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Background and Objectives: Melanocyte (MC), derived from neural crest stem cell (NCSC), are involved in the pro-
duction of melanin. The mechanism by which NCSC differentiates to MC remains unclear. N6-methyladenosine (m6A) 
modification was applied to discuss the potential mechanism.
Methods and Results: NCSCs were isolated from hair follicles of rats, and were obtained for differentiation. Cell via-
bility, tyrosinase secretion and activity, and transcription factors were combined to evaluated the MC differentiation. 
RT-qPCR was applied to determine mRNA levels, and western blot were used for protein expression detection. Total 
m6A level was measured using methylated RNA immunoprecipitation (MeRIP) assay, and RNA immunoprecipitation 
was used to access the protein binding relationship. In current work, NCSCs were successfully differentiated into MCs. 
Fat mass and obesity associated gene (FTO) was aberrant downregulated in MCs, and elevated FTO suppressed the 
differentiation progress of NCSCs into MCs. Furthermore, microphthalmia-associated transcription factor (Mitf), a key 
gene involved in MC synthesis, was enriched by FTO in a m6A modification manner and degraded by FTO. Meanwhile, 
the suppression functions of FTO in the differentiation of NCSCs into MCs were reversed by elevated Mitf. 
Conclusions: In short, FTO suppressed the differentiating ability of hair follicle-derived NCSCs into MCs by m6A 
modifying Mitf.
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Introduction 

  Melanocyte (MC) is a specific class of melanin-produc-
ing cells, which play a decisive role in the presentation of 
vertebrate skin, hair, eyes and other pigments (1, 2). In 
pigmented diseases such as vitiligo and chloasma, it is im-
portant to study the developmental and regulatory mecha-
nism of MCs (3). Current studies suggest that vertebrate MCs 
originate from the neural crest of the ectoderm (4). These 
neural crest stem cells (NCSCs) can differentiate into broad 
lineages such as peripheral neurons, endocrine cells, bone, 
cartilage, connective tissue, and MCs (5). However, the 
mechanism by which NCSC specifically differentiated in-
to the melanocytic lineage remains unclear.
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  The synthesis of MC in animals is regulated by a large 
number of transcription factors and the process is complex. 
As a key transcription factor in MCs, microphthalmia-as-
sociated transcription factor (Mitf) can be induced by MC- 
stimulating hormone. Activation of Mitf gene in MCs plays 
a key role in melanin synthesis (4, 6, 7). In addition, Mitf 
can effectively intervene the expression and regulation of 
tyrosinase gene family in MC synthesis, which plays an 
important role in the formation of MCs and affects the sur-
vival, migration, proliferation and differentiation of MCs 
(8-10). Therefore, it is urgent to study the regulatory role 
of Mitf in the study of melanin production.
  Methylation of the 6th nitrogen atom position on RNA 
adenine (i.e., m6A) is the most abundant chemical modifi-
cation on eukaryotic mRNA. Unlike epigenetic modifications 
of DNA and histones that operate primarily at the transcrip-
tional level, RNA methylation regulates gene expression pri-
marily at the post-transcriptional level (11). m6A modifi-
cation regulates various differentiation abilities of stem cells. 
For instance, N6-Adenosine-Methyltransferase Subunit (ME 
TTL) 14 contributed to leukemogenesis by suppressing hema-
topoietic stem differentiation (12). Reduction of total m6A 
mRNA levels in mouse embryonic stem cells triggers their 
differentiation (13). METTL3 promoted the differentiation of 
adipose stem cells into vascular smooth muscle cells by in-
creasing the overall m6A modification levels (14). However, 
m6A modification in NCSC differentiation is rarely 
reported. The purpose of this study was to investigate the 
role of m6A modification and Mitf in the differentiation 
of NCSCs into MCs.

