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Terminologie

• Allergie

• Hypersensibilité

– HS allergique

– HS non allergique



1. Immunology definition 
Hypersensitivity reactions = inappropriate and damaging immune 
response to an antigen caused by adaptive immunity (Igs and/or T cells)

- Allergic diseases 

- Autoimmune diseases 

2. Allergy définition 
Hypersensitivity reactions = inappropriate and damaging immune 
response to a molecule caused by both innate and/or adaptive immunity

- Allergic HS

- Non allergic HS

Hypersensitivity reactions 



Physiopathologie de l’allergie

• La mise en place d’une maladie allergique 
obéit aux mêmes règles que la mise en place 
d’une réponse immunitaire vis à vis d’agents 
infectieux

• La physiopathologie des maladies allergiques 
est donc similaire à celle de la réponse anti-
infectieuse



Allergie: rupture de tolérance

• Nous sommes tous en contact avec notre 
environnement

• Nous sommes tous sensibilisés vis à vis des 
antigènes de l’environnement

• Les sujets non allergiques développent une 
réponse immune tolérogène (régulatrice)

• Les sujets allergiques développent une 
réponse effectrice



Rupture de tolérance

Tolérance
Sensibilisation Allergie

Exposition aux allergènes

Années

ALLERGIE 
Rupture de tolérance aux molécules de l’environnement

• Antigène
• Signal danger



T effecteur

T reg

Cytokines
Chimiokines

Cytotoxicité

Inflammation

-
- -

Cellule
dendritique 

Allergie
Sensibilisation versus tolérance



Maladies allergiques

Venins guêpe
Médicaments
• choc anaphylactique
• œdème de Quincke

Allergènes cutanés
• eczéma contact

• asthme
• rhinite
• conjonctivite
• eczéma
• aliments
• urticaire

• Pneumallergènes
• Trophallergènes

• Injectables
• Contact cutané

Allergènes



Histoire naturelle des maladies allergiques (atopiques)
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Physiopathologie des maladies autoimmunes et allergiques
Classification de Gell & Coombs



Th1/Type 1 Th2/Type 2 Cytotoxic 

Th17/Type 
17

Antibody T cells

Hypersensibilités
Classification de Gell & 
Coombs

Maladies 
autoimmunes
et allergiques

Anaphylaxie
Rhinite allergique
Asthme (crise)

Réaction transf.
Anémie hémol.
Thyroidite
Myasthénie

Maladie sérique
Lupus érythémateux

IDR tuberculine
Rejet de greffe 
Polyarthrite
Diabète

Asthme chron.
Rhinite chron.

Rejet de greffe
Diabète
SEP

Polyarthrite
Sclérose en plaque
Mal. de Crohn

Dermatoses 
autoimmunes et 
allergiques

Urticaire contact Pemphigus
Pemphigoide
Urticaire chroni.

Vascularites Psoriasis Dermatite atopique Vitiligo
Pelade
Eczéma contact

Psoriasis

Allergies 
médicaments

Choc anaphylactique Cytopénies medic. Vascularites 
immuno-allerg.

Exanthème médic. DRESS Lyell
Stevens-Johnson



TYPE I HYPERSENSITIVITY



Œdème du derme / Vaisseaux

Mastocytes / Histamine

Allergic IHS

Non allergic IHS

TYPE I HYPERSENSITIVITY



C5a

CD88

Somatostatine, 
Quinolones, Curares 

Substance P, VIP, 
48/80 

TLR

IgE
IgG

FcεRI

CMH I et II

MASTOCYTE

CD48

MRGPRX2

CD2

[Ca2+]

CIC

Lymphocyte T 

TCR

Opiacés,
codéine

Bactéries
PAMPS

MASTOCYTES
Récepteurs et activation

EXOCYTOSE
----------------
HISTAMINE

MEDIATEURS PREFORMES

Phase immédiate

CYTOKINES 
CHIMIOKINES

Phase tardive

LEUCOTRIÈNES
PROSTAGLANDINES

Phase intermédiaire

STAT
6

Activation 

immunologique

Activation non

immunologique

Œdème, Prurit Infiltrat cellulaire







• Récepteur non sélectif
• Tous les mastocytes n’expriment 
pas MRGPRX2
• Variants avec gain ou perte de 
fonction de MRGPRX2
• Lie des peptides et molécules 
aux propriétés physico-chimiques 
particulières (Cationique, 

Hydrophobiques) 
-Peptides toxines
-Neuropeptides
-Peptides anti-microbiens
-Other endogenous peptides: 
kallicreine
-Peptides médicaments
-Self-peptides dégradés des 
protéines



MASTOCYTES

Récepteurs et 

activation



Two fundamental degranulation pathways in mast cells

Gaudenzio et al. J Clin Invest 2016

Immune signal 

(FceRI)

