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Background: We found microRNA (miR)-1246 to be significantly differentially expressed 
between severe active alopecia areata (AA) patients and healthy individuals.
Objective: To explore the role and mechanism of miR-1246 in severe AA.
Methods: Expression of miR-1246, dual-specific tyrosine phosphorylation-regulated kinase 
1A (DYRK1A), and nuclear factor of activated T cells 1c (NFATc1) in peripheral CD4+ T 
cells and in scalp tissues of patients were detected using RT-qPCR, Western blot, and im-
munohistochemistry assays. Peripheral CD4+ T cells from the AA patients were transfected 
with lentiviral vectors overexpressing miR-1246. RT-qPCR and Western blot analysis were 
used to measure mRNA or protein expression of retinoic-acid-receptor-related orphan nu-
clear receptor gamma (ROR-γt), interleukin (IL)-17, DYRK1A, NFATc1, and phosphorylated 
NFATc1. Flow cytometry was used to assay the CD4+IL-17+ cells proportion. ELISA was 
used to measure cytokine levels.
Results: miR-1246 levels decreased and DYRK1A and NFATc1 mRNA levels significantly 
increased in the peripheral CD4+ T cells and scalp tissues of severe active AA samples. 
NFATc1 protein expression was also significantly increased in the peripheral CD4+ T cells 
but not in the scalp tissues. NFATc1 positive cells were mainly distributed among infiltrat-
ing inflammatory cells around hair follicles. In peripheral CD4+ T cells of severe active AA, 
overexpression of miR-1246 resulted in significant downregulation of DYRK1A, NFATc1, 
ROR-γt, and IL-17 mRNA and phosphorylated NFATc1 protein, as well as a decrease in the 
CD4+IL-17+ cells proportion and the IL-17F level.
Conclusion: miR-1246 can inhibit NFAT signaling and Th17 cell activation, which may be 
beneficial in the severe AA treatment.
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INTRODUCTION

Alopecia areata (AA) is an organ-specific autoimmune disease 
caused by T cells that affects hair follicles. Due to the collapse 
of immune privilege dufring the anagen phase, activated T 
lymphocytes secrete inflammatory cytokines, resulting in hair 
follicles entering the catagen and telogen phases prematurely1. 
AA is characterized by its sudden onset, unpredictability of 
clinical outcome, ease of recurrence, and lack of preventabil-
ity. Once the disease develops, it has significant impacts on 

mental health and quality of life2,3. Currently, there is no clini-
cally effective treatment for AA4. While clinical trials of JAK 
inhibitors have demonstrated excellent efficacy and safety 
in recent years, it is still necessary to monitor, optimize, and 
resolve the challenges of long-term medication. As a result, 
additional research on the pathogenesis of AA is required for 
the development of a new theoretical foundation for clinical 
diagnosis and treatment.

MicroRNAs (miRNAs) are a well characterized class of 
noncoding RNA molecules that post-transcriptionally regu-
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late gene expression by either targeting messenger RNAs for 
degradation or repressing their translation. Over the last few 
years, miRNAs have been identified as critical regulatory fac-
tors of the Th17/T regulatory (Treg) cell balance, which plays 
a role in the development and progression of autoimmune 
diseases5-7. Studies have demonstrated that miRNAs play an 
important role in the regulation of inflammatory skin diseas-
es, such as atopic dermatitis and psoriasis, but little is known 
about the role of miRNAs in AA.