Materials and Methods

Isolation of NCSC
  Male SD rats (100∼150 g) were provided by the Experi-
mental Animal Center of The First Affiliated Hospital, and 
College of Clinical Medicine of Henan University of Scie-
nce and Technology). After the rats were sacrificed, the 
tentacle pads were taken, and the complete hair follicles 
(covered with connective tissue sheath) were dissected out. 
The outer root sheath of the hair follicle was removed, and 
the carina intact was left (15). It was attached to a 35 mm 
petri dish coated with rat tail glue in advance, and after 
30 min, the culture medium DMEM/F12 (1：1 ratio, Invi-
trogen) with 2% B27 (Invitrogen), 20 ng/ml EGF (Pepro-
Tech), and 40 ng/ml bFGF (PeproTech) was added to cul-
ture at 37℃ and 5% O2. After 6 days, the hair follicles 
were removed and subcultured by 0.25% trypsin digestion 
(Invitrogen). This study was approved by the Experimen-
tal Animal Center of The First Affiliated Hospital, and 

College of Clinical Medicine of Henan University of 
Science and Technology.

Differentiation of NCSC
  The adherent NCSCs were collected and digested into 
a single cell suspension, and then were inoculated on cove-
rslips. NCSCs were cultured in different differentiation-in-
ducing agents for 2∼3 weeks (16): 1. melanogenic differ-
entiation medium containing M254 (Invitrogen), 1% HMGS 
(Invitrogen), 100 nm ET-3 (Sigma), 100 ng/ml SCF (Pepro-
Tech); 2. smooth muscle differentiation medium contain-
ing DMEM (Invitrogen), 20% FBS (Invitrogen), 100 ng/ml 
TGF-/β (PeproTech); 3. neural differentiation medium 
containing DMEM/F-12 and FBS.

RT-qPCR
  Total RNA was extracted by the TRIZOL Reagent ac-
cording to the manufacturer’s instruction (Invitrogen), and 
the RNA concentration was measured by NanoDrop. Then 
the corresponding DEPC water, dNTP, randomprimer were 
added with sample RNA for reverse transcription accord-
ing to the instructions of Invitrogen SuperScriptTM Reverse 
Transcriptase Kit. Next, cDNA sample was aspirated and 
mixed with Green Master Mix (Promega) qRT-PCR amp-
lification. The reaction conditions is: (94℃/30 seconds→5
5℃/30 seconds→72℃/1 minute)×30∼35 cycles→72℃/5 
minutes. The PCR product was added to 1.5% agarose gel, 
electrophoresed at 100 V for 30 min, and observed under 
UV light. The data was analyzed using 2-ΔΔCt relative ex-
pression method. Thrice experiments were repeated. The 
primer sequence are of PCR is shown in Table 1.

Analysis of stem cell markers
  Nestin, p75, Sox10, Snail-1, Twist-1, Myo10, Msx2, Klf4 
and Wnt1 were amplified using ExTaq DNA polymerase 
(Takara). The PCR products were visualized on 2% agar-
ose gels and ethidium bromide staining (17).

Immunofluorescent staining
  Differentiated NCSCs were firstly fixed with 4% paraf-
ormaldehyde for 15 min, and washed 3 times with PBS. 
2% TritonX-100 solution was added for permeabilization, 
and 2% BSA solution was added and blocked for 2 h. 
Primary antibodies bought from abcam (1：2000 anti-β- 
Tubulin III; 0.034 μg/ml anti-SMA; 1：100 anti-tyrosina-
se) were added at 4℃ overnight. Secondary antibody was 
added, and incubated at room temperature in the dark for 
2 h. Finally, 10 μg/ml DAPI solution was added for 2 min, 
and then fluorescent mounting medium was added, stained 
cells were observed under a fluorescent microscope (NI-
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Table 1. Primer sequences

Gene Sequence

Nestin 5’-CAAGGGAGGAAGAGAGAAACAAGA-3’
5’-CAGCTGAGCCTATAGTTCAACGC-3’

p75 5’-CAGCAGCCAAGATGGAGCAAT-3’
5’-ATGGATCACAAGGTCTACGCC-3’

Sox10 5’-GCCCGTGCCATGCTAACTCT-3’
5’-CAAGGGGCCCGTGTGCTA-3’

Snail-1 5’-GCCTGGCACTGGTATCTCTTCAC-3’
5’-CGGCGCCGTCGTCCTTCT-3’

Twist-1 5’-CAGGGATGCCTTTCCTGTCA-3’
5’-AGGCCGGAGACCTAGATGTCATT-3’

