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Introduction
Hemangioma (HA) is the most common benign tumor in infants at present, and the
etiology and pathogenesis of HAs are not completely clear.! About 75%—-80% of HA
patients are females, and HA often occurs about at birth 2 weeks after the birth of a
child.? Severe HA causes a heavy physical and mental burden to patients and their family
members, especially due to the disfigured skin lesions, which affect the function and
life of the skin.>? Severe HA is difficult to treat even in today’s medical field. To effec-
tively control tumor growth and reduce the incidence of complications, many scholars
advocate early diagnosis and combined treatments.* Further defining, the pathogenesis
of HAs plays a crucial role in early diagnosis and effective combined treatment.
Current advances in the identification of noncoding RNAs and their interaction
with their target genes have enhanced our awareness of HA pathogenesis. Wang et al’
indicated that miR-199a-5p expression was decreased in HA, which could inhibit
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proliferation and induce apoptosis through targeting HIF1 A
in HA cells. Cao et al® suggested that the long noncoding
RNA (IncRNA), SNHG16, is overexpressed in HA and that
it promotes proliferation, migration, and invasion of HA
endothelial cells through regulation of the miR-520d-3p/
STATS3 axis. The IncRNA, CASC?9, is reported to be an onco-
gene in many cancers, regulating proliferation, migration, and
invasion of cells.” We found that abnormal CASC9 expression
was observed in HA tissues. However, the biological role and
molecular mechanism of CASC9 in HA remain unclear.

In the present study, we aimed to explore the expression
and effect of CASC9 in HA and HA cell activities. We found
that CASC9 was overexpressed in HA tissues. We also found
CASC9 could modulate proliferation, migration, and invasion of
HA-derived endothelial cells (HDECS) in vivo and in vitro and
elucidated the underlying molecular mechanism involved.

Materials and methods

Tissue samples
Normal skin (n=43), involuting-phase HA tumor tissues
(n=43), and proliferating-phase HA tumor tissues (n=43)
were obtained from patients diagnosed with HA in the Second
Affiliated Hospital of Harbin Medical University (Harbin,
People’s Republic of China). Every patient provided writf

0
informed consent prior to this study. Among the patients wit V
ildren

HAs, the HA tissues originated from the infants aga

ic of China). Cells were cultured
in Dulbecco
with 10% heat-i
of penicillin, and 10® ug/mL of streptomycin placed in a
humidified atmosphere containing 5% CO, at 37°C.

For cell transfection, miR-125a-39 mimics, siRNA-targeted
CASC9, short hairpin RNA (shRNA)-targeted CASC9
(shLINCO0129), and relative controls were obtained from
GenePharma Co., Ltd. (Shanghai, People’s Republic of China).
The transfection was performed by using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
in 5x10° cells at a final concentration of 50 nM. Subsequent assays

dified Eagle’s Medium supplemented
ivated fetal bovine serum, 100 U/mL

were performed at 48 hours after transfection. To overexpress

CASC9, HDECs were transfected with pCDNA3-CASC9 using
Lipofectamine® 2000. After transfection for 24 hours, expression
of CASC9 was validated by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR).

RT-qPCR

Total RNA was extracted from HA tissues and normal skin
tissue using the TRIzol reagent (Thermo Fisher Scientific,
Inc.) according to the manufacturer’s instructions. For
miRNA analysis, RT-qPCR was performed using the TagMan

MicroRNA Reverse Transcription kit adsiimaMan Universal

with the corresponding pri
primer was forward 5’

ix (Applied Biosystems; Thermo Fisher
rding to the manufacturer’s instructions
primers. GAPDH was used as an internal
ize Nrgl. The RT-qPCR protocol included
denaturation step (95°C for 5 minutes) and 40 cycles
denaturation (95°C for 10 seconds), annealing (60°C for
R0 seconds), and extension (72°C for 10 seconds). The rela-
e expression levels were calculated using 2722% method, as
previously described. The primer sequences were as follows:
CASC9 (forward, 5-AGCAGCAAATGTGTCCATC-3’
and reverse, 5'-CAGACAGCAGCAAAGCAAT-3"), Nrgl
(forward, 5'-TGAATGGAGGGGAGTGCT-3" and reverse,
5’-CAGGCAGAGACAGAAAGGG-3’), and GAPDH
(forward, 5’-TCCTCTGACTTCAACAGCGACAC-3" and
reverse, 5-CACCCTGTTGCTGTAGCCAAATTC-3).

