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Overexpression of miR-651-5p inhibits ultraviolet
radiation-induced malignant biological behaviors of sebaceous
gland carcinoma cells by targeting ZEB2
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Background: Ultraviolet (UV) exposure is the most essential etiological factor in sebaceous gland
carcinoma (SGC). The abnormal expression of microRNAs (miRNAs) is also involved in SGC. However, the
function of miRINAs in UV-induced SGC is still unclear.

Methods: In this study, the expression levels of miR-651-5p and zinc finger E-box binding homeobox 2
(ZEB2) in SGC tissues and cells were measured by real-time quantitative polymerase chain reaction (RT-
qPCR) and western blotting. Then, the effects of miR-651-5p on the apoptosis, migration, invasion, and
epithelial-mesenchymal transition (EMT) of UV-induced SGC cells were determined. The interactions
between miR-651-5p and ZEB2 were verified by a dual-luciferase reporter assay. An in vivo tumor growth
assay was performed to assess tumorigenicity.

Results: The results showed that there was abnormal expression of miR-651-5p and ZEB2 in SGC tissues
and cells compared with the control tissues and cells. Overexpression of miR-651-5p and knockdown of
ZEB?2 inhibited the malignant biological behaviors of SGC cells. Moreover, ZEB2 is one of the target genes
of miR-651-5p, and the expression of ZEB2 was negatively regulated by miR-651-5p in SGC cells. Further
studies showed that overexpression of miR-651-5p promoted cell apoptosis and inhibited the cell invasion
and migration ability and EM'T of UV-induced SGC cells by downregulating the expression of ZEB2 in vitro
and in vivo.

Conclusions: This study revealed that overexpression of miR-651-5p inhibited UV-induced SGC growth
and metastasis by suppressing ZEB2, which may be a potential target for SGC prevention and therapy.
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Introduction

Sebaceous gland carcinoma (SGC) is a type of metastatic
and fatal cutaneous malignancy, and its overall incidence is
increasing worldwide (1). Wide excision and selective use
of radiotherapy are the main therapies for SGC, but SGC
is often misdiagnosed, leading to increased morbidity and
mortality. In addition, high invasiveness indicates the poor
prognosis of SGC (2). The poor prognosis of SGC may
improve with early identification and appropriate treatment.
Thus, new insights into its pathogenesis may lead to the
development of new effective treatment strategies, along
with traditional therapies. As one study reported, exposure
to ultraviolet (UV) radiation plays an important role in the
etiology of SGC (3). Recently, another study indicated the
predominance of a UV-damage signature based on whole-
exome sequencing of SGC samples (4). However, the
mechanism underlying the effect of UV on the development
of SGC still needs further research.

As a mutagen and nonspecific injurious agent, UV (mainly
UVA and UVB) radiation is both a tumor inducer and
promoter, so it is considered a “complete carcinogen” (5).
Many studies have shown that skin photoaging mediated
by UV radiation is one of the inducing factors of skin
tumors (6,7), especially skin neoplasms of the head and
neck (8). It has been reported that UV radiation affects
the proliferation, apoptosis (9), migration, and invasion of
tumor cells, as well as epithelial-mesenchymal transition
(EMT) (10). A previous study showed that UV radiation can
induce the apoptosis of melanoma cells (11) and promote
the migration and invasion of melanoma cells (12) as well as
EMT (10,13), thus promoting the growth and metastasis of
tumors.

