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To the Editor, the treatment of severe Alopecia areata (AA) remains highly challenging. A breakdown of immune privilege of the hair follicle resulting in the development of an admixed immune of antigen presenting cells (APCs), CD4+ and CD8+ T lymphocytes infiltrate is hypothesized to represent an important driver of AA [START_REF] Pratt | Alopecia areata[END_REF]. A deficiency in T regulatory cells (Tregs) might facilitate the occurrence of this immune privilege breakdown. A growing corpus of data in animal models but also from blood and skin in AA patients emphasized the likely key role of Tregs in AA pathomechanisms [START_REF] Conteduca | Single nucleotide polymorphisms in the promoter regions of Foxp3 and ICOSLG genes are associated with Alopecia areata[END_REF][START_REF] Hamed | Alopecia areata patients show deficiency of FOXP3+CD39+ T regulatory cells and clonotypic restriction of Treg TCRbeta-chain, which highlights the immunopathological aspect of the disease[END_REF][START_REF] Mcelwee | Transfer of CD8(+) cells induces localized hair loss whereas CD4(+)/CD25(-) cells promote systemic alopecia areata and CD4(+)/CD25(+) cells blockade disease onset in the C3H/HeJ mouse model[END_REF][START_REF] Petukhova | Genome-wide association study in alopecia areata implicates both innate and adaptive immunity[END_REF][START_REF] Shin | Impaired inhibitory function of circulating CD4+CD25+ regulatory T cells in alopecia areata[END_REF][START_REF] Tembhre | T-helper and regulatory T-cell cytokines in the peripheral blood of patients with active alopecia areata[END_REF]. Interleukin-2 (IL-2) is essential for Tregs homeostasis (Zorn et al., 2006). Low dose IL-2 treatment results in Treg recovery and concomitant clinical improvement in patients with HCV-induced vasculitis, Graft-Versus-Host disease, lupus and auto-immune thrombopenia [START_REF] He | Low-dose interleukin-2 treatment selectively modulates CD4(+) T cell subsets in patients with systemic lupus erythematosus[END_REF][START_REF] Koreth | Interleukin-2 and regulatory T cells in graft-versus-host disease[END_REF][START_REF] Saadoun | Regulatory T-cell responses to low-dose interleukin-2 in HCV-induced vasculitis[END_REF][START_REF] Zhang | Therapeutic potential of low-dose IL-2 in immune thrombocytopenia: An analysis of 3 cases[END_REF]. Conversely, low-dose IL-2 failed to improve type 1 diabetes while efficiently increasing the Tregs population [START_REF] Hartemann | Lowdose interleukin 2 in patients with type 1 diabetes: a phase 1/2 randomised, doubleblind, placebo-controlled trial[END_REF]. Using a similar approach, we reported a partial hair regrowth in 4 out of 5 patients with severe AA [START_REF] Castela | Effects of lowdose recombinant interleukin 2 to promote T-regulatory cells in alopecia areata[END_REF]. We conducted a multicentric randomized placebo-controlled trial with a 52 weeks follow-up period in adult patients with severe AA of the scalp. The study was registered to the French Health Authorities (ANSM registration number: 150355A-42) and to the IRB Sud Méditerranée V (registration number: 15.039). Written inform consent was obtain for all the patients. Patients received a total of 4 cycles of subcutaneous low-dose IL-2 or saline serum. SALT score was used as primary criteria to assess the efficacy. Treg and NK peripheral populations analysis was carried out at baseline, final day of the 4 th cycle and at 1, 3, 6, and 12 months(additional methods in supplementary files).

