
Fase di sensibilizzazione 

In un soggetto allergico il primo incontro con
l’allergene induce una risposta anticorpale o
umorale caratterizzata dalla produzione di
IgE.
Inoltre sono indotti linfociti T helper 2 che
sono caratterizzati dalla produzione di IL-4,
IL-5, IL-9, IL-13.



I linfociti Th2 mediano la risposta infiammatoria nelle reazioni allergiche  

L’infiammazione allergica
caratterizza le malattie allergiche
quali l’asma, le rinosinusiti, la
dermatite atopica.
L’infiammazione allergica è
caratterizzata dalla presenza di
linfociti Th2, eosinofili, mastociti,
e si accompagna a
iperproduzione di muco e iper-
reattività bronchiale. I linfociti
Th2 producono IL-4, IL-5, IL-13.
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 ��&!� �ƐՊ (A) Cellular and molecular interaction in the pathogenesis of allergic airway inflammation, sensitization, and acute phase. During 
sensitization to allergens, dendritic cells (DCs) in the airway first engulf antigen (allergen) and then become activated and migrate rapidly into 
draining lymph nodes (LNs). In the draining LNs, antigen- presenting DCs stimulate antigen- specific naïve CD4 T cells to differentiate into 
functionally distinct effector helper T (Th) cell subsets, Th2 and Th17 cells. The activated Th2 and Th17 cells express CD69, but when they leave 
the LNs, CD69 expression is lost. Th2 or Th17 cells infiltrate into the small vessels of the inflamed lung, re- express CD69 and interact with the 
CD69 ligand Myl9, which is located at the luminal surface of small vessels and forms net structures (Myl9 net) in the vessels in inflamed lungs. 
Such CD69- Myl9 interaction may help the infiltration of antigen- specific Th2 cells into the inflamed lung.29,30 Upon antigen stimulation, the 
infiltrated Th2 cells produce IL- 4, IL- 5, and IL- 13 to induce eosinophilic inflammation, mucus hyper production and airway hyperreactivity. Th17 
cells induce neutrophilic inflammation, which is steroid- resistant. In addition to Th cells, ILC2 cells upon activation with epithelial cytokines such 
as IL- 33, IL- 25, and TSLP produce IL- 5 and IL- 13 to participate in allergic airway inflammation in an antigen non- specific manner. (B) Cellular 
and molecular interaction in chronic eosinophilic inflammation. Chronic Th2 cytokine- mediated airway inflammation shows a more complicated 
pathology accompanied by eosinophilic inflammation, airway remodeling, fibrosis, and smooth muscle hyperplasia. In addition, in the lung of 
some experimental models and patients, a lymphoid structure called iBALT (induced bronchus- associated lymphoid tissue) is formed. Antigen- 
specific pathogenic Th2 cells (Tpath2 cells) are maintained in this structure in which Tpath2 cells attach to endothelial cells that express IL- 7 and 
IL- 33.31 IL- 7 may provide a survival signal and IL- 33 may confer pathogenicity to Tpath2 cells. In the polyps of eosinophilic chronic rhinosinusitis 
(ECRS) patients, the majority of infiltrated CD4 T cells express CD69, and Myl9 molecules are detected perivascular regions in the polyps. ILC2 
also migrated in the ECRS polyps and participate in inflammation
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Il differenziamento dei Th2

I linfociti Th2 si sviluppano dai linfociti T
naive in seguito al riconoscimento del
complesso MHC+peptide espresso dalle
cellule dendritiche in presenza di IL-4.
L’IL-4 agisce sui linfociti T helper attivando il
fattore di trascrizione STAT6.
STAT6 attivato insieme ai segnali generati dal
TCR induce l’espressione del fattore
trascrizionale GATA-3. GATA-3 è il principale
regolatore del differenziamento dei linfociti
Th2 attivando la trascrizione dei geni che
codificano per le citochine IL-4, IL-5 e IL-13.



Il paradigma del differenziamento delle sottopopolazioni dei linfociti T CD4+

Figure 1 The CD4+ T cell development paradigm
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(segnale 1); la
costimolazione da parte
delle molecole B7.1 e
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dendritica (DC) che
legano il CD28 (segnale
2); la produzione di
particolari citochine da
parte della DC (segnale 3).
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Il differenziamento dei
linfociti T helper naive in
linfociti differenziati
appartenenti alle diverse
sotto-popolazioni di linfociti
Th richiede:
• il riconoscimento del

complesso MHC+peptide
(segnale 1);

• la costimolazione da
parte delle molecole
B7.1 e B7.2 espresse
dalla cellula dendritica
(DC) che legano il CD28
(segnale 2);

• la segnalazione da parte
di particolari citochine
(segnale 3).



