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Vitiligo is an acquired skin disorder clinically characterized
by the progressive appearance of white maculae due to a loss
of functioning epidermal melanocytes. Studies have shown
that microRNAs (miRNAs) modulate cellular differentiation,
proliferation and apoptosis, including immune cell and mel-
anocyte development and functions. The role of miRNAs in
the pathogenesis of several immune-related diseases has
been explored. Novel approaches to target miRNAs have re-
cently emerged allowing modulation of miRNAs levels in di-
verse pathological processes, thus making them promising
targets for molecular-based diagnostics and therapy. Here,
we report the present status of research on miRNAs ex-
pression and functional alterations in vitiligo, in order to
more fully understand the role of these molecules in vitiligo
pathology. (Ann Dermatol 32(6) 441~ 451, 2020)
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INTRODUCTION

Vitiligo is a common skin depigmenting disorder clinically
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characterized by the progressive appearance of white
spots and patches due to the destruction of epidermal mel-
anocytes'”. The onset and progression of vitiligo are thought
to be driven by multiple inherited genes and environmen-
tal triggers, with a complex pathogenesis. The precise mo-
lecular mechanism of vitiligo pathogenesis has remained
elusive.

MicroRNAs (miRNAs) are highly conserved, noncoding small
RNAs that play an important role in diverse physiological
and developmental processes in humans. Several studies
have demonstrated that miRNAs acting as regulatory fac-
tors are involved in various important aspects of the patho-
logical process of vitiligo, such as the growth, differentia-
tion and apoptosis of melanocytes and the immune re-
sponse in vitiligo>*.

Here, we report the present status of research on miRNA
expression and functional alterations in vitiligo to more fully
understand the role of these molecules in vitiligo patho-

logy.

PATHOGENESIS OF VITILIGO

Pathogenetic mechanisms

Currently, many theories have been proposed to explain
the mechanisms of pigmentation loss, including autoimmune
dysfunction, neurotoxic factor destruction, and genetic factors,
and so on (Fig. 1).

1) Genetic factors associated with vitiligo

Genome-wide association studies have discovered approxi-
mately 50 different genetic loci that contribute to vitiligo
risk’. A large fraction of these genes encode proteins in-
volved in immune regulation. Some genes also play roles
in cellular apoptosis, and others are involved in regulating
the functions of melanocytes. As vitiligo is a polygenic dis-
ease, several candidate genes that are involved in the reg-
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Fig. 1. The suggested pathogenetic mechanisms of vitiligo. Some theories have been proposed to explain the pathological mechanism
of vitiligo, including genetic factors, autoimmune dysfunction, oxidative damage and neurotoxic factor destruction. ROS: reactive oxygen

species, OH: hydroxide.

ulation of immunity, such as major histocompatibility com-
plex (MHC), cytotoxic T lymphocyte antigen-4 (CTLA4) and
interleukin-2 receptor A (IL2RA), have been tested for ge-
netic association with vitiligo®®.

Recently, the role of genetic polymorphisms and nonco-
ding RNAs in the pathogenesis of vitiligo has been explored.
Genetic polymorphisms include single-nucleotide polymor-
phisms (SNPs), nucleotide insertions, deletions, inversions
and chromosomal translocations”'®. Many studies have iden-
tified that several SNPs, such as the NRF2 rs35652124,
PSMB8 rs2071464 and inducible nitric oxide synthase
(NOS2) gene polymorphism, were all associated with in-
creased susceptibility to vitiligo'"'?. Most SNPs could tar-
get promoter regions of genes that play critical regulatory
roles in vitiligo pathogenesis.

The decreased expression of epithelial cadherin (E-cadher-
in) and discoidin domain receptor tyrosine kinase 1 (DDR1)
have been implicated as aggravating factors in the loss of
melanocytes in vitiligo'>"*. Recent studies have shown that
SNPs in genes encoding these two proteins, CDH1 and
DDR1, are correlated with susceptibility to vitiligo. As Alma-
si-Nasrabadi et al."> demonstrated the CDH1 CC genotype
and DDR1 CC genotype were found to be significantly as-
sociated with the risk of developing vitiligo.

