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Abstract. MicroRNAs (miRNAs/miRs) play an important 
role in various types of carcinoma, including sebaceous gland 
carcinoma (SGC) of the eyelid. miR‑3907 was found to be 
highly expressed in lung cancer; however, to the best of our 
knowledge, the biological role of miR‑3907 in SGC has not 
previously been evaluated. The aim of the present study was to 
determine the role and mechanism of miR‑3907 in the occur‑
rence and development of SGC. miR‑3907 was screened and 
identified as a novel upregulated miRNA in SGC tissues and 
cells, as determined using miRNA microarrays and reverse 
transcription‑quantitative (RT‑q) PCR analyses. Compared 
with the control group, cellular proliferation and migration 
were enhanced in the miR‑3907 mimics group, and decreased 
in the miR‑3907 inhibitor group. Moreover, miR‑3907 nega‑
tively regulated thrombospondin 1 (THBS1) expression, 
as shown by bioinformatics prediction, RT‑qPCR, western 
blotting and dual‑luciferase reporter assays. In addition, 
compared with the control group, the small interfering (si) 
siRNA‑THBS1 group exhibited enhanced proliferation and 
migration abilities, which were decreased in the THBS1 over‑
expression group. Furthermore, THBS1 overexpression was 
found to attenuate the stimulative effect of miR‑3907 mimics, 
and THBS1‑knockdown reversed the inhibitory effect of the 
miR‑3907 inhibitor in SGC cells. Collectively, the results of 
the present study indicated that miR‑3907 promoted the prolif‑
eration and migration of SGC by downregulating THBS1, 

and that this axis may be a potential target for the prognostic 
assessment and treatment of SGC.

Introduction

Sebaceous gland carcinoma (SGC) of the eyelid is a type of 
malignant epithelial tumor originating from sebaceous glands 
of the eyelid. SGC is the second most common malignant eyelid 
tumor in a number of Asian countries and ranks either third 
or fourth in various European countries (1,2). TNM staging, 
larger tumor diameter, recurrence, metastasis and perivascular 
invasion are clinical factors for poor prognosis (3‑5), and 
patients with SGC are prone to recurrence and metastasis after 
surgery, which also results in poor prognosis (6). The mortality 
rate is high after recurrence and metastasis, and studies have 
reported that SGC of eyelids ranges from 5.9 to 11.3%, which 
may be associated with patient ethnicity, the time of follow‑up 
and the number of samples assessed (7,8). Therefore, early 
diagnosis and treatment are key to improving patient prog‑
nosis.

As single‑st randed,  non‑coding smal l  RNAs, 
microRNA (miRNAs/miRs) can act as cancer‑promoting or 
tumor‑suppressor genes in a variety of cancer types. In addi‑
tion, studies have reported that abnormally expressed miRNAs 
in different carcinoma tissues can be used as biomarkers of 
tumor prognosis and diagnosis, including miR‑200c and 
miR‑141 in SGC (9,10). miR‑3907 is a novel miRNA that 
has been shown to be involved in lung cancer and kidney 
disease (11,12). However, to the best of our knowledge, the role 
of miR‑3907 in SGC of the eyelid remains unknown.

The platelet thrombin protein thrombospondin 1 (THBS1), 
a glycoprotein that mediates cell‑to‑cell and cell‑to‑matrix 
adhesion, plays an important role in a variety of diseases, 
including malignant tumors (13). Downregulation of THBS1 
mRNA expression in laryngeal squamous cell carcinoma 
has been shown to be correlated with TNM stage and lymph 
node metastasis (14). Moreover, pigment epithelium‑derived 
factor‑induced exosomal THBS1 plays an important role in 
inhibiting metastasis and invasion in lung cancer (15).

To the best of our knowledge, the biological roles and 
expression levels of miR‑3907 and THBS1 in SGC have not 
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been previously investigated. Using an miRNA microarray, 
miR‑3907 was found to be highly expressed in SGC of the 
eyelid. Therefore, the present study aimed to investigate the 
effects and potential regulatory mechanisms of miR‑3907 (as 
a target of THBS1) on the proliferation and migration of SGC 
cells, with a view to providing a potential target for the early 
diagnosis and treatment of SGC.

