Role of Nuclear Factor of Activated T cells 2 (NFATc2) in allergic asthma

To the Editor, 

In allergic asthma, allergen induces IL-4 increased secretion by lung cells of the innate immune system, like Innate lymphoid cells type 2 (ILC2), resulting in chronic differentiation of Th2 cells, eosinophil recruitment into the lung, induction of both memory B cells and long-lived plasma cells producing high-affinity IgE antibodies that bind to the high-affinity receptor expressed on the surface of mast cells, basophils, and eosinophils1. These cells then get pathological activated and release pro-inflammatory mediators that cause the classic characteristics of asthma. 
Nuclear factor of activated T cells c1 belongs to a family of transcription factors that are known to be activated by calcium influx.  The different family members play different roles in T cell development and activation and thus NFAT inhibitors have been used during organ-transplantation to avoid transplant rejection as well as to control autoimmune diseases. It has been suggested that NFATc2 together with NFATc1 is crucial for T cell differentiation. We have previously demonstrated NFATc1 mRNA induction in PBMCs in pediatric asthma and that the absence of NFATc1 in T cells results in downregulation of IL‑4 and other Th2 cytokines and IgE in asthma models 
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2, 3, 4
. We also recently reported that the NFAT-Interacting Protein (NIP)-45, which induced IL-4 by potentiating NFATc2, is induced in pre-school children with asthma and NIP45 deficient mice have less airway eosinophilia2.  
Here, we sought to investigate the role of NFATc1 and NFATc2 in different cohorts of asthmatic and control children and adults to better understand the distinct role of these two transcription factors and their association with different forms of asthma. Thus we next investigated the regulation of NFATc2 in the PBMCs in the PreDicta cohorts of preschool children. The clinical characteristics of the 2 cohorts were previously reported 
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5
. The experimental design of PreDicta study is summarized again in Fig 1A. Here we found NFATc2 mRNA upregulated in PBMCs, cultured for 48 hours with Phytohemagglutinin (PHA), from asthmatic children as compared to those from control children (Fig 1B). 
Moreover, NFATc2 mRNA showed altered expression levels in peripheral blood from 981 children and adults from the Asthma BRIDGE and CAMP cohorts (Table S1). The shorter isoform A (variant 1) of NFATc2 was significantly overexpressed in peripheral blood from asthmatics (n=865) compared to non-asthmatic, healthy controls (n=865 vs n=116, respectively; fold-change=1.043, P=0.02) (Fig 1C) 


6, 7 ADDIN EN.CITE .
We next analyzed NFATc1 and NFATc2 mRNA in the PBMCs in the newly recruited cohorts of children one without asthma (control children n=7) and the second one with asthma (asthma children n=6) at primary school-age (AGENDAs cohort). The clinical characteristics of the allergic trait of these children are reported in (Fig S1 and Table S2). Despite the small group size, we still found a significant induction of both NFATc1 mRNA but especially NFATc2 mRNA in the PBMCs of asthmatic children as compared to control children (Fig 2A). 
We next reasoned, based on our PreDicta data (Fig. 1 E, F), that NFATc2 might drive both Th1 and Th2 responses dependent on other transcription factors regulating Th1 and Th2 genes present in the microenvironment. For this reason, we next looked at correlations between NFATc1/c2 and IRF4, a transcription factor present on the promoter of many Th2 and Th9 cytokines and known to interact with NFATc2 on the IL-4 promoter 
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Here we found that, in the AGENDAs (Fig 2B) cohorts, NFATc1 mRNA correlated with NFATc2 mRNA in control children. Moreover, NFATc2 mRNA correlated with IRF4 mRNA in control but not in asthmatic children (Fig 2C, D and Fig S2 and S3).
We next looked at the peripheral blood cells and started to look at lymphocytes which are regulated by NFAT (Table S5). We also looked at TGF in PBMCs, to have an idea of immunosuppression in asthma.  Indeed, we confirmed the PreDicta data on a not significant trend towards a downregulation of activated TGF in the supernatants from PBMCs isolated from asthmatics primary school children (Fig S2A and S4A). We next looked at other markers of immunosuppression known to be regulated by TGF-beta and NFAT, like PD1 and FOXp3. Here we could not find specific correlations (Fig S4). Consistently, we did not observe any significant deviation in terms of differential cell number between controls and asthmatic children (Fig S5 and Table S5). We next correlated NFATc1 and NFATc2 with peripheral blood lymphocytes and found that NFATc1 mRNA directly correlated with lymphocytes in controls and asthmatic children (Fig 2E, F, respectively). By contrast, NFATc2 mRNA showed an inverse correlation with lymphocytes only in asthmatic children, not controls (Fig 2G, H). In addition, no specific trend was observed for neutrophils (Fig S5A-D), basophils (Fig S5 E-H) and monocytes (Fig S5 I-L) and NFATc1 and NFATc2 mRNA.
 We next asked if NFATc2 would correlate with eosinophils in asthma as NFATc2 was associated with a Th2 trait. Indeed, we found a direct correlation between NFATc1 and NFATc2 mRNA in PBMCs and peripheral blood eosinophils but only in control children (Fig 2 I-L).