Increasing evidence indicates that UV exposure regulates
the expression of microRNAs (miRNAs). A recent study
reported that UV exposure affects the developmental
dynamics of miRNAs and phased small interfering RNA
(phasiRNA)-producing loci (14). Moreover, abnormal
expression of miRNAs is involved in various cancers,
including SGC. Research has demonstrated that aberrant
expression of miRNAs, such as miR-34a-5p, miR-16-5p,
miR-150p, miR-205, and miR-199a, is a potential marker
of SGC (15). Another report indicated that miR-939-5p,
miR-130a-3p, miR-149-3p, miR-193a-3p, miR-195-5p, and
miR-4671-3p are related to functional changes in SGC (16).
One study suggested that the expression of miR-651-5p
is obviously upregulated in breast cancer, but its specific
mechanism has not been studied (17). Previous reports
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also showed that miR-651 is involved in the progression of
non-small cell lung cancer (NSCLC) and nasopharyngeal
carcinoma (18,19). Interestingly, miR-651-3p is involved
in regulating the sensitivity of hepatocellular carcinoma
and cervical cancer to cisplatin (20,21), suggesting that the
miR-651-3p has multiple biological function. In addition,
miR-651 was reported to be expressed at low levels in SGC,
especially in nodular SGC (15). However, whether miR-
651-5p expression affects the development and progression
of UV-induced SGC remains unclear.

MiRNAs participate in the biological processes of cancer
cells by mediating post-transcriptional gene silencing (22).
Based on bioinformatics data (StarBase; https://starbase.
sysu.edu.cn/agoClipRNA.php?source=mRNA), zinc finger
E-box binding homeobox 2 (ZEB2) is one of the target
genes of miR-651-5p. ZEB2, an important EMT regulator,
has been reported to be highly expressed in SGC and is
the best poor prognostic indicator for SGC (23). There is
growing evidence that ZEB2 plays a pivotal role in EMT-
induced tumorigenesis, differentiation, and malignancy,
such as drug resistance, tumor stem cell-like characteristics,
apoptosis, survival, cell cycle arrest, tumor recurrence, and
metastasis (24). In addition, a previous report revealed that
ZEB2 knockdown can inhibit the proliferation, migration,
invasion, and EMT of glioma cells and induce glioma cell
apoptosis (25). Whether miR-651-5p acts as a regulatory
factor in SGC by targeting ZEB? needs further research.

Targeted therapy is an important strategy for improving
the clinical treatment of tumors, especially late-stage
solid tumors, and improving the quality of life of patients.
In recent years, there has been great interest in the
development of intelligent drug delivery systems (drug-
loaded particles) using passive targeting, active targeting,
and/or stimulation response strategies (26). Therefore,
research on the molecular mechanisms of tumorigenesis
and development is helpful for exploring potential cellular
or molecular targets for tumor-targeted therapy (27,28).
In this study, the effect of UV exposure on the expression
of miR-651-5p in SGC was studied, and the relationship
between miR-651-5p and ZEB2 was verified. In addition,
the apoptosis, invasion, migration, and EMT of SGC cells
after UV treatment were measured. Furthermore, the
mechanism by which miR-651-5p affects UV-induced SGC
was studied to provide new insights into the pathogenesis
of SGC and to develop a new effective therapeutic target.
We present the following article in accordance with the
ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-3897/rc).
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Methods
Tissue samples and isolation of primary SGC cells

SGC tumor tissues were obtained by surgical excision
from five patients with eyelid SGC. Control samples were
obtained from five adjacent normal epidermis tissues
resected approximately 5 cm from the main tumor (29).
None of the patients received radiotherapy or chemotherapy
before surgery. The expression of miRNAs in these samples
was measured by real-time quantitative polymerase chain
reaction (RT-qPCR). SGC tissues were used to isolate
primary SGC cells. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the Medical Ethics Committee
of Kunming University of Science and Technology (No.
KMUST-MEC-040), and written informed consent was
obtained from each participant before sample collection.
Primary SGC cells were isolated from SGC tissues as
described in a previous report (30). Fresh SGC tissues were
placed in a culture dish containing phosphate-buffered
saline (PBS; #10010023; Gibco; Thermo Fisher Scientific,
Inc., USA). Blood clots, fat, necrotic tissue, and connective
tissue were removed with ophthalmic scissors, and the cells
were washed twice with PBS. The SGC tissues were placed
into a new culture dish, and a small amount of Dulbecco’s
modified Eagle medium (DMEM; #11965092; Gibco;
Thermo Fisher Scientific, Inc., USA) was added. The
tissues were cut into pieces with ophthalmic scissors. Then,
the cells were transferred to centrifuge tubes and washed
with PBS several times, and the PBS was discarded after
the tissue block sank. The tissue pieces were transferred
into culture flasks, and collagenase (#10269638001; Merck;
Sigma-Aldrich, China) was added. The tissues were digested
on a constant temperature shaking table at 37 °C and
observed under a microscope every 30 min. When the tissue
pieces had good light transmittance and aggregated under
the microscope, they were transferred into centrifuge tubes
and centrifuged at 1,300 r/min for 5 min, and the supernatant
was discarded. PBS was added to wash the cells several times,
then they were centrifuged at 1,300 r/min for 5 min and the
supernatant was discarded. Complete DMEM was used to
resuspend the cells, and the suspension was transferred to a
culture dish. Primary SGC cells were obtained when single
cells or cell clumps were observed under the microscope.