GPX1 is a major intracellular antioxidant enzyme that has
been shown to decrease GPX1 activity in patients with
vitiligo. Mansuri et al.'® confirmed that the variations in
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the Arg5Pro and Leu6Pro SNPs in GPX1 induced de-
creased GPX1 activity in patients, suggesting the crucial
role of genetic factors in vitiligo pathogenesis.

Further functional studies of these SNPs may contribute to
elucidating the pathogenesis of vitiligo.

2) Immune pathogenesis of vitiligo

Vitiligo is an immune disease. Current research indicates
that autoantibodies, innate immunity, adaptive immunity
and cytokines are involved in the regulation of melano-
cyte destruction or apoptosis, which is the main mecha-
nism leading to the pathogenesis of vitiligo'’.

Autoreactive T cells were implicated in killing melano-
cytes in vitiligo skin, attributed to the discovery of labeled
T cells isolated from vitiligo lesions infiltrating the normal
skin. Studies have demonstrated that CD8" T cells are key
effectors that drive melanocyte destruction in patients with
vitiligo and are involved in the recruitment of these patho-
genic cells to skin tissue. Depletion of CD8" T cells pre-
vented melanocyte destruction, whereas enrichment for
these cells enhanced it, supporting the key role of CD8" T
cells in vitiligo'®*.

Autoantibodies are another factor that participate in regu-
lating melanocyte destruction. Anti-melanocyte antibody
immunoglobulin G mediates the production of human
leukocyte antigen-DR (HLA-DR), intercellular cell adhe-
sion molecule-1 (ICAM-1) and interleukin (IL)-8 which play



important roles in inflammation responses and melano-
cyte destruction in vitiligo®"™*.

Antigenic proteins in vitiligo have been identified, and in-
clude glycoprotein 100 (gp100), melanoma antigen recog-
nized by T cells (MART-1), tyrosinase, and tyrosinase re-
lated proteins 1 and 2, all of which are specific melano-
cyte antigens®?’. In vitiligo, antibodies are produced against
the antigens of melanocytes and released during the proc-
ess of active melanocyte destruction by cellular immunity.
A more recent study found that keratinocytes are the ma-
jor source of chemokine production during vitiligo and
that disrupting interferon (IFN)- 7 signaling only in kerati-
nocytes mitigated disease in mice®®. This suggests that tar-
geting IFN- 7 signaling in keratinocytes could also be an
effective treatment strategy.

3) The oxidative damage

The oxidative stress hypothesis indicated an imbalanced
redox state in vitiliginous skin. This results in the dramatic
production of reactive oxygen species (ROS), leading to
melanocyte destruction and creating depigmented mac-
ules®®. Various cytokines lead to ROS overproduction in
the melanocytes of vitiligo, such as TNF-a, basic fibro-
blast growth factor (bFGF), IL-6, and IL-1°°. These factors
contribute to the accumulation of ROS in melanocytes, fi-
nally leading to the damage of melanocytes and the pro-
duction of autoantigens through the process of apoptosis,
endoplasmic reticulum stress or autophagy”'.
Mitochondria are the crucial cytoplasmic organelles respon-
sible for the generation of energy to maintain cellular home-
ostasis. The dysregulation of mitochondrial function is in-
volved in several diseases, especially oxidative stress-asso-
ciated tissue and cell damage®. Several studies have shown
that mitochondrial dysregulation is associated with oxida-
tive stress-induced melanocyte destruction in vitiligo™.

4) Neurochemical factor impairment

The neural hypothesis of vitiligo etiology is supported by
several findings that different neurochemical mediators se-
creted by the nerve endings are toxic to melanocytes,
leading to their destruction. Neural factors as well as emo-
tional and/or stressful events seem to play a pivotal role in
vitiligo onset or exacerbation®”.

The levels of some catecholamine metabolites are signifi-
cantly higher in patients with vitiligo>*. One mechanism
by which catecholamine metabolites impact melanocytes
is through the direct cytotoxic action of catecholamines
and their o-diphenol catabolites. Another influencing fac-
tor is that skin and mucosa arterioles possess receptors
that may cause severe vasoconstriction when activated by
catecholamine discharge, leading to epidermal and der-
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mal hypoxia with hyperproduction of toxic oxyradicals
generated by different pathways™.

