
Recettore a bassa affinità per le IgE:  FceRII o CD23

Il recettore a bassa affinità per le IgE è 
denominato FceRII o CD23.

CD23 è una lectina che può essere legata alla 
membrana o in forma solubile. 

Il CD23 viene rilasciato dalla membrana per 
azione della metallo proteasi  ADAM10.



Il CD23 espresso in membrana presenta
tre domini lectinici responsabili del legame
con le IgE.
Il CD23 è espresso dalle cellule B, cellule
epiteliali.



L’espressione di CD23 sulle
cellule epiteliali favorisce
il passaggio delle IgE o dei
complessi Ag-IgE dal lume
intestinale o del tratto
respiratorio alla mucosa
sottostante mediante
transcitosi (1). Questi
complessi possono legare
l’FceRI espresso dai
mastociti e macrofagi.
Le IgE sensibilizzano i
mastociti e sostengono la
reazione allergica .

Amplificazione della risposta immune agli allergeni mediata dal CD23 
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Atopy
A condition, mediated by IgE 
antibodies, of increased 
susceptibility to immediate 
hypersensitivity.

take up maternal IgE in amniotic fluid swallowed by 
the fetus2. IgE is also synthesized locally in the gut and 
secreted into the gut lumen80,81. There, the secreted IgE 
binds to allergens and the resulting complexes are deliv-
ered intact to mast cells in the gastrointestinal mucosa 
to trigger food allergic reactions. In this sense, CD23 
resembles the neonatal Fc receptor for IgG (FcRn) and 
the polyimmunoglobulin receptor (pIgR) for IgA, which 
both facilitate transcytosis of immunoglobulins. The 
release of pro-inflammatory mediators by the activated 
mast cells, epithelial cells and other cells, all attracted 
to the site of allergic inflammation, eventually causes 
a nonspecific reduction in the barrier function of the 
epithelium and exacerbation of the disease process82. 
FcERI- and CD23-expressing APCs may also capture the 
allergen–IgE complexes in the gut and cause the resident 
TH2 cells to enhance synthesis of allergen-specific IgE in 
the B cells (FIG. 8).

This may explain how sensitization to food comes 
about, in contrast to oral tolerance, which is the usual out-
come of the encounter of a protein in the gastrointestinal 
tract64,65. There is evidence for local synthesis of IgE 

concomitantly with CD23 expression in the fetus2,83; 
parental history of atopy, and titre of cord-blood IgE, 
are predictive of early atopy84. Thus, the bidirectional 
transport of IgE in the immature gastrointestinal tract, 
mediated by CD23, may have an important bearing on 
early sensitization to allergens, preceding the appear-
ance of atopy (FIG. 9). The effects of polymorphisms in 
the CD23 gene on the development of atopy in mice 
and humans are fully consistent with this hypothesis85. 
Once established, atopy may endure for many years and 
is self-perpetuating. Epitope spreading exacerbates the 
problem, with the establishment of a positive-feedback 
loop culminating in indiscriminate sensitization to 
unrelated allergens.

IgE homeostasis
As indicated above, both IgE synthesis and its effector 
functions appear to be largely confined to the mucosa. 
The concentrations of IgE in the circulation are main-
tained at a low level, normally at approximately 0.1 Mg 
per ml compared to 10 mg per ml for IgG, and may only 
be increased by about 10-fold in allergic individuals. This 

Figure 8 | Role of CD23 on epithelial cells in the pathogenesis of food allergic disease. a | Allergen–IgE complexes 
are captured by CD23 on the luminal side of the intestinal epithelium and transported into the mucosa, where they bind to 
FcERI on mast cells and dendritic cells (DCs), causing allergic inflammation and local IgE class switching in B cells and IgE 
synthesis (1). This occurs in the fetus by the swallowing of amniotic fluid containing maternal allergen–IgE complexes, and 
may also represent the mechanism of early sensitization to food allergens in the adult intestinal tract. b | IgE synthesized 
by plasma cells in the mucosa are transported by CD23 on the mucosal side of the epithelium into the gut lumen, where 
they capture allergens and bind to CD23 on the luminal side of the epithelium (2) to be delivered to the mucosa.  
c | Finally, the inflammation caused by allergic reactions mediated by IgE in the mucosa damages the intestinal epithelium, 
disrupting the tight junctions between the epithelial cells. Free allergens can now pass between the cells and bind to the 
IgE-sensitized mast cells and DCs in the mucosa, exacerbating the food allergy (3).
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 F O C U S  O N  A L L E R G Y  A N D  A S T H M A

Le IgE e i complessi Ag-Ig legandosi all’FceRI espresso dai 
monociti e dalle cellule dendritiche facilitano  la presentazione 
degli antigeni. 

Amplificazione della risposta immune agli allergeni mediata dal CD23 



Gli effetti delle reazioni
allergiche mediate da IgE
variano in base al sito di
attivazione dei mastociti e dl
livello di cronicizzazione del
processo infiammatorio.
I tessuti più comunemente
esposti agli allergeni sono la
mucosa del tratto
gastrointestinale dell’apparato
respiratorio, il circolo sanguigno.
I mastociti sono abbondanti a
livello cutaneo e delle mucose
del tratto respiratorio e
gastrointestinale.
le reazioni allergiche inludono la
rinite allergica, l’asma
bronchiale, la dermatite atopica,
l’allergia ai cibi, l’anafilassi.

Manifestazioni clinicopatologiche delle malattie allergiche 



Anafilassi sistemica 

L’anafilassi è una reazione di
ipersensibilità immediata di tipo
sistemico grave e che può causare la
morte. Nel corso dell’anafilassi elevate
quantità di mediatori sono rilasciate
dai mastociti nel circolo sanguigno. Ciò
causa la rapida riduzione del tono dei
vasi e perdita di fluidi con conseguente
caduta della pressione e collasso
cardiocircolatorio. Tali mediatori sono
anche responsabili della contrazione
della muscolatura liscia che nel tratto
respiratorio causa costrizione delle vie
respiratorie. L’anafilassi si sviluppa
entro pochi secondi e al massimo 1 ora
dall’esposizione all’allergene.

Vasodilatazione e 
diminuzione 

della pressione 
sanguigna



Figure 2. Pathophysiological changes in anaphylaxis and mediators that have been implicated in 
these processes
Note: As mentioned in the text, first line treatment of anaphylaxis consists of the rapid 
administration of epinephrine (see Castells et al.6). Although there is evidence that the 
mediators shown in the figure, particularly histamine and cysteinyl leukotrienes, contribute 
to some of the various signs and symptoms of anaphylaxis, and anti-histamines are routinely 
administered to patients with anaphylaxis, pharmacological targeting of such mediators 
represents second line treatment and should not be considered as an alternative to 
epinephrine. In red: Strong evidence for the importance of that mediator, in humans, in the 
development of some of the signs and symptoms listed in the adjacent box; in blue: these 
elements can be important in mouse models of anaphylaxis but their importance in human 
anaphylaxis is not yet clear (studies in human subjects suggest that cysteinyl leukotrienes 
may contribute importantly to the bronchoconstriction and enhanced vascular permeability 
associated with anaphylaxis [see text]); in grey: elements with the potential to influence 
anaphylaxis, but their importance in human or mouse anaphylaxis not yet clear. Note that 
some mediators (underlined) are likely to contribute to the development of late 
consequences of anaphylaxis.
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Manifestazioni cliniche dell’anafilassi sistemica 

Nello shock anafilattico gli
effetti a livello cardiovascolare
sono accompagnati da
costrizione delle vie aeree
superiori e inferiori, alterazioni
intestinali e orticaria.
I mediatori responsabili
dell’anafilassi sistemica
includono l’istamina e il fattore
di attivazione delle piastrine
(PAF).