Cell culture and transfection

The immortalized human sebaceous gland cell line
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SZ95 (31) was purchased from BeNa Culture Collection
(BNCC338262, BNCC, China) and cultured in Sebomed®
Basal Medium (#F8025; Biochrom, Berlin, Germany)
containing 10% fetal bovine serum (FBS, #16140071;
Gibco; Thermo Fisher Scientific, Inc., USA) and 5 ng/mL
recombinant human epidermal growth factor (#PHGO0313;
Gibco; Thermo Fisher Scientific, Inc., USA) at 37 °C and
5% CO, according to a previous report (32).

MiR-651-5p mimics and pcDNA-ZEB2 were
constructed by Guangzhou RiboBio Biotechnology Co.,
Ltd. (Guangzhou, China) and were transfected with
Lipofectamine® 2000 transfection reagent (#11668027;
Invitrogen; Thermo Fisher Scientific, Inc., USA) following
the instructions.

Application of UV treatment to SGC cells

UV treatment was applied to SGC cells with lamps (UVP)
emitting a spectral output in the 290-400 nm range (60%
UVB, 40% UVA, <1% UVC) (Upland, CA, USA). To
assess the influence of UV radiation on SGC cells, primary
SGC cells were cultured in 24-well plates and received
UV radiation at a single dose of 0, 10, 30, or 50 mJ/cm’
according to a previous study (33). Then, the apoptosis,
migration, invasion, and EMT of SGC cells were measured
48 h after UV treatment. A UV dose of 50 mJ/cm’ was used
for further in vitro studies.

RT-gPCR

RT-qPCR was used to measure expression levels in this study.
"Total RNA was extracted from human SGC tissues and SGC
cells from each group with TRIzol reagent (#15596018;
Invitrogen; Thermo Fisher Scientific, Inc., USA). Then, RT-
qPCR was performed in triplicate with SYBR Green Real-
Time PCR Master Mix (#4309155; Applied Biosystems;
Thermo Fisher Scientific, Inc., USA) on an ABI 7500 Real-
Time PCR System (Applied Biosystems; Thermo Fisher
Scientific, Inc., USA). The thermocycling conditions were
as follows: initial denaturation at 95 °C for 10 sec followed
by 40 cycles of 95 °C for 10 sec and 60 °C for 30 sec. The
relative expression levels of mRNAs and miRNAs were
presented as fold changes, which were calculated by the
274! method. GAPDH and U6 were used for normalization
of mRNA levels and miRNA levels, respectively. The
primer sequences used were as follows: human GAPDH,
forward: 5'-TTCCGTGTTCCTACCC-3', and reverse:
5'-GTCGCAGGAGACAACC-3"; human U6, forward:
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5'-CTCGCTTCGGCAGCACATATACT-3", and reverse:
5'-ACGCTTCACGAATTTGCGTGTC-3"; human ZEB2,
forward: 5'-ACCAGCGGAAACAAGGAT=-3", and reverse:
3'-ACCAGCGGAAACAAGGAT-5"; human miR-651-
5p, forward: 5'-CGCAGTTTAGGATAAGCTTG-3', and
reverse: 3'-TCCAGTTTTTTTTTTTTTTTCAAAAG
TC-5". In addition, RT-qPCR for miRNAs was carried out
using a TagMan"™ MicroRNA Reverse Transcription Kit
(#4366597; Applied Biosystems; Thermo Fisher Scientific,
Inc., USA) and TagMan Universal PCR Master Mix
(#4304437; Applied Biosystems; Thermo Fisher Scientific,
Inc., USA).