Materials and methods

Tissue samples. The inclusion criteria for carcinoma tissues 
were that patients had undergone postoperative pathological 
diagnosis of eyelid SGC, whereas patients with paracarci‑
noma tissues had undergone an enlarged surgical resection of 
eyelid SGC, including the paracarcinoma normal sebaceous 
gland. Patients who received preoperative chemotherapy 
or radiotherapy were excluded from the study. A total of 18 
formalin‑fixed paraffin‑embedded (FFPE) eyelid SGC tissues 
and six para‑carcinoma FFPE samples were provided by the 
Tianjin Medical University Eye Hospital (Tianjin, China) 
between July 2011 and January 2019. The mean patient age 
was 64.4 years (range, 38‑80 years), with 13 women and 
5 men enrolling. In total, 10 patients were T1‑T2 stage, and 8 
possessed T3‑T4 stage SGC. Moreover, 6 patients were histo‑
logically graded 1‑2, and 12 were graded 3‑4. Postoperative 
recurrence occurred in 6 patients and no recurrence occurred 
in 12 patients. With regards to the para‑carcinoma tissues, 
the mean age was 63.8 years, with a range of 38‑80 years. 
There were 4 women and 2 men in the para‑carcinoma group. 
Written informed consent was obtained from the patients with 
SGC prior to tissue collection, and the study was approved 
by the Ethics Committee of Tianjin Medical University Eye 
Hospital [approval no. 2020KY(L)‑20].

miRNA microarrays. Differentially expressed miRNAs in three 
SGC and three paired para‑carcinoma control FFPE samples 
were detected using the Agilent Human miRNA Microarray 
(Agilent Technologies, Inc.). Differentially expressed miRNAs 
in four SGC FFPE samples containing a P53 mutation, and 
in four SGC FFPE samples without a P53 mutation, were 
also detected using the Agilent Human miRNA Microarray 
(Release 21.0, 8x60K; design ID, 070156) and the thresholds 
were set as fold change ≥2 and P<0.05.

Cell culture. Tissue block primary cell culture was performed 
as previously described (16). Briefly, primary cells were 
cultured using the tissue block culture method, in which 
SGC and SG samples were derived from the intraoperative 
tissues of patients with SGC. Following tissue removal, the 
specimens were immediately transferred to the laboratory 
for primary cell culture. The samples were rinsed 2‑3 times 
with culture medium, cut into 1 mm3 pieces, and then slowly 
transferred into a T25 cm2 cell culture flask. The cells were 
maintained in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Shanghai 
ExCell Biology, Inc.) and 1% penicillin and streptomycin 
(HyClone; Cytiva) at 37˚C (5% CO2), and the medium 
was exchanged every 2 days. The cells were passaged at 
80% confluence, and primary cells from passages 4‑10 were 
selected for experimental use.

RNA extraction and reverse transcription‑quantitative (RT‑q) 
PCR. All procedures were performed in strict accordance 
with the manufacturer's instructions. mRNA and miRNA 
from SGC primary cells were extracted using an EZ‑press 
RNA Purification kit (EZBioscience). miRNA was reverse 
transcribed into first‑strand cDNA using the miRcute Plus 
miRNA First‑Strand cDNA kit (Tiangen Biotech Co., Ltd.) at 
42˚C for 60 min and 95˚C for 3 min. miRNA SYBR Green 
analysis was performed using the miRcute Plus miRNA qPCR 
kit (Tiangen Biotech Co., Ltd.) under the following thermo‑
cycling conditions: Initial denaturation at 95˚C for 15 min; 
followed by 40 cycles of 95˚C for 20 sec and 60˚C for 30 sec. 
The first‑strand cDNA from mRNA was obtained using the 
FastKing RT kit (Tiangen Biotech Co., Ltd.) per the following 
conditions: 42˚C for 3 min, 42˚C for 15 min and 95˚C for 3 min. 
mRNA SYBR‑Green quantification analysis was performed 
using the SuperReal PreMix Plus kit (Tiangen Biotech Co., 
Ltd.) under the following thermocycling conditions: 95˚C for 
15 min, followed by 40 cycles of 95˚C for 10 sec and 60˚C for 
30 sec. The expression levels were quantified using the 2‑ΔΔCq 
method with GAPDH and U6 as the internal controls (17). 
The reverse primer for miR‑3907 was universal (included in 
the miRcute Plus miRNA qPCR kit), and the other primer 
sequences are displayed in Table Ⅰ.

Immunohistochemical staining. The 18 SGC and 6 control 
FFPE samples were deparaffinized using xylene for 10 min 
three times at room temperature. (Kermel Biotech Co., Ltd.) and 
dehydrated in gradient ethanol. Sodium citrate (pH 6; Beijing 
Zhongshan Jinqiao Biotech Co., Ltd.) was used for antigen 
repair for 20 min. After treating with 3% H2O2 (SP9000 Kit; 
Beijing Zhongshan Jinqiao Biotech Co., Ltd.), washing in PBS 
and blocking for 30 min with goat serum (SP9000 Kit; Beijing 
Zhongshan Jinqiao Biotech Co., Ltd.) at room temperature, 
the sections were incubated with polyclonal rabbit anti‑human 
THBS1 antibody (1:500; Affinity Biosciences, Ltd.) at 4˚C 
overnight. The following day, the sections were incubated 
with a polyclonal rabbit anti‑human THBS1 secondary anti‑
body (1:500; Affinity Bioscience, Ltd.) for 30 min at room 
temperature, and then stained with DAB (Zhongshan Jinqiao 
Biotech Co., Ltd.). Finally, sections were stained for 20 sec 
with hematoxylin at room temperature, dehydrated and sealed. 
ImageJ 6.0 software (National Institutes of Health) was used 
for image analysis.