Moreover, while accumulating evidence supports the notion that cDCs are necessary and suffi-
cient to prime Th2 cells [2,10–15], no equivalent cDC-derived cytokine or ‘signal 3’ has been
found to induce Th2 cell differentiation. Instead, Th2 cell differentiation is favored in the absence
of polarizing cytokines (or signal 3) that drive differentiation into other Th cell lineages [4,16–23].
Furthermore, the acquisition of pro-Th2 functions in cDCs is associated with the suppressed

Box 1. CD4+ T cell differentiation
CD4+ Th cells can differentiate into several subtypes, including T-bet+ Th1, RORγt+ Th17, Foxp3+ Treg, and GATA3+ Th2
cells [56]. Th1 cells are characterized by IFNγ production, and are important for resistance to intracellular pathogens [56].
Th17 cells produce cytokines IL-17A, IL-17F, and IL-22 and are required for host defense against specific fungi and extra-
cellular bacteria [56]. Treg cells are involved in maintaining immune homeostasis and self-tolerance by inhibiting the acti-
vation of the immune system and preventing pathological self-reactivity [57]. Th2 cells secrete IL-4, IL-13, IL-5, and IL-9
and promote the eradication of parasitic helminths. In addition, unregulated Th2 cell responses are associated with the de-
velopment of allergic diseases such as atopic dermatitis, allergic rhinitis, asthma, eosinophilic esophagitis, and food allergy
[58]. The induced expression of the lineage-specifying transcription factors T-bet, GATA3, RORγt, and Foxp3+ allows the
expression of signature cytokines, thus dictating Th cell fates and functions [59]. Beyond this, the upregulation of Bcl6 ex-
pression promotes the differentiation of T follicular helper (Tfh) [60–63] and T follicular regulatory (Tfr) [64] cells in B
cell follicles, where they regulate humoral responses. Conversely, upregulation of Blimp-1 controls effector Th cell differ-
entiation [61,63], which provides help to CD8+ cytotoxic T cells and activates cells of the innate immune system.
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Figure 1. cDC-mediated T cell activation and T helper cell differentiation. cDCs provide three separate signals to
naïve CD4+ T cells to induce their full activation and subsequent differentiation into distinct T helper (Th) cell subsets
defined by differential expression of signature cytokines and lineage-specifying transcription factors. Signal 1 is equivalent
to the binding of TCR to peptide MHC complex. Signal 2 is generated by the engagement of costimulatory receptors such
as CD28. The combination of signals 1 and 2 is required to fully activate CD4+ T cells. Signal 3 is produced by the
secretion of polarizing cytokines by cDCs that respond to homeostatic, danger, or pathogen-derived signals. Particular
sets of polarizing cytokines induce the expression of the master transcription factors Foxp3, RORγT, or T-bet, guiding the
differentiation of inducible Treg, Th17, and Th1 cells [59]. Although cDCs are necessary and sufficient to induce Th2 cells
in mouse models [2,10–15], a cDC-derived cytokine that upregulates the transcription factor GATA-3 and promotes Th2
cell lineage commitment has yet to be found. Th cells that acquire a cytokine profile can then upregulate the transcription
factor Bcl6 to control B cell responses [60–64] or upregulate Blimp1 to fulfill effector Th functions in peripheral tissues
[61,63]. Figure created with BioRender.com. Abbreviations: cDC, conventional dendritic cell; IFNγ, interferon-γ; IL,
interleukin; MHC II, major histocompatibility complex class II; TCR, T cell receptor; TGFβ, transforming growth factor β;
Tfh, follicular helper T cells; Tfr, T follicular regulatory cells; Treg, regulatory T cells.
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Glossary
CD28: receptor expressed on T cells
that binds to CD80 (B7.1) and CD86
(B7.2) proteins expressed on activated
dendritic cells and provides costimula-
tory signals necessary for T cell activa-
tion, proliferation, and survival.
ChIP-seq analysis: technology tomap
genome-wide locations of DNA-
associated proteins such as transcrip-
tion factors or modified histones.
Ig class switching: biological mecha-
nism in B cells which allows the switch in
immunoglobulin production from one
isotype to another, such as from IgM to
the IgG, IgE, or IgA isotypes.
Conventional dendritic cells (cDCs):
innate cells residing in peripheral tissues
and secondary lymphoid organs whose
primary function is to capture, process,
and present protein-derived peptides to
T cells and mediate their activation and
functional polarization.
Effector T helper cells: activated
CD4+ T cells that migrate to peripheral
tissues where they secrete signature
cytokines and activate local immune
responses to eliminate the pathogens
that caused their activation.
Group 2 innate lymphoid cells
(ILC2): type of innate lymphoid cells that
produce type-2 cytokines, such as IL-
13, and are involved in early responses
against allergens and helminth infec-
tions.
High-affinity IL-2 receptor (IL-2R):
heterotrimeric protein comprised of α
chain (IL-2Rα or CD25), β chain (IL-2Rβ
or CD122), and γ chain (IL-2Rγ or com-
mon γ chain); binds IL-2 with high affinity
on activated T cells and Treg cells.
Major histocompatibility complex
(MHC) class II: group of genes
encoding proteins found on the surfaces
of antigen-presenting cells, such as
dendritic cells, whose primary function is
to bind peptide fragments derived from
proteins and display them on the cell
surface for recognition by the appropri-
ate CD4+ T cell.
Pattern recognition receptors
(PRRs): class of germline-encoded
receptors that recognize molecules fre-
quently found in pathogens (so-called
pathogen-associated molecular pat-
terns or PAMPs). Activation of PRRs
results in the expression of a variety of
polarizing and proinflammatory cyto-
kines and the upregulation of costimula-
tory molecules; this is crucial for the
initiation of innate immunity and a pre-
requisite for subsequent activation and
shaping of adaptive immunity.
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andpromotetheeradicationofparasitichelminths.Inaddition,unregulatedTh2cellresponsesareassociatedwiththede-
velopmentofallergicdiseasessuchasatopicdermatitis,allergicrhinitis,asthma,eosinophilicesophagitis,andfoodallergy
[58].Theinducedexpressionofthelineage-specifyingtranscriptionfactorsT-bet,GATA3,RORγt,andFoxp3+allowsthe
expressionofsignaturecytokines,thusdictatingThcellfatesandfunctions[59].Beyondthis,theupregulationofBcl6ex-
pressionpromotesthedifferentiationofTfollicularhelper(Tfh)[60–63]andTfollicularregulatory(Tfr)[64]cellsinB
cellfollicles,wheretheyregulatehumoralresponses.Conversely,upregulationofBlimp-1controlseffectorThcelldiffer-
entiation[61,63],whichprovideshelptoCD8+cytotoxicTcellsandactivatescellsoftheinnateimmunesystem.