Western blotting

Western blotting was used to measure the expression levels
of proteins in this study. SGC cells from each group were
lysed with radioimmunoprecipitation assay (RIPA) protein
lysis buffer (#89900; Invitrogen; Thermo Fisher Scientific,
Inc., USA), and the protein content was determined with
a BCA kit (#23252; Pierce; Thermo Fisher Scientific, Inc.,
USA). Equivalent amounts of protein (40 pg) were separated
by SDS-PAGE then transferred to polyvinylidene difluoride
(PVDF) membranes and blocked with skimmed milk at
room temperature for 1 h. After incubation with primary
and secondary antibodies, the protein bands were visualized
by enhanced chemiluminescence (#32106; Pierce; Thermo
Fisher Scientific, Inc., USA). The following primary
antibodies were used at a dilution of 1:1,000: anti-p63
(#39692; 1:1,000; CST, USA), anti-EMA (#14161; 1:1,000;
CST, USA), anti-CKpan (#ab7753; 1:500; Abcam, USA),
anti-ZEB2 (#97885, 1:1,000; CST, USA), anti-E-cadherin
(#3195; 1:1,000; CST, USA), anti-N-cadherin (#13116;
1:1,000; CST, USA), anti-vimentin (#5741; 1:1,000; CST,
USA), and anti-GAPDH (#5174; 1:1,000; CST, USA).
Grayscale value analysis was performed using Image]
software (version 1.52a; National Institutes of Health), and
GAPDH was used as the loading control.

Flow cytometry

Flow cytometry was used to measure the cell apoptosis rate.
SGC cells in each group were harvested and resuspended.
Apoptotic cells were double-labeled with annexin V-FITC
and propidium iodide (PI) using an annexin V-FITC/PI
apoptosis detection kit (#40302ES20; Yeasen; Shanghai,
China) for 30 min in the dark. Then, the fluorescence
intensity of the cells was quantified by flow cytometry.
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Transwell assay

Transwell chambers coated with or without Matrigel
(#356234; Corning, Wuhan, China) were used to assess cell
invasion and migration ability. SGC cells from each group
were plated in the upper chamber (5x10* cells per chamber,
150 pL per chamber) without FBS, and medium with 10%
FBS was added to the lower chamber. After incubation at
37 °C for 24 h, the cells in the upper chamber were removed,
and the invaded cells on the lower surface were stained with
crystal violet (#E607309; Sandon Biotech; Shanghai, China)
and photographed under a microscope. The cell number
was determined by Image-Pro Plus IPWIN32.

Dual-luciferase reporter assay

The binding sites between miR-651-5p and ZEB2 were
predicted with StarBase (https://starbase.sysu.edu.cn/
agoClipRNA.php?source=smRNA). Luciferase vectors
containing the 3'UTR of human ZEB2 with miR-651-5p
binding sites and mutant miR-651-5p binding sites were
purchased from Shanghai GenePharma Co., Ltd. Then,
the vectors were cotransfected with miR-651-5p mimics
into 293 T cells by Lipofectamine® 2000 transfection
reagent (#11668027; Invitrogen; Thermo Fisher Scientific,
Inc., USA). After 48 h, luciferase reporter activity was
determined using a Dual-Luciferase® Reporter Assay
System (Promega Corporation).