Several recent studies have suggested that Th17 cells play 
a role in the pathogenesis of AA. Lew et al.8 reported that a 
single nucleotide polymorphism in the interleukin (IL)-17 
receptor A (IL17RA) gene was significantly different between 
AA patients and healthy individuals and was associated with 
an early onset of AA. Our previous study showed that the 
number of Th17 cells in the peripheral blood was significantly 
higher in AA patients than in healthy controls (HC), and the 
Th17 proportion was higher in patients in the active stage 
than those in the stable stage9. Immunofluorescence staining 
revealed a high number of Th17 cells in the upper dermis of 
scalp lesions in AA patients, particularly around the hair fol-
licles10,11. In addition, serum IL-17 levels were elevated in the 
AA patients, which correlated with the severity of AA but not 
with its course12. Serum IL-17 levels were significantly higher 
in patients with early-onset AA and in patients under the age 
of 30 years13. After AA was improved by narrow-spectrum 
ultraviolet B treatment, peripheral IL-17 levels decreased sig-
nificantly14. These findings suggest that Th17 cell subsets and 
their effector molecules may play a role in the pathological 
process of severe AA.

Ustekinumab, a human monoclonal immunoglobulin (Ig) 
G1 antibody that binds to and inhibits the function of the 
p40 subunit of IL-12 and IL-23, is approved by the Food and 
Drug Administration (FDA) for the treatment of psoriasis 
and psoriatic arthritis15. Ustekinumab has also been found to 
indirectly inhibit Th17 cell activation and IL-17 production. 
In one study, three extensive AA patients who received 90 mg 
ustekinumab subcutaneously experienced hair regrowth16. 
Another study of three children treated with ustekinumab for 
refractory AA reported similar results with only minor side 
effects17. However, a randomized controlled trial demonstrated 
that secukinumab, a human IgG1 monoclonal antibody that 
directly inhibits IL-17A, was ineffective in the treatment of 
severe AA18. These findings imply that modulating Th17 cell 

activation may be only one strategy for intervening in AA 
pathogenesis, and that combining this strategy with other ap-
proaches may be needed.

A previous study used an Agilent microarray covering 2,549 
human miRNAs to screen for and validate genes involved in 
AA. From that study, we identified microRNA 1246 (miR-
1246) as being significantly differentially expressed between 
active AA patients and HCs19. miR-1246 has been extensively 
studied in recent years and may be used as a biological marker 
and interventional target for a variety of tumors20-23. Using 
bioinformatics analysis and dual-luciferase assays, previous 
studies have demonstrated that miR-1246 can down-regulate 
the expression of dual-specific tyrosine phosphorylation-
regulated kinase 1A (DYRK1A) by targeting its 3'UTR mRNA 
sequence. MiR-1246 was also found to activate nuclear factor 
of activated T cells (NFAT) in non-neoplastic diseases, which 
is associated with the occurrence of Down syndrome24,25. 
Additionally, miR-1246 can protect the liver from ischemia/
reperfusion injury by balancing the number of Treg and Th17 
cells26. The miR-1246-DYRK1A-NFAT signaling axis has 
also been implicated in a variety of tumor diseases in recent 
years24,25,27. NFAT, which includes NFATc1-4 and NFAT5, is a 
type of transcription factor that is activated via the calcineu-
rin (CaN) signaling pathway. NFATc1 and NFATc2 are most 
abundant in immune cells, and many studies have shown that 
NFATc1 can promote Th17 cell activation28,29. NFAT is also 
involved in the pathogenesis of a number of immune-related 
skin diseases, including psoriasis30,31, atopic dermatitis32, and 
lupus erythematosus33, but its role in the pathogenesis of AA 
has yet to be investigated. In the present study, we investigated 
whether miR-1246 affects NFAT signaling and explored its 
specific mechanisms in severe AA using patient specimens 
and in vitro cell models.