Trends Trends inin Immunology Immunology

Figure1.cDC-mediatedTcellactivationandThelpercelldifferentiation.cDCsprovidethreeseparatesignalsto
naïveCD4+TcellstoinducetheirfullactivationandsubsequentdifferentiationintodistinctThelper(Th)cellsubsets
definedbydifferentialexpressionofsignaturecytokinesandlineage-specifyingtranscriptionfactors.Signal1isequivalent
tothebindingofTCRtopeptideMHCcomplex.Signal2isgeneratedbytheengagementofcostimulatoryreceptorssuch
asCD28.Thecombinationofsignals1and2isrequiredtofullyactivateCD4+Tcells.Signal3isproducedbythe
secretionofpolarizingcytokinesbycDCsthatrespondtohomeostatic,danger,orpathogen-derivedsignals.Particular
setsofpolarizingcytokinesinducetheexpressionofthemastertranscriptionfactorsFoxp3,RORγT,orT-bet,guidingthe
differentiationofinducibleTreg,Th17,andTh1cells[59].AlthoughcDCsarenecessaryandsufficienttoinduceTh2cells
inmousemodels[2,10–15],acDC-derivedcytokinethatupregulatesthetranscriptionfactorGATA-3andpromotesTh2
celllineagecommitmenthasyettobefound.Thcellsthatacquireacytokineprofilecanthenupregulatethetranscription
factorBcl6tocontrolBcellresponses[60–64]orupregulateBlimp1tofulfilleffectorThfunctionsinperipheraltissues
[61,63].FigurecreatedwithBioRender.com.Abbreviations:cDC,conventionaldendriticcell;IFNγ,interferon-γ;IL,
interleukin;MHCII,majorhistocompatibilitycomplexclassII;TCR,Tcellreceptor;TGFβ,transforminggrowthfactorβ;
Tfh,follicularhelperTcells;Tfr,Tfollicularregulatorycells;Treg,regulatoryTcells.
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Glossary
CD28:receptorexpressedonTcells
thatbindstoCD80(B7.1)andCD86
(B7.2)proteinsexpressedonactivated
dendriticcellsandprovidescostimula-
torysignalsnecessaryforTcellactiva-
tion,proliferation,andsurvival.
ChIP-seqanalysis:technologytomap
genome-widelocationsofDNA-
associatedproteinssuchastranscrip-
tionfactorsormodifiedhistones.
Igclassswitching:biologicalmecha-
nisminBcellswhichallowstheswitchin
immunoglobulinproductionfromone
isotypetoanother,suchasfromIgMto
theIgG,IgE,orIgAisotypes.
Conventionaldendriticcells(cDCs):
innatecellsresidinginperipheraltissues
andsecondarylymphoidorganswhose
primaryfunctionistocapture,process,
andpresentprotein-derivedpeptidesto
Tcellsandmediatetheiractivationand
functionalpolarization.
EffectorThelpercells:activated
CD4+Tcellsthatmigratetoperipheral
tissueswheretheysecretesignature
cytokinesandactivatelocalimmune
responsestoeliminatethepathogens
thatcausedtheiractivation.
Group2innatelymphoidcells
(ILC2):typeofinnatelymphoidcellsthat
producetype-2cytokines,suchasIL-
13,andareinvolvedinearlyresponses
againstallergensandhelminthinfec-
tions.
High-affinityIL-2receptor(IL-2R):
heterotrimericproteincomprisedofα
chain(IL-2RαorCD25),βchain(IL-2Rβ
orCD122),andγchain(IL-2Rγorcom-
monγchain);bindsIL-2withhighaffinity
onactivatedTcellsandTregcells.
Majorhistocompatibilitycomplex
(MHC)classII:groupofgenes
encodingproteinsfoundonthesurfaces
ofantigen-presentingcells,suchas
dendriticcells,whoseprimaryfunctionis
tobindpeptidefragmentsderivedfrom
proteinsanddisplaythemonthecell
surfaceforrecognitionbytheappropri-
ateCD4+Tcell.
Patternrecognitionreceptors
(PRRs):classofgermline-encoded
receptorsthatrecognizemoleculesfre-
quentlyfoundinpathogens(so-called
pathogen-associatedmolecularpat-
ternsorPAMPs).ActivationofPRRs
resultsintheexpressionofavarietyof
polarizingandproinflammatorycyto-
kinesandtheupregulationofcostimula-
torymolecules;thisiscrucialforthe
initiationofinnateimmunityandapre-
requisiteforsubsequentactivationand
shapingofadaptiveimmunity.

