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ZMI17Z1 promotes the proliferation and migration of
melanocytes in vitiligo
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Abstract. Genome wide association studies have revealed
that the zinc finger MIZ-type containing 1 (ZMIZ1) is
involved in the pathogenesis of vitiligo; however, the under-
lying mechanism remains unclear. The present study aimed
to investigate the effects of ZMIZ1 on the proliferation,
apoptosis and migration of the human melanocyte cell lines
PIG1 and PIG3V. ZMIZ1 overexpression and knockdown
PIGI and PIG3V cell models were established by lentivirus
infection, and the effects of ZMIZ1 on cell proliferation and
apoptosis were determined using an MTT assay and flow
cytometry, respectively. Furthermore, the expression levels of
proliferation- and apoptosis-associated proteins were analyzed
using western blotting. Additionally, Transwell assays were
performed to determine the effect of ZMIZ1 on the migration
of PIGI and PIG3V cells. Finally, the effect of ZMIZ1 on cyto-
skeletal remodeling in PIG1 and PIG3V cells was analyzed
using immunocytochemistry. The overexpression of ZMIZ1
promoted the proliferation and inhibited the apoptosis of PIG1
and PIG3V cells, whereas the genetic knockdown of ZMIZ1
resulted in the opposite effects. Furthermore, ZMIZ1 over-
expression increased the migration, whereas the knockdown
of ZMIZ1 inhibited the migration and altered remodeling of
the actin cytoskeleton in PIG1 and PIG3V cells. In conclusion,
the results of the present study suggest that ZMIZ1 regulates
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the proliferation, apoptosis and migration of PIGI and PIG3V
cells, and indicate that ZMIZ1 may serve as a potential thera-
peutic target for vitiligo.

Introduction

Vitiligo is a common skin disorder characterized by melano-
cyte dysfunction in the epidermis of the skin, which results
in the appearance of white spots on the skin of affected
patients (1). The prevalence of vitiligo is ~1% in the USA (2)
and ~0.56% in China (3). Although vitiligo is not life-threat-
ening, it is associated with a significant psychological burden
for patients (4) and it may result in large financial costs for
public health systems. In fact, it is estimated that the cost of
vitiligo is ~175 million dollars per year in the USA (5). The
pathogenesis of vitiligo remains unclear and currently, there
is no gold standard treatment for the disease (6). Therefore,
there is an urgent requirement for the identification of novel
therapeutic targets and the development of new methods to
treat vitiligo with an improved therapeutic efficacy.
Previously, clinical and epidemiological investigations
have demonstrated that vitiligo is a complex disease that can
be affected by various environmental and genetic factors,
such as heredity and gene mutation (7-9). In addition, it
was reported that NLR family pyrin domain containing 1
(NLRP1) and the histocompatibility complex are associated
with an increased risk of developing vitiligo (10-12). Notably,
genome-wide analysis previously suggested that zinc finger
MIZ-type containing 1 (ZMIZ1) is significantly associated
with the occurrence and development of vitiligo (13). ZMIZ1,
also termed hZiMP10, is located in the 10g22.3 region of the
chromosome (14). ZMIZ1 belongs to the protein inhibitor of
activated STAT (PIAS) family and it encodes a PIAS-like
protein containing 1,067 amino acid residues (15). Similar
to other PIAS proteins, ZMIZ1 contains a ring finger region
termed Miz, which serves an important role in protein-protein
interactions (16). However, the exact role of ZMIZ1 in vitiligo
remains unknown and requires further investigation.
Therefore, the present study aimed to investigate the role
of ZMZ1 in vitiligo, in addition to the related mechanism.
ZMIZ1 overexpression and knockdown melanocyte cell lines
were established, and the effects of ZMIZ1 on the prolifera-
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tion, apoptosis, migration and invasion of melanocytes were
investigated. The results of the present study may provide a
theoretical basis for the clinical application of ZMIZ1 as a
potential therapeutic target for the treatment of vitiligo.

