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targeting HOXD10
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Abstract: MicroRNAs (miRNAs) are often abnormally expressed in human cancers to act as either oncogenes or 
tumor suppressor genes. MiRNA-501 (miR-501) has been found to be abnormally expressed in certain types of can-
cer, but its expression and biological role in hemangioma remain to be fully elucidated. In this study, the expression 
of miR-501 in hemangioma cell lines was analyzed by quantitative real-time polymerase chain reaction (qRT-PCR). 
The TargetScan algorithm, luciferase activity reporter assay, and Western blot analysis were conducted to validate 
homeobox D10 (HOXD10) as a direct target of miR-501. The results revealed that miR-501 expression was up-
regulated in hemangioma cell lines. Downregulation of miR-501 inhibited hemangioma cell proliferation, cell cycle 
progression, colony formation, migration, and invasion in vitro. Bioinformatics analysis indicated that HOXD10 was 
a putative target of miR-501. In addition, in a luciferase reporter system, it was confirmed that HOXD10 is a direct 
target of miR-501. It was also demonstrated HOXD10 downregulation reversed the effects of the miR-501 inhibitor 
on hemangioma cell activities. These findings indicated that miR-501 targeted HOXD10 to promote hemangioma 
cell processes, suggesting that miR-501 has an oncogenic role in the pathogenesis of hemangioma.
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Introduction

Hemangioma (HA) is one of the most common 
infantile tumors and is characterized as an 
abnormal blood vessel endothelial cell growth 
[1]. Approximately 10-15% of HAs can be life 
threatening, but most HAs do not require inter-
vention [2, 3]. The current treatment regimens 
for HAs, including chemotherapy and surgery, 
are not effective enough to prevent death from 
HA [4]. However, currently, little is known about 
the mechanisms underlying HAs progression.

MicroRNAs (miRNAs), a class of non-coding 
RNA molecules of 18-25 nucleotides in length, 
are closely associated with abnormal cell activi-
ties in human cancers, including proliferation, 
migration, invasion, apoptosis and drug resis-
tance [5-7]. MiR-501 has been reported to be 
abnormally expressed in multiple malignan-
cies, including hepatocellular carcinoma, cervi-
cal cancer, and clear cell renal cell carcinoma 
[8-11]. For instance, miR-501 expression was 

significantly enhanced in hepatitis B virus 
(HBV)-infected cell lines and tissues [8]. It was 
also found that downregulation of miR-501 sig-
nificantly inhibited HBV replication by targeting 
the hepatitis B X-interacting protein [8]. In addi-
tion, a single nucleotide polymorphism (rs112- 
489955, G>A) in the mature region of miR-501 
was shown to disrupt the interaction with cylin-
dromatosis (CYLD) and such variant genotype 
was associated with enhanced tumor growth 
[9]. Moreover, miR-501 was found upregulated, 
while CYLD was downregulated, in cervical can-
cer tissues [10]. The overexpression of miR-501 
or downregulation of CYLD was a poorer indica-
tor for malignancy of cervical cancer [10]. Addi- 
tionally, upregulation of miR-501 promoted cer-
vical cell proliferation, invasion, and migration 
through targeting CYLD [10]. On the other hand, 
miR-501 was shown to be downregulated in 
clear cell renal cell carcinoma and targeted vari-
ous genes, including glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), scavenger re- 
ceptor class B member 1 (SCARB1) and heme 
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oxygenase 1 (HMOX1), which correlated with 
cell renal cell carcinoma progression [11]. How- 
ever, there has been no study examining the 
biological functions of miR-501 in HAs.

We conducted this study to investigate the ex- 
pression levels of miR-501 in HA cell lines and 
evaluate the effects of miR-501 on cell prolif-
eration, cell cycle, colony formation, migration, 
and invasion. We further examined whether 
homeobox D10 (HOXD10) was a functional tar-
get of miR-501. 

