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Vitiligo is an autoimmune skin disease characterized by presence of pale patchy areas of depigmentation. MicroRNAs (miRNAs) are important regulators of gene expression and play significant roles in diverse biological and pathological processes. Accumulating evidence has shown that miRNAs were differentially expressed in skin lesions and peripheral blood mononuclear cells of patients with vitiligo. In particular, miRNAs are significantly correlated with the development and progression of vitiligo. The abundance of some miRNAs in serum was also correlated with the vitiligo lesion severity, indicating that miRNAs might serve as prognostic biomarkers. Importantly, the direct involvement of miRNAs in the pathogenesis of vitiligo has been demonstrated. For example, increased expression of miR-25 contributes to vitiligo through promoting the dysfunction and oxidative stress-induced destruction of melanocytes. However, there are limited studies on the function and mechanism of deregulated miRNAs in vitiligo. Further studies are required to establish clinical applications of miRNAs for vitiligo. More in-depth investigations of miRNAs are needed for the understanding of the pathogenesis of vitiligo and the development of novel therapeutic targets. This present review summarizes the current literature on the deregulation and pathogenic roles of miRNAs in vitiligo. We also highlight the potential clinical applications of miRNAs in patients with vitiligo.
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INTRODUCTION
Vitiligo is a common refractory autoimmune skin disease characterized by presence of pale patchy areas of depigmentation with regular borders and sharp margins (Taieb and Picardo, 2009; Ezzedine et al., 2012). The depigmentation in vitiligo is caused by aberrant immune destruction of melanocytes from the epidermis and the follicular reservoir in the skin (Jin et al., 2016). It has been estimated that the incidence of vitiligo is approximately 0.5–1% worldwide with 37% of patients diagnosed before the age of 12 ((Ezzedine et al., 2012), (Boisseau-Garsaud et al., 2000)). Vitiligo negatively affects the quality of patient life and leads to serious emotional stress (Boniface et al., 2017; Vachiramon et al., 2017). Although various strategies including topical steroids, calcineurin inhibitors, vitamin D derivatives, phototherapy, excimer laser and surgical techniques have been devised for the treatment of vitiligo, an effective approach that ensures a complete cure is still lacking (Whitton et al., 2015; Iannella et al., 2016; Whitton et al., 2016). Both genetic and environmental factors play important roles in the pathogenesis of vitiligo (Kim et al., 1998). However, the exact etiology of vitiligo remains unknown (Schallreuter et al., 2008; Mohammed et al., 2015). Multiple hypothetic theories have been developed to explain the pathogenesis of vitiligo. Among them, the autoimmune hypothesis is the most accepted one.
MicroRNAs (miRNAs) are a class of small (approximately 22 nucleotides) non-coding RNAs that regulate gene expression at the post-transcriptional level. MiRNAs exert their functions by binding to the 3′-untranslated region (UTR) of their target messenger RNAs (mRNAs), which results in mRNA degradation or translation inhibition of their targets. Approximately 60% of protein-coding genes in the human genome are predicted to be regulated by miRNAs. Given their pervasive role in the regulation of gene expression, miRNAs have been found to play significant roles in different biological and pathological processes, including cell differentiation, proliferation and apoptosis, in human. Recent studies have shown that miRNAs could regulate the development and function of immune cells and melanocytes and participate in the pathogenesis of vitiligo (Mansuri et al., 2016; Šahmatova et al., 2016; Shang and Li, 2017).
In this review, we summarize the current literature on the deregulation and pathogenic roles of miRNAs in vitiligo. We would also highlight the potential clinical applications of miRNAs for the prognostication and treatment of patients with vitiligo1.