Nello shock anafilattico la morte è generalmente causata da asfissia.
L’anafilassi è la causa di morte di circa 160 persone l’anno negli Stati Uniti. I
potenziali allergeni possono essere introdotti attraverso punture di insetto,
iniezione di farmaci o assorbimento attraverso gli epiteli. Il trattamento per
l’anafilassi è rappresentato dalla somministrazione di adrenalina che agisce
rilassando la muscolatura liscia bronchiale e riducendo la vasodilatazione.



La rinite allergica anche chiamata
raffreddore da fieno è la malattia
allergica più comune. Essa è
provocata da una reazione di
ipersensibilità immediata localizzata
nelle vie aeree superiori in seguito
ad inalazione di allergeni (allergeni
che diffondono nella mucosa nasale
attivando i mastociti). La rinite
allergica è caratterizzata da edema
delle mucose, infiltrato leucocitario
con elevata componente eosinofila,
secrezione mucosa, tosse,
starnutazione.

Rinite allergica 



Asma bronchiale allergico 

L’asma bronchiale allergico è una malattia
infiammatoria cronica causata dalla continua o
ripetitiva esposizione ad un allergene. L’asma è una
malattia caratterizzata da ostruzione reversibile
delle vie aeree, da iper-responsività bronchiale, e
infiammazione.
Questa infiammazione si associa ad un
rimodellamento del tessuto con conseguente
alterazione della funzione dell’organo.
Le modificazioni tissutali nell’asma interessano tutti
gli strati delle vie aeree.



L’asma bronchiale allergico tende ad apparire
nell’infanzia ed è associato a risposte Th2.
Questa forma di asma è indotta dall’incontro con
allergeni ambientali come i pollini, l’acaro della
polvere, i peli degli animali.
In seguito al contatto con gli allergeni i linfociti Th2
producono le citochine di tipo 2 (IL-4, IL-5, IL-9, IL-13)
che causano un accumulo di un elevato numero di
eosinofili nella parete delle vie aeree, l’over-
produzione di muco e la produzione di IgE da parte dei
linfociti B allergene specifici.



Caratteristiche  dell’asma allergico

Nella maggior parte dei casi il trattamento con broncodilatatori
reverte l’ostruzione delle vie aeree nell’asma bronchiale. Questo è
causato da una riduzione del diametro delle vie aeree.
Nei casi più gravi di asma bronchiale il trattamento con
broncodilatatori non normalizza l’ostruzione. In questi casi avviene
un rimodellamento tissutale caratterizzato da: i) un aumento delle
dimensioni e del numero delle cellule muscolari; ii) aumento delle
cellule del goblet; iii) fibrosi sub-epiteliale



Rimodellamento tissutale nell’asma allergico 

•Aumento delle cellule
del goblet

• Aumento delle
dimensioni e del
numero di cellule
muscolari (Iperplasia e
Ipertrofia delle cellule
muscolari lisce (SM))

•fibrosi sub-epiteliale

•Infiltrazione di linfociti
ed eosinofili nella
mucosa

Normale                                             Malato 



Cellule coinvolte nella risposta infiammatoria all’allergene 
nell’asma

Le cellule coinvolte nella
risposta infiammatoria
nell’asma allergico
includono i linfociti Th2,
gli eosinofili, mastociti e
basofili.



Th2

Ruolo centrale dei Th2 nell’asma allergico

Il concetto che l’asma allergico è una malattia causata
dai linfociti Th2 deriva da diverse osservazioni:
i) I linfociti Th2 specifici per l’allergene e le

citochine associate a questi linfociti sono
presenti nel lavaggio broncoalveolare dei
pazienti asmatici e dei topi con asma allergico
eosinofilo.

ii) Nei pazienti affetti da asma allergico si osserva
un accumulo di linfociti Th2 nelle vie aeree.Il
numero di linfociti Th2 presenti nelle vie aeree
correla con la gravità della malattia.

iii) Linfociti Th2 allergene specifici producenti IL-4,
IL-5, IL-13 e IL-9 circolanti sono presenti nel
sangue dei pazienti con asma allergico.

iv) Nel modello murino dell’asma indotto dalla
inalazione dell’antigene OVA (ovalbumina)
nell’animale precedentemente sensibilizzato per
via intraperitoneale è stato dimostrato che la
deplezione dei linfociti T CD4+ blocca lo sviluppo
dell’asma. Invece il trasferimento adottivo di
linfociti Th2 specifici per l’antigene induce lo
sviluppo di asma.



Mice are intraperitoneally immunized with OVA adsorbed to an aluminum
hydroxide adjuvant (Alum) on days 0 and 14. During this sensitization phase, 
the mice produce anti-OVA IgE antibodies which bind IgE receptors on mast
cells. After this sensitization, the mice are intratracheally challenged with 
OVA, resulting in OVA cross-linked IgE on mast cells, leading to degranulating
mast cells. Mice then develop clinical features of asthma.

4. A Mouse Footpad Delayed-type Hypersensitivity Model

5. Mast Cell Degranulation Assay

1.   Allergenic Antibodies for Mast Cell Degranulation
Mast cells are degranulated (activated) by cross-linking the two IgE receptors of which two adjacent IgE antibodies bound to the IgE receptors on mast cells

capture a polyvalent allergen (Figure 1a). Alternatively, immune-complexes of allergens with IgG antibodies can also degranulate mast cells by bridging the

allergens bound to IgE antibodies on mast cells (Figure 3b).  Therefore, not only IgE, but also IgG against allergens play roles in development of allergic reactions.

Figure 1. Two mechanisms of mast cell-bound IgE cross-linking. a) Cross-linkage by a single allergen and b) Cross-linkage by a single IgG antibody to two allergen

molecules.  

2.   Asthma models
In 2013, approximately 22.6 million people in the United States (7.3% of the population) had asthma, including 6.1 million children and 16.5 million adults (1).  In

order to develop new therapeutics for allergic asthma that will improve patient quality of life, reliable animal models of human asthma are required. The following

mouse asthma models demonstrate comparable human asthma symptoms, such as allergen-induced early and late asthmatic responses, airway hyper-

responsiveness (AHR), and airway in^ammation.  

a)   OVA-Induced Asthma model

Ovalbumin (OVA) has traditionally been used to induce mouse allergic asthma models (2-5).  Mice are intraperitoneally immunized with OVA adsorbed to an

aluminum hydroxide adjuvant (Alum) on days 0 and 14. During this sensitization phase, the mice produce anti-OVA IgE antibodies which bind IgE receptors on mast

cells. After this sensitization, the mice are intratracheally challenged with OVA, resulting in OVA cross-linked IgE on mast cells, leading to degranulating mast cells.