Myo10 5’-GTGACTGACACCAAGGCTCCAAT-3’
5’-CCCATAGGGAAGAGGCAGGA-3’

Msx2 5’-TCAAGTGGCCCTGTCGCTTAG-3’
5’-TATGCTGCCCTCAGGCTTCAG-3’

Klf4 5’-ACCCACAGCCGTCCCAGTCA-3’
5’-CGGTCCCTAGAGGCCCATTT-3’

Wnt1 5’-CCGAGAAACAGCGTTCATCT-3’
5’-GCCTCGTTGTTGTGAAGGTT-3’

Tyrosinase 5’-TCATTGTGAATTTCCAAGAAAAA-3’
5’-GCTGGCAGATGTTCTCCTCT-3’

Tyrp1 5’-GCATTGCTCTCCAGTGATGA-3’
5’-TTTTCACAGCATACAGGCCA-3’

DCT 5’-GTCCTCCACTCTTTTACAGACG-3’
5’-ATTCGGTTGTGACCAATGGGT-3’

Kit 5’-GCCACGTCTCAGCCATCTG-3’
5’-GTCGGGATCAATGCACGTCA-3’

MC1R 5’-CAACCTCATTGACGTGCTCAT-3’
5’-TAACGCAGCGCATAGAAGATG-3’

Fzd4 5’-TTCCTTTGTTCGGTTTATGTGCC-3’
5’-CTCTCAGGACTGGTTCACAGC-3’

NT3R 5’-GCCAAGTGTAGTTTCTGGCG-3’
5’-CAGACACAATTTGCAGGGCA-3’

Ednra 5’-GGTGGCTCTTTGGGTTCT-3’
5’-GACGCTGTTTGAGGTGCT-3’

EP1 5’-GGGCTTAACCTGAGCCTAGC-3’
5’-GTGATGTGCCATTATCGCCTG-3’

TGF-βR 5’-AATAGGACCATCCATCCACTGA-3’
5’-TCACATCGCAAAACTTGCACA-3’

Sox10 5’-AGGTTGCTGAACGAAAGTGAC-3’
5’-CCGAGGTTGGTACTTGTAGTCC-3’

Mitf 5’-CCCTCTCACCTGTTGGAGTCA-3’
5’-CCGTTTCTTCTGCGCTCATAC-3’

Lef1 5’-AACGAGTCCGAAATCATCCCA-3’
5’-GCCAGAGTAACTGGAGTAGGA-3’

Pax3 5’-CCGGGGCAGAATTACCCAC-3’
5’-GCCGTTGATAAATACTCCTCCG-3’

METTL14 5’-GAACACAGAGCTTAAATCCCCA-3’
5’-TGTCAGCTAAACCTACATCCCTG-3’

FTO 5’-CGAGAGCGCGAAGCTAAGA-3’
5’-GCTGCCACTGCTGATAGAAT-3’

METTL3 5’-AGCCTTCTGAACCAACAGTCC-3’
5’-CCGACCTCGAGAGCGAAAT-3’

VIRMA 5’-CCGGGAGTACGAGCCCATA-3’
5’-CAGGCTTCCCAACCTATCAAAAA-3’

Table 1. Continued

Gene Sequence

RBM15 5’-GCGAGTCCGCTGTGTGAAA-3’
5’-TCCCCACGAGAACTGGAGTC-3’

WTAP 5’-ATGGCACGGGATGAGTTAATTC-3’
5’-TTCCCTTAAACCAGTCACATCG-3’

ALKBH5 5’-TGAGCACAGTCACGCTTCCC-3’
5’-TCCGTGTCCTTCTTTAGCGACTC-3’

β-actin 5’-GCAAAGACCTGTACGCCAAC-3’
5’-CTAGAAGCATTTGCGGTGGA-3’

KON TE 2000).