DIFFERENTIALLY EXPRESSED MIRNAS IN VITILIGOTBL1
Altered miRNA expression in vitiligo serum
Table 1 Shi and others demonstrated that the levels of 20 miRNAs in serum were altered in mice with autoimmune vitiligo as compared with the control mice (Shi et al., 2014). TaqMan-basedreverse-transcription (RT)-quantitative PCR further confirmed the increased abundance of three miRNAs, namely miR-146a, miR-191, and miR-342-3p. Interestingly, these vitiligo-associated miRNAs have been reported to regulate the function of immune cells or proliferation and apoptosis of melanocytes. For instance, a previous study showed that miR-146 played a crucial role in the prolonged production of tumor necrosis factor (TNF)-α and significantly upregulated phagocytic activity of Natural Killer (NK) T cells (Pauley et al., 2008). TNF-α and NKT cells are involved in the pathogenesis of non-segmental vitiligo (NSV) whereas TNF-α inhibitors have been reported to successfully treat cases of vitiligo (Campanati et al., 2010; Kim et al., 2011). Therefore, elevated levels of serum miR-146a might take part in the pathogenesis of vitiligo. In addition, miR-191 was reported to modulate cell proliferation and survival of melanocytes and melanoma cells (Mueller et al., 2009).
TABLE 1 | miRNAs expression profiles in vitiligo.
[image: Table 1]Another study showed that the levels of 31 miRNAs in serum were significantly different between patients with NSV and healthy controls (Ling et al., 2013), among which 12 miRNAs changed greater than three folds. In particular, serum miR-16 and miR-19b were upgulated and miR-720 was downregulated in vitiligo, serving as the best marker in differentiating NSV from healthy controls. Moreover, the serum level of miR-574-3p was correlated with the lesion severity of NSV. These two studies collectively demonstrated that serum miRNAs might take part in the pathogenesis of NSV and could serve as potential biomarkers for its prognosis. However, further investigations are required to validate the clinical usefulness of serum miRNAs in larger cohorts of NSV patients from different populations.
Parihar et al. investigated the expression of miRNA and pigmentation associated genes in active non-segmental generalized vitiligo (aNSGV) (Parihar et al., 2020). The expression of miR-16 and miR-145 were significantly higher in all three compartments i.e. PBMCs, serum and lesional skin of aNSGV than treated aNSGV group. The expression of miR-10a, miR-16, miR-21, miR-31, miR-125a, miR-139, miR-145, miR-146a, miR-181a1, miR-191, miR-192 and miR-203 was significantly upregulated in PBMCs of aNSGV compared to healthy controls. In addition, the expression of miR-10a, miR-16, miR-145, miR-146a, miR-155 and miR-574 was downregulated in PBMCs of treated aNSGV compared to aNSGV. The expression of miR-16, miR-145 and miR-203 was positively correlated for in PBMCs of aNSGV with BSA% affected. MiR-574 expression was negatively correlated with BSA% repigmentation in treated aNSGV group.
Altered miRNA expression in vitiligo skin
miRNA profiling was performed in skin lesions of patients with NSV. The profiles were compared with those of non-lesioned skin of NSV patients or healthy human skin (Mansuri et al., 2014). The expression of a total of 12 miRNAs, including miR-1, miR-9 and miR-135a, was significantly upregulated in NSV lesions compared with healthy skin. Previous studies showed that miR-9 and miR-135a could target the expression of SIRT1, which is known to protect against aging and other stress-related diseases, implicating that the circuitry formed between miR-9/135a and Sirtuin 1 (SIRT1) might be involved in the destruction of melanocytes. Conversely, miR-141 expression was downregulated in the non-lesioned skin of NSV patients as compared with healthy human skin, indicating that the microenvironment in non-lesioned skin of NSV patients is also different from that of the healthy controls.
To investigate effect of NB-UVB treatment on miRNA expression, Parihar et al. studied the expression of miRNA (peripheral blood, serum, lesional and nonlesional skin) in untreated active NSGV (aNSGV) and NB-UVB-treated aNSGV (tNSGV). The expression of miR-10a, miR-16, miR-19a, miR-21, miR-31, miR-125a, miR-139, miR-145, miR-191, miR-192 and miR-574 was significantly upregulated in lesional and non-lesional skin of aNSGV and treated aNSGV (22). However, miR-10a, miR-16, miR-125a, miR-139, miR-145, miR-191 and miR-574 expression was significantly downregulated in treated lesional compared to untreated lesional skin. Moreover, miR-145 expression was significantly positively correlated with BSA% affected in lesional skin of aNSGV. Among these miRNAs, miR-16 and miR-145 expression was reduced in all three compartments, i.e. PBMCs, serum and lesional skin in the tNSGV group compared with the aNSGV group.