MATERIALS AND METHODS

Study subjects
Ten subjects with severe active AA for one to six months who 
were admitted to Huashan Hospital’s hair clinic between 2018 
and 2020 were recruited in this study. Inclusion criteria were 
as follows: 1) age between 16 and 65 years; 2) conformity to the 
diagnosis of AA; 3) The Severity of Alopecia Tool (SALT) score 
greater than 50; and 4) positive for pull test. Exclusion criteria 
were as follows: 1) failure to meet the diagnostic criteria for 
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AA; 2) co-existence of other inflammatory skin diseases such 
as psoriasis, atopic dermatitis, or vitiligo; 3) reported other 
infectious, neoplastic, or autoimmune diseases; or 4) received 
glucocorticoid or immunosuppressive therapy within the pre-
ceding six months. Ten age and gender matched HC were also 
included in this study. We collected peripheral venous blood 
samples from all enrolled patients and HC. Additionally, three 
AA patients underwent scalp biopsy to obtain tissue samples, 
and three HC patients provided normal scalp around the pig-
mented nevus obtained during nevus removal. The Huashan 
Hospital Ethics Committee approved the study protocol (Ethi-
cal approval No: 2020-157), and all study subjects signed the 
informed consent form.

Isolation, culture, and transduction of CD4+ T cells
A total of 107 peripheral blood mononuclear cells were sepa-
rated using the Ficoll gradient density method (American 
Sigma Company), mixed and incubated with 80 μl MACS 
buffer and 20 μl MACS CD4 MicroBeads (Germany Miltenyi 
Company), and then sorted according to the manufacturer's 
instructions. The sorted CD4+ T cells were cultured in a 6-well 
plate with GibcoTMCTSTMOpTmizerTM T-Cell Expansion Serum 
Free Media (Thermo Fisher) at a concentration of 0.5×106/
ml for 48 hours. The transduction was performed with the 
hsa-miR-1246 overexpression lentiviral vector (miR-1246 
group) or the negative control vector (negative control group, 
PGMLV-6395; Shanghai Jiman Biotechnology Co., Ltd.) at 
the optimized moieties of infection of 50. The blank control 
was set as the blank control group. To increase transduction 
efficiency, cells were incubated with polybrene at a concentra-
tion of 10 μg/μl and centrifuged at a speed of 300 rpm for 2 
hours at 24℃. The culture medium was changed 18 hours after 
transduction. After 48 hours of continued culture, the cells 
and supernatant were collected for further experiments.

Quantitative real-time PCR (RT-qPCR)
Total RNA was extracted from individual groups of peripheral 
CD4+ T cells or scalp tissues using TRIzol reagent and reverse 
transcribed into cDNA using the PrimeScriptTMRT Master 
Mix (TaKaRaBio) per the manufacturer’s protocol. The rela-
tive levels of miRNA and mRNA transcripts to the internal 
control U6 and GAPDH were quantified using qRT-PCR in 
duplicate with the Power SYBR Green PCR Master (Thermo 
Fisher) using the ABI7500. The CT (cycle threshold) data were 

analyzed using the 2–ΔΔCt method. The specific primers are 
listed in Supplementary Table 1.

Immunohistochemical (IHC) staining
Briefly, paraffin-embedded scalp tissue samples were placed 
in an antigen repair solution, followed by microwave incuba-
tion. The sections were incubated with primary antibody 
against NFATc1 (1:500; Wanleibio) overnight at 4℃ after being 
blocked in goat serum. The slides were further washed and 
incubated with horseradish conjugated secondary antibody 
(Jackson) at 37℃ for 30 minutes. The stained tissues were de-
veloped in DAB colorant (Zsbio), and the slides were counter-
stained with hematoxylin. Five 400x magnification fields on 
each slide were randomly selected under the microscope, and 
the number of positively stained cells in each field was manu-
ally counted.

