt i s e |
SEEEEEELLEEDEINS

(salFE M=% )

o}



http://www.medsystem.com.tw/products/detail/peakflow.htm
http://images.google.com.tw/imgres?imgurl=http://hope.shiga-med.ac.jp/allergy/pefr/image/Ass.jpg&imgrefurl=http://hope.shiga-med.ac.jp/allergy/pefr/index.htm&h=393&w=200&sz=9&hl=zh-TW&start=9&um=1&tbnid=8CugKCZilgDjYM:&tbnh=124&tbnw=63&prev=/images%3Fq%3DPEFR%26svnum%3D10%26um%3D1%26complete%3D1%26hl%3Dzh-TW%26lr%3Dlang_zh-TW%26sa%3DN

Target organs affected by mast-cell
activation

m Smooth muscle
Contraction

m Blood vessels
Increased vascular permeability = Dilation (¥&5E)

m Mucosal gland
Increased mucus secretion

m L eukocytes

Increased influx into surrounding tissues
e Termed “infiltration’

41



Examples of diseases

m Allergic rhinitis :sscq 4 %
Hay fever

m Urticaria £ 77 ; » 7 4
Hives, disseminated wheal-and-flare

m Eczema ;&7
Atopic dermatitis

m Food allergy & # & ¢
m Bronchial asthma # =3
m Anaphylactic shock (anaphylaxis) i seid ik s

42



Factors determining conseguences
of
IgE-mediated reactions

m Dose of allergen
m Route of allergen entry
m Quantity of IgE present

43



The site of mast cell activation determines the clinical effects

Connective tissue mast cells

Mucosal mast cells

oute of allergen entry

i A B S4B

L0L = . P | 13 73 Il.J‘/\_

Intravenous: high dose Subcutaneous: low dose Inhalation: low dose Ingestion
2 = = = = =

IgE-coated mast cells

= =
N

broncial smooth
muscle

£ &3

= =

Mast-cell activation

= =
N

respiratory tract

intestinal epithelium

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.

Figure 13-15 Immunobiology, 7ed. (© Garland Science 2008)

=

Fig 14-14

Doses of Ag
Routes of Ag
entry

Amount of Ag-
specific IgE
present

Local:

- subcutaneous
- inhalation

Systemic:

- intravenous
- ingestion

Fig 13-15
44



Acute response in allergic asthma can lead
to chronic inflammation of the airways Fig 1415

Ty2-mediated chronic
airway obstruction

Acute responses (acute asthma)

Chronic response

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

Recruitment of cells
from the circulation

Chronic response caused by
cytokines and eosinophil products

— vessel

Type | hypersensitivity
because IgE-mediated

Figure 13-16 Immunobiology, 7ed. (© Garland Science 2008)

. eosinophil
) cytokines granule
* , proteins

&

Type IV hypersensitivity
because T2 involvement
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Acute asthma

Fig 14-15

(activation of submucosal mast cells in the airways)

Acute responses

Inflammatory medialors cause increased
mucus sacrelion and smoolh muscle

contraction leading to airway obsiruction

Recrullment of calls from the clreulation

Massive cytokine release and tissue damage lead to chronic asthma!!

46



Chronic asthma

(continuous inflammation of the airways) Fig 14-16

Fig 14-15

Chronic response

Chronic response caused by cytokines
and eosinophil products

Emlrmhi mrlh

.-.M

Figure 13-17 Immunobiology, 7ed. (€ Garland Science

Complete airway obstruction

Blockade of
airway due to
mucosal
secretion

Infiltrates of TH2
lymphocytes,
eosinophils,
neutrophils,...etc.