Materials and methods

Cell lines and cell culture

The HDEC and EOMA cell lines were cultured in 
Dulbecco’s Modified Eagle’s medium (DMEM; 
Invitrogen, Thermo Fisher Scientific, Inc., Walth- 
am, MA, USA) supplemented with 10% fetal 
bovine serum (FBS; Thermo Fisher Scientific, 
Inc.), 100 U/ml of penicillin and 100 μg/ml of 
streptomycin (Thermo Fisher Scientific, Inc.). 
Human umbilical vein endothelial cells (HUV- 
ECs) purchased from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, Chi- 
na) were maintained in M200 medium (Thermo 
Fisher Scientific, Inc.) containing Low Serum 
Growth Supplement (LSGS; Thermo Fisher Sci- 
entific, Inc.). The cell lines were maintained at 
37°C in a humidified incubator containing 5% of 
CO2.

Cell transfection

MiR-501 inhibitor (5’-AGAAUCCUUGCCCGGGU- 
GCAUU-3’) and the corresponding negative con-
trol (NC-miR, 5’-GUCGGUUCGCAUACUCACUGG- 
A-3’) were purchased from RiboBio (Guangzhou, 
China). Small interfering RNA targeting HOXD10 
(si-HOXD10, 5’-CCGAACAGAUCUUGUCGAATT-3’) 
and NC-siRNA (5’-UUCUCCGAACGUGUCACGUT- 
T-3’) were also purchased from RiboBio. All tr- 
ansfections were conducted using Lipofecta- 
mine 2000 (Invitrogen, Thermo Fisher Scientific, 
Inc.) with cells grown to 80% confluence. After 
48 h of transfection, cells were collected for 
further analyses.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) analysis

To determine the expression levels of miR-501, 
qRT-PCR analysis was performed. Total RNA 
was extracted with TRIzol (Beyotime, Haimen, 

Jiangsu, China) according to the manufacturer’s 
protocol. First-strand complementary deoxyri-
bonucleic acid (cDNA) was synthesized using 
TaqMan microRNA Reverse Transcription Kit 
(Life Technologies, Thermo Fisher Scientific, 
Inc.). The qRT-PCR analysis was performed on 
an Applied Biosystems 7500 System (Applied 
Biosystems, Foster City, CA, USA) using a SYBR 
Green PCR kit (Takara, Dalian, China). The PCR 
conditions were as follows: 95°C for 10 min, 
then 45 cycles of 94°C for 20 s, 55°C for 30 s, 
and 70°C for 30 s. The sequences of the PCR 
primers used are as follows: miR-501 forward: 
5’-CTGCTCTGCTCGTCCTCTCT-3’ and reverse 5’- 
CTCCTGTCCTCACATGAAGA-3’; U6 small nuclear 
RNA (U6 snRNA) forward: 5’-CTCGCTTCGGCAG- 
CACA-3’ and reverse 5’-AACGCTTCACGAATTTG- 
CGT-3’. Relative gene expression levels were 
calculated with the 2-ΔΔCt method using U6 
snRNA as internal control.

Western blot analysis

Total protein was extracted from harvested 
cells using Radio Immunoprecipitation Assay 
lysis buffer (Beyotime). Equal amounts of pro-
teins were separated on 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SD- 
S-PAGE) gels and transferred to polyvinylidene 
fluoride (PVDF) membranes. After blocking with 
fat-free milk, the membranes were incubated 
overnight at 4°C with the appropriate primary 
antibody (rabbit anti-HOXD10: ab138508, rab-
bit anti-matrix metalloprotein-9 (MMP-9): ab- 
76003, rabbit anti-GAPDH: ab181602; Abcam, 
Cambridge, UK) according to the instructions 
provided by the manufacturer. Then, horserad-
ish peroxidase-linked secondary antibody (ab- 
6721; Abcam) was added and incubated at 
room temperature for 2 h. The bands were visu-
alized using BeyoECL kit (Beyotime) according 
to the manufacturer’s instructions.

Cell proliferation assay

Cell proliferation was assessed by the 3-(4,5- 
dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazoli-
um bromide (MTT) assay. Cells were incubated 
at a density of 2 × 103 cells/well in 96-well-
plates and incubated with 10 μl/well of MTT 
solution at the indicated time for 4 h. Then, 150 
μl DMSO was added to each well to dissolve the 
crystals. Optical density was measured at 570 
nm on an enzyme immunoassay analyzer (Bio-
Rad, Hercules, CA, USA).
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Cell cycle assay

Cell cycle distribution was determined by flow 
cytometry analysis. In brief, cells were harvest-
ed and fixed in 70% ethanol, and incubated wi- 
th propidium iodide (PI)/RNase Staining Buffer 
(BD Biosciences, San Jose, CA, USA) for 15 min 
at room temperature and analyzed by flow cy- 
tometry.