Western blot analysis
Total protein in each sample was extracted using RIPA lysis 
buffer (Beyotime Biotechnology). The protein concentration 
was determined using the BCA protein concentration quan-
tification kit (Beyotime Biotechnology). Denatured proteins 
were separated using 5× SDS-PAGE and transferred to PVDF 
membranes followed by blocking with 5% nonfat dry milk in 
Tris-buffered saline with 0.05% Tween 20 and probed with 
primary antibodies overnight at 4℃. Following washing, 
membranes were incubated with goat peroxidase-conjugated 
secondary antibodies at 37℃ for 2 hours. The reactions were 
detected using the Pierce ECL Western Blotting Substrate 
(Thermo Fisher). The bands were visualized via exposure to 
an x-ray beam in a dark room and semi-quantified analyzed 
using Tanon Image software. The ratio of the densitometric 
values of NFATc1, phosphorylated NFATc1, or DYRK1A bands 
to those of β-actin bands were used to determine relative ex-
pression. The primary and secondary antibodies included: 
mouse anti-β-actin (43 kDa, 1:1,000 dilution; Santa Cruz), 
mouse anti-NFATc1 (110,140 kDa, 1:500; Wanleibi), rabbit 
anti-NFATc1-P (phospho S237, 110, 140 kDa, 1:1,000; Abcam), 
rabbit anti-DYRK1A (46, 60, 86 kDa, 1:1,000; Abcam), Per-
oxidase Affini Pure Donkey Anti-Mouse IgG (H+L, 1:5,000; 
Jackson), and Peroxidase Affini Pure Goat Anti-Rabbit IgG 
(H+L, 1:10,000; Jackson).
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Flow cytometry
Peripheral CD4+ T cells sorted with magnetic beads were ad-
justed to a final concentration of 2×106/ml with pre-cooled 
stain buffer, and 106 cell suspension was incubated for 20 min-
utes at room temperature in the dark with 10 μl allophycocya-
min (APC) conjugated Anti-human CD4 (eBioscience). After 
being washed twice with stain buffer, the cells were resus-
pended with 500 μl of stain to detect the purity of CD4+ T cells 
using flow cytometry. To determine the phenotype of Th17 
cells, CD4-APC stained cells were added to fixative Medium 
A 100l and incubated for 15 minutes at room temperature 
in the dark. After resuspension in phosphate buffered saline 
(PBS), the cells were incubated at room temperature for 20 
minutes in the dark with permeabilization buffer Medium B 
and PerCP-Cy5.5 conjugated antihuman IL-17A (eBioscience), 
followed by a PBS wash and resuspension for flow cytometry 
analysis of the CD4+IL-17+ cell ratio.

ELISA
Concentrations of IL-17A/IL-17F/IL-21/IL-22/TNF-α in the 
cell culture supernatant were determined using ELISA kits 
(Shanghai Xitang Biological Co., Ltd.) according to the manu-
facturer's instructions. The absorbance values were used to 
create a standard curve, which was then used to calculate the 
sample concentrations (pg/ml).

Statistical analysis
SPSS 23.0 (IBM Corp.) and GraphPad Prism 8.0 (GraphPad 
Software Inc.) were used to analyze the data presented as 
mean±standard deviation (SD). For measurement data, results 
are presented as the mean±SD. For pairwise comparison, the 
student’s t-test was used for normally distributed data and the 
rank sum test was used for non-normally distributed data. 
One-way ANOVA was used to compare multiple groups and 
the Bonferroni test was used for multiple comparisons be-
tween multiple samples. All experiments were repeated at least 
three times and p<0.05 was set to indicate statistical signifi-
cance. Each experiment was repeated for three times.

Ethics statement
The Huashan Hospital Ethics Committee approved the study 
protocol (Ethical approval No: 2020-157). All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/

or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical 
standards.

RESULTS

Expression of the miR-1246/DYRK1A/NFATc1 axis in 
CD4+ T cells in the peripheral blood
In patients with severe active AA, the level of miR-1246 in the 
peripheral CD4+ T cells was significantly decreased compared 
to HC. In contrast, DYRK1A and NFATc1 mRNA levels were 
significantly increased (p<0.01 and p<0.05, respectively; Fig. 
1A). Western blot analysis confirmed the increase in NFATc1 
protein expression (p<0.05; Fig. 1B).