Moreover, while accumulating evidence supports the notion that cDCs are necessary and suffi-
cient to prime Th2 cells [2,10–15], no equivalent cDC-derived cytokine or ‘signal 3’ has been
found to induce Th2 cell differentiation. Instead, Th2 cell differentiation is favored in the absence
of polarizing cytokines (or signal 3) that drive differentiation into other Th cell lineages [4,16–23].
Furthermore, the acquisition of pro-Th2 functions in cDCs is associated with the suppressed

Box 1. CD4+ T cell differentiation
CD4+ Th cells can differentiate into several subtypes, including T-bet+ Th1, RORγt+ Th17, Foxp3+ Treg, and GATA3+ Th2
cells [56]. Th1 cells are characterized by IFNγ production, and are important for resistance to intracellular pathogens [56].
Th17 cells produce cytokines IL-17A, IL-17F, and IL-22 and are required for host defense against specific fungi and extra-
cellular bacteria [56]. Treg cells are involved in maintaining immune homeostasis and self-tolerance by inhibiting the acti-
vation of the immune system and preventing pathological self-reactivity [57]. Th2 cells secrete IL-4, IL-13, IL-5, and IL-9
and promote the eradication of parasitic helminths. In addition, unregulated Th2 cell responses are associated with the de-
velopment of allergic diseases such as atopic dermatitis, allergic rhinitis, asthma, eosinophilic esophagitis, and food allergy
[58]. The induced expression of the lineage-specifying transcription factors T-bet, GATA3, RORγt, and Foxp3+ allows the
expression of signature cytokines, thus dictating Th cell fates and functions [59]. Beyond this, the upregulation of Bcl6 ex-
pression promotes the differentiation of T follicular helper (Tfh) [60–63] and T follicular regulatory (Tfr) [64] cells in B
cell follicles, where they regulate humoral responses. Conversely, upregulation of Blimp-1 controls effector Th cell differ-
entiation [61,63], which provides help to CD8+ cytotoxic T cells and activates cells of the innate immune system.

TrendsTrends inin ImmunologyImmunology

Figure 1. cDC-mediated T cell activation and T helper cell differentiation. cDCs provide three separate signals to
naïve CD4+ T cells to induce their full activation and subsequent differentiation into distinct T helper (Th) cell subsets
defined by differential expression of signature cytokines and lineage-specifying transcription factors. Signal 1 is equivalent
to the binding of TCR to peptide MHC complex. Signal 2 is generated by the engagement of costimulatory receptors such
as CD28. The combination of signals 1 and 2 is required to fully activate CD4+ T cells. Signal 3 is produced by the
secretion of polarizing cytokines by cDCs that respond to homeostatic, danger, or pathogen-derived signals. Particular
sets of polarizing cytokines induce the expression of the master transcription factors Foxp3, RORγT, or T-bet, guiding the
differentiation of inducible Treg, Th17, and Th1 cells [59]. Although cDCs are necessary and sufficient to induce Th2 cells
in mouse models [2,10–15], a cDC-derived cytokine that upregulates the transcription factor GATA-3 and promotes Th2
cell lineage commitment has yet to be found. Th cells that acquire a cytokine profile can then upregulate the transcription
factor Bcl6 to control B cell responses [60–64] or upregulate Blimp1 to fulfill effector Th functions in peripheral tissues
[61,63]. Figure created with BioRender.com. Abbreviations: cDC, conventional dendritic cell; IFNγ, interferon-γ; IL,
interleukin; MHC II, major histocompatibility complex class II; TCR, T cell receptor; TGFβ, transforming growth factor β;
Tfh, follicular helper T cells; Tfr, T follicular regulatory cells; Treg, regulatory T cells.
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Glossary
CD28: receptor expressed on T cells
that binds to CD80 (B7.1) and CD86
(B7.2) proteins expressed on activated
dendritic cells and provides costimula-
tory signals necessary for T cell activa-
tion, proliferation, and survival.
ChIP-seq analysis: technology tomap
genome-wide locations of DNA-
associated proteins such as transcrip-
tion factors or modified histones.
Ig class switching: biological mecha-
nism in B cells which allows the switch in
immunoglobulin production from one
isotype to another, such as from IgM to
the IgG, IgE, or IgA isotypes.
Conventional dendritic cells (cDCs):
innate cells residing in peripheral tissues
and secondary lymphoid organs whose
primary function is to capture, process,
and present protein-derived peptides to
T cells and mediate their activation and
functional polarization.
Effector T helper cells: activated
CD4+ T cells that migrate to peripheral
tissues where they secrete signature
cytokines and activate local immune
responses to eliminate the pathogens
that caused their activation.
Group 2 innate lymphoid cells
(ILC2): type of innate lymphoid cells that
produce type-2 cytokines, such as IL-
13, and are involved in early responses
against allergens and helminth infec-
tions.
High-affinity IL-2 receptor (IL-2R):
heterotrimeric protein comprised of α
chain (IL-2Rα or CD25), β chain (IL-2Rβ
or CD122), and γ chain (IL-2Rγ or com-
mon γ chain); binds IL-2 with high affinity
on activated T cells and Treg cells.
Major histocompatibility complex
(MHC) class II: group of genes
encoding proteins found on the surfaces
of antigen-presenting cells, such as
dendritic cells, whose primary function is
to bind peptide fragments derived from
proteins and display them on the cell
surface for recognition by the appropri-
ate CD4+ T cell.
Pattern recognition receptors
(PRRs): class of germline-encoded
receptors that recognize molecules fre-
quently found in pathogens (so-called
pathogen-associated molecular pat-
terns or PAMPs). Activation of PRRs
results in the expression of a variety of
polarizing and proinflammatory cyto-
kines and the upregulation of costimula-
tory molecules; this is crucial for the
initiation of innate immunity and a pre-
requisite for subsequent activation and
shaping of adaptive immunity.
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Le cellule dendritiche
in seguito
all’interazione con i
patogeni sono in
grado di produrre IL-
12, TGF-b, IL-10, IL-6
e l’IL-23 e quindi sono
considerate sufficienti
per attivare i linfociti
Th1, Th17, e le Treg
essendo in grado di
fornire i 3 segnali
necessari.
Nel caso dei linfociti
Th2, le DC non sono
in grado di produrre
IL-4 e ad oggi non
sono noti i segnali
inviati dalle DC per
indurre il