Western blot analysis
  Total protein was extracted with RIPA buffer (Beyo-
time) and quantified by the BCA protein detection kit 
(Thermo Fisher) in accordance with the manufacturer’s 
instruction. Protein was electrophoresed on 10% SDS- 
PAGE and therewith transferred to PVDF membranes 
(Millipore). Afterwards, membranes were sealed with 5% 
nonfat milk for 1 h and treated with the specific primary 
antibodies for tyrosinase (1：1000, abcam, MA, USA), 
Mitf (1：200, abcam), FTO (1：1000, abcam) and GAPDH 
(1：2000, abcam) at 4℃ overnight. Following conjugation 
to HRP-labeled secondary antibody, the bands were vi-
sualized by ECL reagent (Thermo Fisher).

CCK-8
  CCK-8 assay was used to detect the proliferation ability 
of cells. The specific operation was carried out in strict ac-
cordance with the kit instructions (AmyJet Technology). The 
absorbance of each well sample was measured at 450 nm 
(BioTek) with the absorbance as ordinate and time as ab-
scissa to draw the growth curve.

Cell transfection
  Cells were divided into the following 8 groups: 1. 
NCSCs with no treatment; 2. NCs with no treatment; 3. 
NCSCs transfected with elevated FTO plasmids (NCSC＋
FTO); 4. NCSCs transfected with empty vector of elevated 
FTO (NCSC＋vector); 5. MCs transfected with elevated 
FTO plasmids (MC＋FTO); 6. MCs transfected with emp-
ty vector of elevated FTO (MC＋vector); 7. MCs transfected 
with elevated FTO and lv-nc plasmids (MC＋FTO＋lv-nc); 8. 
MCs transfected with elevated FTO and lv-Mitf plasmids 
(MC＋FTO＋lv-Mitf). Transfection performance was car-
ried out under the guidance of Lipofectamine 2000 (Invi-
trogen) (18). After transfection, RT-qPCR and western blot 
were used to test the transfection efficiency of each group 
of cells.
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Fig. 1. Neural crest origin and pluripotency of differentiation of 
NCSCs. (A) NCSCs in the suspended state. (B) NCSCs in the adher-
ent state. (C) Gene expression profiles of NCSCs. Differentiated 
cells produce an immune response to (D) β-Tubulin III, (E) SMA 
and (F) tyrosinase.

Tyrosinase activity evaluation
  MCs were lyzed and centrifuged to obtain a supernatant 
as source of tyrosinase. The dopa rate oxidation method was 
used for the determination (19). Phosphate buffer, 10 mmol/L 
L-dopa and the solution to be tested were added to the 
96-well plate in turn, and 100 U/ml tyrosinase was added 
in a water bath for 10 min. Afterwards, the absorbance value 
was measured at 475 nm by a microplate reader.

RNA immunoprecipitation (RIP) experiment
  MCs were lysed in RIP lysis buffer and immunopre-
cipitated by magnetic beads (Millipore) conjugated to 
FTO antibody or IgG in RIP buffer at 4℃ for 6 h based 
on the Magna RIP RNA-Binding Protein Immunoprecipit-
ation Kit (Millipore). After elution and proteinase K diges-
tion, bound RNAs were subjected to RT-qPCR analysis.

Methylated RNA immunoprecipitation (MeRIP)
  MCs with elevated FTO were subjected to MeRIP assay 
using Magna MeRIPTM m6A Kit (Millipore) under the 
guidance of manufacturer’s instructions. In short, 200 μg 
isolated RNA was fragmented into 100 nucleotides, fol-
lowed by the immunoprecipitation with 10 μg m6A anti-
body (Millipore) or anti-mouse IgG which was linked to 
Magna ChIP Protein A/G Magnetic Beads (20). The m6A 
precipitated RNA was eluted with 6.7 mM N6-methylade-
nosine 5’-monophosphate sodium salt. And modification 
of m6A towards particular genes was determined by 
RT-qPCR analysis.

Dual luciferase reporter gene experiment
  Cells were co-transfected with plasmids containing 
3’-UTR of wild or mutant fragments from Mitf and over-
expressed FTO vector using Lipofectamine 2000 according 
to the manufacturer’s protocol. At 24 h after transfection, 
firefly and renilla luciferase activities were measured con-
secutively by using dualluciferase reporter assay system 
(Promega). Finally, ratios of luminescence from firefly to 
renilla luciferase were calculated.

mRNA stability assay
  MCs were administered with 2 μg/ml actinomycin D (Si-
gma) and cultured at 37℃ to block transcription for 0, 1, 
2, 3, 4, and 5 h (21). Mitf was determined by RT-qPCR 
analysis at every point in time. 