Expression of the miR-1246/DYRK1A/NFATc1 axis in 
scalp tissues
In patients with severe active AA, the level of miR-1246 in scalp 
tissues was significantly decreased compared to HC. In con-
trast, DYRK1A and NFATc1 mRNA levels were significantly 
increased (p<0.01 and p<0.05, respectively; Fig. 2A). Western 
blot analysis confirmed the increase in NFATc1 protein expres-
sion, but it was not statistically significant (p>0.05, Fig. 2B). 
IHC showed that NFATc1 positive cells were mainly distributed 
among the infiltrating inflammatory cells around the hair fol-
licles (Fig. 2C), but there was no significant difference between 
the AA group and the HC group (p>0.05; Fig. 2D).

Establishment of CD4+ T cells overexpressing miR-1246
Three patients with severe active AA each had 60 ml of pe-
ripheral venous blood drawn for CD4+ T cell sorting. As il-
lustrated in Fig. 3A, flow cytometry analysis indicated that the 
purity of CD4+ T cells isolated using magnetic bead sorting 
was greater than 98%. RT-qPCR analysis revealed that the 
miR-1246 expression level was significantly increased in the 
miR-1246 group (Fig. 3B), indicating that the cell model estab-
lished here could be used for further experimentation.

Overexpression of miR-1246 inhibits Th17 cell  
activation in AA patients
The RT-qPCR assay revealed that the miR-1246 group had sig-
nificantly lower levels of retineic-acid-receptor-related orphan 
nuclear receptor gamma (ROR-γt) and IL-17 mRNA compared 
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Fig. 1. Expression of miR-1246/
DYRK1A/NFATc1 in peripheral CD4+ 

T cells. (A) mRNA levels of miR-1246, 
DYRK1A, and NFATc1 in severe active 
AA and HC. (B) Protein expression of 
NFATc1 in severe active AA and HC.
AA: alopecia areata, HC: healthy 
controls, miR-1246: microRNA-1246, 
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Fig. 2. Expression of miR-1246/DYRK1A/NFATc1 in scalp tissues. (A) mRNA levels of miR-1246, DYRK1A, and NFATc1 in severe active 
AA and HC. (B) Protein expression of NFATc1 in severe active AA and HC. (C) Immunohistochemistry of NFATc1 in scalp tissues (×400). 
(D) Number of NFATc1 positive cells under high power field (mean±standard deviation). AA: alopecia areata, HC: healthy controls, 
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Fig. 3. Effect of miR-1246 overexpression on Th17 subsets in peripheral CD4+ T cells. (A) Flow cytometry assay of the purity of periph-
eral CD4+ T cells sorted by magnetic beads, including the miR-1246 lentiviral vector transduced cells (miR-1246 group), the negative 
control vector transduced cells (negative control group), and the blank control group. (B) miR-1246 expression mediated by transduc-
tion. (C) ROR-γt and IL-17 mRNA levels of transduced cells. (D) Proportion of Th17 cells in the transduced cells. (E) Concentration of 
cytokines in the supernatant of the transduced cell culture. miR-1246: microRNA-1246, ROR-γt: retineic-acid-receptor-related orphan 
nuclear receptor gamma, Th17: T helper 17, IL: interleukin, TNF: tumor necrosis factor. *p<0.05, **p<0.01.
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to the blank control group, but there was no statistical difference 
between the negative control and blank control groups (Fig. 3C). 
Flow cytometry analysis revealed that the miR-1246 group had a 
significantly lower proportion of CD4+IL-17+ cells compared to 
the blank control group (6.21% vs. 9.11%; 5.94% vs. 11.1%; 1.03% 
vs. 1.63%; Fig. 3D). ELISA analysis revealed that the miR-1246 
group had significantly less IL-17F than the blank control group 
(57.37±25.80 pg/ml vs. 128±63.23 pg/ml; p<0.05), whereas the 
levels of IL-17A, IL-21, IL-22, and TNF-α were not significantly 
different between the three groups (Fig. 3E, Table 1).

