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Oral tolerance is the process whereby local 
or systemic pro-inflammatory immune 
responses against specific antigens are 
prevented following their oral admin-
istration. The induction of this state of 
unresponsiveness may be crucial for the 
maintenance of intestinal homeosta-
sis, considering the continuous expo-
sure of the intestine to vast amounts of 
food antigens and commensal microbes. 
Furthermore, it has been proposed that 
defects in the mechanisms underlying oral 
tolerance contribute to intestinal disorders 
such as food allergies and inflammatory 
bowel diseases. Understanding how oral 
tolerance is established might result in 
novel therapeutic approaches to such dis-
orders. Although several mechanisms for 
the induction of oral tolerance have been 
proposed,1 the prevailing view indicates 
that oral tolerance relies on the induction 
of antigen-specific FOXP3+ regulatory 
T cells (Tregs) in the mesenteric lymph 
nodes (MLNs). Such Tregs then enter the 
circulation and eventually reach different 
peripheral tissues, where they exert their 
immunosuppressive effect.

In a recent study published in 
Gastroenterology,2 we have demonstrated 
that the establishment of oral tolerance 
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requires an additional step that involves 
the induction of two gut-homing mol-
ecules, namely the chemokine receptor 
CCR9 and integrin α4β7, on FOXP3+ 
Tregs. Once gut-tropic FOXP3+ Tregs 
are induced, they egress the MLNs and 
home toward the small bowel lamina 
propria, rather than entering immedi-
ately into the bloodstream. In the small 
bowel, FOXP3+ Tregs are subjected to a 
secondary expansion3 and acquire the 
ability to produce interleukin (IL)-10,2 
a potent immunosuppressive cytokine. 
After acquiring the capacity of secreting 
IL10, FOXP3+ Tregs leave the lamina 
propria and enter the circulation, either 
directly or via draining lymphatics. The 
migration of FOXP3+ Tregs from MLNs 
to the small bowel requires both CCR9 
and α4β7. Consistent with this hypoth-
esis, β7-deficient CD4+ T cells (lacking 
α4β7) are not able to rescue oral tolerance 
in CCR9-deficient recipients, whereas 
wild type CD4+ T cells can do so.2 
Moreover, in agreement with the require-
ment of gut-homing receptors on CD4 
T+ cells, oral tolerance was abrogated in 
animals depleted of retinoic acid (RA, 
one of the bioactive forms of vitamin A), 
which is needed to induce the expression 

of gut-homing receptors by T cells. 
Importantly, the frequencies of FOXP3+ 
Tregs in vitamin A-depleted and control 
animals were comparable, and in vitro-
generated gut-tropic T cells were able to 
rescue the establishment of oral tolerance 
in vitamin A-depleted animals.2 Taken 
together, these data suggest that RA is 
required for the induction of gut tropism, 
rather than for the generation of FOXP3+ 
Tregs from naïve T cells. In summary, 
we and others have recently described 
a new step in which, upon priming in 
MLNs, FOXP3+ Tregs detour to the small 
bowel to receive further instructions and 
gain full immunosuppressive potential 
(Fig. 1).2,3

Since CCR9 is required for T cells 
to migrate toward the proximal small 
bowel,4 tolerance to commensal bacteria, 
which are predominantly located in the 
colon and distal small bowel, may not rely 
on CCR9 induction. Moreover, the unre-
sponsiveness to commensal microbiota is 
induced locally rather than systemically,5 
suggesting that different mechanism(s) 
underpin tolerance against food as 
opposed to commensal microbiota.6 If this 
were the case, the proximal small bowel 
microenvironment would presumably 

The systemic unresponsiveness of the immune system to orally administered antigens is known as oral tolerance. Recent 
findings describe a new step for the induction of oral tolerance, consisting in the homing of FOXP3+ regulatory T cells to 
the small bowel and the local acquisition of full immunosuppressive capacities, a process in which retinoic acid-producing 
dendritic cells might play a crucial role.
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the establishment of oral tolerance. It is 
possible that, upon food intake, LP-DCs 
in the proximal small bowel pick up anti-
gens and migrate toward MLNs, where 
naïve T cells are primed. Since LP-DCs 
from the proximal small bowel are able 
to produce high levels of RA, they will 
efficiently convert naïve T cells into anti-
gen-specific FOXP3+ Tregs expressing the 
gut-homing receptors CCR9 and α4β7. 
Such newly generated gut-tropic FOXP3+ 
Tregs will be able to migrate and reach 
the small bowel lamina propria, where 
they will further expand and become 

than their distal counterparts, correlating 
with the levels of RA found throughout 
the intestinal tract.7 Importantly, these 
properties are RA-dependent, since DCs 
from animals fed on vitamin A-deficient 
diet lose their capacity to synthesize 
RA or to induce gut tropism in T cells. 
Hence, LP-DCs sense local RA (presum-
ably produced by intestinal epithelial 
cells), inducing their own RA synthesis 
in a positive feedback loop.7 Although 
this has not yet been formally demon-
strated, our work suggests that the proxi-
mal small bowel plays a prominent role in 

play a crucial role during the establish-
ment of oral immunological tolerance to 
food antigens, whereas the colon micro-
environment would do so for commen-
sal microbiota. In agreement with this 
hypothesis, we have recently reported that 
lamina propria dendritic cells (LP-DCs) 
isolated from the proximal small bowel 
induce a higher gut tropism and FOXP3+ 
Treg conversion than LP-DCs isolated 
from the distal small bowel or colon.7 
Along these lines, we found that LP-DCs 
isolated from the proximal small bowel 
possess greater RA-synthesizing ability 

Figure 1. The proposed five-step model of oral tolerance. Oral tolerance may occur in the proximal small bowel where a gradient of retinoic acid 
(RA) imprints lamina propria CD103+ dendritic cells (DCs) to synthesize RA. These RA-producing DCs pick up food antigens and migrate through 
the lymphatics (blue) toward mesenteric lymph nodes (MLNs) (Step 1). Once in MLNs, CD103+ DCs induce FOXP3+ Treg conversion and gut tropism 
(Step 2). Gut-tropic FOXP3+ Tregs leave MLNs to migrate toward the small bowel (Step 3), where they expand and gain the ability to produce 
interleukin (IL)-10, likely by sensing CX3CR1+ macrophage-derived IL-10 (Step 4). Eventually, IL-10-producing FOXP3+ Tregs will leave the small bowel to 
enter into circulation (red) and reach peripheral tissues (Step 5), where they will exert their immunosuppressive function.
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which has been correlated with the abil-
ity of F4/80+CX3CR1+ LP-macrophages 
to produce IL-103. Thus, based on our 
data, I propose a model in which small 
bowel-derived LP-DCs are critical in the 
establishment of oral tolerance to food 
antigens. Future work will assess whether 
oral tolerance to commensal bacteria relies 

able to produce IL-10, hence acquir-
ing full immunosuppressive functions 
(Fig. 1). Fractalkine receptor CX3CR1+ 
macrophages seem to play a crucial role in 
this last step, since mice lacking Cx3cr1 
exhibit decreased FOXP3+ Treg expan-
sion in the lamina propria and—conse-
quently—do not develop oral tolerance, 

on colon-derived LP-DCs, a colon-specific 
microenviroment, or perhaps involves 
direct interactions of immune cells with 
products of commensal microbiota.8
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