Statistical analysis
  SPSS 25.0 was used to analyse the statistical data. The 
data was shown as the mean±SD. Student’s t-test and anal-
ysis of variance (ANOVA) were used to assess the statisti-

cal significance of differences between two and multiple 
groups, respectively. p＜0.05 was regarded to be statisti-
cally significant. All experiments were repeated at least 
three times.

Results

Neural crest origin and pluripotency of differentiation 
of NCSCs
  NCSCs isolated from the hair follicle bulge of rat ten-
tacles grew clonally in a suspended state (Fig. 1A) or an 
adherent state (Fig. 1B) when cultured. Meanwhile, this 
isolated NCSCs expressed Nestin, NCSCs-specific mark-
ers such as p75, Sox10, Snail-1, Twist-1, stem cell markers 
containing MyO10, Msx2, and some general stem cell 
markers including Klf4 and Wnt1 (Fig. 1C). Meanwhile, 
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Fig. 3. Identification of MCs differ-
entiated from NCSCs. (A) Tyrosinase 
activity of MCs derived from NCSCs. 
(B) Protein levels of tyrosinase and 
Mitf determined by western blot. (C) 
mRNA levels of key genes in the for-
mation MCs. (D) A series of recep-
tors of melanogenic stimulants on 
MCs and transcription factors were 
accessed by RT-qPCR. *p＜0.05, 
**p＜0.01.

Fig. 2. (A) Tyrosinase-stained cells were prominently increased and 
(B) the overall cell viability was markedly improved with the MC 
differentiation. **p＜0.01.

Fig. 4. mRNA of seven m6A-associated genes were accessed by 
RT-qPCR from primary NCSCs and differentiated MCs. 

these markers were detected in fibroblast as a negative 
control, and the results demonstrated that NCSCs-specific 
markers were not expressed in fibroblast (Supplementary 
Fig. S1A). Furthermore, NCSC surface marker proteins 
including p75 and HNK1 were also found to expressed in 
isolated NCSCs through flow cytometry analysis (Supple-
mentary Fig. S1B). In addition, under the induction of 
various specific culture media, NCSCs can be directed to 
differentiate into neurons (Fig. 1D), smooth muscle cells 
(Fig. 1E) and MCs (Fig. 1F) and correspondingly express 
specific markers β-Tubulin III, SMA and tyrosinase.

Culture and identification of MCs derived from NCSCs
  The culture medium of NCSCs in the adherent growth 
state was replaced with the MC differentiation-inducing 
medium M254 for 48 h, and the resulting tyrosinase- 
stained cells were prominently increased (Fig. 2A). With 
the extension of differentiation culture time, the viability 
of NCSCs and MCs derived from NCSCs was significantly 
increased, demonstrating that the increased number of 

MCs (Fig. 2B). The tyrosinase activity (Fig. 3A), and pro-
tein levels of tyrosinase and Mitf (Fig. 3B) of differ-
entiated MCs were elevated with the passage of time of 
differentiation culture. Furthermore, mRNA expressions 
of key genes (22) involved in melanin production includ-
ing tyrosinase, tyrosinase-related protein-1 (Tyrp1), and 
dopachrome tautomerase (DCT) were also prominently in-
creased (Fig. 3C). Meanwhile, a series of receptors of mel-
anogenic stimulants on MCs (Kit, MC1R, Fzd4, NT3R, 
Ednra, EP-1, TGF-βR) and transcription factors (Sox10, 
Mitf, Lef1, Pax3) were detected, and the results demon-
strated that Kit, MC1R, Fzd4, Ednra, Sox10, Mitf, and 
Lef1 were prominently upregulated with the prolongation 
of differentiation time (Fig. 3D).