Vaish et al. found a total of 56 upregulated miRNAs of more than 1.5 fold in the lesional epidermal skin in vitiligo. Of the 56 upregulated miRNAs, the expression levels of 29 miRNAs were significantly higher in the lesional epidermis than the non-lesional epidermis (Vaish et al., 2019).
Altered miRNA expression in peripheral blood mononuclear cells
MiR-224-3p and miR-4712-3p expression was increased whereas miR-3940-5p expression was decreased in the peripheral blood mononuclear cells (PBMCs) isolated from NSV patients (Wang et al., 2015). Thymosin α1 is a naturally occurring polypeptide with immune-modulating functions and an excellent safety profile in the clinic when used as an adjuvant or an immunotherapeutic agent. It was found that thymosin α1 could abrogate the deregulation of these miRNA in PBMCs of NSV patients. Therefore, these results suggested that differentially expressed miRNAs in PBMCs may be involved in the immune imbalance in the development of vitiligo.
Another study also analyzed miRNA expression profile in the PBMCs of NSV patients (Zhang et al., 2020). The top 10 up-regulated miRNAs included miR-335-5p, miR-20a-5p, miR-514a-3p, miR-144-5p, miR-450b-5p, miR-369-3p, miR-101-3p, miR-142-5p, miR-19b-3p, and miR-340-5p. The top 10 down-regulated miRNAs were miR-4443, miR-1248, miR-6859-3p, miR-668-3p, miR-7704, miR-323a-5p, miR-1237-3p, miR-3127-3p, miR-6735-3p, and miR-127-3p. Moreover, miR-20a-5p expression was remarkably increased in PBMCs of progressive and stable NSV compared to the healthy controls. MiR-20a-5p can be a potential marker for stage assessment in PBMCs of NSV patients.
Altered miRNA expression in exosomes
Exosomes are nano-sized extracellular vesicles released from most cell types into the extracellular environment. Exosomes contain functional proteins, including mRNAs and miRNAs, acting crucial roles in maintaining the internal balance. Circulating exosomal miRNAs may act as diagnostic and therapeutic biomarkers for skin diseases. A recent study high-throughput sequencing of exosomal miRNA expression profiles in serum from SV patients compared with healthy controls (Dong et al., 2022). Among 50 differentially expressed miRNAs, seven miRNAs were identified as biomarker candidates associated with SV. The expression of miR-493-3p, miR-370-3p, and miR-143-5p was increased. The expression of2 miR-885-5p, miR-16-5p, miR-92a-3p, and miR-92b-3p was reduced. MiR-200c was significantly down-regulated in exosomes released from keratinocytes in vitiligo patients (Zhao et al., 2020). MiR-493-3p expression is significantly increased in circulating exosomes and perilesions in patients with SV. Circulating exosomes were internalized by human primary keratinocytes and increase dopamine secretion in vitro.
THE ROLE OF MIRNA IN VARIOUS PATHOGENESIS PROCESSES OF VITILIGO
The etiology and pathogenesis of vitiligo remain unclear. Numerous factors have been proved to partipate in vitiligo development, including: genetic background, stress, trauma, infections, cancers, sunlight, neural and endocrine diseases, melanocyte and melatonin receptor dysfunction, drugs and cytotoxic compounds (Delmas and Larue, 2019). However, the mechanism underlying melanocyte destruction remains to be fully elucidated. It is widely accepted that ROS is the most crucial trigger, causing a small fraction of melanocytes deaths. These melanocyte deaths lead to antigens exposure and inflammation, which breaches self‐tolerance to melanocyte. Then, self‐responsive immune function finally leads to directly contributes to the majority of melanocyte deaths in vitiligo.