Prolactin, as a hormone secreted by lactotroph cells in the
pituitary gland, has recently been shown to have addi-
tional functions in skin biology and hair follicle growth. It
is known as an immunomodulatory factor for lymphocytes
with the potential to stimulate immune responses at many
levels. Recently, prolactin has been implicated in the func-
tion of the dendritic cells in vitiligo and other skin dis-
eases’’.

The onset of vitiligo may be caused by individuals with
genetic background under the influence of various internal
and external environmental factors, which induce immune
function, oxidative stress, neurohumoral, melanocyte apop-
tosis and loss, further resulting in melanocyte destruction,
melanin production or pigmentation dysfunction even-
tually leads to melanin loss.

MiRNA IN VITILIGO

MiRNAs are a class of small noncoding RNA molecules
approximately 22 nucleotides in length that regulate gene
expression by targeting mRNA. MiRNAs can bind with
partial complementarity to sequences in the 3’ untrans-
lated region (3’-UTR) of target mRNAs for the regulation of
gene expression.

A growing number of events have shown that miRNAs are
crucial for skin homeostatic maintenance (Table 1)*"".

Immune-related miRNAs in vitiligo

Cellular and humoral immunity have been confirmed to
be of etiological significance in the pathogenesis of vitiligo.
Recently, studies reported that some miRNAs have been
implicated in the immune response’. These miRNAs regu-
late a broad range of biological processes, and play a po-
tential role in human cutaneous T lymphocytes in the
mechanism of immune imbalance in vitiligo.

A study showed that miR-133b expression increased in le-
sional skin from NSV, which was identified to be located
directly upstream of the IL17A or IL17F locus. IL-17A/F
and 1L-22 secretion from Th17 cells could stimulate epi-
thelial cells to produce chemokines and cytokines in vitiligo.
This suggests that miR-133b plays an important role in the
pathogenesis of vitiligo®’.

In addition, upregulation of miR-224-3p and miR-4712-3p
and downregulation of miR-3940-5p induced by the im-
mune modulator thymosin @1 (Ta 1) were observed in
NSV patients®®. Wang et al.”> demonstrated that inhibition
of miR-3940-5p promotes T-cell activity by targeting the
cytokine receptor IL-2R, suggesting that miR-3940-5p might
become potential therapeutic target in the treatment of
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Table 1. The role of microRNAs (miRNAs) in vitiligo

Func.t.lc.)ns n MiRNA Expression level Source Target Detection Reference
vitiligo gene methodology
Immune miR-133b Upregulated Lesional skin of IL17a/f Low density array 37
response NSV patients
miR-224-3p, Upregulated PBMC of NSV patients Ta1 miRNA array 38
miR-4712-3p
miR-3940-5p Downregulated PBMC of NSV patients Ta 1 miRNA array 38
Melanocyte hsa-miR-1225-3p, Upregulated MITF knocked MITF miRNA microarray 39
function hsa-miR-634, down melanocytes
hsa-miR-197, model
hsa-miR-766,
hsa-miR-574-5p,
hsa-miR-328
hsa-miR-720, Downregulated MITF knocked MITF miRNA microarray 39
hsa-miR-1308 down melanocytes
model
miR-434-5p Upregulated The skin tissue of TYR/HYAL Microarray analyses 40
Patched albino (white)
skins of
melanin-knockdown
mice
miR-330-5p Upregulated Human melanoma cell TYR In silico prediction 41
model (mirDIP)
miR-137, miR-148 - Melanocytes and MITF PCR 42
melanoma cells
miR-145 Downregulated Murine melan-a TYR, MITF RT-qPCR 43, 44
melanocytes model and
the lesional skin of
vitiligo patients
miR-155 Upregulated Lesional skin of SOCS1/ RT-gPCR 44
vitiligo patients TRP1
miR-211 Downregulated Mouse melanocytes TGFBR2 RT-qPCR 45
model
Oxidative stress miR-135a, miR-9 Upregulated Lesional skin of SIRT1 Low density array 37
NSV patients
miR-183 Upregulated Lesional skin of HO1 Low density array 37
NSV patients
miR-1 Upregulated Skin of vitiligo patients HSP60/ Low density array 46
HSP70
miR-25 Upregulated Serum and lesional skin MITF miRNA microarray 47
of vitiligo patients
MiRNA miR-196a-2 rs11614913 - Serum of vitiligo patients TYR PCR genotyping and 48, 49
polymorphisms RT-gPCR
Biomarkers miR-1238-3p, Downregulated Serum of vitiligo patients - miRNA array 50
miR-202-3p, miR-630,
miR-766-3p
miR-16, miR-19b Upregulated Serum of NSV patients - miRNA array 51
miR-720 Downregulated Serum of NSV patients - miRNA array 51
miR-3940-5p Downregulated PBMC of NSV patients - miRNA array 38
miR-4712-3p, Upregulated PBMC of NSV patients - miRNA array 38
miR-224-3p