Fig 13-17
47



Risk factors for
development of
food allergy

Fig 14-18

Risk factors for the development
of food allergy

Immature mucosal immune system

Early introduction of solid food

Hereditary increase in mucosal permeability

IgA deficiency or delayed IgA production

Inadequate challenge of the intestinal immune
system with commensal flora

Genetically determined bias toward a
Th2 environment

Polymorphisms of Ty2 cytokine or
IgE receptor genes

Impaired enteric nervous system

Immune alterations (e.g., low levels of TGF-B)

Gastrointestinal infections

Figure 13-20 Immunobiology, 7ed. (© Garland Science 2008)
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How can allergic diseases be treated?
Fig 14-19

Treatments for allergic disease

Target step

Mechanism of treatment

Specific approach

In clinical use

Mediator action

Inhibit effects of mediators
on specific receptors
Inhibit synthesis of
specific mediators

Antihistamines, -blockers

Lipoxygenase inhibitors

Chronic inflammatory
reactions

General anti-inflammatory
effects

Corticosteroids

Th2 response

Induction of regulatory
T cells

Desensitization therapy by
injections of specific antigen

IgE binding to mast cell

Bind to IgE Fc region and
prevent IgE binding to Fc
receptors on mast cells

Anti-IgE antibodies
(omalizumab)

Figure 14.19 part 1 of 2 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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How can allergic diseases be treated?
Fig 14-19

Treatments for allergic disease

Target step

Mechanism of treatment

Specific approach

Proposed or under investigation

Tw2 activation

Induction of regulatory
T cells

Injection of specific antigen
peptides

Administration of cytokines,
e.g., IFN-y, IL-10, IL-12, TGF-B
Use of adjuvants such as CpG
oligodeoxynucleotides to
stimulate Ty1 response

Activation of B cell to
produce IgE

Block co-stimulation
Inhibit T42 cytokines

Inhibit CD40L
Inhibit IL-4 or IL-13

Mast-cell activation

Inhibit effects of IgE
binding to mast cell

Blockade of IgE receptor

Eosinophil-dependent
inflammation

Block cytokine and
chemokine receptors that
mediate eosinophil
recruitment and activation

Inhibit IL-5
Block CCR3

Figure 14.19 part 2 of 2 Janeway’s Immunobioclogy, 8ed. (© Garland Science 2012)
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Type |l
Hypersensitivity

Type ll
lgG
Cell- or matrix- Cell-surface
associated receptor
antigen
Complement,
Fcl?* cells Antibody
(phagocytes, .altelr.s
NK cells) . sl
r
platelets B
p R *
+ o
complement '
& -
-~
Some drug Chronic urticaria
allergies (antibody against
(e.g. penicillin) FCeRlx)
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Type Il

Immune IgG
reactant
, Cell- or matrix- [|| Cell-surface
Antigen associated receptor
antigen
Complement, :
Effector FoRt cells " ||| Antibody
mechanism o S
{pm{gé’:"ﬁis' signaling
w
p|ateleé p
-3 _
complement
Example of Some drug Chronic urticaria
hypersensitivity|  allergies (antibody against
reaction (eq, penicillin) FCeR1w)

iarland Science 2005)

Type |l hypersensitivity
1. Rare

2. 1lgG-mediated anti-cell-associated
antigen response

Immune response to certain drugs (e.g.,
penicillin) where drug binds to cell
surface and antibody causes removal of
the cells (usually by macrophages).

P

Type |l
Hypersensitivity
(blood transfusion)
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ype Il hypersensitivity

m Mediated by binding of IgG to cell or tissue matrix Ag
m Occurs when
foreign cells (such as blood) are transfused, or

following administration of drugs such as penicillin

which bind to self-proteins on RBCs or platelets

e Penicillin acts as hapten (to change the antigenic structure of cells)
e Causes hemolytic anemia or thrombocytopenia

m Mechanisms of the clearance of the cells
complement-mediated destruction, or
FcyR-mediated clearance by phagocytic cells
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Type |l
Hypersensitivity

Type Il

IgG

Soluble
antigen

Complement,
phagocytes

immune
complex

Serum sickness,
Arthus reaction
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ype lll Hypersensitivity

m Arises with soluble Ags

m Deposition of Ab:Ag aggregates (immune
complexes; ICs) leads to tissue damage
m [WO types
local (subcutaneous), and
systemic (injection, via blood stream)
m A local reaction can occur following

subcutaneous injection or inhalation of
antigens to which the individual already has

lgG antibodies

55



Type il

lgG

Soluble
antigen

Type 111 hypersensitivity

Arthus Reaction (local type) :

Fig 14-20

acute 1gG-mediated hypersensitivity to soluble Ag

O~

Complement,
Phagocytes

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

Locally injected antigen
in immune individual
with IgG antibody

N

Activation of FcyRlll on

mast cells induces
heir degranulation

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

immune complex

activation

6: hours )