 Mice then develop clinical features of asthma (Figure 2 top). 

Unfortunately, it is di_cult to evaluate therapeutics e_ciently using this model since asthma induction takes several weeks.  In addition, a highly puri`ed OVA is

required for sensitization because endotoxin contamination in OVA may reduce the Th2 immune reaction eliciting IgE antibodies. Therefore, we recommend using

low endotoxin OVA for high reproducibility. 

Many protocols for developing acute and chronic OVA-induced asthma models are published (6).  We recommend establishing and optimizing a protocol according

to your study needs. 

b)   Anti-OVA IgE Asthma Model

In order to improve the e_ciency of asthma research, Chondrex, Inc. introduces the Anti-Ovalbumin IgE-Induced Asthma model. Because directly injecting anti-OVA

IgE antibodies bypasses the anti-OVA IgE development step, mice can develop allergic reactions in one week rather than in several weeks required by the traditional

OVA-induced asthma model (Figure 2 bottom) (1, 2).  Mice are administrated anti-OVA IgE monoclonal antibodies intraperitoneally and challenged intratracheally

with OVA several times. The clinical features of asthma in mice should appear after the fourth sensitization/challenge cycle (Figure 2 bottom).  We offer a detailed

protocol for the Anti-OVA IgE Asthma model (refer here).    

Note: In recent references, the mouse anti-OVA monoclonal IgE antibody, E-C1 (catalog# 3006), has been referred to by the clone name "OE-1" and mouse anti OVA

monoclonal IgG antibody, L71 (catalog# 3008), has been referred to by the clone name "O1-10".

Modello murino di asma allergico



Ruolo delle citochine prodotte dai linfociti Th2 nella patogenesi dell’asma allergico

I linfociti Th2 attraverso
la secrezione di L’IL-4,
l’IL-5 e l’IL-13 mediano
molte delle
modificazioni tissutali
patologiche,
caratteristiche
dell’asma bronchiale
allergico



Regolazione della secrezione di muco e delle funzioni delle cellule epiteliali da 
parte dell’IL-13

L’eccessiva produzione di muco caratterizza l’asma
bronchiale allergico. L’estesa formazione di tappi di
muco è stata associata ad episodi fatali di asma.
L’aumento di cellule secernenti muco è un fenomeno
mediato dai linfociti Th2. Diverse evidenze sperimentali
indicano che l’IL-13 è implicata nella aumentata
produzione di muco nell’asma allergico.

•Il trasferimento di linfociti Th2 nel polmone di topo
induce l’aumento di cellule producenti muco.
•tale effetto si osserva anche se vengono trasferiti
linfociti Th2 non in grado di produrre IL-4.
•Il blocco dell’IL-13 nei topi in vivo previene l’aumento di
cellule producenti muco
•Al contrario la somministrazione di IL-13 in vivo mima gli
effetti dell’esposizione all’allergene.



Azione dell’IL-13 nella ipersecrezione di muco  

L’IL-13 media la transizione delle
cellule epiteliali delle vie aeree
in cellule del goblet attraverso
l’azione coordinata di diversi
fattori trascrizionali.
L’IL-13 induce l’espressione del
fattore trascrizionale Spdef che a
sua volta inibisce Foxa2. Foxa2 è
richiesto per il mantenimento
del normale differenziamento
dell’epitelio delle vie aeree.
Spdef regola anche l’espressione
di altri geni responsabile della
ipersecrezione di muco.Spdef



IL-13 media la fibrosi sub epiteliale 
La fibrosi subepiteliare è una delle
componenti che caratterizza
l’asma allergico. Normalmente i
fibroblasti sono reclutati nella
regione sub-epiteliale delle vie
aeree in risposta ad un danno. Tali
cellule attraverso la secrezione di
collagene contribuiscono alla
riparazione del tessuto leso. Nelle
viee aeree asmatiche si osserva un
reclutamento eccessivo e
disregolato dei fibroblasti, una
eccessiva produzione di collagene
che determina una riduzione della
funzionalità polmonare.



IL-13 induce
l’espressione del fattore
pro-fibrotico TGFb nelle
cellule epiteliali e nei
monociti/macrofagi
Il TGFb stimola i
fibroblasti a produrre
collagene.
Nei monociti/macrofagi
l’IL-13 induce
l’espressione di Arginasi
che idrolizza L-arginina
in Urea e L-Ornitina che
è un metabolita
necessario per la sintesi
di poliammine e prolina
richiesti per la sintesi di
collagene.



L’IL-13 media molte delle caratteristiche patologiche dell’infiammazione  allergica 

• L’IL-13 è responsabile dell’ipersecrezione di muco 
da parte delle cellule  di Goblet.

• L’IL-13 stimola la produzione di collagene nei 
fibroblasti.

• IL-13 regola l’iper responsività bronchiale 
aumentando la sensibilità delle cellule muscolari a 
diversi stimoli (istamina, leucotrieni)



Th2

Ruolo dell’IL-5 nell’asma allergico 

L’IL-5 svolge un ruolo
essenziale nell’eosinofilia
che caratterizza la
reazione infiammatoria
nell’asma allergico.



L’IL-5 negli eosinofili  regola:
•la crescita
•la maturazione
•il differenziamento
•la sopravvivenza e l’attivazione.

l’IL-5 media la mobilizzazione degli
eosinofili dal midollo osseo nel circolo.

IL-5

Azione dell’IL-5 sugli eosinofili 



Gli eosinofili sono granulociti di derivazione midollare
presenti nel sangue. La maturazione di tali cellule è
indotta dal GM-CSF, l’IL-3, l’IL-5. Nel citoplasma
presentano diversi granuli che contengono proteine
cationiche tossiche che hanno la funzione di
distruggere microorganismi o parassiti= proteina
basica maggiore e proteina cationica.
Gli eosinofili attivati sintetizzano prostaglandine,
leucotrieni e citochine amplificando la risposta
infiammatoria.
Alcuni eosinofili sono presenti nei tessuti periferici e

si localizzano specialmente nella sottomucosa del
tratto respiratorio, gastroenterico e genito-urinario.
In seguito ad attivazione gli eosinofili rilasciano il
contenuto dei granuli e mediatori infiammatori.

Gli eosinofili 



Th2

Ruolo degli eosinofili nell’asma allergico 

In seguito ad
attivazione da parte
dell’IL-5 gli eosinofili
rilasciano il contenuto
dei granuli e secernono
mediatori
dell’infiammazione.
Il rilascio delle proteine
tossiche danneggia il
tessuto polmonare. Gli
eosinofili attivati
sintetizzano
prostaglandine,
leucotrieni e citochine
amplificando la risposta
infiammatoria.