Colony formation assay

A total 1 × 103 cells were seeded in 6-well pla- 
tes and incubated for 14 days at the above-
mentioned conditions. Colonies were stained 
with 0.1% crystal violet and counted under a 
microscope.

Wound healing assay

The wound healing assay was performed to 
measure cell migration. A 10-μl pipette tip was 
used to create scratches after the cells reached 
to 90% confluence. Images were captured at 0 
or 24 h after wound creation under a micro-
scope (Olympus Corporation, Tokyo, Japan).

Transwell invasion assay

A matrigel (BD Biosciences) coated transwell 
chamber with 8 μm pore size was used to mea-
sure cell invasion. A total of 2 × 104 cells were 
added to the upper chamber without FBS, and 
DMEM supplemented with FBS was added to 
the lower chamber. After 48 h of incubation, 
non-invading cells were removed by cotton 
swab. The invading cells were fixed with 100% 
ethanol and stained with 0.1% crystal violet for 

reporter assay system (Promega) was used to 
measure luciferase activities after 48 h of 
transfection.

Statistical analysis

Data analysis was conducted using the SPSS 
20.0 software (SPSS, IBM Corp., Armonk, NY, 
USA). Student’s t-test and analysis of variance 
(ANOVA) with the Tukey post-hoc test was used 
to analyze the statistical difference in two or 
above groups. A P<0.05 was regarded as sta-
tistically significant.

Results

miR-501 expression was upregulated and 
HOXD10 was downregulated in HA cell lines

To investigate the biological function of miR-
501, we first analyzed miR-501 expression in 
HA cell lines by qRT-PCR. The analysis revealed 
significantly upregulated miR-501 levels in HD- 
EC and EOM cells compared with the normal 
cells (Figure 1A). In addition, Western blot anal-
ysis was performed to determine the HOXD10 
protein expression in HA cell lines. This analysis 
showed significantly downregulated HOXD10 
protein expression in HA cell lines (Figure 1B).

Downregulation of miR-501 suppressed cell 
proliferation, cell cycle progression and colony 
formation in vitro

To investigate the biological functions of miR-
501 in HAs, cells were transfected with miR-
501 inhibitor or NC-miR and then subjected to 
cell proliferation and colony formation analy-

Figure 1. Expression of miR-501 was upregulated, while HOXD10 expression 
was downregulated in HA cell lines. (A) Expression of miR-501 in HA cell lines 
(HDEC and EOM) and HUVECs was analyzed by qRT-PCR analysis. (B) HOXD10 
expression in HA cell lines (HDEC and EOM) and HUVECs was analyzed by West-
ern blot analysis. (***P<0.001) miR-501: microRNA-501; HOXD10: homeobox 
D10; HAs: Hemangiomas; qRT-PCR: quantitative real-time polymerase chain 
reaction.

10 min. Cell number was 
counted in five random fiel- 
ds and then the mean value 
was calculated.

Luciferase reporter assay

The wild-type (wt) and mut- 
ant (mt) 3’-untranslated re- 
gion (3’-UTR) of HOXD10 we- 
re inserted into the pMIR-
Report vector (Promega, Ma- 
dison, WI, USA) and named 
as wt-HOXD10 and mt-HO- 
XD10. Cells were co-trans-
fected with 200 ng wt-HOX- 
D10 and mt-HOXD10, and 
50 μM of miR-501 inhibitor 
or NC-miR. Dual-luciferase 
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ses. As shown in Figure 2A, transfection with 
the miR-501 inhibitor significantly decreased 
miR-501 expression levels in both cell lines. In 
addition, the MTT assay revealed that down-
regulation of miR-501 inhibited cell prolifera-
tion in both cell lines (Figure 2B). Also, the 
knockdown of miR-501 led to cell cycle arrest 
in the G0/G1 phase (Figure 2C). Additionally, 
the results of the colony formation assay reve- 
aled that the downregulation of miR-501 inhib-
ited HA cell colony formation (Figure 2D). To- 
gether, these results indicated that downregu-
lation of miR-501 inhibited cell proliferation 
and colony formation in vitro.

