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Immunothérapie spécifique d’allergène (ITA) 

Généralités et historique 



Rapide historique 

2010 

Nouvelle 
forme 
galénique = 
Comprimé, 
Patch, 



Principe de l’ITA

• Administration de l’allergène à dose croissante  

• Objectif : réduire ou supprimer les symptômes liés à une pathologie IgE médiée 

• Seul traitement à l’heure actuelle qui a une indication « curative ». 
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Physiopathologie de l’ITA 
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Quel(s) peuvent-être selon vous les mécanismes 
de tolérance périphérique mobilisés par l’ITA ? 
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Polarisation du système immunitaire
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• On observe un changement précoce de 
polarisation de la réponse à l’allergène 
lors de l’ITA  

Switch Th2 => Th1

Mamessier et al, CEA 2006

Switch Th2 vers Th1 dans lors de l’ITA
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• Augmentation importante de l’IL-10 et persistance Th2 sous ITA  

• Réponse volontiers Th1 chez le sujet non atopique

Francis et al, JACI 2003

Majoration la réponse régulatrice 



• Augmentation de la fréquence et du 
nombre des T régulateurs sous ITA 

• T régulateurs induits spécifiques de 
l’allergène  

• Corrélation avec la symptomatologie 
clinique 

Pereira-Santos MC et al, CEA 2007 ; Boonpiyathad T et al, Allergy 2019

Majoration la réponse T régulatrice 

FS
C-

A

SSC-A

SS
C-

H

SSC-W

Single 
cells SS

FS
C-

H

FSC-W

Single 
cells FS

%
 G

at
e

Viability dye
CD14, CD16, CD19

CD
3

CD4

Live cells
CD3+CD4+ (Th)

CD
4

Der p 1-tetramer

D
er

 p
 1

-s
pe

ci
fic

FO
XP

3+
H

el
io

s-

CD
25

CD127

FO
XP

3

Helios

D
er

 p
 1

-s
pe

ci
fic

FO
XP

3+
H

el
io

s- Der p 1-specific
FOXP3+Helios+

Der p 1-specific
FOXP3-Helios+FO

XP
3

Helios

FO
XP

3+
H

el
io

s- FOXP3+Helios+

FOXP3+-Helios+

CD
25

ILT3

FO
XP

3

Helios

FO
XP

3+
H

el
io

s-

FOXP3+Helios+

FOXP3+-Helios+

Isotype control
CD25+ILT3+

CD
4

Empty tetramer

CD
25

ILT3

Der p 1-specific
CD25+ILT3+

CD
25

CD127

Treg

Teffector

FO
XP

3

Helios

Before 10 wk 30 wk 3 y

4.
28

5.
96

10
.0

1

6.
172.73 3.69 14.73 6.95 

Gating on Der p 1-specific CD4+CD25+CD127- T cells
Der p 1-specific

FOXP3+Helios+ Treg
Der p 1-specific 

FOXP3+Helios– Treg

Nonspecific
FOXP3+Helios– Treg

Nonspecific
FOXP3+Helios+ Treg

(A)

(B)

(C)