Materials and methods

Cell culture. The human normal melanocyte cell line PIG1 and
human vitiligo melanocyte cell line PIG3V were purchased
from ScienCell Research Laboratories, Inc. Cells were
cultured in Medium 254 (Gibco; Thermo Fisher Scientific,
Inc.), supplemented with 0.5% FBS, and 100 U/ml penicillin
and 100 U/ml streptomycin Cells were maintained in a humidi-
fied incubator at 37°C and 5% CO,. The medium was changed
every other day.

Lentiviral infection. The gene fragment of ZMIZ1 and three
short hairpin RNA (shRNA/sh) interference fragments,
sh-ZMIZ1-1, sh-ZMIZ1-2 and sh-ZMIZ1-3 (purchased from
Shanghai GenePharma Co., Ltd.), targeting ZMIZ1 were
subcloned into lentiviral vectors (pGLVHI1/GFP+Puro;
Shanghai GenePharma Co., Ltd.), alongside the overexpres-
sion negative control (OE NC; empty vector) and the sh-NC.
Packaging plasmid (pAX2), envelope plasmid (pMD2.G) and
pGLVHI1/GFP+Puro, 293T cells (seeded onto the cell culture
plates with 5x10° cells/well) (ScienCell Research Laboratories,
Inc.) were infected with these lentiviral vectors as previously
described (17). The sequences of the shRNAs were as follows:
Sh-ZMIZ1-1, 5'-GGAGAGCCCAACTATGGAAAC-3;
sh-ZMIZ1-2, 5'-GCCCATCAAGTCGGACTTAC-3";
sh-ZMIZ1-3, 5'-GCCAGATGATCATGCCCAATG-3, sh-NC,
5'"TAATGCTATCCGTCTAATC-3". 293T cells (Cell Bank
of the Chinese Academy of Sciences; 3x10° cells/10 cm dish)
were transfected using Lipofectamine™ 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. The following ratio was used for vector transfection:
Lentiviral vectors: packaging plasmid: envelope plasmid;
10 pg: 7.5 pg: 3 pg for 72 h at 37°C in an incubator before the
293T lentiviral supernatant was harvested by centrifugation
at 200 x g for 5 min at room temperature. PIG1 and PIG3V
cells (2x10° cells/ml) in six-well plates were infected with
the 293T lentiviral supernatant in the presence of 5 pg/ml
polybrene (Beyotime Institute of Biotechnology). Cells were
collected 48 h after infection for further analysis, and the
infection efficiency was determined by fluorescence micros-
copy (magnification, x400).

Cells were divided into 7 groups: i) Control (Con) group
(uninfected cells); ii) OE NC group; iii) OE ZMIZ1 group;
iv) sh-NC group; v) sh-ZMIZ1-1 group; vi) sh-ZMIZ1-2 group;
and vii) sh-ZMIZ1-3 group.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). To determine the mRNA expression levels of
ZMIZ1 in PIGI and PIG3V cells, total RNA was extracted
from the cells using the RNeasy Mini kit (Qiagen GmbH),
according to the manufacturer's protocol. Total RNA was
reverse transcribed into cDNA using the PrimeScript RT
Master mix (Takara Biotechnology Co., Ltd.) according to the
manufacturer's protocol. The expression levels of ZMIZ1 were
quantified by gPCR using the SYBR-Greem Premix Ex Taq kit
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(Takara Biotechnology, Co., Ltd.) according to the manufactur-
er's protocol and an ABI 7500 Biosystems thermocycler. The
following thermocycling conditions were used: Initial denatur-
ation at 94°C for 5 min, 36 cycles at 94°C for 20 sec, 54°C for
20 sec and 72°C for 20 sec. ZMIZ1 mRNA levels were quanti-
fied using the 24 method (18) and normalized to the internal
reference gene GAPDH. The following primers sequences were
used: ZMIZ1 forward, 5"TGTTTGACGGTGGTCAGTCG-3'
and reverse, 5'-CTTGTCTCGGTTTGCAGCAC-3'; and
GAPDH forward, 5-“TGTGGGCATCAATGGATTTGG-3'
and reverse, 5'-ACACCATGTATTCCGGGTCAAT-3'.