Downregulation of miR-501 suppressed cell 
migration and invasion in vitro

The wound-healing assay revealed that the 
transfection of miR-501 inhibitor significantly 

ditionally, the results of the luciferase activity 
reporter assay indicated that transfection with 
the miR-501 inhibitor significantly increased 
the luciferase activity in cells transfected with 
wt-HOXD10 but not in those with mt-HOXD10 
(Figure 3B). Western blot analysis revealed that 
HOXD10 expression can be elevated by the 
miR-501 inhibitor (Figure 3C). Thus, these re- 
sults demonstrated that HOXD10 is a direct tar-
get of miR-501.

miR-501 regulates HAs cell events through tar-
geting HOXD10

To investigate whether HOXD10 serves as a 
functional mediator for miR-501, the si-HOXD10 
and miR-501 inhibitor were co-transfected into 
HA cell lines. It was found that transfection with 
si-HOXD10 decreased HOXD10 expression in 

Figure 2. MiR-501 regulates HA cell proliferation, colony formation, migration, and invasion. (A) miR-501, (B) cell 
proliferation, (C) cell cycle distribution, (D) colony formation, (E) cell migration, and (F) cell invasion, and (G) MMP9 
expression in cells transfected with the miR-501 inhibitor or NC-miR. (***P<0.001, **P<0.01) miR-501: microR-
NA-501; HAs: Hemangiomas; NC-miR: negative control miRNA; MMP9: matrix metalloprotein 9.

Figure 3. HOXD10 was a direct target of miR-501. (A) Binding site of miR-501 
and the 3’-UTR of HOXD10. (B) Luciferase activity in cells transfected with the 
miR-501 inhibitor or NC-miR and wt-HOXD10 or mt-HOXD10. (C) HOXD10 ex-
pression in cells transfected with miR-501 inhibitor or NC-miR was analyzed 
by Western blot analysis. (***P<0.001, ns: not significant) miR-501: microR-
NA-501; HOXD10: homeobox D10; UTR: untranslated region; wt: wild-type; mt: 
mutant; NC-miR: negative control miRNA.

decreased cell migration in 
both cell lines compared 
with NC-miR (Figure 2E). In 
addition, the result of the 
transwell invasion assay 
showed that cells transfect-
ed with the miR-501 inhibi-
tor showed decreased cell 
invasion ability compared 
with those transfected with 
NC-miR (Figure 2F). Additi- 
onally, we also found that 
MMP9 expression was do- 
wnregulated by the miR-501 
inhibitor (Figure 2G). There- 
fore, miR-501 was able to 
inhibit HA cell migration 
and invasion in vitro.

Identification of HOXD10 
as a target gene of miR-
501

To investigate the molecu-
lar mechanism of miR-501 
in HAs, TargetScan was us- 
ed to determine the puta-
tive target of miR-501. The 
result revealed that HOX- 
D10 was a potential target 
of miR-501 (Figure 3A). Ad- 
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HA cell lines (Figure 4A). Moreover, the stimula-
tory effect of the miR-501 inhibitor on HOXD10 
expression can be partially abolished by si-

HOXD10 (Figure 4A). Also, the MTT assay, flow 
cytometry analysis and colony formation assay 
revealed that si-HOXD10 transfection promot-

Figure 4. MiR-501 regulates HA cell processes by targeting HOXD10. (A) HOXD10, (B) cell proliferation, (C) cell cycle 
distribution, (D) colony formation, (E) cell migration, (F) cell invasion, and (G) MMP9 expression in cells transfected 
with si-HOXD10, NC-siRNA, or si-HOXD10 and miR-501 inhibitor. (**P<0.01, *P<0.05) miR-501: microRNA-501; 
HOXD10: homeobox D10; HAs: Hemangiomas; NC-siRNA: negative control siRNA; si-HOXD10: siRNA targeting 
HOXD10; MMP9: matrix metalloprotein 9.
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ed HA cell proliferation (Figure 4B-D). The wo- 
und-healing assay and transwell invasion assay 
showed that downregulation of HOXD10 expres-
sion in HA cell lines promoted cell migration 
and invasion (Figure 4E and 4F). Moreover, we 
found that the transfection of si-HOXD10 par-
tially reversed the inhibitory effects of the miR-
501 inhibitor on HA cell processes (Figure 
4B-F). In addition, we also showed that si-HOX- 
D10 can increase the expression of MMP9 
(Figure 4G).

