
La doppia identità del Sistema Immunitario

le malattie da ipersensibilità sono espressione di un 
danno mediato dal sistema immunitario



Le reazioni di ipersensibilità

IgM

tempi: 2-30 min 5-8 ore 2-8 ore 24-72 ore



L’ipersensibilità di I tipo

•Definita anche reazione allergica o atopica

•La reazione è innescata nel giro di pochi minuti dal
contatto con antigeni denominati allergeni
•E’ caratterizzata da una produzione preferenziale di
anticorpi IgE che attivano i mastociti e i granulociti
basofili.



Sequenza di eventi nelle reazioni di ipersensibilità di tipo I



Caratteristiche degli allergeni



Allergeni comuni



L’attività enzimatica di alcuni allergeni permette a 
questi di superare le barriere epiteliali

-uno degli allergeni più 
comuni è presente nelle feci 
dell’acaro (Dermatophagoides
pteronyssimus). E’  un enzima, 
Derp1 in grado di digerire 
l’occludina
componente delle giunzioni 
intercellulari.

-responsabile dei fenomeni 
allergici in circa il 20% della 
popolazione del Nord America



Gli allergeni dotati di attività proteolitica attraversano 
epiteli integri



La captazione dell’antigene induce la maturazione 
funzionale e fenotipica delle cellule dendritiche



Interazione linfocita T-Cellula Dendritica



Il riconoscimento del complesso MHC-peptide



Attivazione e polarizzazione dei linfociti T



Fattori che contribuiscono al differenziamento dei Th2 :
il ruolo del microambiente tessutale

Lambrecht & Hammad, Immunity, 2009



Antigeni in grado di promuovere la polarizzazione Th2



Busse and Lemanske, N Engl J Med, 2001

TH2

Le citochine prodotte dai Th2 stimolano la produzione di IgE:
lo scambio isotipico



The strategic location of mast 
cells

Mast cells and basophils are the main effector cells 
of the immediate phase

basophils 
(circulating)

Mast cell
(connective

mucosal)

I mastociti e i basofili sono i principali effettori delle risposte allergiche 



FcepsilonRI: 
il recettore ad alta affinità per il frammento Fc delle IgE



Modified from Kraft & Kinet, 2007

CD63

L’aggregazione multivalente (crosslinking) induce l’attivazione 



Antigen-mediated crosslinking of IgE triggers 
mast cell and basophil degranulation & activation!

L’aggregazione multivalente del recettore da parte dell’allergene induce la 
degranulazione dei mastociti e basofili



FceRI crosslinking induces mast cell activation, and release of 
PREFORMED and DE NOVO synthesized biological mediators

Granule content:
• histamine, heparin
• eosinophil and neutrophil
chemotactic factors
• proteases

De novo mediators:
• leukotrienes, 
prostaglandins, PAF
• bradykinin

Cytokines:
• IL-1, IL-3, IL-4, IL-5, 
TNF�, chemokines

L’aggregazione di FcepsilonRI induce il rilascio di mediatori 
preformati  e neoformati



I mediatori lipidici



Attività biologica dei mediatori allergici





Anafilotossine





Allergen route of entry and dose 
determine the site and the type of 

allergic response (1)!

Increased blood flow and 
vascular permeability (edema)!

Allergen route of entry and dose 
determine the site and the type of 

allergic response (1)!

Increased blood flow and 
vascular permeability (edema)!

Le manifestazioni cliniche dipendono dalla via di ingresso 
dell’allergene

Esposizione cutanea: 
la reazione ponfo-eritematosa



Allergen route of entry and dose 
determine the site and the type of 

allergic response (2)!

edema of nasal or respiratory mucosa,!
increased mucus production,!
airway inflammation!

Type I hypersensitivity reaction induced by house 
dust mite allergen!

Esposizione Inalatoria:
rinite, congiuntivite, asma bronchiale

Allergen route of entry and dose 
determine the site and the type of 

allergic response (2)!

edema of nasal or respiratory mucosa,!
increased mucus production,!
airway inflammation!

Type I hypersensitivity reaction induced by house 
dust mite allergen!



Il rimodellamento tessutale è alla base della fisiopatologia dell’asma



Eosinophils and asthma. Presentation of allergens at the airway surface by antigen-presenting cells (dendritic cells) results in TH2 cell differentiation and TH2 cytokine production (IL-4, IL-13, and IL-5) 
in asthmatic individuals. CD4+ T cells orchestrate the ensuing inflammatory response characterized by an influx of eosinophils into the airway spaces in response to cytokines. Eosinophils are 
recruited into the airway spaces from the bone marrow through several steps coordinated by TH2 cytokines. First, their development in the bone marrow from CD34+ progenitor cells occurs under the 
influence of cytokines (IL-5, IL-13, and GM-CSF) produced by CD4+ T cells. Once cells are committed to the eosinophil lineage, they move from the bone marrow into the vasculature under the 
guidance of IL-5. Their movement through the blood vessel walls into sites of TH2-mediated inflammation is controlled by IL-4 and IL-13. These cytokines induce expression of vascular cell adhesion 
molecule-1 (VCAM-1), which binds to its receptor (VLA-4) on the surface of eosinophils. This leads to the preferential extravasation of eosinophils through vessel walls into sites of inflammation. Once 
activated by IL-5 or chemokines (eotaxin), eosinophils may contribute to the pathogenesis of allergic asthma by acting on various cells in the airway walls (fibroblasts, smooth muscle cells, and 
epithelial cells) or by secreting additional TH2 cytokines. Under certain circumstances, these effects culminate in enhanced sensitivity of the airways to various stimuli, resulting in airway 
hyperresponsiveness, overproduction of mucus, increased mucus secretion, and deposition of collagen around the basement membrane. 