Western blotting. Total protein was extracted from PIG1 and
PIG3V cells using RIPA lysis buffer (Beyotime Institute of
Biotechnolohy). Total protein was quantified using a bicin-
choninic acid assay kit (Beyotime Institute of Biotechnology)
and 20 ug protein/lane was separated by 8% SDS-PAGE. The
separated proteins were subsequently transferred onto PVDF
membranes and blocked with 5% non-fat dry milk in Tris-
buffered saline (TBS; pH 7.4) containing 0.05% Tween-20
at room temperature for 1 h. The membranes were incubated
with the following primary antibodies overnight at 4°C: anti-
ZMIZ1 (1:1,000; cat. no. abs126964a; Absin, Biotechnology
Co., Ltd.), anti-Bcl-2 (1:1,000; cat. no. ab196495; Abcam), anti-
caspase-3 (1:1,000; cat. no. 9662; Cell Signaling Technology,
Inc.), anti-cleaved caspase-3 antibody (1:1,000; cat. no. 9661;
Cell Signaling Technology, Inc.) anti-GAPDH (1:2,000; cat.
no. 60004-1-1; ProteinTech Group, Inc.) and anti-a-tubulin
(1:2,000; cat. no. 66031-1-1g; ProteinTech Group, Inc.).
Following the primary antibody incubation, the membranes
were incubated with horseradish peroxidase-conjugated
secondary antibodies (anti-rabbit antibody; 1:2,000; cat.
no. A0208 and anti-mouse antibody; 1:2,000; cat. no. A0216;
both from Beyotime Institute of Biotechnology) at room
temperature for 1 h and then washed using TBS-Tween-20.
Protein bands were visualized using a SuperSignal West Pico
Chemiluminescent substrate (Pierce; Thermo Fisher Scientific,
Inc.) and the chemiluminescence signals were detected using a
Tanon-5200 Imaging system (Tanon Science and Technology,
Co., Ltd.). a-tubulin or GAPDH served as the loading control.
Densitometric analysis was performed using ImagelJ (v1.46;
National Institutes of Health).

Cell proliferation assay. The MTT assay was performed 48 h
post-lentiviral infection to determine the effect of ZMIZ1 on
the proliferation of PIG1 and PIG3V cells. Briefly, cells were
harvested by centrifugation (300 x g) at 4°C for 5 min, resus-
pended, seeded into 96-well plates (5x10° cells/well). Next,
5 mg/ml MTT solution was added into each well and the cells
were incubated for an additional 4 h in a humidified incubator
at 37°C and 5% CO,. Finally, the absorbance at a wavelength
of 490 nm was measured using a microplate reader.

Flow cytometric analysis of apoptosis. The effect of ZMIZ1
on the apoptosis of PIGl and PIG3V cells was determined
using the Annexin V apoptosis detection kit (Nanjing
KeyGen Biotech Co., Ltd.), according to the manufacturer's
protocol. Briefly, cells (5x10° cells/ml) were harvested and
double-stained with 7-aminoactinomycin D and Annexin V/
allophycocyanin at room temperature for 15 min. Apoptotic
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Figure 1. Establishment of the ZMIZ1 knockdown and overexpression cell models. (A) Representative fluorescent images of the lentivirus-infected cells
(magnification, x400). (B) mRNA expression levels of ZMIZ1 were analyzed in the different groups using reverse transcription-quantitative PCR. (C) Protein
expression levels of ZMIZ1 were analyzed in the different groups using western blotting. “P<0.05, “P<0.01 and ““P<0.001 vs. Con. “P<0.05 and “P<0.01 vs.
OE NC. Con, control; ZMIZ1, zinc finger MIZ-type containing 1; OE, overexpression; NC, negative control; sh, short hairpin RNA.

cells were subsequently analyzed in the different groups using
a BD FACS Calibur flow cytometer (BD Biosciences) and
FlowlJo software (v10.4; FlowJo LLC).