0

10

20

30

40

%
/D

er
p

1-
sp

ec
ifi

c
Th

ce
lls

Befo
re
10

 w
k
30

 w
k
3 y

Befo
re
10

 w
k
30

 w
k
3 y

Befo
re
10

 w
k
30

 w
k
3 y

Befo
re
10

 w
k
30

 w
k
3 y

0

10

20

30

40

%
/D

er
p

1-
sp

ec
ifi

c
Th

ce
lls

****
**

****
**

0

5

10

15

20

%
/C

D
3+ C

D
4+

0

5

10

15

20

%
/C

D
3+ C

D
4+

F IGURE 1 Increased frequency of Der p 1‐specific FOXP3‐ and Helios‐positive Treg cells during allergen‐specific immunotherapy (AIT).
A, Gating strategy of Der p 1‐specific Treg cells. Identified cells were first gated on lymphocytes and single cells. Alive CD3+ cells were gated
after gating out dead cell (viability+), CD14+, CD16+, and CD19+. Der p 1‐specific CD4+ T cells were gated on Der p 1 peptide‐MHCII tetramer+.
Empty peptide‐MHCII tetramer was used as negative control. Treg cells were identified by the expression of CD4+CD25+CD127− and then gated
on FOXP3 and Helios. Another Treg population was gated on CD3+CD4+CD25+ILT3+ cells. Effector T cells were gated on CD4+CD25− T cells. B,
Representative flow cytometry dot plots (left) and the frequency (right) of Der p 1‐specific FOXP3+Helios+ and FOXP3+Helios− Treg cells during
AIT (n = 12). C, There was no change in the frequency of nonspecific FOXP3+Helios+ and FOXP3+Helios− Treg cells during AIT. The values are
presented as the mean value. **P < 0.01, ****P < 0.0001 [Colour figure can be viewed at wileyonlinelibrary.com.]
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The dysfunctional allergen‐specific ILT3+CD4+CD25+FOXP3+

Treg cells constitute a small subpopulation of allergen‐specific Treg

cells. We found that the percentage of allergen‐specific ILT3+ Treg

cells was significantly higher before the treatment, which may sug-

gest the inability of Tregs to efficiently suppress allergen‐specific
Th2 responses. We showed here that human ILT3+ Treg cells had

reduced suppressive activity and low FOXP3 and Helios expression

suggesting a negative role for ILT3+ Tregs in allergen tolerance.

Supporting our findings, it has been shown in mice that ILT3+ Treg

cells fail to suppress GATA‐3 expression and instead induce expres-

sion of IL‐5 and IL‐13.25 FOXP3 plays an essential role in the

maintenance of immunological tolerance to self and innocuous for-

eign antigens.46 FOXP3 homodimers can mediate transcriptional

regulation through direct binding to DNA, and FOXP3 has also

been shown to interact with several molecular partners forming

FOXP3/protein complexes that are required for several regulatory

processes.46

Recently, new allergen‐specific T‐cell subsets have been identified

in allergic patients during AIT. Special AT‐rich sequence‐binding pro-

tein‐1 (SATB1) is repressed in FOXP3+ Tregs following grass‐specific
immunotherapy, and its expression correlates with the clinical

response.47,48 Allergen‐specific CD45RBlowCD27−CRTH2+CD161+

CD49d+ T cells (Th2A) are more frequent in allergic patients compared

to nonallergic individuals and suggesting a role for the control of clinical

allergic reactions by these cells that are induced by immunotherapy.49

Also in long‐term grass‐specific immunotherapy, a clinical improvement

during 2 years of treatment has been associated with the decrease in

numbers of the allergen‐specific CRTH2+CCR4+CD27−CD4+ Th2

cells.50 Indeed, there are now many studies confirming the role of

decreased Th2 responses in the control of allergic disease and Treg cells

play an essential role in the suppression of Th2 cells.

In the present study, IL‐10+ Treg cells had an early response in low‐
dose AIT and correlated with the reduction of allergic symptoms. Aller-

gen‐specific IL‐10‐secreting Treg cells are essential components of the

induction and maintenance of peripheral allergen tolerance enhanced

by AIT.51 IL‐22 is a unique cytokine produced by immune cells, which

acts specifically on tissue cells at mucosal sites, since only cells of

epithelial origin preferentially express IL‐22R1.52 IL‐22 influences termi-

nal differentiation of keratinocytes by inducing antibacterial protein

production, and increases the innate immune defense mechanism

against microbes and enhances production of chemokines.53 However,

an uncontrolled output of IL‐22 may lead to inflammation that has been

observed in several diseases including atopic dermatitis, psoriasis, or

rheumatoid arthritis.54 IL‐22 is a member of the IL‐10 cytokine family

but is usually detected in Th17 cells together with the production of IL‐
17 and type 3 innate lymphoid cells.55 In this study, we found that

increased allergen‐specific IL‐22‐secreting CD4+ T cells might relate to

the increased frequency of allergen‐specific IL‐10‐secreting Treg cells.