differenziamento di
tali cellule.

Attivazione e differenziamento dei linfociti T helper da parte delle 
cellule dendritiche (DC)



Le cellule dendritiche convenzionali sono distinte
in 2 principali sottotipi. Le diverse funzioni di
cellule presentanti l’antigene dipendono dalla
espressione di recettori per la fagocitosi e
pathogen recognition receptor (PRR) :

cDC1 (CD103+) = DC migratorie o residenti negli
organi linfoidi. Il loro sviluppo dipende dai fattori di
trascrizione IRF8, Batf3.
Hanno una maggiore capacità di cross-presentare
gli antigeni. Attivano i T CD8+ e i Th1. Producono
IL-12. Sono altamente efficienti per attivare le
risposte T verso virus , batteri intracellulari e
tumori.

cDC2 (CD11b+)= DC migratorie o residenti. Il loro
sviluppo dipende dal fattore trascrizionale IRF4. Si
distinguono in diverse sottopopolazioni. Attivano i
linfociti T CD4+.

Sottopopolazioni di cellule dendritiche convenzionali  

Th1

T-bet

IFN-γ

γδ γδNKMC

ILC1IL-12

IL-12

cDC1

PMN
recruitment

B cell
activation

and selection

Th2

GATA3

Th17

RORγt

Tfh
CD40L

Bcl6

B

ILC2

Baso

IL-4

cDC2

IL-6

OX40L

ICOSL
cDC2cDC2

Peripheral
tolerance

pTreg

Foxp3

Mϕ

IL-10

RA, TGF-β

IL-10, TGF-β

BTLA

RALDH2
IDO

cDC1

Self-antigens,
dietary antigens,

microbiota
Tumors, viruses,

intracellular bacteria

Allergens,
helminths,

toxins

αvβ8

Extracellular
bacteria,

fungi All

IL-1β, IL-6,
TGF-β, IL-23

IFN-γ, TNF-α

PMN and Mϕ
activation

IL-4, IL-5,
IL-13 IL-17, IL-22 IL-4, IL-21

Tissue repair,
SM contraction,

mucus production

IL-17
IL-22

Figure 1
cDC subsets determine CD4+ Th cell differentiation in adaptive immunity. Speci!c cDC subsets induce distinct T cell activation and
differentiation pathways that are determined by the type of antigen, in"ammatory cues, and intrinsic properties of each DC subset. The
integrated MHC-peptide, costimulatory molecules, cytokines, and metabolites from the DC and local microenvironment, including
accessory cells as shown, determine CD4+ T cell activation and differentiation. This illustration focuses on the major cDC subsets that
drive regulatory T, Th1, Th2, Th17, or Tfh differentiation based on a majority of reports. Under certain immunization conditions,
different types of DCs can also induce the indicated T cell differentiation. Abbreviations: B, B cell; baso, basophil; Bcl6, B cell
lymphoma 6; BTLA, B and T lymphocyte attenuator; cDC, conventional DC; DC, dendritic cell; Foxp3, forkhead box P3; γδ, γδ

T cell; ICOSL, inducible T cell costimulator ligand; IDO, indoleamine 2,3-dioxygenase; ILC1, group 1 innate lymphoid cell; MC,
monocyte-derived cell; Mϕ, macrophage; NK, natural killer cell; PMN, polymorphonuclear leukocyte; pTreg, peripheral regulatory
T cell; RA, retinoic acid; RALDH2, retinaldehyde dehydrogenase 2; SM, smooth muscle; Tfh, T follicular helper cell; Th, T helper cell.

cDC1s and cDC2s (11–13). FLT3L is indispensable for cDC1 and cDC2 development in both
mice and humans (1). The identi!cation of Zbtb46 as a cDC-speci!c transcription factor helps
differentiate cDCs from monocyte-derived cells, especially when combined with Mafb-lineage
tracing (14–16).