Discussion

Accumulating evidence has suggested that 
miRNAs play crucial roles in the pathogenesis 
of HAs [12-15]. Overexpression of miR-143 was 
shown to promote HA cell proliferation, cell 
cycle arrest and cell apoptosis by inducing the 
expression of CDKN1A and TP53, while reduc-
ing the expression of cyclin D1, cyclin depen-
dent kinase 2, cyclin dependent kinase 4, and 
BCL2 apoptosis regulator (BCL2) [12]. Epigene- 
tic silencing of miR-130a plays a tumor-sup-
pressive role in HA cell proliferation and angio-
genesis by targeting tissue factor pathway 
inhibitor 2 (TFPI2) through FAK/PI3K/Rac1/
mdm2 signaling [13]. In addition, miR-199a-5p 
overexpression was found to suppress HAs cell 
proliferation and induce cell apoptosis by tar-
geting hypoxia inducible factor 1 subunit alpha 
(HIF1A) [14]. Moreover, miR-424 overexpres-
sion was shown to inhibit HA cell growth and at 
the same time promote cell apoptosis by tar-
geting vascular endothelial growth factor recep-
tor 2 to impact the AKT serine/threonine kinase 
(AKT) and extracellular signal-regulated kinase 
(ERK) signaling pathway [15].

MiR-501 has been found to be dysregulated in 
several human cancers [8-11]. However, little is 
known about the biological roles of miR-501 in 
HAs. In this study, we found that miR-501 
expression was significantly increased in HA 
cell lines compared with normal cells. It has 
been previously demonstrated that miR-501 
can affect cancer cell behaviors [10]. Accord- 
ingly, we also investigated the effect of miR-
501 expression on HA cell proliferation, cell 
cycle distribution, colony formation, cell migra-
tion, and cell invasion. The expression of miR-
501 was manipulated with synthetic miRNAs. It 
was found that miR-501 expression level was 
reduced by the miR-501 inhibitor. We also 
found that downregulation of miR-501 inhibited 

HA cell proliferation, cell cycle progression, col-
ony formation, cell migration, and cell invasion 
in vitro. These findings indicated that miR-501 
functions as an oncogene in HAs, which is simi-
lar to its reported role in cervical cancer [10].

Additionally, the underlying molecular regulato-
ry mechanisms of miR-501 in HA cell process-
es were investigated. Through bioinformatic 
analysis, we found that HOXD10, whose expres-
sion levels were decreased in HA cell lines com-
pared with normal cells, was a putative target 
of miR-501. HOXD10, a member of the HOX 
gene family, encodes a sequence-specific tran-
scription factor [16]. HOXD10 expression was 
shown to be regulated by miR-10b to regulate 
the progression of ovarian cancer and gastric 
cancer [17, 18]. Furthermore, miR-224 was 
found to enhance non-small cell lung cancer 
cell invasion and metastasis by targeting HOX- 
D10 [19]. In this study, using luciferase activity 
reporter assay and Western blot analysis, we 
proved that HOXD10 was a direct target of miR-
501. Importantly, inhibition of HOXD10 expres-
sion promoted HA cell proliferation, cell cycle 
progression, colony formation, cell migration, 
and cell invasion. Rescue experiments showed 
that downregulation of HOXD10 expression 
partially reversed the effects of the miR-501 
inhibitor on HA cell activities.

Conclusion

In summary, in this study, to the best of our 
knowledge, we provided the first evidence that 
miR-501 expression is elevated in HA cell lines 
and its downregulation inhibited proliferation, 
cell cycle distribution, colony formation, cell 
migration, and cell invasion by targeting the 
expression of HOXD10. Understanding the role 
of miR-501 in HA progression will provide to the 
basis for the use of miR-501 as potential thera-
peutic target for HAs.
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