Cell proliferation assay

Cell proliferation was determined using the Cell Counting Kit-8
(CCK-8) assay. Briefly, cells were seeded into 96-well plates
at 1x10* cells/well and cultured overnight. After transfection
for 48 hours, 10 uL of CCK-8 reagent (Dojindo Molecular
Technologies, Dojindo, Japan) was added to the wells and
continuously cultured for 2 hours at 37°C. Absorbance at a
wavelength of 450 nm was read on an automated microplate
reader (BioTek Instruments, Winooski, VT, USA).

Colony formation assay
At 48 hours posttransfection, the cells were digested and
resuspended into single-cell status. Then, 1,000 cells from
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each treatment were seeded into a 6-well plate coated with
0.4% agar medium. After culture for 14 days at 37°C, cells
were fixed with 4% paraformaldehyde and stained with 0.1%
crystal violet for 10 minutes. After washing with phosphate-
buffered saline, colonies were observed and counted using an
inverted microscope (Olympus CKX41; Olympus Corpora-
tion, Tokyo, Japan).

Cell migration

Cell migration was evaluated using a wound healing assay.
In brief, at 48 hours after transfection, cells were cultured in
6-well plates (5x10* cells/well). Once cells were 90%—95%
confluent, the monolayer was scratched using a sterile plastic
micropipette tip, and then cells were cultured under standard
conditions for 24 hours. Following several washes, recovery
of the wound was observed and imaged using an X71 inverted
microscope (Olympus Corporation).

Cell invasion
A transwell invasion assay was performed to determine cell
invasion. Transfected cells (1x10°) were seeded into the
upper chamber of Matrigel-coated inserts with serum-free
medium. Medium with 10% fetal bovine serum was added
to the lower chamber as a chemo-attractant. The celf
allowed to invade for 48 hours at 37°C with 5% CO,.
cells that invaded to the lower surface of

(http://mirdb.org®niRDB/index.html). From the list of target
genes obtained, we extracted all genes that could contribute

to hemangioma progression. The 3’-UTR of the Nrgl gene
was predicted to have miR-125a-3p binding sites.

Luciferase activity assay

Wild-type CASC9 and mutant CASC9 were individually
inserted into pmirGLO reporter vectors (Promega, Madi-
son, WI, USA). HDECs were cotransfected with miR-125-
a-3p mimics and wild-type CASC9 or mutant CASC9 by

Lipofectamine 2000 (Invitrogen). Relative luciferase activity
was measured on a dual-luciferase reporter assay system
(Promega) at 48 hours posttransfection. Data were expressed
as the ratio of Renilla luciferase activity to firefly luciferase
activity. Luciferase reporter assays to validate the direct
binding of miR-125a-3p to Nrgl 3’-UTR were performed
as described.

Western blot analysis
Proteins were extracted from cells using radioimmuno-

precipitation assay buffer (Sigmg ich, St Louis, MO,

ed at 4°C overnight. Thereafter, the membrane
incubated with horseradish peroxidase-conjugated
secondary antibodies (1:2,000; Beyotime Biotechnol-
ogy) at 25°C for 1 hour. Immunoreactive protein bands
were visualized using the enhanced chemiluminescence
Western blot kit (Thermo Fisher Scientific). Protein band
intensity was quantified using Image-Pro Plus 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA). Relative
protein expression was obtained by normalization against
GAPDH.

In vivo xenograft experiments

Male BALB/c nude mice (6-week-old; n=4) were purchased
from Beijing HFK Bioscience Co. Ltd. (Beijing, People’s
Republic of China) and maintained under pathogen-free
conditions after receipt of approval by the Committee of the
Second Affiliated Hospital of Harbin Medical University.
For tumor propagation analysis, 1x10” HDECs were subcu-
taneously injected into BALB/c nude mice. Tumor volume
was calculated using the formula, volume = ab?/6 (a, tumor
length; b, tumor width), at indicative time points. Tumor
weight was measured at week 3 postinjection. Animal
experiments were performed in accordance with relevant
guidelines and regulations of the Animal Care and Use
Committees at the Second Affiliated Hospital of Harbin
Medical University.