Transwell assay. The effect of ZMIZ1 on the migration of
PIG1 and PIG3V cells was determined using a Transwell
assay. PIG1 and PIG3V cells were harvested and plated into the
upper chambers of 24-well Transwell plates (Corning, Inc.) ata
density of 5x10* cells/well serum-free Medium 254. The lower
chamber was filled with Medium 254 containing 10% FBS.
Following the incubation at 37°C for 24 h, the migratory cells
in the lower chamber were fixed in 4% paraformaldehyde for

20 min at room temperature and stained with crystal violet
for 10 min at room temperature. Stained cells were viewed
under a light microscope (magnification, x200). The number
of migratory cells was counted and quantified using ImageJ
(v1.46; National Institutes of Health).

Immunocytochemistry. PIG1 and PIG3V cells (3x10* cells/
coverslip) were seeded on glass coverslips and washed with
PBS, fixed in 4% paraformaldehyde for 30 min at room
temperature and permeabilized with 0.3% Triton X-100 for
20 min at room temperature. Subsequently, the cells were
blocked with 1% BSA (Gibco; Thermo Fisher Scientific,
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Figure 2. Effects of ZMIZ1 on the proliferation and apoptosis of PIG1 and PIG3V cells. (A) Effect of ZMIZI on the proliferation of PIG1 and PIG3V cells
was analyzed using an MTT assay. (B) Effect of ZMIZ1 on the apoptosis of PIGI and PIG3V cells was analyzed using flow cytometry. "P<0.05, “P<0.01 and
""P<0.001 vs. Con. #P<0.01 and *P<0.001 vs. OE NC. Con, control; sh, short hairpin RNA; OE, overexpression; NC, negative control; ZMIZ1, zinc finger

MIZ-type containing 1; OD, optical density.

Inc.) for 30 min at room temperature. The Phalloidin-iFluor
488 reagent (cat. no. ab176753; Abcam) was used to stain the
cells, according to the manufacturer's protocol, for 30 min at
room temperature. Stained cells were imaged under a confocal
microscope (magnification, x63).

Statistical analysis. Statistical analysis was performed using
SPSS software (v22.0; IBM Corp.) and data are presented
as the mean + SD of =3 independent experimental repeats.
Statistical differences among the groups were determined
using one-way ANOVA followed by Tukey's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Establishment of ZMIZI knockdown and overexpression
in vitro cell models. PIG1 and PIG3V cells were infected with

lentiviral vectors to establish ZMIZ1 knockdown and over-
expression cell models. Fluorescence was observed in each
infected group, suggesting that the lentivirus infection had been
successful (Fig. 1A). Moreover, RT-qPCR and western blotting
analysis were performed to evaluate the efficiency of the infec-
tion. ZMIZ1 expression levels were significantly increased in
the OE ZMIZ1 group at both the mRNA Fig. 1B) and protein
(Fig. 1C) levels. Conversely, sh-ZMIZ1-1, sh-ZMIZ1-2 and
sh-ZMIZ1-3 significantly decreased the mRNA and protein
expression levels of ZMIZ1 in both PIG1 and PIG3V cells
compared with the sh-NC (Fig. 1B and C). Based on these
results, sh-ZMIZ1-1 and sh-ZMIZ1-2 were used for ZMIZ1
knockdown in subsequent experiments.