It is also important to emphasize that direct analysis of the

in vivo situation of circulating allergen‐specific T cells is an advan-

tage of the present study compared to cell cultures. Serum specific

IgE/total IgE ratio and IgE‐FAB, and allergen‐specific IgG4 have been

considered as potential surrogate candidate biomarkers.56 The area

is open for further research to discover biomarkers for point‐of‐care
usage because the early prediction of success and to decide when to

stop is essential for the patient compliance, cost‐effectiveness, and
avoidance of side effects. These studies require sophisticated tech-

niques. However, a good biomarker should be studied in easily

accessible samples with a rapid method. As similar findings have

been reported in healthy immune response to allergens, it may sug-

gest that similar mechanisms can be necessary in the prevention of

HDM allergy. Nonetheless, a larger scale study, a randomized
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• Augmentation de la fréquence et du 
nombre des T régulateurs sous ITA 

• T régulateurs induits spécifiques de 
l’allergène  

• Corrélation avec la symptomatologie 
clinique 

Pereira-Santos MC et al, CEA 2007 ; Boonpiyathad T et al, Allergy 2019
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A, Gating strategy of Der p 1‐specific Treg cells. Identified cells were first gated on lymphocytes and single cells. Alive CD3+ cells were gated
after gating out dead cell (viability+), CD14+, CD16+, and CD19+. Der p 1‐specific CD4+ T cells were gated on Der p 1 peptide‐MHCII tetramer+.
Empty peptide‐MHCII tetramer was used as negative control. Treg cells were identified by the expression of CD4+CD25+CD127− and then gated
on FOXP3 and Helios. Another Treg population was gated on CD3+CD4+CD25+ILT3+ cells. Effector T cells were gated on CD4+CD25− T cells. B,
Representative flow cytometry dot plots (left) and the frequency (right) of Der p 1‐specific FOXP3+Helios+ and FOXP3+Helios− Treg cells during
AIT (n = 12). C, There was no change in the frequency of nonspecific FOXP3+Helios+ and FOXP3+Helios− Treg cells during AIT. The values are
presented as the mean value. **P < 0.01, ****P < 0.0001 [Colour figure can be viewed at wileyonlinelibrary.com.]
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The dysfunctional allergen‐specific ILT3+CD4+CD25+FOXP3+

Treg cells constitute a small subpopulation of allergen‐specific Treg

cells. We found that the percentage of allergen‐specific ILT3+ Treg

cells was significantly higher before the treatment, which may sug-

gest the inability of Tregs to efficiently suppress allergen‐specific
Th2 responses. We showed here that human ILT3+ Treg cells had

reduced suppressive activity and low FOXP3 and Helios expression

suggesting a negative role for ILT3+ Tregs in allergen tolerance.

Supporting our findings, it has been shown in mice that ILT3+ Treg

cells fail to suppress GATA‐3 expression and instead induce expres-

sion of IL‐5 and IL‐13.25 FOXP3 plays an essential role in the

maintenance of immunological tolerance to self and innocuous for-

eign antigens.46 FOXP3 homodimers can mediate transcriptional

regulation through direct binding to DNA, and FOXP3 has also

been shown to interact with several molecular partners forming

FOXP3/protein complexes that are required for several regulatory

processes.46

Recently, new allergen‐specific T‐cell subsets have been identified

in allergic patients during AIT. Special AT‐rich sequence‐binding pro-

tein‐1 (SATB1) is repressed in FOXP3+ Tregs following grass‐specific
immunotherapy, and its expression correlates with the clinical

response.47,48 Allergen‐specific CD45RBlowCD27−CRTH2+CD161+

CD49d+ T cells (Th2A) are more frequent in allergic patients compared

to nonallergic individuals and suggesting a role for the control of clinical

allergic reactions by these cells that are induced by immunotherapy.49

Also in long‐term grass‐specific immunotherapy, a clinical improvement

during 2 years of treatment has been associated with the decrease in

numbers of the allergen‐specific CRTH2+CCR4+CD27−CD4+ Th2

cells.50 Indeed, there are now many studies confirming the role of

decreased Th2 responses in the control of allergic disease and Treg cells

play an essential role in the suppression of Th2 cells.