Serum sickness,
Arthus reaction

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

=

So, Type I, II, 11l are Immediate-type hypersensitivity 5°




Serum sickness

(IgG immune complexes in the blood)

Fig 14-21

(Type 1 hypersensitivity — systematic type) 1. Symptoms are delayed while a

o antigen:antibody
= == complexes =
o I antibody
a | | |foreign serum' against foreign
— proteins serum proteins
2
e

Fever, vasculitis,

foreign serum
i arthritic nenhritig

iniastiAan
n Il'ﬁ'-l [(NE™ Ty |

Time
(days)

primary immune response
develops.

2. Symptoms arise from the
activation of complement
(mainly) and activation of other
cells (e.g. mast cells).

3. Symptoms include fever, rash,
arthritis and glomerulonephritis.

4. Usually, serum sickness is self-

limiting. .
4.

Type i
Hypersensitivity
(Systemic, IC deposition) 57
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Farmer’s lung

m Repeated exposure to high concentrations of
Inhaled hay dust or mold spores can lead to
|gG antibody production

m Immune complexes can form in alveolar wall
of lung

m Accumulation of fluid, protein, and cells can

Impair gas exchange —
f ‘




Duration of symptoms depends on the
ability of the system to clear the Ag

m In serum sickness

the symptoms are self-limited due to clearance of the
antigen

m Chronic ‘serum sickness’

some chronic bacterial infection
e e.g. sub-acute bacterial endocarditis (infection of heart valve)

Chronic viral infections (e.g. HBV)

Persistent presence of foreign Ags, but system fails to
clear them out efficiently!!

m In chronic HBV infection, ICs can lead to a chronic
vasculitis

To cause renal disease and nerve damage
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Type IV Hypersensitivity
or
Delayed type hypersensitivity (DTH)
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Type IV hypersensitivity ( “delayed type hypersensitivity™)

Type IV
Ir':ﬂ";:':n‘i Th cells TH2 cells CTL
Antigen Soluble Soluble Cell-associated . .
angen antigen amgen || Unlike the previous three
Effector Macrophage Eosinophil Cviotoxici hypersenSitiVity types (Ab_
mechanism activation activation ytotoxicity -
mediated), type IV
hypersensitivity is mediated by
’ Ag-specific effector T cells
Ocn
Y
ch;m;ki:es, c;:ot;xi:s, T
cytokines, inflammatory
cytotoxins mediators
Example of it Chronic asthma,
i Rl
generally associated with 61

type | allergy




Delayed-type hypersensitivity is mediated by
antigen-specific T cells

Fig 14-22

Type IV hypersensitivity reactions are mediated by antigen-specific effector T cells

Syndrome Antigen Consequence
Proteins: Local skin swelling:
(1) Delayed-type Insect venom IErgthetma
hypersensitivity Mycobacterial proteins c IInI uia ﬁn
(tuberculin, lepromin) ellufar infiftrate
Thl Dermatitis
Haptens: Local epidermal reaction:
Pentadecacatechol (poison ivy) den epg etrhma reaction:
(2) Sl HNFE Cellurlgr ii??l?rate
hypersensitivity Small metal ions: .
Nickel Vesicles
Thl, M, CTL Chromate Intraepidermal abscesses
Gluten-sensitiveenteropathy Gliadin Villous atrophy in small bowel

(celiac disease)

Malabsorption

Figure 12-24 Immunobiology, 6/e. (© Garland Science 2005)



Tuberculin test

B Prototypic delayed type hypersensitivity (DTH)
reaction

B Performed to determine whether an individual has
been previously infected with Mycobacterium
tuberculosis

B Small amount of tuberculin (mixture of peptides and
carbohydrates derived from M. tuberculosis) injected
subcutaneously

B Individuals previously exposed or immunized with
BCG (attenuated form of M. tuberculosis) develop
local Th1-mediated inflammatory reaction in 24-72
hrs
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Delayed type hypersensitivity

(DTH)

Fig 14-23

Antigen is injected into
subcutaneous tlissua and

ﬂm:umuh local
antigen-presenting cells

A Tyl allector cell recognizes
antigen and releases

es which act on

wmllr endothelium

Recrultment ol pha
and plasma to sila of antigen
injection causes visible lesion

The Mantoux =kin test consists &
of an intradermal injection of exacthy

s ¥ &
B O

-~ Wil
Ior o 2

one tenth of a millilter {mL} of PPD
tuberculin.