NSV: nonsegmental vitiligo, IL: Interleukin, PBMC: peripheral blood mononuclear cell, T @ 1: thymosin @ 1, MITF: microphthalmia-associated
transcription factor, TYR: tyrosinase, HYAL: hyaluronidase, mirDIP: miRNA data integration portal, RT-qPCR: real-time quantitative
PCR, SOCS1: suppressor of cytokine signaling 1, TRP1: tyrosinase-related protein 1, TGFBR2: transforming growth factor beta receptor
2, HO1: heme oxygenase 1, HSP: heat shock protein.
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vitiligo.

MiRNAs associated with melanocyte proliferation,
differentiation and melanogenesis

It is most widely accepted that melanocyte destruction in
vitiligo is caused by autoimmunity and oxidative stress-medi-
ated toxicity. Thus, promoting the proliferation, migration
and differentiation of melanocytes is an effective method
for repigmentation of vitiligo. Research shows that multi-
ple skin pigmentation disorders could potentially benefit
from miRNA-based therapeutic applications, including
vitiligo.

Microphthalmia-associated transcription factor (MITF), which
is considered to be a master regulator of melanogenesis,
upregulates the melanogenesis enzymes tyrosinase (TYR),
tyrosinase-related protein 1 (TRP1) and TRP2 via binding
to the M-box motif in their promoter regions. The findings
showed that MITF deficiency can significantly influence
the expression levels of some miRNAs. MITF knockdown
in melanocytes induced upregulation of miR-1225-3p, miR-
634, miR-197, miR-766, miR-574-5p, and miR-328, how-
ever MITF knockdown downregulated the expression of
miR-720 and miR-1308".

MiRNAs have been implicated in targeting TYR or MITF,
which are potentially involved in the pigmentation proc-
ess, to regulate their expression levels. For example, miR-
434-5p and miR-330-5p are upstream regulators of TYR
expression, suggesting that these miRNAs could be used
as potential therapeutic targets for pigmentation®*'”*.
Other miRNAs, including miR-137, miR-148, and miR-145,
were indicated by targeting MITF to mediate melanogene-
sis in vitiligo. Haflidadéttir et al.** demonstrated miR-137
and miR-148 were shown to affect Mitf mMRNA expression
in melanoma cells through binding to 3’-UTR of mouse
and human Mitf mRNA. miR-145 is a key regulator of
many genes in the pigmentation process, such as TYR,
TRP1, and MITF*. Overexpression of miR-145 reduces the
expression of pigmentation genes such as Tyr, Myo5a and
Rab27a. Furthermore, Sahmatova et al.** determined the
significant downregulation of miR-145 expression was de-
tected in lesional skin of vitiligo patients.

Sahmatova et al.** also indicated there is significant in-
creased level of miR-155 in vitiligo lesional skin compared
with the control subjects. In cell culture, it was shown that
miR-155 contributed to the pathogenesis of vitiligo by down-
regulating multiple genes associated with melanogenesis,
including suppressor of cytokine signaling 1 (SOCS1) and
TRP1 and that increased levels of miR-155 contributed to
development of the skin disease.

In addition, miRNAs were demonstrated to play an im-
portant role in regulating melanocyte differentiation, pig-
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mentation, proliferation, and cell survival. MiRNA-145 was
demonstrated to be an important melanocyte prolifera-
tion-associated miRNA that may be involved in the initial
inhibition of cell proliferation and induction of apoptosis,
thereby playing an important role in disease initiation as
well as the progression of vitiligo®.