In summary, NFATc1 mRNA correlated with lymphocytes both in control and asthma and both NFATC1 and NFATc2 mRNA showed a direct correlation with eosinophils in controls but not in asthma, indicating that NFATc1 is associated with lymphocytes and not eosinophils in asthma. 
Recently, two types of eosinophils have been described, one inflammatory induced type and supported by IL-5 and the resident type involved in the tissue homeostasis 
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. In this manuscript we found that NFATc2 mRNA positively correlated with IL-5 in asthma. Consistently, in the AGENDAs cohort, NFATc2 mRNA correlated with peripheral blood eosinophils in asthma (Fig 2L). It is thus possible that NFATc2 correlates with inflammatory eosinophils whereas NFATc1 correlates with lymphocyte proliferation in asthma. In summary, this study sheds light on different roles of NFATc1 and NFATc2 in allergic asthma whereby NFATc2 relates more closely to peripheral blood eosinophils and NFATc1 to lymphocyte proliferation in pediatric asthma. Since allergic asthma is a multifactorial disease, a subtype of the disease might be treated with a tailored therapy targeting different NFAT family members.
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Figure Legends

Figure 1: NFATc2 is induced in PBMCs of preschool children with asthma as well as in Asthmatics’ peripheral blood cells
A. Age range in the PreDicta cohort compared to AGENDAs. In the PreDicta cohort we examined children at preschool age B. Experimental design of the PreDicta and AGENDAs studies C. NFATc2 mRNA measured by qPCR in untreated PBMCs isolated from the PreDicta cohorts: control group (CG); n=2 and asthma group (AG); n=10. P= 0.0125 unpaired t test. D. Increased mRNA expression of NFATc2 in peripheral blood of asthmatic children and adults compared with healthy controls in Asthma Bridge and CAMP cohorts. We used microarray gene expression data from the Asthma Biorepository for Integrative Genomic Exploration (Asthma BRIDGE, N=1448) and Childhood Asthma Management Program (CAMP, N=620). The shorter isoform A (variant 1) of NFATC2 was significantly over-expressed in peripheral blood from asthmatics (n=865) compared to non-asthmatic, healthy controls (n=865 vs n=116, respectively; fold-change=1.043, P=0.02). Statistical Significance as indicated: *P ≤ 0.05; **P≤ 0.01; ***P ≤ 0.001
Figure 2: NFATc1 and NFATc2 mRNA are upregulated also in asthmatic primary school children and NFATc1 is positively correlated with lymphocytes in peripheral venous blood. 

A. NFATc1 and NFATc2 mRNA were measured in untreated PBMC culture. NFATc1: CG n=7; AG: n=5; NFATc2: CG n=6; AG n=4 B: NFATc2 mRNA correlated with NFATc1 in CG n= 6; C. NFATc2 mRNA correlated with IRF4 mRNA in CG n= 6 and not in AG n=4 D. E, NFATc1 correlated with lymphocytes from the peripheral venous blood of the CG n=7 and F. AG n=5 G, NFATc2 positively correlated with lymphocytes from the peripheral venous blood of the CG n=6 but not AG n=4 H. I. NFATc1 mRNA positively correlated with eosinophils from the peripheral venous blood of the CG n=7 but not from and AG n=5 J. K. NFATc2 mRNA correlated with eosinophils of the peripheral venous blood of the CG n=6 and AG n=4 L. Significance as indicated: *P ≤ 0.05; **P≤ 0.01; ***P ≤ 0.001
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