In vivo tumor growth assay

An in vivo tumor growth assay was used to measure
tumor growth according to previously described methods
(34,35). A protocol was prepared before the study without
registration. Animal experiments were approved by the
Institutional Animal Care and Use Committee of Kunming
University of Science and Technology, in compliance
with the Kunming University of Science and Technology
guidelines for the care and use of animals. A total of 107
cultured human SGC cells [normal control (NC)-, miR-
651-5p mimics-, and miR-651-5p mimics + pcDNA-
ZEB2-transfected cells] suspended in 0.2 mL of PBS
were subcutaneously injected into the right armpits of
8-week-old female BALB/c nude mice (n=6 per group,
day 0) to establish a nude mouse xenograft tumor model.
Subsequently, the mice were placed in the supine position,
and only the right axillary skin was exposed to UV radiation
(1,000 J/m’/d) daily according to previously described
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methods with minor modification (36). The length (L)
and width (W) of the tumor were assessed 4, 8, 12, 16, 20,
24, and 28 days after injection. The tumor volumes were
calculated as V = L x W’ x 0.5. The mice were sacrificed on
day 28, and the tumors were weighed.

Terminal deoxynucleotidyl transferase dUTP nick-end
labeling (TUNEL) assay

SGC cells were treated or transfected and then cultured
for 48 hours with a 2 PBS wash. After this, SGC cells
underwent 4% PFA fixation for 15 minutes at 37 °C. 2x10*
cells were prepared in 96-well plates and then subjected
to Click-iT™ Plus TUNEL Assay Kit (ThermoFisher
Scientific, Waltham, MA, USA) following the
manufacturer’s instructions. Following DAPI staining, the
apoptotic cells were measured by using a Nikon Eclipse 80i
microscope (Nikon Corporation, Japan).

Statistical analyses

All data are presented as the mean = standard deviation (SD),
and all experiments were repeated independently at least
3 times. Two-tailed Student’s 7-tests were carried out for
two-group comparisons. One-way analysis of variance
(ANOVA) or two-way ANOVA followed by the Bonferroni
post hoc test was used to assess differences between more
than two groups. Statistical analyses were performed with
GraphPad Prism 5.0 software (GraphPad Software, Inc.,
USA). P<0.05 indicated a statistically significant difference.

Results

Expression of miR-651-5p and ZEB2 in SGC tissues and
cells

Aberrantly expressed miRNAs are related to various
cancers (37), and research has also indicated that UV
regulates the expression of miRNAs (38). In this study, we
examined the expression of miR-651-5p and ZEB2 mRNA
in SGC tissues and adjacent tissues by RT-qPCR. The
results showed that miR-651-5p was expressed at low levels
in tumor tissues, while ZEB2 mRNA was highly expressed
in tumor tissues (Figure 14,1B). Subsequently, primary SGC
cells were isolated from SGC tissues, and the expression
of SGC markers (p63, EMA, and CKpan) was verified by
western blotting (39,40). The results showed that these
markers were strongly expressed in isolated SGC cells
(P<0.05 compared with human normal sebaceous gland cell
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line SZ95 cells, Figure 1C,1D). The results also showed that
the expression of miR-651-5p was lower in SGC cells than
in the SZ95 (Figure 1E). Moreover, as shown in Figure 1F,
the expression of ZEB2 in SGC cells was higher than that in
SZ95 cells. Hence, the abnormal expression of miR-651-5p
and ZEB2 in SGC tissues and SGC cells might be related to
the development and progression of SGC.

The effect of UV exposure on SGC cells

A recent study found that UV radiation regulated the
expression of miRNAs, which affected the apoptosis of
immortalized human epidermal cells (41). The effect of
UV exposure on the apoptosis, invasion, migration, and
EMT of SGC cells was assessed. The expression of miR-
651-5p in UV-induced SGC cells was measured by RT-
gPCR, and the miR-651-5p expression level was found to
decrease with increasing doses of UV radiation (Figure 2A).
Flow cytometry and TUNEL staining results shown that
UV radiation promoted SGC cell apoptosis in a dose-
dependent manner, thus inhibiting the growth of the tumor
(Figure 2B,2C). In contrast, UV exposure induced SGC cell
invasion, migration, and EMT in a dose-dependent manner
(Figure 2D-2F), which was conducive to tumor metastasis.
These results suggested that although UV radiation could
promote the apoptosis of SGC cells, it could also enhance
the malignant biological behaviors of SGC cells.