In the LN, cDCs can be divided into resident cDCs andmigratory cDCs according to their ini-
tial seeding location from blood-derived precursors. Migratory DCs reside in tissues and migrate
during both steady state and states of in"ammation to draining LNs via lymphatics. Conversely,
the entire life of a resident DC occurs within lymph nodes; despite the name, resident DCs are
still motile (4). Lymph tissue without lymphatics, such as that of the spleen, Peyer patches, and
tonsils, lacks emigrating DCs; however, migration of particular DC subsets within these tissues
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Patente et al. Human Dendritic Cells: Clinical Application

FIGURE 3 | Simplified scheme of DC ontogeny. DC arise from HSC that give rise to MP and LP. MP are further differentiated into MDP that can differentiate into CDP

and monocytes. CDP differentiate further into pDC or pre-cDC. LP can also give rise to pDC, although this ontogenic pathway is not completely elucidated. Once in

the blood, pre-cDC give rise to two of the main DC subtypes: cDC1 and cDC2. Both pDC and cDC can migrate from the blood to lymphoid and non-lymphoid

tissues. HSC, hematopoietic stem cell; MP, myeloid precursors; LP, lymphoid precursors; MDP, macrophage-DC precursors; CDP, common DC precursors; pre-cDC,

pre-classical dendritic cells; pDC, plasmacytoid dendritic cells; cDCs, conventional dendritic cells; FLT3, Fms-Related Tyrosine Kinase 3.

FIGURE 4 | Main characteristics and differences of cDC1, cDC2, and pDC. In

human blood, it is possible to find two main populations of DC, named

conventional DC (cDC) and plasmacytoid DC (pDC). cDC can be further

subdivided in cDC1 and cDC2. All three subtypes of DC can be differentiated

by their signature transcription factors and also by the expression of specific

surface markers.

(IRF8) (130). In mice, besides BATF3 (147) and IRF8 (148),
gene knockout models pointed out to the role of two other
TF: DNA binding protein inhibitor ID2 (149) and nuclear
factor interleukin-3-regulated protein (NFIL3) (150), whose

participation in the generation of human cDC1 needs yet to be
demonstrated.

cDC1 prime CD8+ T cells efficiently, what is important
in anti-tumor and anti-virus immunity. However, the
induction and modulation of an immune response is a very
complex phenomenon that involves many cell interactions,
including interactions among different DC subsets, as recently
demonstrated in mice infected with modified vaccinia virus
Ankara (MVA) (151). In this model, activated CD8+ T cells
recruit both pDC (via CCL3/CCL4) and cDC1 (via XCL1);
type I interferons, (IFN-I) produced by pDC, act on cDC1
optimizing their maturation, costimulatory capacity and ability
to cross-present viral antigens, thus leading to an effective anti-
virus response. cDC1 were also shown to be important for the
antitumor activity induced by heat-inactivated MVA in murine
melanoma and colon cancer models (152). Furthermore, both
in mice and humans, cDC1 are found sparsely distributed along
tumor margins (competing with tumor associated macrophages–
TAM-for tumor antigens?) and their presence was important
for the success of adoptively transferred cytotoxic T cells (CTL)
(153) and for the delivery of tumor antigens to the draining
lymph nodes, in a CCR7 dependent manner (154).

cDC2
cDC2 constitute a heterogeneous subset of DC that can be
found in blood, lymphoid and non-lymphoid tissue (16, 142).
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Il differenziamento dei Th2 richiede le DC

Esperimenti in topi hanno dimostrato che
l’eliminazione delle cDC2 migratorie
preveniva la sensibilizzazione all’allergene
iniettato per via intradermica o applicato
sulla cute dei topi. Diversamente la
delezione delle DC1 migratorie non
influenzava la sensibilizzazione all’allergene.
Diversi altri studi hanno confermato che le
DC2 dendritiche sono necessarie per il
differenziamento delle cellule Th2.
Anche nell’intestino nel caso di infezioni da
parte di parassiti e nel polmone nello
sviluppo di infiammazione allergica è stato
dimostrato che le mig-DC2 sono necessarie
per il differenziamento dei linfociti Th2.



Rilevamento dell’allergene da parte delle  cellule dendritiche cDC2 
Gli allergeni diversamente dagli antigeni
microbici non presentano molecole comuni e
quindi il loro riconoscimento da parte delle
cellule del sistema immune innato può
avvenire attraverso diversi meccanismi quali:
• L’attività proteasica di veleni, acari della

polvere, spore fungine può alterare la
barriera epiteliale inducendo danno
tissutale e può stimolare i recettori attivati
dalle proteasi favorendo la secrezione da
parte delle cellule epiteliali di allarmine e
citochine come la linfopoietina timica
stromale (TSLP), l’IL-25 e l’IL-33. Queste
molecole possono condizionale le cDC2 a
diventare competenti nel differenziare i
linfociti Th in Th2 oppure possono attivare
le cellule innate linfoidi di tipo 2 (ILC2) a
produrre IL-13.

• Le proteasi possono stimolare i recettori
potenziali transienti vanilloidi e i neuroni
sensoriali che attraverso il rilascio di
mediatori inducono la degranulazione dei
mastociti e la migrazione delle cDC2.



Rilevamento dell’allergene da parte delle  cellule dendritiche cDC2 

Gli allergeni si possono legare a
recettori di riconoscimento dei
patogeni (PRR) quali i TLR (es: le
proteine estratte dalle arachidi si
legano al TLR1/TLR2 o al TLR2/TLR6;
la proteine; la proteina Derp2
dell’acaro della polvere si lega al
TLR4).
I recettori di riconoscimento possono
essere espressi dalle cellule epiteliali
promuovendo il rilascio di allarmine o
essere espressi dalle cellule
dendritiche.