Oxidative stress damage
Oxidative stress is a crucial initiator in vitiligo occurrence (Di Dalmazi et al., 2016). The oxidative stress hypothesis indicated the elevated production of reactive oxygen species (ROS), leading to immune response and melanocyte death (Xuan et al., 2022). ROS leads to a minority of melanocyte demise by causing molecular and organelle dysfunction, as well as melanocyte‐specific antigens exposure. Deregulated miRNAs may promote vitiligo development by regulating the expression and function of oxidative stress related genes in melanocytes. Approaches to ameliorate oxidative stress is an effective therapeutic strategy by preventing melanocytes from destruction.
miR-1 expression was significantly increased in NSV lesions. Previous reports showed that, the increased expression of miR-1 plays a potential role in the response to oxidative stress which favors melanocyte apoptosis. Oxidative stress increased miR-25 expression in both melanocytes and keratinocytes. MiR-25 could inhibit the production and secretion of growth factors stem cell factor and basic fibroblast growth factor from keratinocytes, protecting melanocytes survival under oxidative stress. MiR-135a and miR-9 expression significantly increased in NSV skin (Mansuri et al., 2014; Mansuri et al., 2016). MiR-135a and miR-9 are known to target SIRT1 expression, which may protect against stress-related diseases (Wu et al., 2019). rs11614913 C allele in miR-196a-2 protect against oxidative effects on human melanocytes through regulating its target gene TYRP1 (tyrosinase-related protein 1), decreasing the risk of vitiligo. Keratinocytes transfected with miR-493-3p increased ROS levels and decreased melanocyte proliferation and melanin synthesis (Dong et al., 2022).
Immune imbalance
In Th17-polarized CD4+ T cells, miR-21-5p could reduce the proportion of effector T cells and associated cytokines while upregulate the proportion of regulatory T cells and Foxp3. Overexpression of miR-21-5p in Th17-polarized CD4+ T cells decreased apoptosis of melanocytes. miR-133b was upregulated in lesional skin from nonsegmental vitiligo through targeting IL17 A/F. In addition, IL-17A/F and IL-22 secretion from Th17 cells could increase production of chemokines and cytokines in vitiligo (Mansuri et al., 2014). MiR-155 expression could be induced by several vitiligo-associated cytokines. MiR-155 upregulation might regulate the inflammatory stimuli-induced MITF-M downregulation. Elevated miRNA-377 expression might contribute to the pathogenesis of vitiligo through PPAR-γ downregulation and IL-17 upregulation (Alhelf et al., 2022). MiR-3940-5p expression was decreased in PBMCs isolated from NSV patients (Wang et al., 2015). Previous study showed that miR-3940-5p downregulation promoted T-cell immnity by targeting the IL-2R, indicating a potential immune role of miR-3940-5p in vitiligo.
Abnormal melanocyte function
Figure 1 Melanocytes deaths may be caused by abnormal proliferation, differentiation, migration and apoptosis. Microphthalmia-associated transcription factor (MITF) is a master regulator in the survival and function of melanocytes. MiRNAs participate in the pathogenesis of vitiligo by regulating melanocytes function. MiR-9 suppressed migration of PIG1 cells to UVB exposed HaCaT cells through targeting E-cadherin and β1 integrin in HaCaT cells. Increased expression of miR-25 promoted the dysfunction and oxidative stress-induced destruction of melanocytes. Overexpression of miR-155 decreased the expression of melanogenesis-associated genes in melanocytes and keratinocytes (Šahmatova et al., 2016). MiR-211 inhibited UVB-induced human melanocyte migration via inhibiting MMP9 (matrix metalloprotease 9) and p53 (Dai et al., 2015). MiR-211 inhibited UVB-induced human melanocyte migration via inhibiting MMP9 (Sahoo et al., 2017). MiR-2909 inhibited melanin synthesis genes and induced melanocytes destruction in vitiligo3.
[image: Figure 1]FIGURE 1 | Functional roles of specific deregulated miRNAs in the cell apotosis, melanin synthesis and cell migration in vitiligo.