Cell transfection. miR‑3907 mimics, miR‑3907 inhib‑
itor, small interfering RNA (siRNA)‑THBS1 and the 
corresponding negative controls (NCs) were synthesized and 
purchased from Shanghai GenePharm Co., Ltd. According to 
the manufacturer's instructions, different volumes of dieth‑
ylprocarbonate water were added to each mimic, inhibitor, 
siRNA and corresponding NC to ensure a concentration of 
20 µM per tube. The transfections were performed using 
Lipofectamine® 3000 (Invitrogen, Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. A total 
of 3.75 µl Lipofectamine and 125 µl RPMI‑1640 medium 
were mixed to create Mix 1. For Mix 2, 125 µl RPMI‑1640 
medium, 10 µl P3000 and 5 µl DNA plasmid were mixed. 
Mix 1 and Mix 2 were then combined, incubated for 10 min 
in the dark at room temperature, and then added into 6‑well 



ONCOLOGY LETTERS  22:  833,  2021 3

plates containing SGC eyelid primary cells at room tempera‑
ture. CCK‑8 and wound healing experiments were performed 
on the second day after transfection. RNA was extracted 
from 48 to 72 h after transfection, and protein was extracted 
from 72 to 96 h after transfection. THBS1 lentivirus vector 
was synthesized by Shanghai Obio Biotechnology Co., Ltd.  
(pSLenti‑SFH‑EGFP‑P2A‑Puro‑CMV‑THBS1‑3xFLAG‑WPRE).  
The third lentivirus generation system was used and the 
interim 293T cell line (ATCC) was used. The quantity of 
lentiviral plasmid used for transfection was 10 µg in a 10 cm 
cell culture dish, and the ratio of the lentiviral plasmid: pack‑
aging vector: envelope was 0.25:1:0.75. After transfection 
for 48 h at room temperature, the supernatant was collected 
and the medium was changed. The supernatant was collected 
again after 72 h of transfection and merged with the medium 
collected at 48 h. On reaching 30‑40% confluency, the SGC 
cells were transfected at room temperature with plasmids at 
an MOI of 40. The medium was replaced within 24 h and the 
fluorescence signal was observed under a fluorescence micro‑
scope after 72 h at room tamperature. Lentivirus plasmid was 

transfected successfully and subsequent experiments were 
carried out 72 h after transfection. The sequences of mimics, 
inhibitor, siRNA‑THBS1 and NC are displayed in Table II.

miR‑3907 target gene prediction and dual‑luciferase reporter 
assay. The TargetScan 7.2 (18) and miRDB databases (19) were 
used to predict the target genes of miR‑3907. The wild‑type 
pGL3‑THBS1‑3' untranslated region (UTR) (WT‑THBS1) 
and mutant pGL3‑THBS1‑3'UTR (MUT‑THBS1) expression 
vectors were constructed by Shanghai GenePharma Co., Ltd. 
293T cells were co‑transfected with miR‑3907 mimics and 
mimics‑NC with the WT‑THBS1 and MUT‑THBS1 vectors, 
using Lipofectamine® 3000. After transfection for 48 h, the 
relative firefly luciferase activity (the luciferase activity ratio 
of Renilla luciferase activity to firefly luciferase activity) was 
determined using the Dual‑Luciferase Reporter Assay System 
(Promega Corporation).

Western blotting. Total cellular protein was extracted using 
RIPA buffer containing 1% protease inhibitor (Beijing 
Solarbio Science & Technology Co., Ltd.), and a BCA kit 
was used to determine the protein concentration (Beijing 
Solarbio Science & Technology Co., Ltd.). Protein samples 
were mixed with 5X loading buffer (Beijing Solarbio 
Science & Technology Co., Ltd.) and denatured at 99˚C for 
10 min. Then, 40 µg protein sample per lane was loaded and 
separated via 10% SDS‑PAGE, and then transferred to a 
PVDF membrane (Bio‑Rad Laboratories, Inc.). The membrane 
was blocked with 5% skim milk at room temperature for 2 h, 
and then incubated with primary antibodies against, THBS1 
(1:1,000; cat. no. DF6848; Affinity Biosciences, Ltd.) and poly‑
clonal mouse anti‑human GAPDH (1:1,000; cat. no. T0004; 
Affinity Biosciences, Ltd.) at 4˚C overnight with gentle 
shaking. The following day, after washing with 1X TBS with 
0.05% Tween‑20 (TBST; Gibco; Thermo Fisher Scientific, 
Inc.), the membrane was incubated with the anti‑mouse IgG 
[heavy chain (H) + light chain (L)] biotinylated secondary 
antibody (1:2,000; cat. no. 14709; Cell Signaling Technology, 
Inc.) or anti‑rabbit IgG (H+L) biotinylated secondary antibody 
(1:2,000; cat. no. 14708; Cell Signaling Technology, Inc.) for 
2 h at room temperature. After further washing with 1X TBST, 
protein bands were visualized using a Omni‑EC™ Pico Light 
Chemiluminescent Kit (Shanghai Epizyme Biotech Co., Ltd.). 
Images were captured using the Tanon 480 photoluminescence 
imaging system (Tanon Science and Technology Co., Ltd.). 
ImageJ 6.0 software (National Institutes of Health) was used 
for semi‑quantification analysis.