In the present study, IL‐10+ Treg cells had an early response in low‐
dose AIT and correlated with the reduction of allergic symptoms. Aller-

gen‐specific IL‐10‐secreting Treg cells are essential components of the

induction and maintenance of peripheral allergen tolerance enhanced

by AIT.51 IL‐22 is a unique cytokine produced by immune cells, which

acts specifically on tissue cells at mucosal sites, since only cells of

epithelial origin preferentially express IL‐22R1.52 IL‐22 influences termi-

nal differentiation of keratinocytes by inducing antibacterial protein

production, and increases the innate immune defense mechanism

against microbes and enhances production of chemokines.53 However,
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but is usually detected in Th17 cells together with the production of IL‐
17 and type 3 innate lymphoid cells.55 In this study, we found that
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• Il existe une plasticité de la 
po la r i sa t ion immuni ta i re 
(données in vitro +++) 

• Chaque polar isat ion peut 
exprimer plusieurs gène maître 
et des profils cytokiniques 
classiquement antagonistes 
(données in vitro +++). 

Tfh > Th17 > Th1 = Th2  

Quid dans l’ITA ? 

Nakayamada et al, Curr Op in Immunol 2012

Polarisation et plasticité du système immunitaire
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Facteurs bloquant, IgG et ITA 

• Existence d’un facteur bloquant la 
liaison des IgE aux lymphocytes B  

• Corrélation entre l’activité bloquante 
humorale et la réponse à l’ITA 

Inhibition fonctionnelle des IgE 

Quid des autres polarisation ?  

Nouri-Aria KT et al.,J Immunol 2004 ; Shamji MH et al, J Immunol Methods 2006
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Facteurs bloquant, IgG et ITA 

Shamji MH et al, JACI 2018

• L’activité humorale inhibitrice 
est en partie due aux IgG et 
notamment les IgG4  

Switch IgE => IgG4
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Lymphocytes B et ITA 

Boonpiyathad T et al, Allergy 2019

• Lors de l ’ ITA, on observe une 
augmentation des LyB spécifiques de 
l’allergènes  

• Ce s Ly B s o n t v o l o n t i e r s d e s 
plasmocytes sécréteurs d’IgA et d’IgG4  

• Evolution parallèle de la concentration 
plasmatique d’IgA et IgG4 spécifiques 
de l’allergène.

after 2 years) compared with nonresponder patients (0.596 0.41–
fold increase; Fig 2, C).

Increased IgA and IgG4 isotypes of Der p 1–specific
B cells and antibodies during AIT

We measured expression of IgA, IgG1, and IgG4 immuno-
globulin isotypes on Der p 1–specific class-switched B cells.
The representative gating strategies used to investigate the
expression of IgA, IgG1, and IgG4 of Der p 1–specific (Der
p 11) class-switched B cells are shown in Fig E3. The fre-
quency of IgA1- and IgG4

1-secreting Der p 11 B cells as a
percentage of total B cells increased significantly after 2 years
(Fig 3, A-E). IgA1 Der p 1-specific B cells showed expansion
after 10 weeks and continued to increase during AIT in
responder patients (Fig 3, B), without showing any significant
difference between responder and nonresponder patients (Fig
3, C). IgG4

1 Der p 1–specific B cells were detected at very
low frequencies in allergic patients before the start of AIT

and showed a significant increase after 30 weeks and continued
to increase after 2 years of AIT (Fig 3, D). AIT responder pa-
tients showed a significantly greater frequency of IgG4

1 Der p
1–specific class-switched B cells (0.27% 6 0.006%) compared
with nonresponder patients (0.008% 6 0.002%) after 2 years
of AIT (Fig 3, D). Moreover, the degree of change (between
before and after 2 years) of IgG4

1 Der p 1–specific B cells
was significantly greater in responders (20.52 6 5.34–fold dif-
ference) compared with nonresponders (6.97 6 1.91–fold dif-
ference) after 2 years (Fig 3, E). The number of IgG1

1 Der p
1–specific B cells did not show any difference between re-
sponders and nonresponders at baseline or during the course
of AIT (Fig 3, F and G).

Plasma levels of Der p 1–specific IgA and IgG4 were also
determined during the course of AIT. At 2 years, we observed
that plasma levels of Der p 1–specific IgA were increased
compared with baseline levels in responders, which were
greater compared with those in nonresponders (Fig 3, H).
Plasma levels of Der p 1–specific IgG4 continued to increase
only in responder patients until 2 years and was significantly
higher compared with those in nonresponder patients (Fig 3,
H). Collectively, our data demonstrate that plasma levels of
Der p 1–specific IgA and IgG4 increase during the course of
AIT in responder patients.