FTO participates in the differentiation NCSCs into MCs
  Afterwards, mRNA of seven m6A-associated genes were 
accessed by RT-qPCR from primary NCSCs and differ-
entiated MCs, and the consequence revealed that FTO was 
prominently lowly expressed in MCs compared with NCSC 
group (Fig. 4). Then, we elevated both protein and mRNA 
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Fig. 5. FTO participates in the differ-
entiation NCSCs into MCs. (A) mRNA 
level and (B) Protein expression of 
FTO in NCSCs with elevated FTO.
(C) cell viability of MCs derived 
from NCSCs with elevated FTO and 
(D) Tyrosinase activity. (E) Protein 
levels of tyrosinase and Mitf de-
termined by western blot. (F) mRNA 
levels of key genes in the formation 
MCs. (G) A series of receptors of 
melanogenic stimulants on MCs and 
transcription factors were accessed 
by RT-qPCR. *p＜0.05, **p＜0.01, 
#p＜0.05, ##p＜0.01. FTO: fat mass 
and obesity-associated protein, NCSCs:
neural crest stem cells, MCs: mela-
nocytes.

levels of FTO in NCSCs (Fig. 5A and 5B) and obtained 
differentiated MCs. Increased FTO dramatically decreased 
cell viability (Fig. 5C), tyrosinase activity (Fig. 5D), levels 
of tyrosinase, Mitf, Tyrp1, and DCT (Fig. 5E and 5F). 
Meanwhile, melanogenic stimulants and transcription fac-
tors of MCs and NCSCs were all suppressed by the upre-
gulation of FTO (Fig. 5G). 

FTO can modify Mitf by m6A methylation to weaken 
the stability of Mitf
  Next, to determine whether melanogenic factors were 
affected by the m6A modification influenced by FTO, 
m6A levels of seven selected melanogenic genes were 
measured, and the consequence revealed that m6A level 
of Mitf was dramatically suppressed by elevated FTO (Fig. 
6A). RIP-qPCR experiment was then conducted to verify 
the binding relationship between FTO and Mitf (Fig. 6B). 
Then, SRAMP, a sequence-based m6A modification site 
predictor, was applied to predict the potential theoretical 
binding sites of FTO, and there were two sites for m6A 

modification located at 3,407∼3,411 bp and 3,412∼3,416 
bp (Fig. 6C and 6D). Afterwards, whether the two sites 
can play the m6A modification function was verified by 
the base mutation of the binding site, and our data sug-
gested that luciferase activity of differentiated MCs tans-
fected with overexpressed FTO was suppressed in 
wild-type site 2 group; however, there were no significant 
differences of luciferase activity between site 1 groups and 
mutant-type site 2 groups (Fig. 6E). Subsequently, we 
found that elevated FTO led to the significant decrease 
of Mitf mRNA expression, but no obvious alternations 
were observed in the precursor mRNA of Mitf (Fig. 6F). 
Moreover, our findings illustrated that FTO markedly pro-
moted the degradation of remaining Mitf mRNA caused 
by RNA synthesis inhibitor actinomycin D in MCs (Fig. 
6G). 

Mitf abolished the potency of FTO in MC formation
  According to the foregoing, we probed whether FTO 
suppressed NCSC’s differentiation into MCs via targeting 
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Fig. 6. FTO can modify Mitf by m6A 
methylation to weaken the stability 
of Mitf. (A) Total m6A levels of mel-
anogenic factors in MCs with ele-
vated FTO. (B) Mitf enriched by FTO 
was accessed by RIP experiment 
method. (C, D) SRAMP was applied 
to predict the potential theoretical 
binding sites of Mitf for m6A modi-
fication. (E) Luciferase activity of 
MCs tansfected with overexpression 
of FTO in both wild-type and mu-
tant-type groups. (F) RT-qPCR assay 
was conducted to determine the ex-
pression of Mitf precursor and ma-
ture mRNA in MCs with elevated 
FTO. (G) The role of FTO in Mitf 
mRNA stability was assessed by us-
ing actinomycin D and RT-qPCR. 
**p＜0.01.

Mitf. Firstly, we upregulated Mitf in NCSCs for melano-
genic differentiation which was verified on mRNA (Fig. 
7A) and protein levels (Fig. 7B). Mitf upregulation prom-
inently reversed the inhibition effctets of elevated FTO on 
cell viability (Fig. 7C), tyrosinase activity (Fig. 7D), levels 
of tyrosinase, Mitf, Tyrp1, and DCT (Fig. 7E and 7F), and 
melanogenic stimulants and transcription factors (Fig. 7G).