Effects of ZMIZI on the proliferation and apoptosis of PIGI
and PIG3V cells in vitro. The effect of ZMIZ1 on cell prolif-
eration was analyzed using a MTT assay and flow cytometry
48 h post-lentiviral infection. The overexpression of ZMIZ1
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Figure 3. ZMIZ1 regulates the expression levels of Bcl-2 and caspase-3 in PIG1 and PIG3V cells. Effect of ZMIZ1 on the expression levels of proliferation- and
apoptosis-related proteins in PIG1 and PIG3V cells was analyzed using western blotting. "P<0.05, “P<0.01 and ""P<0.001 vs. Con. *#P<0.01 vs. OE NC. Con,
control; sh, short hairpin RNA; OE, overexpression; NC, negative control; ZMIZ1, zinc finger MIZ-type containing 1; OD, optical density.

significantly increased the proliferation (P<0.01; Fig. 2A) and
decreased the apoptotic rate (Fig. 2B) compared with the Con
group. Conversely, the genetic knockdown of ZMIZ1 signifi-
cantly inhibited the proliferation (Fig. 2A) and induced the
apoptosis of PIG1 and PIG3V cells in vivo (Fig. 2B) compared
with the Con group.

ZMIZI regulates the expression levels of Bcl-2 and caspase-3
in PIGI and PIG3V cells in vitro. The effects of ZMIZ1 on
the expression levels of proliferation- and apoptosis-associated
proteins were analyzed using western blotting. The overexpres-
sion of ZMIZ1 significantly increased the expression levels of
the anti-apoptotic protein Bcl-2 in PIG1 cells compared with
the Con group (Fig. 3). Conversely, the genetic knockdown of
ZMIZ1 significantly decreased the expression levels of Bcl-2,
and increased the expression levels of the proapoptotic protein
caspase-3 and its activated form, cleaved caspase-3, in PIG1
cells (Fig. 3). Moreover, the genetic knockdown of ZMIZ1
significantly decreased the expression levels of Bcl-2 in PIG3V
cells compared with the Con group and sh-ZMIZ1-2 signifi-
cantly increased the expression levels of cleaved caspase-3 in
PIG3V cells compared with the Con group. On the other hand,
the overexpression of ZMIZ1 had no significant effects on the
expression levels of caspase-3 and cleaved caspase-3 in PIG1
and PIG3V cells, and the genetic knockdown of ZMIZ1 had
no significant effects on the expression levels of caspase-3 in
PIG3V cells (Fig. 3).

Effect of ZMIZI overexpression and knockdown on the
migration of PIGI and PIG3V melanocytes. The effects of
ZMIZ1 on the migration of PIG1 and PIG3V cells were inves-
tigated using a Transwell assay. The overexpression of ZMIZ1
significantly increased the migratory ability of PIG1 and
PIG3V cells compared with the Con group (Fig. 4), whereas
the genetic knockdown of ZMIZ1 demonstrated the opposite
effects (Fig. 4).

ZMIZI affects the remodeling of actin cytoskeleton in PIGI
and PIG3V melanocytes in vitro. The remodeling of the actin
cytoskeleton has been considered as a necessary process for the
migration of different cell types, including melanocytes (19,20).
Therefore, the effects of ZMIZ1 on actin remodeling in the
cytoskeleton were investigated using immunocytochemistry.
Genetic knockdown of ZMIZ1 resulted in morphology of the
cells to become irregular, and the cell shape tend to be more
rounded, indicating the degradation of the cytoskeleton and
apoptosis of the cell (Fig. 5).

Discussion

The present study successfully established zinc finger MIZ-type
containing 1 (ZMIZ1) overexpression and knockdown PIG1
and PIG3V model cell lines, which were subsequently used to
investigate the effects of ZMIZI1 on the biological behaviors
of melanocytes. ZMIZ1 promoted proliferation and migration
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Figure 4. ZMIZI regulates the migration of PIG1 and PIG3V melanocytes.
Effect of ZMIZ1 on the migration of PIG1 and PIG3V cells was analyzed using
a Transwell assay. Magnification, x200. "P<0.05 and “"P<0.01 vs. Con. “P<0.05
vs. OE NC. Con, control; sh, short hairpin RNA; OE, overexpression; NC, nega-
tive control; ZMIZ1, zinc finger MIZ-type containing 1; OD, optical density.