DEREGULATED MIRNAS OF FUNCTIONAL IMPORTANCE IN VITILIGO
MiR-9
Table 2 Su et al. investigated the role and mechanism of miR-9 in melanocytes during vitiligo repigmentation after UVB exposure (Su et al., 2019). They used HaCaT keratinocytes to mimic vitiligo lesional condition and the PIG1 melanocytes as perilesional condition. MiR-9 expression was upregulated in human lesional vitiligo specimens. In addition, the expression of adhesion molecules such as E-cadherin and β1 integrin was decreased in human lesional vitiligo specimens. UVB exposure decreased miR-9 expression while increased the expression of IL-10, E-cadherin, and β1 integrin in HaCaT cells. Moreover, the increased IL-10 by UVB exposure decreased miR-9 level by promoting miR-9 methylation in HaCaT cells. MiR-9 suppressed migration of PIG1 cells to UVB exposed HaCaT cells through targeting E-cadherin and β1 integrin in HaCaT cells. In conclusion, miR-9 decreased the migration of PIG1 cells to HaCaT cells during UVB-induced repigmentation in vitiligo, providing new therapeutic targets for vitiligo.
TABLE 2 | Functional characterization of the miRNAs in vitiligo.
[image: Table 2]MiR-21-5p
A recent study demonstrated that miR-21-5p played a protective role in the pathogenesis of vitiligo (Huo et al., 2021). miR-21-5p, also known as miR-21, was downregulated in patients with vitiligo. In Th17-polarized CD4+ T cells, miR-21-5p could reduce the proportion of effector T cells and associated cytokines while upregulate the proportion of regulatory T cells and Foxp3. Overexpression of miR-21-5p in Th17-polarized CD4+ T cells decreased apoptosis of melanocytes. Further experiment proved that signal transducer and activator of transcription 3 (STAT3) was the target gene of miR-21-5p. STAT3 expression was increased in patients with vitiligo and STAT3 could partly reverse the effects of miR-21-5p overexpression on melanocytes. To conclude, miR-21-5p may play a protective role in vitiligo via targeting STAT3. Another study measured serum levels of miR-21-5p in 40 NSV patients compared with 40 healthy controls. Serum miR-21-5p expression in vitiligo patients was higher compared with the healthy controls (Aguennouz et al., 2021). The relative miR-21-5p expression was directly correlated with VASI (Vitiligo Area and Severity Index) score.
MiR-25
miR-25 expression was increased in both serum and skin lesion samples from vitiligo patients (Shi et al., 2016). In addition, serum level of miR-25 was positively correlated with the disease activity of vitiligo. Increased expression of miR-25 promoted the dysfunction and oxidative stress-induced destruction of melanocytes. Interestingly, MITF was found to be targeted by miR-25 and account for the miR-25-induced dysfunction and destruction of melanocytes. Oxidative stress increased miR-25 expression in both melanocytes and keratinocytes possibly by promoting demethylating of miR-25-encoding gene. Interestingly, miR-25 also inhibited the production and secretion of growth factors stem cell factor and basic fibroblast growth factor from keratinocytes, which could protect melanocytes survival under oxidative stress. These data suggested that oxidative stress-induced overexpression of miR-25 contributes to vitiligo through influencing the degeneration of melanocytes via a MITF-dependent pathway and weakening the paracrine protective effect of keratinocytes. Further investigations are needed to explore the possibility of targeting miR-25 as a therapeutic approach for vitiligo.
MiR-155
miR-155 expression was upregulated in skin lesions from patients with vitiligo (Šahmatova et al., 2016). Interestingly, ectopic expression of miR-155 has been shown to impair proliferation and induces apoptosis of melanoma cells. Overexpression of miR-155 also decreased the expression of melanogenesis-associated genes in melanocytes and keratinocytes. In addition, miR-155 expression could be induced by several vitiligo-associated cytokines. Regarding the downstream mechanism, a recent study demonstrated that miR-155 was able to target endogenous MITF in melanoma cells. The role for miR-155 in the interleukin-1β-induced repression of MITF was also established (Arts et al., 2015). In summary, these findings suggested that miR-155 might play a significant role in the pathogenesis of vitiligo.