Discussion

  It is well known that the mechanism of differentiation 
of hair follicle-derived NCSCs into MCs is of great sig-
nificance for the treatment of MC dysfunction related 
diseases. Herein, we found that FTO was lowly expressed 
in differentiated MCs compared with NCSCs, and upregu-

lation of FTO suppressed the differentiation of NCSCs in-
to MCs. Mechanically, FTO was a negative regulator of 
Mitf through affecting its stability in a m6A-dependent 
manner.
  Hair follicles are important skin appendages in mammals. 
NCSCs exist in the hair follicle eminence, which can be ex-
panded in vitro and have the potential to differentiate effi-
ciently (23, 24). NCSCs derived from hair follicles can dif-
ferentiate into MCs in vitro (25, 26). Therefore, the isolation 
and directed differentiation of NCSCs can help us to further 
study the development and differentiation process and regu-
latory mechanism from NCSC stage to MC precursor stage 
to MC cell stage, thus providing new theoretical basis and 
new ideas for understanding the occurrence, development 
and recovery of pigmented diseases (17, 27). Our data was 
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Fig. 7. Mitf abolished the potency of 
FTO in MC formation. (A) mRNA 
level and (B) Protein expression of 
Mitf in NCSCs with elevated Mitf. 
(C) Tyrosinase activity and (D) Cell 
viability of MCs derived from NCSCs 
with elevated Mitf. (E) Protein levels 
of tyrosinase and Mitf determined by 
western blot. (F) mRNA levels of key 
genes in the formation MCs. (G) A 
series of receptors of melanogenic 
stimulants on MCs and transcription 
factors were accessed by RT-qPCR. 
*p＜0.05, **p＜0.01, compared with 
lv-nc and control groups. #p＜0.05, 
##p＜0.01, compared with FTO＋

lv-nc group.

in line with previous studies showing that NCSCs derived 
from rat hair follicles can differentiated into cells with the 
characteristics consistent with MCs.
  Next, we wondered if m6A modification participates in 
the differentiation progress, and then FTO was selected 
as the subsequent study object. FTO gene causes the oc-
currence and development of various diseases by regulat-
ing the level of m6A (28-30). FTO regulates the differ-
entiation ability of various stem cells. For instance, the 
mRNA level of FTO decreased during osteogenic differ-
entiation and increased during adipogenic differentiation 
of bone marrow mesenchyml stem cells (31). FTO defi-
ciency reduces the proliferation and neuronal differ-
entiation of adult neural stem cells in the body, leading 
to impaired learning and memory (32). Knockdown of 
FTO in adult neural stem cells promotes neuronal differ-
entiation in vitro and in vivo (33). However, whether FTO 
modulates the differentiation of NCSCs into MCs remains 
unclear. In current work, FTO was aberrant suppressed in 
MCs and overexpressed FTO in NCSCs could inhibit the 

differentiation progress form NCSCs into MCs. Further-
more, the increase of FTO resulted in a significant de-
crease in the m6A level of Mitf in differentiated MCs, in-
dicating a potential m6A modification relationship be-
tween FTO and Mitf. As we mentioned before, Mitf plays 
a key role in melanin synthesis such as affecting the for-
mation, migration, proliferation and differentiation of 
MCs (4, 6, 7). Hence, the underlying mechanism between 
FTO and Mitf is worthy to be studied.
  In this study, we found that FTO and Mitf were neg-
atively correlated in differentiated MCs, and there are two 
methylation binding sites of Mitf. Further investigations 
illuminated that stability of Mitf could be weakened by 
FTO. Moreover, our results supported the conclusion that 
FTO executed its suppressing role on NCSCs differ-
entiation into MCs by targeting Mitf. In terms of regu-
latory mechanism, FTO was proven to impair the stability 
of Mitf to exert the suppressing behaviors.
  In conclusion, by the large, FTO functioned as a in-
hibitor in differentiation of NCSCs into MCs in vitro. 
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More importantly, FTO exerts suppression functions by 
inhibiting m6A-mediated Mitf stability.
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