miR-651-5p affected UV-induced SGC cells

Based on the above results, we were further study the effect
of miR-651-5p on the biological behaviors of SGC cells
after UV treatment. First, the expression level of miR-
651-5p in miR-651-5p mimic-, inhibitor-, inhibitor-NC-,
and mimic-NC-transfected SGC cells treated with or
without UV was verified by RT-qPCR. The results showed
that UV radiation suppressed miR-651-5p expression,
and the expression of miR-651-5p was upregulated and
downregulated by miR-651-5p mimics and miR-651-5p
inhibitors, respectively (Figure 34,3B). The flow cytometry
and TUNEL staining results showed that SGC cell
apoptosis induced by UV exposure, and was enhanced by
overexpression of miR-651-5p after UV radiation, but was
reduced by downexpression of miR-651-5p (Figure 3C,3D).
Transwell results showed that overexpression of miR-651-
5p inhibited UV-induced SGC cell invasion and migration
and downexpression of miR-651-5p promoted UV-induced
SGC cell invasion and migration (Figure 44,4B). Moreover,
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the western blotting results showed that overexpression of
miR-651-5p inhibited EMT in UV-treated SGC cells and
downexpression of miR-651-5p promoted EMT in UV-
treated SGC cells (Figure 4C). Therefore, overexpression
of miR-651-5p markedly inhibited the malignant biological
behaviors of UV-induced SGC cells and enhanced cell
apoptosis induced by UV radiation.

Knockdown of ZEB2 affected UV-induced SGC cells

Based on the above results, ZEB2 was downexpression to
further study the effect of ZEB2 on the biological behaviors
of SGC cells after UV treatment. The SGC cells were
transfected with siRNAs to downregulate ZEB2 expression.
The protein levels of ZEB2 were significantly reduced
(Figure 5A). si-ZEB2#1 achieved more effective knockdown
efficiency. The flow cytometry and TUNEL staining results
showed that ZEB2 depletion significantly increased UV-
induced SGC cell apoptosis (Figure 5B,5C). Transwell
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results showed that knockdown of ZEB2 inhibited UV-
induced SGC cell invasion and migration (Figure 5D,5E).
Moreover, the western blotting results showed that
knockdown of ZEB2 inhibited EMT in UV-treated SGC
cells (Figure SF). This finding indicated that UV radiation
regulates SGC cell apoptosis, migration, and invasion by
downregulating ZEB2.

Interaction between miR-651-5p and ZEB2

According to the bioinformatics data, the binding sites
between miR-651-5p and ZEB2 were predicted by the
StarBase database (Figure 64). Moreover, the dual-luciferase
reporter assay results showed that overexpression of miR-
651-5p dramatically decreased the luciferase activity of the
wt-ZEB2 3'UTR reporter, but had no effect on the activity
of the mut-ZEB2 reporter (Figure 6B). In addition, the
results showed that compared with mimic-NC-transfected
SGC cells, the expression of ZEB2 in the miR-651-5p
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group; by one-way ANOVA. UV, ultraviolet; TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling; EMT, epithelial-
mesenchymal transition; SGC, sebaceous gland carcinoma; RT-qPCR, real-time quantitative polymerase chain reaction; ANOVA, analysis

of variance.
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mimic-transfected SGC cells was significantly decreased
(Figure 6C,6D). Thus, the expression of ZEB2 was inhibited
by miR-651-5p in SGC cells.