Another miRNA, miR-211, may serve an important role in
melanocyte biology and the development of vitiligo. As
Dai et al.* demonstrared miRNA-211 is highly expressed
in primary melanocytes where it influences various cellular
processes and positively regulates pigmentation by target-
ing transforming growth factor beta receptor 2 (TGFBR2).
Loss of miRNA-211 is implicated in the stress response
and melanomagenesis. Furthermore, the upregulation ex-
pression of miR-99b and miR-199a-3p were also detected
in the skin of patients with vitiligo, and these miRNAs
were found to have putative targets associated with mela-
nocyte differentiation and melanogenesis**.

These results indicated the relevance of deregulated miRNAs
as possible vitiligo markers and potential therapeutic targets.

MiRNAs associated with oxidative stress in vitiligo

The hypersensitivity induced by oxidative stress in cells
plays a crucial role in determining melanocyte degenera-
tion. Recently, several studies have found that the expres-
sion profile of miRNAs could be regulated by oxidative
stress and could mediate the pathogenic effect of ROS in
vitiligo. This suggests that miRNAs may participate in viti-
ligo pathogenesis by modulating the expression of oxida-
tive stress related genes in melanocytes.

miR-1, miR-135a, miR-9, and miR-183 showed significant
increase in expression in NSV skin compared to healthy
skin®”?*. Under oxidative stress, the increased expression
of miR-1 expression increases has a potential role in the
response to oxidative stress which favors apoptosis by tar-
geting heat shock protein 60 (HSP60) and HSP70 mRNAs**>*.
miR-183 was reported to target the 3’-UTR of heme oxy-
genase 1 (HOT) mRNA, which is a stress-responsive, anti-
oxidant and anti-inflammatory factor’’>. miR-135a and
miR-9 are known to target SIRT1 expression’’. Several
studies have indicated that SIRT1 protects against stress-re-
lated diseases by interacting with p53, forkhead box pro-
tein (FOXO), NF « B and peroxisome proliferator-activated
receptor gamma coactivator 1-alpha (PGC-1 @), which regu-
late diverse cellular processes, including stress responses
and inflammation®*”’.

In addition, the expression level of miR-25 increased in se-
rum and lesion samples from vitiligo patients*’. Research
has demonstrated that oxidative the stress-induced in-
crease in miR-25 in vitiligo plays a crucial role in promot-
ing the degeneration of melanocytes by suppressing MITF

Vol. 32, No. 6, 2020 445



L Li

in melanocytes®’.
Therefore, the potential role of these miRNAs as drug tar-
gets for antioxidative therapy in vitiligo is worth investi-

gating.
MiRNA polymorphisms in vitiligo

MiRNA polymorphisms may potentially interfere with
miRNA-mediated regulation of cellular functions. SNPs
are the most common genetic variants in the human ge-
nome, which influence the processing, expression, and
targeted selection of miRNAs and play important roles in
diverse physiological processes. A strong link has been de-
monstrated between miRNA SNPs and binding to mRNAs
of genes involved in vitiligo susceptibility.

For example, individuals with TT and TC polymorphisms
in the miR-196a-2 gene, combined with elevated levels of
tyrosinase, have an increased risk of developing vitiligo as
compared to those with CC genotype and normal tyro-
sinase levels. The CC genotype of miR-196a-2 rs11614913
is associated with decreased expression of tyrosinase-1
and correlates with lower levels of ROS. Thus, the C allele
of miR-196a-2 protects against oxidative stress-mediated
cell damage of melanocytes and diminishes the risk of de-

veloping vitiligo*®*’.

Serum miRNA as potential biomarkers in vitiligo

MiRNAs derived from melanocytes, immune cells and oth-
er related cells during vitiligo development might be de-
tected in serum. Hence, circulating miRNAs may serve as
novel biomarkers for diagnosis, monitoring therapy re-
sponse and reflecting the disease severity of vitiligo.

Shang and Li*° determined that miR-1238-3p, miR-202-3p,
miR-630 and miR-766-3p were significantly downregulated
in the peripheral blood of vitiligo patients.