Rilevamento dell’allergene da parte delle  cellule dendritiche cDC2 
nella pelle 

Mentre nell’intestino e nei
polmoni l’interazione fra
allergene e cDC2 rende la DC
competente a far differenziare
i Th in Th2, nella pelle sono
state evidenziate ILC2 in grado
di produrre costitutivamente
IL-13 che quindi programma le
cDC2 della pelle a favorire il
differenziamento dei Th2.



Ruolo della IL-13 nella funzione delle  cDC2

Nella pelle l’IL-13 induce nelle mig-DC2 cambiamenti
nella espressione genica. L’IL-13 riduce la trascrizione
dei geni codificanti il TLR-1, TLR-2 e TLR-6.
Come conseguenza la stimolazione di questi recettori
induce una minore produzione di citochine pro-
infiammatorie (IL-12, IL-23, IL-1b)
In generale una minore risposta a stimoli microbici
favorisce lo sviluppo di risposte Th2.
In generale l’IL-13 polarizza le cDC2 in cellule in grado
di far differenziare i linfociti T naive in Th2.



Segnali inviati dalle DC2 coinvolti nel differenziamento dei Th2 

• Segnalazione da parte di allarmine/IL-
13 potrebbero conferire alle cDC2 la
capacità di indurre il differenziamento
dei linfociti Th in Th2

• Ridotta espressione dei pathogen
recognition receptor

• Segnali co-stimolatori o citochine
espresse dalla cDC2 ancora non noti

• Stimolazione debole del TCR dovuta a
basse dosi di antigene o bassa affinità
del TCR per i complesso MHC+peptide
che è sufficiente per indurre il
differenziamento delle Th2 ma non
delle Th1.

• Il contatto fra più cellule T con le cDC2
favorisce lo scambio di IL-2 e IL-4 fra
cellule favorendo il differenziamento
delle Th inTh2.



Le IgE prodotte in seguito alla prima
esposizione all’allergene circolano
nei fluidi corporei e si legano a
recettori ad alta affinità (FcεR)I per
le IgE espressi dai mastociti e dai
basofili

Fase effettrice della reazione di ipersensibilità di tipo I 



Nella fase effettrice delle reazioni di ipersensibilità di tipo I l’interazione fra
allergene e IgE determina l’attivazione dei mastociti  

Il mastocita attivato rilascia
mediatori che sono
responsabili delle
manifestazioni cliniche e
patologiche delle reazioni di
ipersensibilità di tipo I.
La reazione di ipersensibilità
di tipo I presenta una fase
immediata e una fase tardiva.



Aspetto della fase immediata e della fase tardiva delle reazioni di ipersensibilità di 
fase I

La fase immediata è dovuta alla vasodilatazione e all’aumento della 
permeabilità dei vasi  che causa rossore e fuoriuscita di liquidi e proteine 
dai vasi.
La fase tardiva consiste nell’accumulo di linfociti Th2, eosinofili mediato da 
citochine fra cui il  TNF-a, l’IL-5.



Fase immediata e fase tardiva della reazione di ipersensibilità di tipo I 

La fase immediata della reazione
di ipersensibilità di tipo I ha luogo
pochi minuti dopo l’esposizione
all’allergene (5-10 minuti).
La fase tardiva si sviluppa dopo
alcune ore dal contatto con
l’allergene e può persistere anche
per diverse ore



Il secondo incontro con l’allergene determina la 
reazione di ipersensibilità immediata «early phase» 

Il secondo contatto con
l’allergene determina
l’aggregazione degli FceRI
sui mastociti e la loro
attivazione. I mastociti
attivati rilasciano diversi
mediatori biologici.
I mediatori rilasciati
immediatamente dopo
l’attivazione dei mastociti
mediano la “early phase”
fase immediata
caratterizzata da:
i) Vasodilatazione e
aumento della
permeabilità vasale
ii) contrazione della
muscolatura bronchiale
iii) secrezione di muco

Early-phase



Late phase reaction nelle reazioni di ipersensibilità immediata  

La fase tardiva delle reazioni di
ipersensibilità immediata si
sviluppa dopo 2-6h
dall’incontro con l’allergene e
riflette il reclutamento e
l’attivazione delle cellule Th2,
eosinofili, basofili e altri
leucociti nel sito di contatto con
l’allergene.
Tale reclutamento è mediato
dalle citochine prodotte dai
mastociti e dagli altri leucociti
reclutati.



I mediatori rilasciati o prodotti dai mastociti attivati dall’allergene mediano la fase 
precoce e  la fase tardiva delle reazioni allergiche 



• MEDIATORI PREFORMATI:  ISTAMINA, TNF-a

• MEDIATORI DI NUOVA SINTESI: METABOLITI DELL’ACIDO ARACHIDONICO
(prostaglandine e leucotrieni)  

CITOCHINE

Mediatori prodotti dai mastociti e basofili attivati 



IL-8
CCL2



L’istamina

L’istamina deriva dalla decarbossilazione
dell’istidina, agisce legandosi a recettori
espressi sulle cellule bersaglio (H1, H2, H3,
H4) media:
1) Contrazione delle cellule endoteliali
(aumento della permeabilità vasale) e
stimola nelle cellule endoteliali la
produzione di Prostaciclina=PGI2 e ossido
nitrico che agiscono rilassando la
muscolatura liscia dei vasi causando
vasodilatazione.

2) Contrazione della muscolatura liscia
bronchiale e intestinale.