and inhibited apoptosis of PIG1 and PIG3V cells, suggesting
that ZMIZ1 may be a potential therapeutic target for the treat-
ment of vitiligo. A previous report discovered that PIAS3, a
member of the PIAS family, inhibited the transcriptional
activity of melanocyte inducing transcription factor and
STAT3 in vivo (21), and it has been further reported that both
of these transcription factors may serve important roles in
the growth and maintenance of melanocytes (21). Similar to
other PIAS family proteins, ZMIZ1 has been found to enhance
the transcriptional activity of the SMAD3/4 complex; this
subsequently activated the TGF-B/SMAD signaling pathway,
which serves an important role in the regulation of melanocyte
proliferation, differentiation and regulation (22,23). Moreover,
it was also suggested that ZMIZ1 may induce autoreactive T
cells and the loss of tolerance to melanocyte antigens during
vitiligo (24). The aforementioned studies indicated that
ZMIZ1, as well as other PIAS members, may regulate the
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Figure 5. Effect of ZMIZ1 on the expression levels of F-actin cytoskeleton
protein in PIG1 and PIG3V cells in vitro was analyzed using immunocyto-
chemistry staining. Magnification, x63. Con, control; sh, short hairpin RNA;
OE, overexpression; NC, negative control; ZMIZ1, zinc finger MIZ-type
containing 1; OD, optical density.

growth and function of melanocytes, and that the aberrant
expression levels of ZMIZ1 may cause melanocyte dysfunc-
tion, which may lead to the development of vitiligo. However,
reports on the effects of ZMIZ1 on melanocytes are limited.

Increasing evidence has suggested that the impaired prolif-
eration and increased apoptosis of melanocytes may lead to the
occurrence and progression of vitiligo (25,26). In the present
study, the effect of ZMIZI1 on the proliferation and apoptosis
of the human melanocyte cell lines PIG1 and PIG3V cells
was investigated. It was discovered that the overexpression of
ZMIZ1 significantly increased the proliferation and signifi-
cantly decreased the apoptotic rate of the cells, whereas the
genetic knockdown of ZMIZ1 exhibited the opposite effects.
Bcl-2 is a well-known anti-apoptotic protein and caspase-3
is considered as a proapoptotic protein (27,28). The results
obtained in the present study discovered that the overexpres-
sion of ZMIZ1 increased the expression levels of Bcl-2, while
the genetic knockdown of ZMIZ1 decreased the expression
levels of Bcl-2, in addition to increasing the expression levels
of caspase-3 and its activated form cleaved caspase-3 in PIG1
and PIG3V cells. Taken together, these results suggested that
ZMIZ1 may affect the proliferation and apoptosis of melano-
cytes in vivo.
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Human melanocytes originate from the neural crest and
following proliferation, migrate to the nearby epidermis or the
hair matrices to produce melanin (29). Therefore, migration is
an important step in the function of melanocytes. In the case of
vitiligo, functional melanocytes are destroyed in skin lesions and
consequently, promoting the migration of functional melanocytes
to the depigmented area is the main aim of current anti-vitiligo
strategies (26,30). In the present study, the overexpression of
ZMIZ1 increased the migratory ability and the remodeling of
the actin cytoskeleton in PIG1 and PIG3V cells, while the genetic
knockdown of ZMIZ1 resulted in the opposite effects. These
results indicated that ZMIZ1 may facilitate the migration and
cytoskeleton rearrangement of melanocytes, suggesting that the
overexpression of ZMIZ1 may be a potential strategy to recruit
functional melanocytes to the site of the vitiliginous skin.

Nevertheless, the present study only performed in vivo
cellular studies, therefore the role of ZMIZ1 in the patho-
genesis of vitiligo requires further investigation using in vivo
animal studies and clinical analysis in the future.

In conclusion, to the best of our knowledge, the present
study was the first to suggest that ZMIZ1 may regulate the
proliferation, apoptosis and migration of human melanocytes
in vitro. The results obtained in the present study provided
novel evidence to indicate that ZMIZ1 may serve as a novel
therapeutic target in vitiligo.
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