FIG 2. Increased Der p 1–specific class-switched B-cell frequencies in
responder patients during AIT. A, Representative dot plot of a
representative responder patient. Cells were gated as CD191IgM2, and
Der p 1–specific cells were identified as dual stained for Der p 1–Dy6331

and Der p 1–PE-Cy71. B, Frequency of Der p 1–specific class-switched
B cells before and after 10 weeks, 30 weeks, and 2 years of AIT. C, Fold
change of Der p 1–specific class-switched B cells between before and after
2 years of AIT among responder patients (n 5 11) and nonresponder
patients (n 5 5). *P < .05, **P < .01, and ****P < .0001.

FIG 1. Decreased clinical symptoms and HDM sensitization after 2 years of
AIT in responder patients. A, Clinical response was assessed based on
SMSs in patients with HDM allergy undergoing subcutaneous injection
AIT (responder patients, n5 11; nonresponder patients, n5 5) and percent-
age change in SMS between before and after 2 years of AIT. B,Mean wheal
diameter and percentage change in positive D pteronyssinus skin prick test
responses compared before and after 2 years of AIT. ***P < .001.
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Increased circulating plasmablast response during
AIT

Plasmablasts were identified as CD191CD27hiCD38hi cells in
the circulation. Their gating strategy is shown in Fig E3. The per-
centage of circulating plasmablasts increased in both groups, with
their frequencies significantly increased from 0.20%6 0.01% to
0.30% 6 0.02% after 30 weeks and to 0.43% 6 0.03% after
2 years in responder patients during the course of AIT, and the in-
crease in plasmablast frequency in nonresponders was not signif-
icant (Fig 4, A and B). The mean frequency of plasmablasts in
responder patients was also significantly greater compared with
that in nonresponder patients after 2 years (Fig 4, B). Moreover,
plasmablasts increased 1.21 6 0.2–fold from baseline after

2 years and were 0.526 0.16–fold greater than in nonresponders
(Fig 4, C).

IL-10 and IL-1RA single- or double-positive Breg
cells expand in responders during AIT

To identify Breg cells, PBMCs were stimulated with the Toll-
like receptor 9 ligand CpG 2006 for 48 hours before flow
cytometric analysis, and we investigated IL-10– and IL-1RA–
producing Breg cells.4

In thus study we demonstrate that 3 subsets of Breg cells are
detectable in peripheral blood. The subsets are defined by staining
positively for IL-10, IL-1RA, or both. The gating strategy for

FIG 3. Increased Der p 1–specific IgA- and IgG4-switched B-cell frequencies in responder patients during
AIT. A, Representative dot plots of Der p 1–specific IgA1, IgG4

1, and IgG1
1 B cells of responder patients.

SSC, Side scatter. B-G, Frequencies of Der p 1–specific IgA1, IgG4
1, and IgG1

1 B cells before and after
10 weeks, 30 weeks and 2 years of AIT and fold change between before and after 2 years of AIT compared
between responder (n5 11) and nonresponder (n5 5) patients. H, Plasma levels of Der p 1–specific IgA and
IgG4 during AIT. Values are presented in arbitrary units (AU). *P < .05, **P < .01, ***P < .001, and
****P < .0001.
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Réorientation de la réponse humorale 
spécifique de l’allergène



Lymphocytes B régulateurs et ITA 

• Augmentation de LyB régulateurs chez les patients 
sous ITA.  

• Ces LyB seraient des sécréteurs d’IL-10 et d’IgG4.  

• Existence d’une réponse IgA spécifique à l’allergène 
également qui semble associée à la tolérance à 
l’allergène.  

L’ITA ré-orienterait la réponse B spécifique à 
l’allergène vers une réponse régulatrice associée à la 

sécrétion d’IL-10 et Ig4.  