MiR-651-5p regulated the malignant biological bebavior
of UV-induced SGC by targeting ZEB2 in vivo and in

vitro

MiRNAs are involved in the progression of cancer, as they
regulate target genes (42). The above results showed that
miR-651-5p targets ZEB2 in SGC cells (Figure 6). Because
miR-651-5p overexpression and ZEB2 downexpression
enhanced cell apoptosis and suppressed the malignant
biological behaviors of UV-induced SGC cells (Figures 3-5),
ZEB2 was overexpressed concurrently to verify whether
miR-651-5p regulated the malignant biological behaviors of

© Annals of Translational Medicine. All rights reserved.

UV-exposed SGC cells. The flow cytometry and TUNEL
staining results showed that cell apoptosis of UV-induced
SGC cells was inhibited in the miR-651-5p mimic- and
pcDNA-ZEB2-cotransfection group compared with the
miR-651-5p mimic-group (Figure 7A,7B). In contrast, the
inhibition of invasion, migration, and EMT by miR-651-
5p overexpression in UV-induced SGC cells was reversed
by ZEB2 overexpression (Figure 7C-7E). Moreover, the in
vivo tumor growth assay results showed that overexpression
of miR-651-5p inhibited tumor growth, while the volume
and weight of tumors in the miR-651-5p mimic- and
pcDNA-ZEB2-cotransfected group were not significantly
different from those in the UV radiation-only groups
(Figure 7F-7H). Consequently, the above results confirmed
that miR-651-5p overexpression suppressed the malignant
biological behaviors of UV-treated SGC cells by targeted
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downregulation of ZEB2 expression in vivo and in vitro.

Discussion

Tumor microenvironment (TME) refers to the cellular
environment in which tumors or cancer stem cells exist. The
TME is a complex ecology consisting of cells that evolve
with cancer cells and provide support during malignant

© Annals of Translational Medicine. All rights reserved.

transformation, which contains cells and molecules that can
increase the stemness of tumor cells, promote angiogenesis,
mediate migration, induce drug resistance, and suppress the
immune system (43). It has been reported that UV radiation
affects the proliferation, apoptosis (9), migration, and
invasion of tumor cells, as well as EMT (10). UV radiation
damages DNA to cells triggers mutations that lead the cells
to multiply rapidly and form malignant tumors (44). SGC is

Ann Transl Med 2022;10(9):517 | https://dx.doi.org/10.21037/atm-21-3897
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a rare invasive tumor with a high local recurrence rate and
poor prognosis after metastasis. Previous studies reported
that UV exposure is showed poorly differentiated infiltrating
of SGC, which is related to the UV-induced DNA damage,
gene mutation, infiltrating neutrophils, proteolytic enzymes
induced and keratinocyte activation (3,4,45,46). UV-induced
SGC show more aggressive and sebocytic differentiation
histopathologic features (4). It was demonstrated that skin
irradiation by UV downregulates the expression of cysteine-
rich protein 1, which leads to the occurrence of SGC (47).
In addition, UV light signature mutations in the telomerase
reverse transcriptase gene promoter are very common in
SGC, indicating the important roles of UV light in the
pathogenesis of SGC (48). However, even though various
factors caused by UV exposure lead to the occurrence and
development of SGC, a study reported the existence of UV-
independent p53 mutations in SGC (49). Moreover, a recent
study found that UV radiation upregulates the expression
of miR-27a, which affects the apoptosis of immortalized
human epidermal cells by removing cyclobutene pyrimidine
dimers and by downregulating its target genes, namely
transactive response DNA-binding protein and apoptotic
protease activating factor-1 (50). In addition, miR-

© Annals of Translational Medicine. All rights reserved.

26a expression is upregulated upon UV irradiation and
promotes UV-induced apoptosis in immortalized human
epidermal cells by targeting the histone methyltransferase
EZH2 (51). In this study, miR-651-5p expression was
confirmed to be abnormally low in SGC tissues and SGC
cells, and its expression had a negative correlation with the
intensity of UV exposure. These results suggested that UV
might affect the development of SGC by regulating the
expression of miR-651-5p.