IL-4 
•favorisce lo sviluppo dei linfociti 
Th2
•promuove l’espressione di V-CAM 
sull’endotelio 
•Aumenta l’espressione dell’MHC di 
classe II sulle cellule B 

Alcune funzioni delle citochine secrete dalle cellule Th2: 



effector and memory cells based on known markers,
and studied their characteristics in the context of
reinfection.21,24–26

Marshall et al.24 found that within the primary effector
populations from the spleen at day 8, two CD4+ T-cell
subsets that resembled the CD8+ TE and MP T-cells were
observed. The TE-like population was marked by high
expression of both P-selectin glycoprotein ligand-1
(PSGL-1) and lymphocyte antigen 6 complex (Ly6C),
while the MP-like effector cells were PSGL-1hiLy6Clo. In
contrast to the PSGL-1hiLy6Chi cells, the PSGL-1hiLy6Clo

MP-like population exhibited greater longevity in unin-
fected hosts, increased proliferation following antigen
re-challenge, and similar gene-expression profiles with
day 60 PSGL-1hi memory CD4+ T-cells.24 These results
led the authors to propose that differential expression of
Ly6C can distinguish TE from MP cells within the TH1
subset. At day 8, PSGL-1loLy6Clo effector cells showed
high expression of known TFH markers (ICOS, CXCR5,
PD-1). This PSGL-1loLy6Clo subset was found along with
PSGL-1hiLy6Chi and PSGL-1hiLy6Clo TH1 cells within the
memory cells at day 150 after infection, suggesting that
MP of both TH1 and TFH phenotypes may persist long
term.24 Interestingly, while the PSGL-1hiLy6Clo MP popu-
lation was thought to be primarily TH1 cells, it was later
shown by Choi et al.25 that the PSGL-1hiLy6Clo MP pop-
ulation actually contains both CXCR5! TH1 and CXCR5+

TFH cells at comparable frequencies. These results high-
light the complexity and heterogeneity within CD4+

memory T-cells and the need for further studies to fully
understand the nature of the CD4+ memory T-cell pool.
To investigate the potential of TFH memory cells for re-

differentiation upon reinfection, Hale et al.27 utilized
expression of CXCR5 and Ly6C to distinguish between
TH1 (CXCR5!Ly6Chi) and TFH (CXCR5+Ly6Clo &
CXCR5+Ly6Cint) memory populations following acute
infection with LCMV-Armstrong, then transferred each of
the three subsets into naive hosts for reinfection. TH1
memory cells mostly maintained high Ly6C expression
with few effector cells gaining CXCR5 expression, while
TFH memory cells were able to give rise to both
CXCR5!Ly6Chi TH1 cells and CXCR5+Ly6Clo/int TFH cells.
This multi-potency of TFH memory cells during re-chal-
lenge has also been observed in acute bacterial infection
with LM29 as well as in viral influenza infection.28

In a concurrent study, Pepper et al. addressed CD4+

memory T-cell differentiation using LM infection and the
expression of CXCR5 and CC chemokine receptor 7
(CCR7), a marker used in previous studies to identify
TCM. During acute infection, antigen-specific effector cells
segregated into a CXCR5! population favouring the TH1
phenotype and a CXCR5+ population.30 A fraction of the
CXCR5! TH1 population, which the authors termed TH1
effector memory cells, survived to a memory time point
and, upon re-challenge, produced TH1 effector cells. The
CXCR5+ effector population included cells with high
expression of the lineage-defining factor Bcl6, were local-
ized to follicles and were termed TFH, while cells with
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Figure 1. Models of CD4+ memory T-cell formation. (a) Upon antigen encounter, naive CD4+ T-cells differentiate into effector subsets based on

the type of infection. Within each effector CD4+ subset, there potentially exist terminal effectors (TE) and memory precursor (MP) effectors. The

majority of TEs die during the contraction, while MPs can survive and transition into resting memory cells. CD4+ tissue-resident memory cells

(TRM) may differentiate from: (1) the naive subset; (2) MP cells within the effector population; or (3) committed memory cells. (b) Two models

for T follicular helper cell (TFH) multi-potency: (1) TFH memory cells retain cellular plasticity and can differentiate into TH1 or TFH secondary

effectors based on signals present during secondary challenge; (2) TFH memory cells are actually a heterogeneous population with subsets that are

biased or primed towards a particular secondary effector lineage (TH1 or TFH).
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effector and memory cells based on known markers,
and studied their characteristics in the context of
reinfection.21,24–26

Marshall et al.24 found that within the primary effector
populations from the spleen at day 8, two CD4+ T-cell
subsets that resembled the CD8+ TE and MP T-cells were
observed. The TE-like population was marked by high
expression of both P-selectin glycoprotein ligand-1
(PSGL-1) and lymphocyte antigen 6 complex (Ly6C),
while the MP-like effector cells were PSGL-1hiLy6Clo. In
contrast to the PSGL-1hiLy6Chi cells, the PSGL-1hiLy6Clo

MP-like population exhibited greater longevity in unin-
fected hosts, increased proliferation following antigen
re-challenge, and similar gene-expression profiles with
day 60 PSGL-1hi memory CD4+ T-cells.24 These results
led the authors to propose that differential expression of
Ly6C can distinguish TE from MP cells within the TH1
subset. At day 8, PSGL-1loLy6Clo effector cells showed
high expression of known TFH markers (ICOS, CXCR5,
PD-1). This PSGL-1loLy6Clo subset was found along with
PSGL-1hiLy6Chi and PSGL-1hiLy6Clo TH1 cells within the
memory cells at day 150 after infection, suggesting that
MP of both TH1 and TFH phenotypes may persist long
term.24 Interestingly, while the PSGL-1hiLy6Clo MP popu-
lation was thought to be primarily TH1 cells, it was later
shown by Choi et al.25 that the PSGL-1hiLy6Clo MP pop-
ulation actually contains both CXCR5! TH1 and CXCR5+

TFH cells at comparable frequencies. These results high-
light the complexity and heterogeneity within CD4+

memory T-cells and the need for further studies to fully
understand the nature of the CD4+ memory T-cell pool.
To investigate the potential of TFH memory cells for re-

differentiation upon reinfection, Hale et al.27 utilized
expression of CXCR5 and Ly6C to distinguish between
TH1 (CXCR5!Ly6Chi) and TFH (CXCR5+Ly6Clo &
CXCR5+Ly6Cint) memory populations following acute
infection with LCMV-Armstrong, then transferred each of
the three subsets into naive hosts for reinfection. TH1
memory cells mostly maintained high Ly6C expression
with few effector cells gaining CXCR5 expression, while
TFH memory cells were able to give rise to both
CXCR5!Ly6Chi TH1 cells and CXCR5+Ly6Clo/int TFH cells.
This multi-potency of TFH memory cells during re-chal-
lenge has also been observed in acute bacterial infection
with LM29 as well as in viral influenza infection.28