Table Ⅰ. Primer sequences.

Gene Forward (5' to 3') Reverse (5' to 3')

microRNA‑3907 AGGTGCTCCAGGCTGGCTCACA
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
Thrombospondin 1 AGACTCCGCATCGCAAAGG TCACCACGTTGTTGTCAAGGG
GAPDH GATGCTGGCGCTGAGTACG GCTAAGCAGTTGGTGGTGC

The reverse primer for miR‑3907 was universal, and included in the miRcute Plus miRNA qPCR kit.

Table Ⅱ. Transfectant sequences.

Gene Sequence (5' to 3')

miR‑3907mimics
  Sense AGGUGCUCCAGGCUGGCUCACA
  Antisense UGAGCCAGCCUGGAGCACCUUU
miR‑3907mimics‑NC
  Sense UUCUCCGAACGUGUCACGUTT
  Antisense ACGUGACACGUUCGGAGAATT
miR‑3907 inhibitor UGUGAGCCAGCCUGGAGCACCU
miR‑3907 CAGUACUUUUGUGUAGUACAA
inhibitor‑NC
siRNA‑THBS1 
  Sense GCGUGUUUGACAUCUUUGATT
  Antisense UCAAAGAUGUCAAACACGCTT
siRNA‑THBS1 NC
  Sense UUCUCCGAACGUGUCACGUTT
  Antisense ACGUGACACGUUCGGAGAATT

miR, microRNA; siRNA, small interfering RNA; THBS1, thrombos‑
pondin 1; NC, negative control.
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Cell Counting Kit 8 (CCK‑8) assay. After digestion and 
counting, SGC cells were seeded at 5x103 cells/well in 96‑well 
plates. Then, 10 µl CCK‑8 solution was added to each well at 
different time points, and the plates were incubated for 3 h. 
The absorbance values at 450 nm were determined using a 
plate reader (Infinite M200 Pro; Tecan Group, Ltd.).

Wound‑healing assay. A 6‑well plate was inoculated with SGC cell 
suspension. After transfection and when the cells reached 70‑90% 
confluence, a 100‑µl pipette tip was used to create a scratch in 
each monolayer. After rinsing with PBS, 2 ml 1% low concentra‑
tion serum medium was added, and the plate was returned to the 
incubator. Images were captured 24 h post‑wounding; the wound 
area was observed at 0 and 24 h under an inverted microscope. 
The relative migration distance to the wound area was quanti‑
fied and the migration wound healing rate was calculated using 
ImageJ software 6.0. Migration wound healing rate = (0 h wound 
area‑24 h wound area)/0 h wound area x100%.

Statistical analysis. SPSS 23.0 statistical software (IBM Corp) 
was used for data analysis. Two‑tailed unpaired Student's t‑test, 
one‑way ANOVA followed by Dunnett's multiple comparisons 
test were performed. The experimental results are presented 
as the mean ± SD, and P<0.05 was considered to indicate a 
statistically significant difference.

Results

Upregulation of miR‑3907 in SGC tissues and primary 
cells. Differentially expressed miRNAs in three SGC and 
para‑carcinoma control tissues were analyzed using a miRNA 
microarray, in which 467, 685 and 499 differentially expressed 
miRNAs were respectively identified (Fig. 1A). The intersection 
of these miRNAs revealed that there were 121 differentially 
upregulated miRNAs (Fig. 1B). With regards to the differ‑
ential miRNAs in the four SGC samples with P53 mutation, 
and the four SGC tissues without P53 mutation, microarray 