miR-1246 inhibits NFATc1 phosphorylation
The qPCR test revealed that CD4+ T cells had significantly 
lower levels of DYRK1A and NFATc1 mRNA in the miR-1246 
group compared to the blank control group (p<0.01), whereas 

there was no significant difference between the negative con-
trol and blank control groups (p>0.05, Fig. 4A). Western blot 
analysis revealed that while DYRK1A and NFATc1 protein 
expression were not significantly different between the three 

Table 1. Cytokine concentrations in transduced CD4+ T cell 
culture supernatant (pg/ml)

Cytokine
Blank control 
group (n=9)

Negative control 
group (n=9)

miR-1246 
group (n=9)

p-value

IL-17A 1.58±1.53 1.35±1.25 1.18±1.02 0.809
IL-17F 128±63.23 101.70±70.64 57.37±25.80 0.042
IL-21 7.14±2.80 6.30±1.84 6.30±2.62 0.706
IL-22 3.61±1.09 2.96±0.73 3.12±0.77 0.280

TNF-α 13.09±5.64 11.46±6.52 11.52±5.46 0.804

Values are presented as mean±standard deviation. IL: interleukin, 
miR-1246: microRNA-1246, TNF: tumor necrosis factor.
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Fig. 4. Effect of miR-1246 overex-
pression on DYRK1A and NFATc1 in 
peripheral CD4+ T cells. (A) DYRK1A 
and NFATc1 mRNA levels in trans-
duced cells. (B) Protein expression 
of DYRK1A, total NFATc1, and phos-
phorylated NFATc1 in transduced 
cells. DYRK1A: dual-specific tyrosine 
phosphorylation-regulated kinase 1A, 
miR-1246: microRNA-1246, NFAT: 
nuclear factor of activated T cells. 
*p<0.05, **p<0.01.
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groups (p>0.05, Fig. 4B), the level of phosphorylated NFATc1 
(NFATc1-P) was significantly decreased in the miR-1246 
group (p<0.05, Fig. 4B). This result suggests that overexpres-
sion of miR-1246 may inhibit NFATc1's nucleocytoplasmic 
shuttle by lowering the level of cellular NFATc1-P protein, 
thereby inhibiting the NFAT signaling pathway.

DISCUSSION

In the present study, we discovered that miR-1246 expression 
is significantly decreased in peripheral CD4+ T cells of patients 
with severe active AA, whereas DYRK1A and NFATc1 mRNA 
and NFATc1 protein expression are significantly increased, 
implying that the miR-1246-DYRK1A-NFAT axis is involved 
in the pathogenesis of severe AA. Furthermore, the expression 
of miR-1246 decreased significantly in scalp tissue samples 
of severe AA patients, whereas the mRNA levels of DYRK1A 
and NFATc1 increased significantly; however, the protein ex-
pression of NFATc1 remained unchanged. IHC revealed that 
NFATc1-positive cells predominantly infiltrated hair follicles, 
but the number of cells was small and there was no significant 
difference between the AA and control groups. This result 
could be explained by the small sample size and low total pro-
tein content of our scalp samples. Therefore, while our find-
ings indicate that NFATc1 signaling plays a role in the patho-
genesis of severe AA in the peripheral blood immune system, 
its role in the scalp microenvironment needs to be further 
determined. Additionally, we discovered that overexpression 
of miR-1246 in circulating CD4+ T cells from severe active AA 
patients down-regulated Th17-related transcription factors 
ROR-γt, IL-17, and IL-17F, as well as reduced the proportion of 
Th17 cells. Thus, our data indicate that up-regulation of miR-
1246 in peripheral CD4+ T cells in severe active AA can in-
hibit the number and function of peripheral blood Th17 cells, 
which may be beneficial for treating severe AA.