I principali metaboliti dell’acido
arachidonico prodotti dai mastociti
attivati sono: la prostaglandina D2 e
i leucotrieni LTC4, LTD4, LTE4.
La Prostaglandina D2 (PGD2)
generata attraverso la via della
ciclossigenasi si lega a specifici
recettori espressi sulle cellule
muscolari lisce inducendo
vasodilatazione e
broncocostrizione
•Leucotriene C4 generato
attraverso la via della lipo-
ossigenasi
= prolungata broncocostrizione e
aumento della permeabilità vasale.
I leucotrieni C4 e D4 hanno una
azione broncocostrittrice 1000
volte superiore a quella
dell’istamina

Mediatori Lipidici: Leucotrieni e prostaglandine

Vasodilatazione
Broncocostrizione 

Broncocostrizione
Aumento della permeabilità 
vasale



L’attivazione della
fosfolipasi A2 nei
mastociti attivati
libera l’acido
arachidonico dai
fosfolipidi di
membrana. La via
della ciclossigenasi
mediata dai due
enzimi COX-1 e
COX-2 porta alla
produzione delle
prostaglandine.
Nella via della
lipossigenasi
l’acido
arachidonico viene
trasformato in
LTA4. LTA4 viene
rapidamente
trasformato in LTB4
e LTC4.

Generazione dei metaboliti dell’acido arachidonico 

5-HPETE acido 5-idrossieicosatetraenoico



Platelet activating factor

Il PAF viene sintetizzato a partire dalla liso-
gliceril-etere fosforilcolina derivata
dall’idrolisi dei fosfolipidi di membrana ad
opera della fosfolipasi A2.

Il PAF ha una azione broncocostrittrice
diretta, rilassa la muscolatura liscia vascolare
causando vasodilatazione.



Citochine prodotte dai mastociti attivati 

Le citochine prodotte da mastociti e basofili attivati dall’allergene sono prodotte
più tardivamente e contribuiscono al processo infiammatorio allergico tardivo
(late phase) mediando :

i) il reclutamento di leucociti infiammatori quali eosinofili, basofili, neutrofili e
cellule T CD4+

ii) l’attivazione dell’endotelio e delle cellule immuni



Citochine prodotte dai mastociti attivati 

I mastociti attivati producono: TNF-a, IL-3, IL-4, IL-5,
IL-13, CCL2, CCL3 e il GMCSF.

TNF-a attraverso l’up-regolazione delle molecole di
adesione sulle cellule endoteliali e le chemochine IL-
8 e CCL2 favoriscono il reclutamento dei leucociti.

IL-3 favorisce la generazione di mastociti a partire dai
progenitori midollari CD133+.

IL-5 coinvolta nella maturazione, reclutamento,
attivazione degli eosinofili.

IL-13 induce la secrezione di muco

IL-4 favorisce il reclutamento dei leucociti dal circolo
sanguigno upregolando le molecole di adesione sulle
cellule endoteliali.



Mediatori responsabili delle modificazioni vascolari nelle reazioni di 
ipersensibilità di tipo I

Aumento della permeabilità vasale: Istamina, LTC4, LTD4,  
LTE4 (cys-LTs).

Vasodilatazione: Istamina, PGD2, PAF



Mediatori responsabili della broncocostrizione e della contrazione 
della muscolatura liscia intestinale nelle  reazioni di ipersensibilità 

di tipo I 

Istamina, PGD2, LTC4. 



Mediatori responsabili del reclutamento dei leucociti e della loro 
attivazione nelle reazioni di ipersensibilità di classe I 

L’infiammazione allergica caratterizzata
dal reclutamento di linfociti Th2,
eosinofili e neutrofili è mediata da
diverse citochine prodotte dai
mastociti: TNF-a, IL-8, CCL2,IL-5



Fase immediata e fase tardiva della reazione di ipersensibilità di tipo I 
La fase immediata della reazione
di ipersensibilità di tipo I ha luogo
pochi minuti dopo l’esposizione
all’allergene. Questa fase è dovuta
all’azione dei mediatori
preformati e dei metaboliti
dell’acido arachidonico rilasciati
dai mastociti attivati. Questi
sono responsabili dei sintomi
della fase immediata.
La fase tardiva si sviluppa dopo
alcune ore dal contatto con
l’allergene ed è mediata dalle
citochine, chemochine e fattori di
crescita che sono sintetizzzati e
rilasciati più tardivamente dai
mastociti attivati e che mediano il
reclutamento dei linfociti Th2,
degli eosinofili, e dei neutrofili.



Reazione allergica localizzata



I prick test è un esame allergometrico
che consente di formulare una
diagnosi di allergia. Sono test cutanei
per verificare la reazione allergica a
diversi tipi di sostanze: alimenti,
veleno di insetti, lattice, polvere e
acari, polline, peli di animali. Al
paziente vengono applicate modeste
quantità dell’allergene della sostanza
sospettata di provocare la reazione.
L’applicazione avviene solitamente
sull’avambraccio interno, favorendone
la penetrazione nella pelle con graffi
leggeri. Se in corrispondenza
dell’applicazione si verifica
un’eruzione cutanea, sotto forma di
rash, pomfi o chiazze rosse, il paziente
è molto probabilmente positivo a
quel tipo di allergene e può essere
formulata una diagnosi.

Prick test


