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To the Editor

The prevalence of food allergy continues to increase, and although there is evidence that 

early food introduction may be beneficial, the immunologic mechanisms predisposing an 

individual to develop food allergy remain elusive.1 Additionally, early atopic disease is a risk 

factor for the development of asthma, a progression termed the atopic march.1,2 Regulatory 

T cells (Tregs) play an important role in maintaining self-tolerance, and oral immunotherapy 

studies have shown increases in CD4+CD25+Foxp3+ cells are associated with clinical 

efficacy.3 We recently demonstrated that CD25+CD127loFoxp3+ cells are increased in 

children who outgrow their food allergy naturally,4 but it is not known if differences in Treg 

populations early in life, during critical times of immune development, might predispose an 

individual to developing food allergy and other atopic diseases.

As food allergy often begins early in life, we characterized populations of Tregs that might 

be important in food allergy and the development of further atopic diseases. We focused on 

age-related differences early in life between children with and without food allergy that 
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could provide insight on immunologic mechanisms important for tolerance maintenance. We 

used low expression of IL-7Rα (CD127lo), high expression of IL-2Rα (CD25hi) and Foxp3 

to more precisely define Tregs in humans.5 To study Tregs migrating to sites of 

inflammation (possibly gut homing) and therefore important in regulating responses to 

foods, we used CCR6 (chemokine receptor of CCL20), which has been shown to be 

important for Treg gut migration and suppression in a murine model of colitis.6

We performed a cross-sectional study on 77 patients recruited via an IRB approved study 

from Allergy-Immunology and General Academic Pediatric Clinics at our institution (Table 

S1). Food allergy was defined by oral food challenge or a history of IgE-mediated signs and 

symptoms within two hours of ingestion and evidence of specific IgE to the implicated food. 

To compare age-related differences, the cut-off of 6 years was chosen based on previous 

birth cohorts which demonstrate that persistent atopic phenotypes are established by this 

age.7 Additionally, there was a natural inflection point in Treg frequency at this age. PBMCs 

were isolated and stained for flow cytometry using validated methods8 (see supplemental 

methods; figure S1).

When comparing all children with and without food allergy, there was no difference in 

peripheral blood percentages of CD4+CD25hiCD127loFoxp3+ cells [median 2.46 vs. 2.76, 

p=0.471], but increased Foxp3 expression per cell [median 377.5 vs. 160 MFI, p<0.001] 

(Fig 1A and B) ex vivo. We hypothesize that this may be the result of ongoing immune 

activation in allergic individuals. When evaluating differences in Tregs associated with age, 

young food allergic children 0–6 years of age had significantly decreased percentages of 

peripheral blood CD4+CD25hiCD127loFoxp3+ Tregs compared to healthy controls of a 

similar age [median 2.41 vs. 4.45, p<0.05], but this difference was lost after 6 years of age 

(Fig 1C). Young healthy controls also had increased percentages of Tregs compared to older 

healthy controls [median 4.45 vs. 1.5, p=0.004] (Fig 1C), with a significant negative 

correlation between age and peripheral blood Tregs [r=−0.559, p=0.007] (Fig 1D). This 

difference was not seen among food allergic children (Fig 1E). Using a multivariable linear 

regression analysis, we found that age was significantly associated with Treg number in 

control children (p=0.001); however, this was not seen in food allergic children (p=0.467) 

(Table S2A and S2B). There was a combined effect of age and food allergy status (p=0.004, 

table S2D). These data suggest that decreased Tregs, particularly before age 6, are important 

in the expression of food allergy, and early life immune regulation may alter the acquisition 

of allergic disease.

When evaluating subpopulations of CD4+CD25hiCD127loFoxp3+ Tregs we found that older 

subjects had an increased expression of CD45RO (memory) compared to younger subjects 

in both food allergic children [median 41.8 vs. 15.7, p=0.039] and healthy controls [median 

17.3 vs. 7.83, p=0.011] (Fig S2 and Table S4). Expression of CCR6 was increased 

significantly with age in healthy controls [median 12.3 to 37.8, p=0.011] but not in food 

allergic children [median 18.7 to 21.2, p=0.717] (Fig 2). A stratified multivariable linear 

regression analysis confirmed that Treg expression of CCR6 was significantly and positively 

associated with age in control children only (p=0.005, Table S3A). As the immune system 

matures and develops in early childhood,9 we hypothesize that the acquisition of CCR6 on 

Tregs among healthy children may be important in tolerance maintenance in the gut and 
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other peripheral sites of inflammation. Interestingly, older healthy controls (>6 years) also 

had a higher expression of CCR6 among CD4+CD25+CD45RO+ T effector cells10 [median 

38.3 to 27.05, p=0.0433], and this difference was not seen in food allergic children (Figure 

S3), further suggesting that the T cell compartment in control children changes with age. 

Lastly, there was no difference in IL-10 expressing Tregs between food allergic and healthy 

control children [median 2.17 vs. 2.42, p=0.745] (Fig S4). These data provide evidence that 

decreased Treg quantity, particularly before age 6, are important in the expression of food 

allergy and further atopic disease development, providing support that early life immune 

regulation can alter disease expression.

While interpreting our results, we acknowledge certain limitations. While we utilized a 

cross-sectional study design, a longitudinal study following individual patients over time 

would be valuable in testing causality. Food allergic patients had an increased prevalence of 

atopic dermatitis, allergic rhinitis, and asthma as would be expected, and differences in 

Tregs may be important in the atopic march process and not solely food allergy. Therefore, 

some of our findings could have broader implications for the general predisposition of atopy.

In summary, we found that young, atopic food allergic children have lower percentages of 

strictly defined Tregs compared to healthy controls of similar age. Moreover, age-related 

increases in Treg expression of CCR6 were observed in healthy controls but not food 

allergic children, which may be important for Treg migration to peripheral sites of 

inflammation in the maintenance of tolerance. Our study supports the concept that Treg 

frequency is associated with the maintenance of tolerance in allergy.

Sincerely,

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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tTreg Thymically derived regulatory T cells

Treg regulatory T cells

PHA phytohemaggluttinin
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Clinical Implications

Age-related changes in Treg percentages and phenotype may be important factors in the 

development and maintenance of tolerance.
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Figure 1. Comparison of the percentage of CD25+CD127loFoxp3 Tcells in peripheral blood 
mononuclear cells from children with and without food allergy
A. Comparison of CD25+CD127loFoxp3+ CD4+ T cells populations between control and 

food allergic children. B. Mean fluorescence intensity (MFI) of Foxp3 in 

CD25+CD127loFoxp3+ cells between food allergic and control children. C. 

CD25+CD127loFoxp3+ T-cell percentage in young children (<6 years) and older children 

(7–17 years). D and E. Linear correlation of age and CD25+CD127loFoxp3+ percentage in 

control and food allergic children. **p=0.007 for control children. *p<0.05, **p<0.01, 

Mann-Whitney U test. Black bars represent the median. MFI: Mean Fluorescence Intensity.
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Figure 2. Phenotypic Characterization of tTregs (CD25+CD127loFoxp3+CD4+ T cells
A The percentage of peripheral blood tTregs (CD25+CD127loFoxp3+T cells) expressing 

CCR6 in control and food allergic children. B. The percentage of peripheral blood tTregs 

(CD25+CD127loFoxp3+T cells) in control and food allergic children in young (≤ 6 years) 

and older (> 6 years) control and food allergic children that express the putative gut homing 

marker, CCR6. *p=0.01; #p<0.1. Black bars represent the median.
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