Allergic IHS

Extensive response

• Local

• Regional

• Systemic

Delayed

Sustained

Neuropeptide 

signal (MRGPRX2)

Non Allergic IHS

Local response

Rapid

Transient



Two fundamental degranulation pathways in mast cells

Gaudenzio et al. J Clin Invest 

2016

Immune 

signal 

(FceRI)

Neuropeptide 

signal 

(MRGPRX2)

Allergic IHS

Non Allergic IHS
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Hypersensibilité de type II due à des IgG spécifiques

PEMPHIGUS 
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Figure 12-23



Hypersensibilité de type III due à des complexes immuns

VASCULITES – PURPURA RHUMATOIDE



• Poumon de fermier: poussière de foin moisi: actinomyces

• Maladie des éleveurs de pigeons: poussière de fiente séchée 

• Maladie des manipulateurs de rats: protéines éliminées dans 
l’urine

• Maladie des laveurs de fromages: spores de penicillum casei

• Maladie des fourreurs: protéines de la fourrure de renard

• Maladie des écorceurs d’érable: spores de cryptostroma

HS de type III aux antigènes inhalés

Alvéolites allergiques
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Type 1/ Th1 Immunity



Type 2/ Th2 Immunity



Type 3/ Type 17/Th17 Immunity
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Dendritic cell

Mast cell

Blood vessel

Endothelial cell

EPIDERMIS

DERMIS
Keratinocytes

TNF-  IL-1

IL-1b IL-6

LYMPH NODE

Antigen

Allergen

Lymph vessel

Elicitation
Effector T cell response

Skin inflammation

Recruitment 

of innate cells

Dendritic cells

Sensitization
Innate response

T cell priming

DC migration

Skin irritation

ICD

Skin allergy

Eczema

Drug allergy

T cell priming

sensitization

Effector T cells

Regulatory T cells

Th/Tc1

Th/Tc2

Th/Tc17

Eos

Neut

Mono

Teff cells

Treg cells

Immunology of eczemas



Hypersensibilité de type IV (HS retardée) due à des LT
PSORIASIS Th17

Type 

17



Hypersensibilité de type IV (HS retardée) due à des LT

DERMATITE ATOPIQUE Th2

Type 2



SEVERE

1 - TEN: Toxic Epidermal Necrolysis 

MODERATE

2 - DRESS: Drug Rash with Eosino &Systemic symptoms

3 - AGEP: Acute Generalized Exanthematous Pustulosis

Prevalence

1 2 3 4 5 6 7

Toxidermies – Drug allergy

4 - FDE: Fixed Drug Eruption

5 - Generalized Erythema multiform

6 - Linear IgA Dermatosis

MILD

7 - MPE: Maculo-papular exanthema

Severity

Cytotoxic 

http://skymedz.xooit.com/image/20/8/1/b/iga05-eff510.jpg.htm


Der P
Der F

Allergic
Contact dermatitis

Atopic eczema

ECZEMAS/DERMATITES DE CONTACT

Irritant Contact 

Dermatitis

Adaptive Immunity

• hapten, allergen 

• DTH – type IV Gell and Coombs

• T cell mediated

Innate Immunity

• Inflammatory properties

• TLR- and inflammasome-

mediated
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DC migration

Skin irritation
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Effector T cells
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Immunology of eczemas
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Blood vessel

Lymphatic
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Dendritic cell

Mast cell

Blood vessel

Endothelial cell

EPIDERMIS

DERMIS
Keratinocytes

TNF-  IL-1

IL-1b IL-6

LYMPH NODE

Antigen

allergen

Lymph vessel

Effector CD8+ T cells

Regulatory CD4+ T cells

Elicitation
Effector T cell response

Skin inflammation

Recruitment 

of innate cells

Dendritic cells

Sensitization
Innate response
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DC migration

Skin irritation

ICD

Skin allergy
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Drug allergy

T cell priming
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CD4+ Treg cells

Pathophysiology of eczemas
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Dendritic cell

Mast cell

Blood vessel

Endothelial cell

EPIDERMIS

DERMIS
Keratinocytes

TNF-  IL-1

IL-1b IL-6

LYMPH NODE

Chemical

Protein

Lymph vessel

Elicitation
Effector T cell response

Skin inflammation

Recruitment 

of innate cells

Dendritic cells

Sensitization
Innate response

T cell priming

DC migration

Pathophysiology of eczemas Non allergic

individual
No skin irritation No skin allergy

No ACD

Low T cell priming

sensitization

T cell priming

Effector CD8+ T cells

Regulatory CD4+ T cells
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Dendritic cell