Figure 1. Screening and expression of miR‑3907 in tissues and cells of patients with SGC. (A) Microarray of differentially expressed miRNAs in SGC. 
(B) Venn diagram of differentially upregulated miRNAs in 3 SGC tissues. (C) Heat map of differentially expressed miRNAs in SGC tissues containing a P53 
mutation. (D) Venn diagram of differentially upregulated miRNAs between two sets of miRNA microarray data. (E) Relative expression level of miR‑3907 in 
SGC tissues was higher than that in para‑carcinoma tissues. (F) Relative expression levels of miR‑3907 in SGC cells compared with normal SG cells. *P<0.05 
and **P<0.01. miRNA/miR, microRNA; SGC, sebaceous gland cancer.
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revealed 15 differential miRNAs, of which 11 were upregu‑
lated (Fig. 1C). There were only two miRNAs (miR‑3907 and 
miR‑3132) that overlapped between the 121 and 11 differentially 
upregulated miRNAs (Fig. 1D). Using RT‑qPCR, the expres‑
sion level of miR‑3907 was found to be significantly higher in 
SGC tissues than in para‑carcinoma tissues (P<0.01; Fig. 1E). 
Next, the expression levels of miR‑3907 in SGC primary 
cells were determined, and identified to also be significantly 
upregulated compared with those in healthy SG primary cells 
(P<0.05; Fig. 1F). Therefore, miR‑3907 was selected and was 
demonstrated to be upregulated in eyelid SGC.

THBS1 expression in SGC tissues. Immunohistochemical 
staining was used to evaluate the protein expression level of 
THBS1 in SGC tissues, which was found to be decreased 
compared to that of para‑carcinoma tissues (Fig. 2A). 
Furthermore, the THBS1‑positive expression rate (5/18; 27.8%) 
in SGC tissues was lower than in the control tissues (6/6; 100%; 
Fig. 2B; P<0.01. Next, RT‑qPCR was used to assess THBS1 
mRNA expression in SGC cells, which was found to be signifi‑
cantly downregulated in SGC cells compared with normal SG 
cells (Fig. 2C; P<0.001).Therefore, the results indicated that 
THBS1 expression levels were downregulated in eyelid SGC.

Promotive effects of miR‑3907 in SGC cells. To investigate 
whether miR‑3907 affects SGC cell tumorigenesis, miR‑3907 
was overexpressed or knocked down by transfection with 
miR‑3907 mimics or miR‑3907 inhibitor, respectively, and the 
expression level was analyzed using RT‑qPCR. The RT‑qPCR 
results demonstrated successful miR‑3907 mimic transfection 
(P<0.001; Fig. 3A). The proliferative and migratory abilities of 
SGC cells were determined using CCK‑8 and wound‑healing 
assays, the results indicated that compared with the control 
group, cellular proliferation was significantly increased after 
miR‑3907 overexpression (P<0.001; Fig. 3B), migration ability 
was also increased (P<0.01; Fig. 3C). The RT‑qPCR results 
demonstrated that miR‑3907 was knocked down successfully 
(P<0.01; Fig. 3D). The CCK‑8 and wound‑healing results 
showed that compared with the control group, proliferation 
ability was decreased following transfection with the miR‑3907 
inhibitor (P<0.05; Fig. 3E). Migration ability also decreased 
after transfection with the miR‑3907 inhibitor (P<0.001; 
Fig. 3F). Therefore, miR‑3907 may play a carcinogenic role in 
eyelid SGCs by affecting proliferation and migration.

miR‑3907 negatively regulates THBS1 expression. To inves‑
tigate how miR‑3907 affects SGC cell proliferation and 
migration, bioinformatics databases were used to predict the 
putative target of miR‑3907. The prediction results revealed 
complementary binding sites between miR‑3907 and the 3'UTR 
of THBS1 (Fig. 4A). Next, the binding association between 
miR‑3907 and THBS1 was investigated. The dual‑luciferase 
reporter assay results demonstrated that the luciferase activity 
of the miR‑3907mimics + WT‑THBS1 group was significantly 
lower than that of the mimics‑NC + WT‑THBS1 group (P<0.001), 
while the activity of the miR‑3907mimics + MUT‑THBS1 
group was not significantly different from that of the 
mimics‑NC + MUT‑THBS1 group (Fig. 4B). Furthermore, the 
RT‑qPCR and western blotting results suggested that THBS1 
mRNA and protein expression were significantly down‑
regulated in the miR‑3907 mimics group compared with the 
mimics‑NC group (Fig. 4C and D), which further indicated the 
regulatory relationship between miR‑3907 and THBS1. The 
results suggested that miR‑3907 negatively regulated THBS1 
expression.

Inhibitory effects of THBS1 in SGC cells. To investigate 
whether THBS1 affects SGC cell tumorigenesis, THBS1 was 
overexpressed or knocked down by transfecting cells with 
THBS1 lentivirus vector or siRNA‑THBS1, respectively, and 
THBS1 expression was analyzed and observed using RT‑qPCR 
and fluorescence microscopy, respectively. RT‑qPCR (Fig. 5A; 
P<0.001) demonstrated successful siRNA transfection. CCK‑8 
and wound‑healing assays indicated that, compared with the 
control group, the proliferative ability of the siRNA‑THBS1 
group were significantly increased (Fig. 5B; P<0.05) and 
the migratory ability of the siRNA‑THBS1 group increased 
(Fig. 5C; P<0.001). RT‑qPCR (Fig. 5D; P<0.001)and fluores‑
cence microscopy (Fig. 5E) demonstrated successful lentiviral 
vector transfection. While in the THBS1 overexpression 
group, these properties were significantly inhibited, including 
proliferation (Fig. 5F; P<0.05) and migration (Fig. 5G; P<0.01). 
These observations suggested that THBS1 serves an important 
inhibitory role in eyelid SGC by inhibiting the proliferation 
and migration of SGC cells.