MiR-196a-2
Single-nucleotide polymorphism (SNP) is a common type of genetic variation in human (Zhao et al., 2017). It has been shown that SNPs in the pre-miRNA genes play crucial role in many physiological and pathological processes through regulating the expression and targeted selection of miRNAs (Fan et al., 2017; Wu et al., 2017). Huang and others demonstrated that the rs11614913 miR-196a-2 CC genotype was associated with a lower risk of vitiligo (Huang et al., 2013). TYRP1 is an enzyme in melanocytes, which promotes reactive oxygen species (ROS) formation by using an oxidative inducer as a substrate to catalyze quinone production. TYRP1 gene expression was decreased by the rs11614913 C allele in miR-196a-2, thus decreasing the expression of intracellular ROS in melanocytes. Moreover, rs11614913 C allele in miR-196a-2 could reduce H2O2-induced apoptosis in melanocytes, indicating that the rs11614913 C allele in miR-196a-2 may decrease the risk of vitiligo and protect against oxidative effects on human melanocytes through regulating its target gene TYRP1. Another study showed that miR-196a-2 rs11614913 polymorphisms may regulate the expression levels of tyrosinase (Cui et al., 2015), which can control the production of melanin and influence the susceptibility of vitiligo. In this regard, the rs11614913 C allele in miR-196a-2 increased its regulatory effect on tyrosinase downregulation, which reduced melanocyte apoptosis rate and intracellular ROS levels. Taken together, rs11614913 polymorphism of miR-196a-2 is associated with the development of vitiligo by affecting the expression of Tyrp1 and tyrosinase.
MiR-211
UVB-based phototherapy is an effective therapeutic option to improve repigmentation in vitiligo patients. SU et al. proved that p53-TRPM1/miR-211-MMP9 axis was activated and acted a central role in melanocyte migration (Su et al., 2020). The expression of p53 and MMP9 in melanocytes was upregulated in a dose-dependent manner after UVB exposures. MiR-211 expression level was inversely associated with MMP9 in the cells following UVB exposures. Moreover, miR-211 inhibited UVB-induced melanocyte migration via inhibiting MMP9. P53 directly reversed the inhibitory effect of miR-211 on melanocyte migration. Therefore, p53-TRPM1/miR-211-MMP9 axis serves as a potential target for repigmentation in vitiligo patients. Another study found MALAT1-miR-211-SIRT1 signaling axis potentially played protective role in the ‘amelanotic’ keratinocytes in vitiligo. Sirtuin1 (SIRT1) was proved to be a direct target of miR-211. Moreover, lncRNA MALAT1 was a negative upstream regulator of miR-211 (Brahmbhatt et al., 2021). Another study by Dai et al. showed deregulated miR-211 is implicated in melanomagenesis. MiR-211 expression positively regulates pigmentation by targeting TGF beta receptor 2 (Dai et al., 2015)4.
MiRNA-377
MiRNA-377 is a conserved noncoding RNA that regulates angiogenesis and promotes oxidative stress. Peroxisome proliferator-activated receptors (PPARs), a member of the nuclear hormone receptor superfamily, play a key role in melanogenesis. A recent study showed that miRNA-377 and IL-17 expression was significantly elevated in the vitiligo group compared with the healthy control group. However, PPAR-γ and lncRNA TUG1 were significantly downregulated in vitiligo patients. To conclude, dysregulated miRNA-377 might contribute to the pathogenesis of vitiligo through PPAR-γ downregulation and IL-17 upregulation (Alhelf et al., 2021).
miR-493-3p
A recent study showed that miR-493-3p/hnRNPU/COMT/dopamine axis may contribute to vitiligo development by affecting melanocyte function (Dong et al., 2022). Circulating exosomal miR-493-3p expression is significantly increased in circulating exosomes in patients with segmental vitiligo. MiR-493-3p overexpression in keratinocytes increased ROS levels and induced melanocyte apoptosis as well as decreased melanocyte proliferation and melanin synthesis. Heterogeneous nuclear ribonucleoprotein U (hnRNPU) was identified as a target of miR-493-3p.