In a concurrent study, Pepper et al. addressed CD4+

memory T-cell differentiation using LM infection and the
expression of CXCR5 and CC chemokine receptor 7
(CCR7), a marker used in previous studies to identify
TCM. During acute infection, antigen-specific effector cells
segregated into a CXCR5! population favouring the TH1
phenotype and a CXCR5+ population.30 A fraction of the
CXCR5! TH1 population, which the authors termed TH1
effector memory cells, survived to a memory time point
and, upon re-challenge, produced TH1 effector cells. The
CXCR5+ effector population included cells with high
expression of the lineage-defining factor Bcl6, were local-
ized to follicles and were termed TFH, while cells with
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effector and memory cells based on known markers,
and studied their characteristics in the context of
reinfection.21,24–26

Marshall et al.24 found that within the primary effector
populations from the spleen at day 8, two CD4+ T-cell
subsets that resembled the CD8+ TE and MP T-cells were
observed. The TE-like population was marked by high
expression of both P-selectin glycoprotein ligand-1
(PSGL-1) and lymphocyte antigen 6 complex (Ly6C),
while the MP-like effector cells were PSGL-1hiLy6Clo. In
contrast to the PSGL-1hiLy6Chi cells, the PSGL-1hiLy6Clo

MP-like population exhibited greater longevity in unin-
fected hosts, increased proliferation following antigen
re-challenge, and similar gene-expression profiles with
day 60 PSGL-1hi memory CD4+ T-cells.24 These results
led the authors to propose that differential expression of
Ly6C can distinguish TE from MP cells within the TH1
subset. At day 8, PSGL-1loLy6Clo effector cells showed
high expression of known TFH markers (ICOS, CXCR5,
PD-1). This PSGL-1loLy6Clo subset was found along with
PSGL-1hiLy6Chi and PSGL-1hiLy6Clo TH1 cells within the
memory cells at day 150 after infection, suggesting that
MP of both TH1 and TFH phenotypes may persist long
term.24 Interestingly, while the PSGL-1hiLy6Clo MP popu-
lation was thought to be primarily TH1 cells, it was later
shown by Choi et al.25 that the PSGL-1hiLy6Clo MP pop-
ulation actually contains both CXCR5! TH1 and CXCR5+

TFH cells at comparable frequencies. These results high-
light the complexity and heterogeneity within CD4+

memory T-cells and the need for further studies to fully
understand the nature of the CD4+ memory T-cell pool.
To investigate the potential of TFH memory cells for re-

differentiation upon reinfection, Hale et al.27 utilized
expression of CXCR5 and Ly6C to distinguish between
TH1 (CXCR5!Ly6Chi) and TFH (CXCR5+Ly6Clo &
CXCR5+Ly6Cint) memory populations following acute
infection with LCMV-Armstrong, then transferred each of
the three subsets into naive hosts for reinfection. TH1
memory cells mostly maintained high Ly6C expression
with few effector cells gaining CXCR5 expression, while
TFH memory cells were able to give rise to both
CXCR5!Ly6Chi TH1 cells and CXCR5+Ly6Clo/int TFH cells.
This multi-potency of TFH memory cells during re-chal-
lenge has also been observed in acute bacterial infection
with LM29 as well as in viral influenza infection.28

In a concurrent study, Pepper et al. addressed CD4+

memory T-cell differentiation using LM infection and the
expression of CXCR5 and CC chemokine receptor 7
(CCR7), a marker used in previous studies to identify
TCM. During acute infection, antigen-specific effector cells
segregated into a CXCR5! population favouring the TH1
phenotype and a CXCR5+ population.30 A fraction of the
CXCR5! TH1 population, which the authors termed TH1
effector memory cells, survived to a memory time point
and, upon re-challenge, produced TH1 effector cells. The
CXCR5+ effector population included cells with high
expression of the lineage-defining factor Bcl6, were local-
ized to follicles and were termed TFH, while cells with
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effector and memory cells based on known markers,
and studied their characteristics in the context of
reinfection.21,24–26

Marshall et al.24 found that within the primary effector
populations from the spleen at day 8, two CD4+ T-cell
subsets that resembled the CD8+ TE and MP T-cells were
observed. The TE-like population was marked by high
expression of both P-selectin glycoprotein ligand-1
(PSGL-1) and lymphocyte antigen 6 complex (Ly6C),
while the MP-like effector cells were PSGL-1hiLy6Clo. In
contrast to the PSGL-1hiLy6Chi cells, the PSGL-1hiLy6Clo

MP-like population exhibited greater longevity in unin-
fected hosts, increased proliferation following antigen
re-challenge, and similar gene-expression profiles with
day 60 PSGL-1hi memory CD4+ T-cells.24 These results
led the authors to propose that differential expression of
Ly6C can distinguish TE from MP cells within the TH1
subset. At day 8, PSGL-1loLy6Clo effector cells showed
high expression of known TFH markers (ICOS, CXCR5,
PD-1). This PSGL-1loLy6Clo subset was found along with
PSGL-1hiLy6Chi and PSGL-1hiLy6Clo TH1 cells within the
memory cells at day 150 after infection, suggesting that
MP of both TH1 and TFH phenotypes may persist long
term.24 Interestingly, while the PSGL-1hiLy6Clo MP popu-
lation was thought to be primarily TH1 cells, it was later
shown by Choi et al.25 that the PSGL-1hiLy6Clo MP pop-
ulation actually contains both CXCR5! TH1 and CXCR5+

TFH cells at comparable frequencies. These results high-
light the complexity and heterogeneity within CD4+

memory T-cells and the need for further studies to fully
understand the nature of the CD4+ memory T-cell pool.
To investigate the potential of TFH memory cells for re-

differentiation upon reinfection, Hale et al.27 utilized
expression of CXCR5 and Ly6C to distinguish between
TH1 (CXCR5!Ly6Chi) and TFH (CXCR5+Ly6Clo &
CXCR5+Ly6Cint) memory populations following acute
infection with LCMV-Armstrong, then transferred each of
the three subsets into naive hosts for reinfection. TH1
memory cells mostly maintained high Ly6C expression
with few effector cells gaining CXCR5 expression, while
TFH memory cells were able to give rise to both
CXCR5!Ly6Chi TH1 cells and CXCR5+Ly6Clo/int TFH cells.
This multi-potency of TFH memory cells during re-chal-
lenge has also been observed in acute bacterial infection
with LM29 as well as in viral influenza infection.28

In a concurrent study, Pepper et al. addressed CD4+

memory T-cell differentiation using LM infection and the
expression of CXCR5 and CC chemokine receptor 7
(CCR7), a marker used in previous studies to identify
TCM. During acute infection, antigen-specific effector cells
segregated into a CXCR5! population favouring the TH1
phenotype and a CXCR5+ population.30 A fraction of the
CXCR5! TH1 population, which the authors termed TH1
effector memory cells, survived to a memory time point
and, upon re-challenge, produced TH1 effector cells. The
CXCR5+ effector population included cells with high
expression of the lineage-defining factor Bcl6, were local-
ized to follicles and were termed TFH, while cells with
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effector and memory cells based on known markers,
and studied their characteristics in the context of
reinfection.21,24–26