A total of 43 patients were randomized, of whom 21 were assigned to receive low dose IL-2 and 22 placebo the. Nine patients did not complete the study. The flow diagram of the study and the baseline characteristics of the population are presented in Supplementary Figure 1 and in Supplementary Table 1, respectively. SALT50 at 12 months after the end of the treatment was achieved in 14.3% in low dose IL-2 group vs 9.1% in placebo group(p=0.66) in the ITT analysis. The evolution of SALT score during treatment is presented in Table 1. No significant improvement was observed in both groups for body hairs and nails. The DLQI and the satisfaction of the patients did not change significantly between baseline and 6 and 12 months after the end of the treatment in both groups, without statistical difference between the two groups(Supplementary Tables 2 and3). Adverse events encountered during the study are presented in Supplementary Tables 4 and5. Flu-like syndrome was the most frequent adverse event in low dose IL-2 group, with 66.7% of patients presenting these symptoms at least once compared to 13.6% in placebo group(p=0.0005). Eosinophilia was observed in 8 patients(38.1%) in low dose IL-2 arm vs in none in placebo arm(p=0.0014). All side-effects were transient. The total Treg peripheral population(CD3+CD4+CD25++CD127low) was significantly increased in low dose IL-2 group at all time points compared to baseline; after the end of the last cycle(p=0.0063), and after 1 month(p<0.0001), 3 months(p<0.0001), 6 months(p=0.0012) and 12 months(p=0.084)(Figure 2a). Conversely, no significant variation of the total Treg population was observed in the placebo arm at any time point compared to baseline. Similarly, the Treg/CD8+ cells ratio was significantly increased at all time points in low dose IL-2 arm(p=0.0004, p<0.0001, p<0.0013, p<0.0001, p=0.0051 after the end of the last cycle, and after 1, 3, 6 and 12 months respectively)(Figure 2b). Interestingly, the increase of Tregs only involved the naive subpopulation(CD45RA+ CD197+)(p=0.005, p<0.0001, p=0.0123, p=0.0077, p=0.08 after the end of the last cycle, and after 1, 3, 6 and 12 months, respectively)(Figure 2c). Conversely, the relative percentage of central memory(CD45RA-CD197+)(Figure 2d), effector memory Tregs (CD45RA-CD197-)(Figure 2e) and CLA+ CCR4+ CCR10+ DR+ Tregs(Figure 2f) were decreased in the low dose IL-2 arm. Similarly, a significant increase of the absolute number of naïve Tregs was only observed in IL-2 group at all time points while no significant variation was observed in the other sub-type of Tregs. The total NK cells transiently increased in the IL-2 arm but only at the end of the treatment, but the variation did not reach statistical significance(p=0.08). The NK cells count then returned to levels comparable to baseline(Suppl. Figure 2a). Analysis of CD158(KIR) and CD314(NKG2D) markers showed that the NK 158+/314-subpopulation corresponded to the subset the most influenced by low-dose IL-2 with a significant decrease at the end of the treatment(p=0.036) while NK 158-/314+ population is increased at the end of the treatment but without reaching a statistically significant level(p=0.23)(Suppl. Figure 2b-e).

Despite encouraging results in the pilot study we initially conducted [START_REF] Castela | Effects of lowdose recombinant interleukin 2 to promote T-regulatory cells in alopecia areata[END_REF], the results of this large prospective randomized placebo-controlled trial did not further support the efficacy of low-dose IL-2 in treating severe AA, at least with the type and regimen of IL-2 used in this study. The analysis of Tregs in the blood of patients during and after treatment showed that low dose IL-2 is likely to elicit a proliferation or a recruitment of Tregs.

However, despite this significant increase of peripheral Tregs, the treatment failed to significantly stimulate hair regrowth. The mild and transient increase of NK does not support a significant involvement of NK cells in the failure of low dose IL-2 treatment. The observed limitation of the overall increase of Tregs to the naive subset with no expansion of the effector and memory populations with skin homing capabilities probably explains, at least partially, the lack of clinical efficacy in AA patients. New generation of long-lived IL-2 that are more specific for Tregs are currently developed and tested in early clinical stages for several autoimmune and inflammatory disorders [START_REF] Peterson | A long-lived IL-2 mutein that selectively activates and expands regulatory T cells as a therapy for autoimmune disease[END_REF]. Ours results emphasize the importance for a more specific characterization of the different subsets of Tregs, and the necessity of assessing if the expanded Treg express tissue homing markers in the setting of organ-specific diseases. 
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  (a) Percentage of total Tregs in the total lymphocyte population. (b) Tregs / CD8 ratio. (c) Naïve Treg subsets. (d) Central memory Tregs subsets. (e) Effector memory Tregs. (f) Activated Tregs with cutaneous homing markers.

Conflict of interest:

Novartis provided Proleukin at a discounted price for this study Data availably statement: The raw data are available upon reasonable request to Dr Eric Fontas (fontas.e@chu-nice.fr) for research purposes only.