Another study showed that the expression levels of miR-
16 and miR-19b were upregulated, and miR-720 was down-
regulated in the serum of NSV patients’’. Increased miR-
16 expression in peripheral blood mononuclear cells (PBMCs)
was correlated with inflammation. miR-19b also plays a
pivotal role in Th1 responses through facilitating IFN- 7
production and suppressing inducible regulatory T-cells™.
In addition, Wang et al.*® also found that the expression of
miR-3940-5p was decreased and miR-4712-3p and miR-
224-3p were significantly increased in the PBMCs of pa-
tients with NSV. Their analysis indicated that these differ-
entially expressed miRNAs were associated with responses
to the biological functions of T @ 1, which has an impor-
tant role in the mechanism of immune imbalance of viti-
ligo. Thus, these miRNAs appeared as potential serum bio-
markers for distinguishing NSV from healthy controls.
These results suggest that circulating or serum miRNAs
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may be viable biomarker candidates for human vitiligo and
that these miRNA-regulated gene networks are involved in
oxidative stress and autoimmunity.

Although the role of miRNAs in regulating the pathogene-
sis of vitiligo has not yet been fully elucidated, the pre-
vious literatures have shown that miRNAs are closely re-
lated to the pathological process of vitiligo. These miRNAs
are implicated in the process of abnormal melanocyte and
pigment synthesis, inflammation and oxidative stress re-
actions, through targeting and regulating the key signaling
proteins, which are involved in the pathological process of
vitiligo. We have summary based on the existing reviews
and research, and plotted a signal pathway networks shown
as Fig. 2. Therefore, it is possible to apply these miRNAs
as the therapeutic targets for vitiligo when discovering
more novel miRNAs and elucidating their regulated sig-
naling pathways.

ADVANCES IN THERAPEUTIC APPLICATION
OF VITILIGO

Common treatments for vitiligo

1) Immunomodulatory agents

Systemic corticosteroids have been reported to rapidly ar-
rest vitiligo spreading and to induce repigmentation. There
are three common options for the treatment of vitiligo by
systemic corticosteroids, including high-dose pulsed ther-
apy, minipulsed therapy and daily oral low dose. Currently,
the most common therapy is oral minipulse (OMP), which
is a therapy in which moderate doses of betamethasone or
dexamethasone are used. However, there is potential for
side effects and the rate of relapses is high for this therapy,
so the use of such an approach remains controversial.

Topical corticosteroids are the most useful therapy for lo-
calized vitiligo, including topical steroids and calcineurin
inhibitors, as they suppress immune responses in the su-
perficial skin by decreasing immunoglobulins and comple-
ment levels. Halometasone is a synthetic, trihalogenated,
topical glucocorticoid possessing anti-inflammatory pro-
perties. It has been reported to inhibit melanocyte destruc-
tion and regulate the local immune response by reducing
the level of IL-17 and increasing the level of IL-10%°.
Tacrolimus and pimecrolimus are used as topical calci-
neurin inhibitors and have also been introduced in the
treatment of vitiligo currently®®. They could prevent the
activation of T-cells and the production of various inflam-

matory cytokines by inhibiting calcineurin action®'.

2) Phototherapy

Phototherapy induces repigmentation through the mecha-
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nisms involving migration of melanocytes from perile-
sional skin, formation and melanization of melanosomes,
and transfer of melanosomes into keratinocytes. Both pho-
tochemotherapy (PUVA) and ultraviolet B (UVB) photo-
therapy have been previously applied in vitiligo. However,
PUVA therapy is less effective and associated with more
adverse effects than narrowband UVB (NB-UVB) therapy;

thus, it was rarely used at present®’. The mechanism of NB-
UVB therapy in vitiligo involves inducing an increase in
the release of melanocyte-stimulating growth factors by
keratinocytes, which may promote proliferation of nearby
melanocytes®. Furthermore, NB-UVB irradiation may di-
rectly enhance melanocyte migration, possibly through
upregulating the expression level of phosphorylated focal
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adhesion kinase (p125FAK) and matrix metalloproteinase-
2 (MMP2) in melanocytes®.