Marshall et al.24 found that within the primary effector
populations from the spleen at day 8, two CD4+ T-cell
subsets that resembled the CD8+ TE and MP T-cells were
observed. The TE-like population was marked by high
expression of both P-selectin glycoprotein ligand-1
(PSGL-1) and lymphocyte antigen 6 complex (Ly6C),
while the MP-like effector cells were PSGL-1hiLy6Clo. In
contrast to the PSGL-1hiLy6Chi cells, the PSGL-1hiLy6Clo

MP-like population exhibited greater longevity in unin-
fected hosts, increased proliferation following antigen
re-challenge, and similar gene-expression profiles with
day 60 PSGL-1hi memory CD4+ T-cells.24 These results
led the authors to propose that differential expression of
Ly6C can distinguish TE from MP cells within the TH1
subset. At day 8, PSGL-1loLy6Clo effector cells showed
high expression of known TFH markers (ICOS, CXCR5,
PD-1). This PSGL-1loLy6Clo subset was found along with
PSGL-1hiLy6Chi and PSGL-1hiLy6Clo TH1 cells within the
memory cells at day 150 after infection, suggesting that
MP of both TH1 and TFH phenotypes may persist long
term.24 Interestingly, while the PSGL-1hiLy6Clo MP popu-
lation was thought to be primarily TH1 cells, it was later
shown by Choi et al.25 that the PSGL-1hiLy6Clo MP pop-
ulation actually contains both CXCR5! TH1 and CXCR5+

TFH cells at comparable frequencies. These results high-
light the complexity and heterogeneity within CD4+

memory T-cells and the need for further studies to fully
understand the nature of the CD4+ memory T-cell pool.
To investigate the potential of TFH memory cells for re-

differentiation upon reinfection, Hale et al.27 utilized
expression of CXCR5 and Ly6C to distinguish between
TH1 (CXCR5!Ly6Chi) and TFH (CXCR5+Ly6Clo &
CXCR5+Ly6Cint) memory populations following acute
infection with LCMV-Armstrong, then transferred each of
the three subsets into naive hosts for reinfection. TH1
memory cells mostly maintained high Ly6C expression
with few effector cells gaining CXCR5 expression, while
TFH memory cells were able to give rise to both
CXCR5!Ly6Chi TH1 cells and CXCR5+Ly6Clo/int TFH cells.
This multi-potency of TFH memory cells during re-chal-
lenge has also been observed in acute bacterial infection
with LM29 as well as in viral influenza infection.28

In a concurrent study, Pepper et al. addressed CD4+

memory T-cell differentiation using LM infection and the
expression of CXCR5 and CC chemokine receptor 7
(CCR7), a marker used in previous studies to identify
TCM. During acute infection, antigen-specific effector cells
segregated into a CXCR5! population favouring the TH1
phenotype and a CXCR5+ population.30 A fraction of the
CXCR5! TH1 population, which the authors termed TH1
effector memory cells, survived to a memory time point
and, upon re-challenge, produced TH1 effector cells. The
CXCR5+ effector population included cells with high
expression of the lineage-defining factor Bcl6, were local-
ized to follicles and were termed TFH, while cells with
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effector and memory cells based on known markers,
and studied their characteristics in the context of
reinfection.21,24–26

Marshall et al.24 found that within the primary effector
populations from the spleen at day 8, two CD4+ T-cell
subsets that resembled the CD8+ TE and MP T-cells were
observed. The TE-like population was marked by high
expression of both P-selectin glycoprotein ligand-1
(PSGL-1) and lymphocyte antigen 6 complex (Ly6C),
while the MP-like effector cells were PSGL-1hiLy6Clo. In
contrast to the PSGL-1hiLy6Chi cells, the PSGL-1hiLy6Clo

MP-like population exhibited greater longevity in unin-
fected hosts, increased proliferation following antigen
re-challenge, and similar gene-expression profiles with
day 60 PSGL-1hi memory CD4+ T-cells.24 These results
led the authors to propose that differential expression of
Ly6C can distinguish TE from MP cells within the TH1
subset. At day 8, PSGL-1loLy6Clo effector cells showed
high expression of known TFH markers (ICOS, CXCR5,
PD-1). This PSGL-1loLy6Clo subset was found along with
PSGL-1hiLy6Chi and PSGL-1hiLy6Clo TH1 cells within the
memory cells at day 150 after infection, suggesting that
MP of both TH1 and TFH phenotypes may persist long
term.24 Interestingly, while the PSGL-1hiLy6Clo MP popu-
lation was thought to be primarily TH1 cells, it was later
shown by Choi et al.25 that the PSGL-1hiLy6Clo MP pop-
ulation actually contains both CXCR5! TH1 and CXCR5+

TFH cells at comparable frequencies. These results high-
light the complexity and heterogeneity within CD4+

memory T-cells and the need for further studies to fully
understand the nature of the CD4+ memory T-cell pool.
To investigate the potential of TFH memory cells for re-

differentiation upon reinfection, Hale et al.27 utilized
expression of CXCR5 and Ly6C to distinguish between
TH1 (CXCR5!Ly6Chi) and TFH (CXCR5+Ly6Clo &
CXCR5+Ly6Cint) memory populations following acute
infection with LCMV-Armstrong, then transferred each of
the three subsets into naive hosts for reinfection. TH1
memory cells mostly maintained high Ly6C expression
with few effector cells gaining CXCR5 expression, while
TFH memory cells were able to give rise to both
CXCR5!Ly6Chi TH1 cells and CXCR5+Ly6Clo/int TFH cells.
This multi-potency of TFH memory cells during re-chal-
lenge has also been observed in acute bacterial infection
with LM29 as well as in viral influenza infection.28

In a concurrent study, Pepper et al. addressed CD4+

memory T-cell differentiation using LM infection and the
expression of CXCR5 and CC chemokine receptor 7
(CCR7), a marker used in previous studies to identify
TCM. During acute infection, antigen-specific effector cells
segregated into a CXCR5! population favouring the TH1
phenotype and a CXCR5+ population.30 A fraction of the
CXCR5! TH1 population, which the authors termed TH1
effector memory cells, survived to a memory time point
and, upon re-challenge, produced TH1 effector cells. The
CXCR5+ effector population included cells with high
expression of the lineage-defining factor Bcl6, were local-
ized to follicles and were termed TFH, while cells with
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effectorandmemorycellsbasedonknownmarkers,
andstudiedtheircharacteristicsinthecontextof
reinfection.21,24–26

Marshalletal.24foundthatwithintheprimaryeffector
populationsfromthespleenatday8,twoCD4+T-cell
subsetsthatresembledtheCD8+TEandMPT-cellswere
observed.TheTE-likepopulationwasmarkedbyhigh
expressionofbothP-selectinglycoproteinligand-1
(PSGL-1)andlymphocyteantigen6complex(Ly6C),
whiletheMP-likeeffectorcellswerePSGL-1hiLy6Clo.In
contrasttothePSGL-1hiLy6Chicells,thePSGL-1hiLy6Clo