Cette réponse apparaît comme semblable à celle 
observée chez les sujet spontanément tolérant à 

l’allergène 

Van De Deen et al, JACI 2013 ; Boonpiyathad T et al, Allergy 2017

but could do so later. The suppressive effect observed in our ex-
periments is completely reversible through blocking of IL-10R.
CD732CD251CD711 cells sorted from resting B cells could sim-
ilarly suppress T-cell proliferation. The strength of the in vitro
suppressive effect can differ from that of IL-101 sorted cells
because not all CD732CD251CD711 cells produce IL-10 on
activation. Control populations (CD252CD712 or CD731 cells)
were not suppressive at these ratios. A slight blocking effect in the
CD732CD251CD711 Breg cell–mediated suppression was ob-
served in the presence of anti–IL-10RmAb compared with an iso-
type control, suggesting a partial involvement of IL-10 in the
suppression. However, this effect was small and not statistically
significant. It has to be noted that the CD732CD251CD711

B-cell population does not include all of the IL-101 B cells.
Therefore CD732CD251CD711 expression can be used to
identify a distinct population of Breg cells that does not include
all IL-10–producing B cells. Furthermore, not all
CD732CD251CD711 B cells produce IL-10. Therefore it is pos-
sible that CD732CD251CD711 B cells can apply additional
mechanisms to suppress T-cell proliferation. The identification
of the mechanisms involved will require a significant research ef-
fort because there can be many factors that play a suppressive role
besides IL-10. For example, the surface markers that were used
for cell sorting might play a role similar to the suppressive role

for CD25 by means of IL-2 deprivation that has been described
in Treg cells.41 In addition, blocking of CD80 and CD86 has
been shown to reverse Breg cell–mediated suppression of T-cell
responses.32 Furthermore, these cells express PD-L1, and this in-
teraction might also play a role, as demonstrated in Treg cells.8

Together, these data demonstrate that BR1 cells are highly potent
suppressors of T-cell responses. This is especially striking when
compared with TR1 and Treg cells, which suppress approximately
50% of antigen-specific proliferation at a ratio of 1 suppressor cell
to 2 or 4 responder cells, respectively.8,42

In the experiments investigating the link of BR1 cells to immu-
noglobulin production, we found that IgG4 production is specifi-
cally confined to IL-101 BR1 cells. TLR9 stimulation induced
production of IgG1, IgG4, and IgA primarily in CD271 B cells,
whereas simultaneous stimulation with TLR9 and IL-10 induced
specific upregulation of IgG4, particularly in CD272 B cells,
without affecting IgG1 and IgA production. These findings com-
bined with the fact that TLR9 stimulation induces IL-10 in a sub-
set of B cells raised the question of whether IL-101 cells are more
prone to produce IgG4 than IL-102 B cells. There was approxi-
mately 10-fold increased IgG4 mRNA in IL-101 BR1 cells com-
pared with their IL-102 counterparts. When sorting BR1 cells
fromCD272 and CD271 subsets, it emerged that IgG4 production
was specifically upregulated in CD272IL-101B cells, suggesting

FIG 5. Allergen-specific B cells from tolerant subjects upregulate IL-10 and IgG4. A, Enrichment of PLA-
specific B cells from beekeeper-derived peripheral CD191 cells. B,Direct ex vivo analysis of immunoglobulin
and IL-10 mRNA expression (relative to PLA2 cells, n 5 6). Horizontal bars indicate medians. C, IL-10 and
PLA staining in B cells from beekeepers (n 5 7) or patients with bee venom allergy (n 5 4) after 3 days of
TLR9-L stimulation. Numbers in dot plots indicate means 6 SDs. D, PLA-specific serum IgE/IgG4 ratio.
*P < .05, **P < .01, and ***P < .001.
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ITA et éosinophiles

Contrôle du homing inflammatoire des éosinophiles après ITA

Wilson DR et al., J Allergy Clin Immunol 2001;107:971-76
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ITA et mastocytes

Diminution de l’infiltrat mastocytaire après ITA 

Nouri-Aria KT, Pilette C et al, J Allergy Clin Immunol 2005  
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Tiré d’après M. Shamji

EN CONCLUSION  
Mécanismes actuellement  

connus de l’ITA 



Merci de votre attention 

Je suis à l’écoute de vos questions … 
Pour les plus timides : luc.colas1@univ-nantes.fr 
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