In addition, the recent use of the 308-nm excimer laser as
a novel phototherapy was determined to be very effective
for treating vitiligo®. Several studies demonstrated that the
effectiveness and safety of the 308-nm excimer laser was
superior to the other phototherapy, due to the advantage
of having the ability to deliver higher energy fluences to
the target tissue in less time, thereby stimulating a deeper
reservoir of melanocytes in hair follicles. It can selectively
treat a lesion while sparing the surrounding normal skin.
Furthermore, a combination therapy with the 308-nm ex-
cimer laser and immunomodulatory agents (tacrolimus, pi-
mecrolimus, or halometasone) has provided very motivat-
ing results, which may become a new treatment for vitili-
g066.

3) Surgical techniques

Surgical treatments are indicated for vitiligo patients who
do not respond to medical treatments and whose vitiligo
has been stable for at least two years. Several surgical
techniques, including tissue and cell transplantation, have
been proposed for the treatment of stable vitiligo. Various
methods exist for tissue transplantation methods involving
epidermal grafting, minigrafting and thin dermo-epidermal
grafting.

However, cell therapy is an important alternative to con-
ventional surgical methods in the treatment of pigmentary
disorders with a large body involvement. A variety of cel-
lular transplantation techniques have been investigated in
vitiligo, including needling, melanocyte keratinocyte trans-
plantations, split-thickness grafting, autologous punch graft-
ing, and suction blister grafting®”. Of the available surgical
techniques, the melanocyte-keratinocyte transplantation pro-
cedure (MKTP) is an improved option that has gained pop-
ularity for the treatment of vitiligo patients®.

Targeting miRNAs to treat vitiligo

MiRNA-targeted treatments are perhaps a novel precision
therapeutic as aberrantly expressed miRNAs in disease-af-
fected cells have been widely reported. As more miRNAs
have been identified as key players in the molecular patho-
genesis of vitiligo, therapeutic applications based on miRNAs
could potentially be beneficial for for multiple skin pig-
mentation disorders including vitiligo.

The therapeutic application of miRNAs involves two strat-
egies (Fig. 3). One strategy is directed toward gain of func-
tion and aims to inhibit pathogenic miRNAs by using
miRNA antagonists, such as anti-miRNAs, locked-nucleic
acids (LNA), or antagomiRs. These miRNA antagonists are
oligonucleotides with sequences complementary to the
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endogenous miRNA. They carry chemical modifications that
enhance the affinity for the target miRNA and trap the en-
dogenous miRNA in a configuration that is unable to be
processed by RNA-induced silencing complex (RISC), or
alternatively, lead to the degradation of the endogenous
miRNA. Small molecule inhibitors specific for certain mi-
RNAs are also being developed to inhibit miRNA func-
tion®”. For example, Maschmeyer et al.”’ use sequence-spe-
cific cholesterol-modified oligonucleotides against miR-148a
(antagomir-148a) for the selective elimination of proin-
flammatory Th1 cells in vivo. Antagomir-148a treatment
could significant inhibit miR-148a expression and reduced
the number of proinflammatory Th1 cells in the colon of
colitic mice, indicated that antagomir-148a-mediated re-
duction of Th1 cells resulted in a significant amelioration
of colitis. AntagomiRs of miR-155 could potentially assist
in suppressing the activation of multiple inflammatory
pathways and reducing the expression of proinflammatory
cytokines by decreasing the effective levels of endogenous
miR-155"".

The second strategy, miRNA replacement, involves the re-
introduction of a gene-suppressor miRNA mimic to modu-
late gene expression, often resulting in a loss of function
effect. This approach essentially represents a second-gen-
eration RNAi-based therapy®. Su et al.”* demonstrated
that the ability of melanocyte migration was altered by the
upregulation of miR-211 using miR-211 mimic. Their re-
sults shown that the protein levels of MMP9 were sig-
nificantly suppressed and the melanocyte migration was
significantly reduced after transfection with the miR-211
mimic. Thus, miRNA mimic potentially represents an attrac-
tive therapeutic method to improve repigmentation out-
comes in vitiligo patients.

Taken together, the therapeutic application of miRNAs has
emerged as a highly promising therapeutic strategy. It en-
compasses several conceptual aspects of traditional gene
therapy and technical features of siRNA therapeutics. How-
ever, given the fundamental differences in the approach,
mechanism of action, and outcome, miRNA mimics should
be viewed as a new class of therapeutics.
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