UV radiation can regulate the expression of miRNAs, and
it has been reported that abnormal expression of miRNAs is
closely related to SGC. For example, low levels of miRNA-
200c and miRNA-141 in patients with SGC facilitate tumor
progression (29). In addition, overexpression of miR-486-
5p and miR-184 has been reported to be oncogenic in SGC,
and downregulation of miR-211 and miR-518d has been
reported to have tumor-suppressive effects in SGC (52).
Focusing on miR-651-5p, a study reported that miR-651 is
associated with the clinical outcomes of NSCLC patients (19),
and circRNA_0066755 acts as an oncogene by sponging
miR-651 in nasopharyngeal carcinoma (18), which indicates
that miR-651 might act as a tumor suppressor gene. The
results of the present study suggested that overexpression

Ann Transl Med 2022;10(9):517 | https://dx.doi.org/10.21037/atm-21-3897
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Figure 7 Role of ZEB2 in the inhibition of the malignant biological behavior of UV-induced SGC by miR-651-5p overexpression in vivo
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of miR-651-5p promoted cell apoptosis and inhibited the
invasion, migration, and EMT of UV-treated SGC cells,
thereby inhibiting the malignant biological behaviors of
UV-treated SGC cells. Mechanistically, miRNAs affect the
malignant biological behaviors of cancer cells by regulating
target genes. Based on the bioinformatics data and the results
of the dual-luciferase reporter assay, miR-651-5p targeted
ZEB? and downregulated its expression in SGC cells.

As a DNA-binding transcription factor, ZEB2 is closely
related to the progression of cancer. One study reported that
overexpression of ZEB2 promotes the expression of EMT-
associated genes and proteins, and alters cell morphology and
invasive capability, and the results clearly identified ZEB2-
mediated transcription as a key mechanism that transforms
epithelial-like trophoblasts into cells with a mesenchymal,
invasive phenotype (53). Because ZEB2 is an important
regulator of EMT, the miRNA-ZEB? axis has been reported
to play a crucial role in the tumor progression of prostate
carcinoma (54), oral squamous cell carcinoma (55), and
esophageal cancer (56), among others. Moreover, a study
found that the overexpression of ZEB2 in SGC is associated
with systemic metastasis in 8-14% of patients and death in
10-30% of patients (57). In addition, the expression of ZEB2
is directly associated with vimentin, which is overexpressed
in SGC and leads to poor clinical outcomes (58). In this
study, the overexpression of ZEB2 was proven to enhance the
invasion, migration, and EMT of UV-induced SGC cells, but
inhibited the apoptosis of miR-651-5p-overexpressing SGC
cells after UV exposure. These results indicated that miR-
651-5p regulated the malignant biological behaviors of UV-
induced SGC cells by targeting ZEB2.

The present study only selected ZEB2 as the targets
of miR-651-5p, miR-651-5p may have the possibilities to
targeting other genes and future studies may investigate
into more targets of miR-651-5p. In addition, we find the
miR-651-5p lowly expressed in the SGC, whether the
reasons of miR-651-5p downexpression. As such, future
studies may investigate into the upstream mechanism of
regulating miR-651-5p expression, such as long non-coding
RNA, circular RNA, m6A modification regulates miRNNA
mature processing, which will further reveal the underlying
anti-tumor mechanisms in SGC. Interestingly, heavily UV-
damaged samples SGC shared transcriptomic patterns
resembling those found in squamous cell carcinomas and
basal cell carcinomas, implicating poorly differentiated
UV-damage SGC, arise from a subpopulation of more
superficial keratinocytes vulnerable to UV mutagenesis,
either from the epidermis or superficial portion of the

© Annals of Translational Medicine. All rights reserved.
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folliculosebaceous unit (4).

In conclusion, this study revealed that the expression
of miR-651-5p was low in SGC tissues, and its expression
decreased as the intensity of UV exposure increased.
Moreover, overexpression of miR-651-5p inhibited the
malignant biological behaviors of UV-induced SGC cells
via targeted downregulation of the expression of ZEB2. Our
study has elucidated one of the mechanisms of UV-induced
SGC growth and metastasis and provides a new target for
gene therapy for SGC.
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