Oncogenic effects of miR‑3907 exerted by targeting THBS1 
in SGC cells. To investigate whether miR‑3907 expres‑
sion is associated with SGC through THBS1, SGC cells 

Figure 2. THBS1 expression levels in SGC tissues and cells. (A) Immunohistochemical staining of THBS1 in SGC and para‑carcinoma tissues. Expression 
of THBS1 was negative in SGC tissues, but positive in para‑carcinoma tissues. Scale bar, 50 µm. (B) Positive expression rate of THBS1 in eyelid SGC and 
para‑carcinoma formalin‑fixed paraffin‑embedded samples. (C) Relative mRNA expression levels of THBS1 in SGC cells were lower than those in normal SG 
cells. **P<0.01 and ***P<0.001. SGC, sebaceous gland cancer; THBS1, thrombospondin 1.
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were co‑transfected with miR‑3907 mimics and THBS1, 
or inhibitor and siRNA‑THBS1. CCK8 and wound‑healing 
assay results indicated that compared with the miR‑3907 
mimics‑NC group, overexpression of miR‑3907 increased 
proliferation and migration. However, when cells were 
co‑transfected with both miR‑3907 and THBS1, these 
properties including proliferation (Fig. 6A; P<0.01) and 
migration (Fig. 6B; P<0.001) were decreased compared 
with the miR‑3907 mimics group. Similar trends were also 

observed when cells were co‑transfected with the inhibitor 
and siRNA‑THBS1. For instance, when cells were trans‑
fected with the miR‑3907 inhibitor, cell proliferation and 
migration were decreased compared with the inhibitor‑NC 
group. However, when both miR‑3907 and THBS1 were 
silenced, there was a significant increase in proliferation 
(Fig. 6C; P<0.05)and migration (Fig. 6D; P<0.05) compared 
with the inhibitor group. Therefore, the results indicated 
that miR‑3907 mediated eyelid SGC via targeted regulation 

Figure 3. Promotive effects of miR‑3907 on SGC cells proliferation and migration. (A) SGC cells were transfected with miR‑3907 mimics, and miR‑3907 
expression level was determined by reverse transcription‑quantitative PCR. Results of (B) CCK‑8 assay and (C) wound‑healing assays following transfection 
of SGC cells with miR‑3907 mimics. CCK‑8 and wounding‑healing assays showed that miR‑3907 mimics promoted the proliferation and migration of SGC 
cells. (D) SGC cells were transfected with miR‑3907 inhibitor, and miR‑3907 expression level was determined using reverse transcription‑quantitative PCR. 
Results of (E) CCK‑8 and (F) wound‑healing assays after SGC cell transfection with an miR‑3907 inhibitor. The assays showed that the miR‑3907 inhibitor 
decreased the proliferation and migration of SGC cells. Scale bar, 500 µm. *P<0.05, **P<0.01 and ***P<0.001. SGC, sebaceous gland cancer; miR, microRNA; 
CCK‑8, Cell Counting Kit‑8; NC, negative control.
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of THBS1. Overall, miR‑3907 may serve as an oncogene in 
SGC of the eyelid, and THBS1 may be a tumor suppressor 
gene. miR‑3907 targeted the THBS1 3'UTR and regulated 
THBS1 expression levels. Furthermore, co‑transfection 

was demonstrated to reverse the single effect of miR‑3907 
mimics or inhibitors. Thus, it was concluded that miR‑3907 
mediated the proliferation and migration of eyelid SGC via 
targeting THBS1.

Figure 4. miR‑3907 negatively regulates THBS1 expression. (A) Predicted binding sites for miR‑3907 within the wild‑type and mutant 3’UTR of THBS1. 
(B) Quantitative analysis of the relative luciferase activity of cells with reporter vectors containing the wild type or mutant THBS1 3’UTR, following miR‑3907 
co‑transfection. (C) Reverse transcription‑quantitative PCR and (D) western blotting with semi‑quantification analysis revealed decreased THBS1 expression 
following miR‑3907 mimics transfection. *P<0.05 and ***P<0.001. miR, microRNA; THBS1, thrombospondin 1; UTR, untranslated region; NC, negative control.