MP-likepopulationexhibitedgreaterlongevityinunin-
fectedhosts,increasedproliferationfollowingantigen
re-challenge,andsimilargene-expressionprofileswith
day60PSGL-1himemoryCD4+T-cells.24Theseresults
ledtheauthorstoproposethatdifferentialexpressionof
Ly6CcandistinguishTEfromMPcellswithintheTH1
subset.Atday8,PSGL-1loLy6Cloeffectorcellsshowed
highexpressionofknownTFHmarkers(ICOS,CXCR5,
PD-1).ThisPSGL-1loLy6Closubsetwasfoundalongwith
PSGL-1hiLy6ChiandPSGL-1hiLy6CloTH1cellswithinthe
memorycellsatday150afterinfection,suggestingthat
MPofbothTH1andTFHphenotypesmaypersistlong
term.24Interestingly,whilethePSGL-1hiLy6CloMPpopu-
lationwasthoughttobeprimarilyTH1cells,itwaslater
shownbyChoietal.25thatthePSGL-1hiLy6CloMPpop-
ulationactuallycontainsbothCXCR5!TH1andCXCR5+

TFHcellsatcomparablefrequencies.Theseresultshigh-
lightthecomplexityandheterogeneitywithinCD4+

memoryT-cellsandtheneedforfurtherstudiestofully
understandthenatureoftheCD4+memoryT-cellpool.

ToinvestigatethepotentialofTFHmemorycellsforre-
differentiationuponreinfection,Haleetal.27utilized
expressionofCXCR5andLy6Ctodistinguishbetween
TH1(CXCR5!Ly6Chi)andTFH(CXCR5+Ly6Clo&
CXCR5+Ly6Cint)memorypopulationsfollowingacute
infectionwithLCMV-Armstrong,thentransferredeachof
thethreesubsetsintonaivehostsforreinfection.TH1
memorycellsmostlymaintainedhighLy6Cexpression
withfeweffectorcellsgainingCXCR5expression,while
TFHmemorycellswereabletogiverisetoboth
CXCR5!Ly6ChiTH1cellsandCXCR5+Ly6Clo/intTFHcells.
Thismulti-potencyofTFHmemorycellsduringre-chal-
lengehasalsobeenobservedinacutebacterialinfection
withLM29aswellasinviralinfluenzainfection.28

Inaconcurrentstudy,Pepperetal.addressedCD4+

memoryT-celldifferentiationusingLMinfectionandthe
expressionofCXCR5andCCchemokinereceptor7
(CCR7),amarkerusedinpreviousstudiestoidentify
TCM.Duringacuteinfection,antigen-specificeffectorcells
segregatedintoaCXCR5!populationfavouringtheTH1
phenotypeandaCXCR5+population.30Afractionofthe
CXCR5!TH1population,whichtheauthorstermedTH1
effectormemorycells,survivedtoamemorytimepoint
and,uponre-challenge,producedTH1effectorcells.The
CXCR5+effectorpopulationincludedcellswithhigh
expressionofthelineage-definingfactorBcl6,werelocal-
izedtofolliclesandweretermedTFH,whilecellswith
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TE

L’interazione con le cellule
dendritiche presentanti
l’antigene induce una elevata
proliferazione dei linfociti T
CD4+ naive e il loro
differenziamento in linfociti T
effettori TE e linfociti T della
memoria. I linfociti TE dopo
aver svolto la loro funzione
vanno incontro a morte
mentre persistono i linfociti T
della memoria. I linfociti T
della memoria sono cellule
non proliferanti che possono
essere suddivise in
sottopopolazioni in base
all’espressione di marcatori di
membrana, localizzazione
tissutale e caratteristiche
funzionali.

Linfociti T effettori e della memoria 

effectorandmemorycellsbasedonknownmarkers,
andstudiedtheircharacteristicsinthecontextof
reinfection.21,24–26

Marshalletal.24foundthatwithintheprimaryeffector
populationsfromthespleenatday8,twoCD4+T-cell
subsetsthatresembledtheCD8+TEandMPT-cellswere
observed.TheTE-likepopulationwasmarkedbyhigh
expressionofbothP-selectinglycoproteinligand-1
(PSGL-1)andlymphocyteantigen6complex(Ly6C),
whiletheMP-likeeffectorcellswerePSGL-1hiLy6Clo.In
contrasttothePSGL-1hiLy6Chicells,thePSGL-1hiLy6Clo

MP-likepopulationexhibitedgreaterlongevityinunin-
fectedhosts,increasedproliferationfollowingantigen
re-challenge,andsimilargene-expressionprofileswith
day60PSGL-1himemoryCD4+T-cells.24Theseresults
ledtheauthorstoproposethatdifferentialexpressionof
Ly6CcandistinguishTEfromMPcellswithintheTH1
subset.Atday8,PSGL-1loLy6Cloeffectorcellsshowed
highexpressionofknownTFHmarkers(ICOS,CXCR5,
PD-1).ThisPSGL-1loLy6Closubsetwasfoundalongwith
PSGL-1hiLy6ChiandPSGL-1hiLy6CloTH1cellswithinthe
memorycellsatday150afterinfection,suggestingthat
MPofbothTH1andTFHphenotypesmaypersistlong
term.24Interestingly,whilethePSGL-1hiLy6CloMPpopu-
lationwasthoughttobeprimarilyTH1cells,itwaslater
shownbyChoietal.25thatthePSGL-1hiLy6CloMPpop-
ulationactuallycontainsbothCXCR5!TH1andCXCR5+

TFHcellsatcomparablefrequencies.Theseresultshigh-
lightthecomplexityandheterogeneitywithinCD4+

memoryT-cellsandtheneedforfurtherstudiestofully
understandthenatureoftheCD4+memoryT-cellpool.

ToinvestigatethepotentialofTFHmemorycellsforre-
differentiationuponreinfection,Haleetal.27utilized
expressionofCXCR5andLy6Ctodistinguishbetween
TH1(CXCR5!Ly6Chi)andTFH(CXCR5+Ly6Clo&
CXCR5+Ly6Cint)memorypopulationsfollowingacute
infectionwithLCMV-Armstrong,thentransferredeachof
thethreesubsetsintonaivehostsforreinfection.TH1
memorycellsmostlymaintainedhighLy6Cexpression
withfeweffectorcellsgainingCXCR5expression,while
TFHmemorycellswereabletogiverisetoboth
CXCR5!Ly6ChiTH1cellsandCXCR5+Ly6Clo/intTFHcells.
Thismulti-potencyofTFHmemorycellsduringre-chal-
lengehasalsobeenobservedinacutebacterialinfection
withLM29aswellasinviralinfluenzainfection.28