Mast cell

Blood vessel

Endothelial cell

EPIDERMIS

DERMIS
Keratinocytes

TNF-  IL-1

IL-1b IL-6

LYMPH NODE

Chemical

Protein

Lymph vessel

Elicitation
Effector T cell response

Skin inflammation

Recruitment 

of innate cells

Dendritic cells

Sensitization
Innate response

T cell priming

DC migration

Skin irritation

ICD

Skin allergy

ACD

High T cell priming

sensitization

Effector CD8+ T cells

Regulatory CD4+ T cells

Teff cells

Treg cells

Contact allergic patientPathophysiology of eczemas ACD 

patient
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Normal C57BL/6 or BALB/c mice

CD8+ T cell-deficient mice
-MHC class I-/- (C57BL/6)

-anti-CD8 mAb treatment

CD4+ T cell-deficient mice
-MHC class II-/- (C57BL/6)

-anti-CD4 mAb treatment

• CD8+ T cells are effector cells
• CD4+ T cells comprise regulatory T cells

Haptens Allergic contat dermatitis (ACD)

Sensitization

(Day 0)

D1-D10

Skin inflammation 

(ear swelling, histology, PCR,FACS)
Challenge

(Day 5)

5 days

Specific immune responses
(LN, Facs, PCR, functional assays)

Haptens (DNFB, fragrances, drugs)

Proteins (house dust mite –Der f)

Protein allergens (Dermatophagoïdès farinae)

Atopic Dermatitis

Hennino et al. J Immunol, 2007

Clinically relevant haptens

• ACD (perfums, dyes…)

• Drug Allergy (Amoxicillin)

Vocanson M et al.Allergy, 2009 / Rozieres A et al, Allergy 2010

CONTACT DERMATITIS
CD8+ T cells are mandatory for Allergic CD and Atopic Dermatitis

Hélène BOUR et al., Eur J Immunol, 1995

Maya KRASTEVA et al., J Immunol, 1998

Jeanne KEHREN et al., J Exp Med, 1999

Hitoshi AKIBA et al., J Immunol, 2002

Pierre SAINT-MEZARD et al,. J Immunol, 2003

Marc VOCANSON et al., J Invest Dermatol, 2006

Anca HENNINO et al., J Immunol, 2007

Marc VOCANSON et al., Allergy, 2009

Marc VOCANSON et al., JACI, 2010

Aurore ROZIERES et al., Allergy, 2010

Béatrice VANDERBLIET, JACI, 2011

Normal mice

CD8+ T cell-deficient mice

CD4+ T cell-deficient mice
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Fragrance allergens (HCA, EUG, HDCL) 3 sensitizations

Sensitization Ear swelling

5 days

24-96 h

Challenge
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Weak hapten
C57BL/6
Tolerant mice

0 2 4 6 8 10

Weak hapten
Anti-CD4 mAb depleted C57BL/6
CD4+ T cells comprise tolerogenic cells

3. CD4+ T cells prevent ACD 
Weak haptens

Vocanson et al., J Invest Dermatol 2008 & 2009; J Allergy Clinical Immunol 2010 & 2011



CD4+ T-cell 
deficient mice

CD8+ T-cell 
deficient mice

Normal 

PACS 0,2% 

DNFB

Days after painting

MEST

Ea
r 

sw
el

li
n

g 
(m

m
) 

Days after challenge

Sensitization
0.2% DNFB (Day 0)

Ear swelling
measurements

Xdays

Pierre ST MEZARD et al., J Invest Dermatol, 2003

Eczematous lesion can develops after a single epicutaneous painting

Sensitization
(Day 0)

D1-D10

Skin inflammation 
(ear swelling, histology, PCR,FACS)

Challenge
(Day 5)

5 days

Specific immune responses
(LN, Facs, PCR, functional assays)

Haptens (DNFB, fragrances, drugs)
Proteins (house dust mite –Der f)

CONTACT DERMATITIS
Primary Allergic Contact Sensitivity (PACS) protocol DNFB



PACS : Primary Allergic Contact Sensitivity
Model to study the relationship between dose, sensitization and elicitation of eczema

DNFB 

D0 once only on naive ear

Ear inflammation

HOURS 1 to 24

irritation allergy

Bonneville M et coll, JInvestDermatol, 2007Saint-Mezard P et coll, JInvestDermatol, 2003

D1

D6

D14

Ear inflammation

DAYS  1 to 10

Classical

CHS

PAC

S



Skin irritation conditions the severity of ACD
Primary Allergic Contact Dermatitis

Bonneville M et coll, JInvestDermatol, 2007Saint-Mezard P et coll, JInvestDermatol, 2003

DNFB 

D0 once only on naive ear

Ear inflammation

HOURS 1 to 24
Ear inflammation

DAYS  1 to 10

Preventing skin irritation is the best prevention strategy for eczema
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