Figure 5. Inhibitory effects of THBS1 on SGC cell proliferation and migration. (A) THBS1‑knockdown was induced by transfecting SGC cells with 
siRNA‑THBS1. THBS1 expression level was determined by reverse transcription‑quantitative PCR. Results of (B) CCK‑8 and (C) wound‑healing assays 
after transfection with siRNA‑THBS1; siRNA‑THBS1 increased the proliferation and migration of SGC cells. (D) THBS1 overexpression was induced by 
transfecting lentiviral vectors; THBS1 expression level was determined by reverse transcription‑quantitative PCR. (E) Fluorescence assay results revealed that 
the THBS1 lentivirus vector was successfully transfected. (F) CCK‑8 and (G) wound‑healing assays results after transfection with THBS1 lentivirus revealed 
that THBS1 decreased the proliferation and migration of SGC cells. Scale bar, 500 µm. *P<0.05, **P<0.01 and ***P<0.001. SGC, sebaceous gland cancer; 
siRNA, small interfering RNA; CCK‑8, Cell Counting Kit‑8; THBS1, thrombospondin 1; NC, negative control.
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Discussion

SGC of the eyelid originates from the SG of the human 
eyelid, especially the upper eyelid (20), and is a common 
eyelid malignancy. The disease usually occurs in the elderly, 
is more frequently observed in women (2), and patients are 
more prone to recurrence and metastasis, leading to a poorer 
prognosis. Patients in early disease stages may have painless 
hard nodules in the eyelid, and as the disease progresses, may 
experience eyelid swelling and thickening, irregular lobulated 
or cauliflower yellow tissues on the conjunctival surface, 
and even local rupture of the tumor (5,21). However, early 
SGC can easily be confused with benign eyelid tumors (for 
example, chalazions), and as such, should be diagnosed and 
treated as soon as possible (22,23). At present, the primary 
treatment options for SGC are surgical resection or combined 
chemoradiotherapy. However, due to early misdiagnosis and 
mistreatment, local recurrence, invasion and distant metastasis, 
as well as insensitivity to chemoradiotherapy, the therapeutic 
effect is not always achieved (24,25). Therefore, understanding 
SGC pathogenesis from the molecular level is important for 
the development of targeted therapy, and to improve patient 
prognosis.

As non‑coding RNAs, miRNAs can form a complex 
regulatory network and play an important role in the occur‑
rence and development of various malignant tumors (26). In 
addition, due to their tissue‑specific and highly conserved 
characteristics, the abnormal expression of miRNAs may be 
used as an important marker for evaluating cancer progres‑
sion and patient prognosis, including in SGC (9,10,27,28). 
Bhardwaj et al (10) reported that the expression levels of 

miR‑200c and miR‑141 were lower in 86 and 67% cases of 
eyelid SGC tissues compared with para‑carcinoma control 
tissues. Moreover, Bladen et al (27) conducted a sequencing 
study on different SGC subtypes (nodules and pagetoid) and 
normal SG tissues to investigate differential miRNA expres‑
sion. Hirano et al (9) performed a small RNA‑sequencing 
analysis to identify differentially expressed miRNAs between 
SGC and sebaceous adenoma samples, as well as bioinfor‑
matics analyses to reveal biological functions, related pathways 
and molecular interaction networks. Thus, these methods may 
ultimately improve our understanding of the role of differen‑
tially expressed miRNAs in tumor progression.

P53, a tumor suppressor gene, loses the ability to regulate 
cellular proliferation, apoptosis and DNA repair after mutation. 
P53 mutation can be found in a variety of malignant tumors, 
including SGC; in fact, a number of studies have reported that 
P53 is the most common mutation in SGC (29,30). The protein 
expression levels of P53 have also been shown to be signifi‑
cantly increased after mutation compared with patients with 
SGC without P53 mutation. Furthermore, patients with a P53 
mutation were more prone to local recurrence, and their tumor 
cells were poorly differentiated (31). On this basis, in addi‑
tion to conducting an miRNA microarray between SGC and 
para‑carcinoma tissues, an miRNA microarray between four 
SGC samples containing P53 mutation and four SGC tissues 
samples without P53 mutation was conducted in the present 
study. The overlap between the two sets of differentially 
upregulated miRNAs generated miR‑3907 and miR‑3132 only; 
on review of the current literature, no studies on the associa‑
tion between miR‑3132 and malignant tumors were found, and 
its role in other malignant tumors is unclear. Therefore, based 

Figure 6. Oncogenic effects of miR‑3907 on SGC cells via THBS1 targeting. Cellular (A) proliferation and (B) migration were evaluated by CCK‑8 and 
wound‑healing assays after SGC cell transfection with mimic‑NC, miR‑3907 mimics, or co‑transfection with miR‑3907 mimics + THBS1. Cellular (C) pro‑
liferation and (D) migration were evaluated by CCK‑8 and wound‑healing experiments, respectively, in SGC cells transfected with inhibitor‑NC, miR‑3907 
inhibitor, or co‑transfected with miR‑3907 inhibitor + siRNA‑THBS1. Scale bar, 500 µm. **P<0.01 and ***P<0.001; #P<0.05, ##P<0.01 and ###P<0.001. SGC, 
sebaceous gland cancer; siRNA, small interfering RNA; CCK‑8, Cell Counting Kit‑8; THBS1, thrombospondin 1; miR, microRNA; NC, negative control.
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on previous studies and fold change analyses, miR‑3907 was 
finally selected for further investigation in the current study.