Other miRNAs
MiR-133b was upregulated in lesional skin from nonsegmental vitiligo through targeting IL17 A/F. In addition, IL-17A/F and IL-22 secretion from Th17 cells could increase production of chemokines and cytokines in vitiligo (Mansuri et al., 2014). MiR-145 was significantly downregulated in treated melan-a cells compared with untreated cells. MiR-145 expression in melan-cells was inversely correlated with expression of Sox9, Mitf, Tyr, Trp1, Myo5a, Rab27a, and Fscn1. Myo5a was a direct target of miR-145. Human melanocytes transfected with miR-145 showed perinuclear accumulation of melanosomes with hypopigmentation of harvested cell pellets (Dynoodt et al., 2013). MiR-183-5p expression was upregulated in depigmentation in black mice induced by an autoimmune response. They proved miR-183-5p as a direct regulator of MITF in melanocytes. MiR-183-5p is an important regulator of melanocytes function (Al Robaee et al., 2022). MiR-200c was significantly down-regulated in exosomes released from keratinocytes in vitiligo patients (Zhao et al., 2020). MiR-200c could increase the expression of melanogenesis related genes via suppressing SOX1 to activate β-catenin. In conclusion, keratinocyte-derived exosomal miR-200c played a key role in melanogenesis in vitiligo lesions. Therefore, it may be a potential target for the treatment of vitiligo. MiR-2909 expression was significantly elevated in skin of vitiligo patients compared to the healthy counterparts (Kaushik et al., 2020). Monobenzyl Ether of Hydroquinone (MBEH) could create pathophysiological manifestation similar to vitiligo. Ectopic cellular miR-2909 expression inhibited synthesis of skin melanin through inhibiting expression of critical melanin synthesis genes. In summary, miR-2909 might promote the initiation and development of vitiligo by inhibiting melanin synthesis genes and inducing melanocytes destruction. Overexpression of miR-330-5p inhibits melanin levels but not affect melanocyte function. Therefore, miR-330-5p induces depigmentation through targeting tyrosinase (TYR) (Rambow et al., 2014). Serum miR-720 was significantly downregualted in patients with NSV. Moreover, MITF knockdown may decrease the expression of miR-720 (Wang et al., 2012).
CONCLUSION AND FUTURE PERSPECTIVES
Review of the literature indicates that miRNA is significantly correlated with progression and severity of vitiligo. Although the pathogenesis of vitiligo remains unclear, it is proved that miRNAs play a key role in the pathological process. These miRNAs participate in the process of oxidative stress reactions, immune imbalance and melanocyte dysfunction. Expression of particular miRNA was different in serum, PBMCs and skin lesions of patients with vitiligo. In addition, the levels of some serum miRNAs are correlated with the lesion severity of vitiligo, indicating that miRNA might serve as a prognostic biomarker. Importantly, miRNA may directly contribute to the pathogenesis of vitiligo. In particular, altered expression of miRNAs has significant effects on intracellular signaling network and thereby promoting degeneration of melanocytes in the development and progression of vitiligo. Future investigation is needed to discover more novel miRNA implicated in the pathogenesis of vitiligo.
Therapeutic applications based on miRNAs are highly promising. miRNA antagonists replacement represents a promising therapeutic strategy to gain repigmentation in vitiligo patient. Further studies are required to understand the upstream and downstream mechanisms and functional consequences of miRNA deregulation in vitiligo and establish the clinical usefulness of miRNAs for vitiligo management in clinical settings.
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FOOTNOTES
1MiRNAs networks involved in melanocyte function in vitiligo.
2Upregulated miRNAs in vitiligo are listed in red text box while downregualted miRNAs are listed in blue text box.
3Represenst the effects of activating downstream target genes, which interferes their expression.
4Red arrows represent that miRNAs play the effects of promotion, and blue arrows represent miRNAs play the effects of suppression.
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