The miR-1246-DYRK1A-NFAT signaling axis has been im-
plicated in a variety of tumor diseases and Down syndrome in 
recent years24,25,27. The dual-luciferase reporter gene system was 
used previously to confirm that miR-1246 targets DYRK1A, 
indicating that miR-1246 can inhibit DYRK1A expression and 
its downstream NFAT activity24,25. As a result, miR-1246 has 
the potential to be used as an interventional target in a wide 
variety of diseases. For instance, in the liver ischemia/reperfu-
sion injury model, up-regulation of CD4+ T cell miR-1246 can 

reduce inflammation by adjusting the Th17/Treg ratio26. In 
patients with lupus erythematosus, up-regulation of B cell miR-
1246 can reduce the expression of cell surface costimulatory 
molecules CD40, CD80, and CD86 and reduce B cell activity34. 
Additionally, NFATc1 has been shown to promote Th17 cell 
activation35, resulting in improvements in disease symptoms in 
a mouse model31,36. On the other hand, emerging evidence indi-
cates that dysregulated miRNAs play a role in the development 
of autoimmune diseases by disrupting the Th17/Treg balance37. 
For example, Li et al.38 found miR-1246 was down-regulated 
in the circulating mononuclear cells of Chinese children with 
Henoch–Schonlein purpura (HSP) and was associated with 
Th17 activation during HSP development. In another study, re-
searchers discovered that miR-1246 was highly expressed in the 
peripheral blood of rheumatoid arthritis patients regardless of 
their naive or memory phenotype, indicating that miR-1246 is 
involved in the maintenance of a specific Treg phenotype39.

Our results indicate that overexpression of miR-1246 can 
specifically target DYRK1A and inhibit its transcription, but 
has no effect on DYRK1A translation, which contradicts the 
findings of Fujita et al40. They reported that when miR-1246 
was transfected into the hepatocellular carcinoma Li-7 cell 
line, DYRK1A was down-regulated and caspase-9 was up-reg-
ulated, which correlated with an increase in apoptosis. Zhang 
et al.25 also demonstrated that overexpression of miR-1246 
decreased DYRK1A protein expression and induced apopto-
sis. In the future, we can increase the number of transduced 
CD4+ T cells and optimize lentiviral transduction efficiency to 
determine the extent to which miR-1246 influences DYRK1A 
protein expression and whether there are differences between 
cell lines. However, we found that the overexpression of miR-
1246 in CD4+ T cells in peripheral blood of severe active AA 
significantly reduced the phosphorylation level of NFATc1, 
which is consistent with the results of Zhang et al25. According 
to previous research, activation of NFAT can be divided into 
several steps: intracellular calcium mobilization, calmodulin 
activation, CaN activation, CaN dephosphorylation of NFAT, 
nuclear translocation of NFAT, binding to target DNA, syn-
ergistic effect with other nuclear proteins, and re-phosphory-
lated NFAT exiting the nucleus28,29. Obstructing any of these 
steps could impair NFAT signaling pathway activation and 
may become a target for new inhibitors. Therefore, the use of 
miR-1246 to inhibit the NFAT signaling pathway in severe ac-
tive AA warrants further investigation.
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To the best of our knowledge, our report is the first study to 
examine the role of the miR-1246-DYRK1A-NFAT signaling 
axis in patients with AA. However, this study has some limi-
tations that should be noted. Our study included only acute 
AA cases, not chronic cases. We will investigate the role of the 
miR-1246-DYRK1A-NFAT signaling axis in all types of AA 
in the future. Second, our study only included a small sample 
size and the results of the peripheral blood CD4+ T cell study 
have not been confirmed in scalp tissues, which we will ad-
dress in future studies.

In summary, we propose that the miR-1246/DYRK1A/
NFATc1 axis plays a role in the development of severe AA. Up-
regulation of miR-1246 may inhibit DYRK1A transcription 
and NFATc1 protein phosphorylation, as well as affect NFATc1 
nuclear export, thereby impairing NFATc1 signaling and the 
activation of Th17 cells, which may be beneficial in the treat-
ment of severe AA.
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