Role of eosinophils in asthma!Ruolo dei granulociti eosinofili



Ruolo degli eosinofili nelle malattie allergiche



Allergen route of entry and 
dose determine the site 
and the type of allergic 

response (3)!

Esposizione alimentare:
nausea, vomito, diarrea, 

OAS, orticaria, shock 
anafilattico

Allergen route of entry and 
dose determine the site 
and the type of allergic 

response (3)!



E’ una reazione sistemica grave che si osserva a seguito di 
esposizione ad allergeni per via sistemica, alimentare o a seguito di 
puntura di insetto



•  edema,!
•  increased vascular!
!permeability,!
•  tracheal occlusion,!
•  circulatory collapse,!
•  death!

Allergen route of entry and dose 
determine the site and the type of 

allergic response (4)!

Systemic anaphylaxis triggered by intravenous 
route of entry (either directly or following oral 
absorption)!
•  edema,!
•  increased vascular!
!permeability,!
•  tracheal occlusion,!
•  circulatory collapse,!
•  death!

Allergen route of entry and dose 
determine the site and the type of 

allergic response (4)!

Systemic anaphylaxis triggered by intravenous 
route of entry (either directly or following oral 
absorption)!

LO SHOCK ANAFILATTICO  



Kay, New England J of Medicine, 2001

Multifattorialità delle malattie allergiche



Lo “stile di vita occidentale” si associa ad una maggiore 
incidenza di malattie allergiche 
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immunoregulatory signals from commensal bacteria in the regulation of allergic hyperreactivity
(7, 8). This led to a reformulation of the hygiene hypothesis as the “old friends” or the “biodi-
versity” hypotheses of allergy, which propose that changes in the environment, diet, and lifestyle
associated with Westernized, industrialized countries have altered the diversity of the gut and
skin microbiomes (9–11). Industrialized populations are exposed to both prescribed antibiotics,
which dramatically alter the microbiome (12), and residual antibiotics used in agribusiness to en-
hance livestock growth (reviewed in 13). Modern Western diets contain large quantities of highly
processed, high-fat, low-fiber foods which also cause shifts in microbial communities (14, 15).
Epidemiologic studies point to a decreased prevalence of food allergies among populations where
parasitic helminth infection is endemic compared to populations where helminth infection is rare
(16). Increased microbial exposure in rural (particularly farming) populations suggests that higher
biodiversity contributes to protection against disease (17). The available evidence therefore indi-
cates that the loss of beneficial symbiotic relationships between humans, parasites, bacteria, and
other microbes acquired throughout human evolution has increased the risk for developing atopic
diseases (Figure 1). The timing and route of first exposure to food allergens also seem to play a
role. The dual allergen hypothesis suggests that sensitization is promoted by allergen contact with
skin and prevented by ingestion of food allergens early in life (18).We have proposed that tolerance
to dietary antigen (and prevention of food allergy) requires both a food-antigen-specific regulatory
response and a commensal-bacteria-induced intestinal-epithelial-barrier-protective response (19).
In this review,we explore themanyways in which themicrobiome regulates the response to dietary
antigens.

Modern lifestyle factors

Food allergy

High-fat, low-fiber
diet 

Antibiotics

Transition from
rural to urban and
suburban living  

Vaccine-enhanced
immunity and

reduced
exposure to

infection

Altered
commensal microbial

biodiversity 
Eradication of

enteropathogens
(gastrointestinal

helminths,
Helicobacter pylori)

 

Genetic
predisposition 

Figure 1
Elements of a modern, industrialized lifestyle trigger shifts in the commensal microbiota, predisposing to the
development of food allergy in genetically susceptible individuals. Adapted from Reference 20 with
permission from Springer Nature.
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Elementi dello ’stile di vita occidentale’ che contribuiscono 
allo sviluppo di malattie allergiche



Fattori associati allo stile di vita che hanno un impatto 
sulla predisposizione alle malattie allergiche: ruolo del microbioma



Il microbioma influenza la capacità di sviluppare risposte immunitarie
Omeostatiche: la tolleranza mucosale



Il TESSUTO LINFOIDE ASSOCIATO ALLE MUCOSE
MALT (mucosal associated lymphoid tissue)



Il microbiota genera metaboliti che regolano le risposte immunitarie omeostatiche

aryl hydrocarbon
receptor



Il triptofano contenuto negli alimenti viene metabolizzato dalla flora batterica

indoleamine 2,3-dioxygenase 



acetate; propionate; butyrate



La vitamina A contenuta negli alimenti viene metabilizzata in acido retinoico 



The intestinal microbiota and disease development

Allergic
disease