The =ize of induration is o

CE=IAN

>

T,1 from a previous illness or |mmun|zat|on (memory) o

Mantoux test (USA); Heaf test (UK)

DTH
animation

measured 42-72 hours later.
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Chemokines and cytokines released by

Tyl cellsin DTH

Antigen is processed by tissue
macrophages and stimulates Ty1 cells

v

chemokines cytokines cytotoxins

v

Fig 14-24

IF

< L
\/

==
N

2L

Chemokines IFN-y TNF-a and TNF- IL-3/GM-CSF
Induces expression of Cause local tissue
Recr:;ult t vasgtltl)?; calfllgis"m destruction. Stimulate monocyte
macrophages to Aclivates macro' —— Increase expression of production by bone
site of antigen : : Phages,! | adhesion molecules on marrow stem cells
deposition _increasing release of local blood vessels
inflammatory mediators ‘

Figure 12-26 Immunobiology, 6/e. (© Garland Science 2005)




Contact sensitivity

Fig 14-26

m Reactions triggered by self
proteins modified by small
organic molecules or metal
lons

m Damage mediated by

T,1 cells and macrophages they
activate; or

direct action of antigen-specific
cytotoxic CD8* T cells

m Require initial sensitizing
exposure and re-exposure

m Most frequent reaction is
poison ivy (FEFR)




Hyp-eryspeenfs\i/tivity PO | S O n | Vy

(poison ivy contact)

m T cell response to
pentadecacatechol in the leaf

small, highly reactive chemical

m Penetrates outer layers of
skin and binds to proteins on

the surface of skin cells
Ag can persist in the skin for
days
m First contact the individual
becomes sensitized

m Upon second exposure, DTH Chemical formula of

manifests!! causative agent
- from poison ivy

(CH),CH= CHCH,CH = CH(CH_),CH3

67


http://allergy.kmu.edu.tw/~lectures.images/index.php?dir=immunology-Janeway/ch-13/&file=%28ani%29%20type%20IV%20hypersensitivity.swf

Mechanism of poison ivy contact sensitivity

Fig 14-25

Contact-sensitizing agent
penetrates the skin and
binds to self proteins,
which are taken up by
Langerhans cells

Langerhans cells present
self peptides haptenated
with the contact-sensitizing
agent to Tu1 cells, which
secrete IFN-y and
other cytokines

Activated keratinocytes
secrete cytokines such as
IL-1 and TNF-a and
chemokines such as
CXCL8, CXCL11, and CXCL9

The products of
keratinocytes and Ty1 cells
activate macrophages to
secrete mediators of
inflammation

Figure 13-31 Immunobiology, 7ed. (© Garland Science 2008)

A contact-sensitizing agent Is usually a small molecule that can:

1. penetrates the skin, and

2. Dbinds to self-proteins, making them “look™ like foreign; then

3. be recognized by underlying APCs (e.g. Langerhans cells)
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mechanisms leading to tissue damage

m Tissue damage mediated by
cytokines and direct cell-cell interactions

Contact sensitivity — immune

m Enzymes released by activated Th1l cells degrade the

prote
toget
m Lipic
mem

INs of the extracellular matrix that hold the skin
ner leading to blistering

-like haptens can diffuse through the plasma

prane of cells into the cytosol and bind to

Intracellular proteins eliciting a CD8+ T cell response
m CD8+ T cells can directly lyse target cells
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Treatment for contact sensitivity

m Corticosteroids (steroids) %+ s & 5 p 47 7 s

Inhibit the inflammatory response by inhibiting
production of cytokines and chemokines

m Sensitivity Is life-long once acquired and
contact should be avoided
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Summary

m Hypersensitivity can be classified into 4
categories.

m Most allergies involve the production of IgE
antibody against common environmental
allergens.

m IgG and antigen-specific effector T cells also
contribute to hypersensitivity to other antigens.
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End of Chapter
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