Inaconcurrentstudy,Pepperetal.addressedCD4+

memoryT-celldifferentiationusingLMinfectionandthe
expressionofCXCR5andCCchemokinereceptor7
(CCR7),amarkerusedinpreviousstudiestoidentify
TCM.Duringacuteinfection,antigen-specificeffectorcells
segregatedintoaCXCR5!populationfavouringtheTH1
phenotypeandaCXCR5+population.30Afractionofthe
CXCR5!TH1population,whichtheauthorstermedTH1
effectormemorycells,survivedtoamemorytimepoint
and,uponre-challenge,producedTH1effectorcells.The
CXCR5+effectorpopulationincludedcellswithhigh
expressionofthelineage-definingfactorBcl6,werelocal-
izedtofolliclesandweretermedTFH,whilecellswith
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Figure1.ModelsofCD4+memoryT-cellformation.(a)Uponantigenencounter,naiveCD4+T-cellsdifferentiateintoeffectorsubsetsbasedon

thetypeofinfection.WithineacheffectorCD4+subset,therepotentiallyexistterminaleffectors(TE)andmemoryprecursor(MP)effectors.The

majorityofTEsdieduringthecontraction,whileMPscansurviveandtransitionintorestingmemorycells.CD4+tissue-residentmemorycells

(TRM)maydifferentiatefrom:(1)thenaivesubset;(2)MPcellswithintheeffectorpopulation;or(3)committedmemorycells.(b)Twomodels

forTfollicularhelpercell(TFH)multi-potency:(1)TFHmemorycellsretaincellularplasticityandcandifferentiateintoTH1orTFHsecondary

effectorsbasedonsignalspresentduringsecondarychallenge;(2)TFHmemorycellsareactuallyaheterogeneouspopulationwithsubsetsthatare

biasedorprimedtowardsaparticularsecondaryeffectorlineage(TH1orTFH).
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Le cellule della memoria sono distinte in
cellule della memoria centrale (TCM),
cellule della memoria effettrici (TEM)
cellule della memoria residenti (TRM). Le
cellule della memoria centrale ricircolano
fra il sangue e i linfonodi, hanno una
elevata capacità di proliferare ma ridotta
capacità di produrre citochine.
Diversamente i linfociti TEM circolano fra il
sangue e i tessuti e si localizzano
preferenzialmente nei tessuti periferici,
hanno capacità di produrre le citochine
caratteristiche di ciascuna
sottopopolazione (IFN-g, IL-4, e IL-17) e
ridotta capacità proliferativa.
I TRM sono linfociti che risiedono nei
tessuti.

Popolazioni di cellule della memoria

Nell’asma ricco di eosinofili sono stati evidenziati linfociti
T residenti della memoria. Queste cellule producono
elevati livelli di citochine Th2 e e sono riattivate
velocemente dopo la ri-esposizione all’allergene.



Cellule coinvolte nella risposta infiammatoria all’allergene nell’asma

Altre cellule che partecipano
al processo infiammatorio
nell’asma allergico includono
i basofili e le cellule
dendritiche.



Allergie alimentari. L’ingestione di un allergene
in un individuo sensibilizzato determina
l’attivazione dei mastociti della mucosa
gastrointestinale.
-aumento della permeabilità vasale con
passaggio dei fluidi nel lume intestinale
-contrazione della muscolatura liscia dello
stomaco e dell’intestino responsabile di vomito
e diarrea
Le allergie alimentari si accompagnano a
manifestazioni cutanee

Le allergie alimentari 



Allergie cutanee: orticaria

Orticaria: questa reazione è essenzialmente simile alla reazione ponfoide acuta indotta
dopo inoculazione intradermica di un allergene. Si può manifestare in risposta ad un
contatto diretto con l’allergene o in seguito all’ingresso dell’allergene nel circolo
sanguigno. La reazione è mediata dall’istamina.

Eczema: Questa reazione è caratterizzata da alterazione della barriera epidermica, e
infiammazione. L’eczema o dermatite atopica deriva dall’azione delle citochine TNF-a e IL-
4 probabilmente prodotte da mastociti e Th2 che agiscono sull’endotelio venulare
promuovendo l’infiammazione.



Antistaminici: utilizzati nelle reazioni allergiche
lievi come l’orticaria o la febbre da fieno; legano i
recettori dell’istamina a livello del tessuto
interessato e impediscono l’azione dell’istamina.
Cromoni (sodio cromoglicato): sono in grado di
alleviare i sintomi della rinite e dell’asma allergico,
probabilmente inibiscono la degranulazione dei
mastociti.
Nel trattamento dell’asma sono impiegati:

Corticosteroidi: hanno una azione anti-
infiammatoria perché bloccano la sintesi di diverse
citochine infiammatorie. Agiscono inibendo diversi
fattori trascrizionali coinvolti nella espressione
delle citochine.
I corticosteroidi inalati sono i farmaci
maggiormente utilizzati nel trattamento dell’asma.
Farmaci con pochi effetti collaterali se assunti a

dosaggi ridotti.

Trattamento delle reazioni allergiche 



Agonisti b2 adrenergici: agiscono
attivando l’adenilato ciclasi che
aumenta i livelli di AMPc inibendo
la contrazione delle cellule
muscolari lisce.
Antagonisti dei recettore dei
leucotrieni: agiscono bloccando il
legame di questi mediatori alle
cellule muscolari lisce bronchiali
prevenendo il bronco spasmo.
Adrenalina: farmaco utilizzato
nello shock anafilattico e nel
broncospasmo grave agisce
favorendo la broncodilatazione e la
vasocostrizione periferica.



Immunoterapia delle reazioni allergiche: Anticorpi anti-IgE 

Un alto approccio terapeutico prevede
l'utilizzo di anticorpi ricombinanti anti-IgE
umanizzati in cui all’immunoglobulina
umana sono sostituiti CDR1,2,3 murini.
Questa terapia è risultata benefica in
alcuni pazienti con asma allergico
moderato o grave, con riniti allergiche e
dermatite atopica. Gli anticorpi anti-IgE
umanizzati agiscono:
•legando le IgE libere
•riducendo l’espressione dell’FceRI sui
mastociti.
•riducendo il rilascio di mediatori da parte
dei mastociti.Somministrazione sottocutanea



Immunoterapia delle reazioni allergiche: Anticorpi anti-IL-5

Il Mepolizumab (IgG1) e il
Reslizumab (IgG4)
riconoscono e bloccano l’IL-
5. Questi anticorpi bloccano
le riacutizzazioni e le
emergenze nei casi di asma
eosinofilico resistente al
trattamento con i
corticosteroidi



Immunoterapia delle reazioni allergiche (AIT)
La prevenzione e il trattamento di molte malattie che
sono causate dalla disregolazione della risposta
immunitaria si basano su strategie atte ad indurre la
tolleranza all’antigene.

Nel caso delle allergie in clinica viene usata
l’immunoterapia all’allergene (AIT) che si basa sulla
induzione della tolleranza ad allergeni quali pollini,
acari della polvere e veleni.

Questo trattamento consiste nella somministrazione
di piccole ma crescenti quantità di allergene per via
sottocutanea o sublinguale.

L’AIT si utilizza nel trattamento di riniti e asma. Oltre a
ridurre i sintomi delle reazioni allergiche ha
l’obiettivo di modificare il corso della malattia
allergica inducendo una tolleranza antigene specifica.
I suoi effetti includono: la riduzione di sintomi, la
riduzione nell’uso di farmaci e il miglioramento della
qualità della vita.