There have been a few studies to investigate miR‑3907, 
and these have reported that miR‑3907 has underlying diag‑
nostic value for several diseases, as it has been reported to be 
dysregulated in lung cancer and kidney disease. For instance, 
the expression level of miR‑3907 was increased in polycystic 
kidney disease, and the sensitivity and specificity of the 
receiver operating characteristic curve were high, suggesting 
that miR‑3907 may be used to predict the progress of poly‑
cystic kidney disease (7). Furthermore, compared with the 
control tissues, the expression level of miR‑3907 was higher in 
lung cancer tissues, and may be a potential early biomarker of 
the malignant transformation of bronchial epithelial cells (11).

However, to the best of our knowledge, there have been 
no previous reports on the role of miR‑3907 in SGC, and 
the present study may be the first to demonstrate such a role. 
Herein, the level of miR‑3907 was found to be increased 
in SGC tissues and cells compared with that observed in 
the control group. To further confirm the role of miR‑3907, 
miR‑3907 mimics promoted a significant increase in the 
proliferation and migration abilities of SGC cells, while the 
miR‑3907 inhibitor had the opposite effect, suggesting that 
miR‑3907 may play an important role as an oncogene gene 
in SGC, which was similar to the reported cancer‑promoting 
effect of miR‑3907 in lung cancer tissues (11).

The mechanisms underlying the promotive effects of 
miR‑3907 on cellular proliferation and migration were 
investigated by identifying its target gene, THBS1, using 
bioinformatics analysis and a dual‑luciferase reporter assay. 
The data indicated that miR‑3907 may promote SGC occur‑
rence and progression by directly binding and negatively 
regulating the expression of THBS1.

The platelet thrombin protein THBS1, expressed in the 
cellular membrane, endoplasmic reticulum and extracel‑
lular matrix, plays an important role in platelet aggregation, 
angiogenesis and the occurrence and development of a variety 
of malignant tumors (32,33). The expression level and roles 
of THBS1 vary in different tumor types, where it can play 
either a stimulatory and inhibitory role. For instance, von 
Hippel‑Lindau protein‑mediated THBS1 decreased the migra‑
tion of clear cell renal carcinoma cell lines (34). Furthermore, 
the expression level of THBS1 was positively correlated with 
overall survival in non‑small cell lung cancer (35). However, 
other studies have shown that THBS1 is highly expressed in 
oral squamous cell carcinoma, where it facilitates cellular 
invasiveness and migration (36). Moreover, exosomal THBS1 
promoted the migration of breast cancer cells by disrupting the 
intercellular integrity of endothelial cells (37). In the present 
study, the expression level of THBS1 was downregulated in 
SGC tissues and cells. THBS1‑knockdown was also found to 
promote cellular proliferation and migration, while THBS1 
overexpression inhibited these properties. Therefore, THBS1 
was suggested to possess potent activity against SCG, and 
overexpression of THBS1 may be a means of suppressing SGC 
development.

The present study also indicated that THBS1 was targeted 
and negatively regulated by miR‑3907. To further verify the 
association between miR‑3907 SGC by targeting THBS1, SGC 
cells were co‑transfected with THBS1 and miR‑3907 mimics, 

miR‑3907 inhibitor and siRNA‑THBS1. THBS1 and miR‑3907 
mimic co‑transfection were found to reverse the promotive 
effect of miR‑3907 mimics on SGC cells, and siRNA‑THBS1 
and mir‑3907 inhibitor co‑transfection reversed the inhibitory 
effect of miR‑3907 inhibitor. Therefore, miR‑3907 may regu‑
late the biological functions of SGC cells, such as proliferation 
and migration, by targeting THBS1.

In conclusion, based on the results of miRNA microarray 
and molecular biology techniques, the present study initially 
demonstrated the role and possible regulatory mechanism 
of miR‑3907 in SGC. The mechanisms underlying the 
miR‑3907/THBS1 axis may lead to the development of impor‑
tant diagnostic and treatment strategies, such as novel targeted 
drugs, to improve patient prognosis. However, due to the small 
size of human eyelids, the availability of SGC tissues samples 
was limited, and the sample size for microarray and immu‑
nohistochemical staining was small, which is a limitation of 
the present study. Further investigations with an increased 
number of samples are required to validate these results, and 
to elucidate the roles of the miR‑3907/THBS1 axis in SGC.
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