OncoTargets and Therapy 2019:12

submit your manuscript

425

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://starbase.sysu.edu.cn/agoClipRNA.php?source=lncRNA
http://starbase.sysu.edu.cn/agoClipRNA.php?source=lncRNA
http://mirdb.org/miRDB/index.html
http://www.targetscan.org/
http://mirdb.org/miRDB/index.html

Li et al

Dove

Statistical analysis

Data are presented as mean = SD. Data were statistically
analyzed by Student’s #-test or one-way analysis of variance
using SPSS version 19.0 (IBM Corporation, Armonk, NY,
USA). Correlation between CASC9 and miR-125a-3p or
Nrgl expression in clinical specimens was analyzed using
Pearson’s correlation analysis. A P-value of <0.05 was
considered statistically significant.

Results
CASC9 was overexpressed in HA tissues

and HDEC:s

To evaluate the biological role of CASC9 in HAs, the expres-
sions of CASC9 in three different types of tissues were first
examined by RT-PCR. The result suggested that the levels
CASC9 expression were obviously higher in proliferating-
phase HA tissues than that in involuting-phase HA tissues
and normal tissues (P<<0.01, Figure 1A). The CASC9 expres-
sion was increased significantly in proliferating-phase HA
tissues compared with that in involuting-phase HA tissues

A #ikP<(0.001 B
6 - *P<0.05
c P<0.05
-g #P<0.01
2 0
QO 41 o
Q. X
X (3]
[}
o | O
3’ ’
< (&)
o
0 .

(P<0.05, Figure 1A). HDECs then were transfected with
siCASC9, CASC9, or a negative control (NC) plasmid. The
transfection efficiency was detected by RT-PCR (P<0.001,
Figure 1B and C).

CASC9 regulated proliferation, invasion,
and migration of HDECs

To identify the effect of CASC9 on the cellular phenotype
of HDEC:s, cell proliferation, migration, and invasion were
assessed. It was shown that siCASC9 significantly inhibited

siCASC9

CASC9 expression

NC

Figure | The expressions of CASC9 in HAs patients.

CASC9

Notes: (A) The expressions of CASC9 in normal skin tissues (n=43), involuting-phase HAs (n=43), and proliferating-phase HAs (n=43) were detected by RT-PCR analysis.
(B, C) HDECs then were transfected with siCASC9, or CASC9, or NC plasmid. The transfection efficiency was detected by RT-PCR. Data are presented as the mean + SD.

*P<0.05, ¥¥P<<0.01, and ***P<<0.001.

Abbreviations: HA, hemangioma; HDEC, HA-derived endothelial cell; NC, negative control; RT-PCR, reverse transcription-polymerase chain reaction.
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Figure 2 Downregulation of CASC9 inhibited cell proliferation, migration, and invasion of angiosarcoma cells.

Notes: (A, B) The proliferation of HDECs transfected with siCASC9 or CASC9 plasmid was detected by CCK-8. (C) Cell cloning ability of HDECs transfected with
siCASC9 or CASC9 plasmid was detected by cell cloning formation assay. (D) The migration of HDECs transfected with siCASC9 or CASC9 plasmid was determined by
wound healing assay. (E) The invasion of HDECs transfected with siCASC9 or CASC9 plasmid was examined by transwell assay. (F) The expressions of cyclin DI, N-cadherin,
Twist, and MMP2 in HDEC:s transfected with siCASC9 or CASC9 plasmid were detected by Western blot analysis. GAPDH was used as a loading control. Data are presented
as the mean £ SD. **P<<0.01, ***P<0.001.

Abbreviations: CCK-8, Cell Counting Kit-8; HA, hemangioma; HDEC, HA-derived endothelial cell; NC, negative control.
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blot analysis, and the results revealed that siCASC9 could
significantly inhibit the expression of cyclin D1, N-cadherin,
Twist, and MMP2 (P<<0.01, Figure 2F). Upregulation of
CASC9 obviously increased the cyclin D1, N-cadherin,
Twist, and MMP2 expression (P<<0.001, Figure 2F). These
results indicated that CASC9 exhibits a tumorigenic role in
HAs progression.

CASC9 interacted with miR-125a-3p

To identify the mechanism by which CASC9 regulates
proliferation, migration, and invasion of HDECs, the target
miRNAs of CASC9 were predicted with computational
algorithms, including TargetScan (http://targetscan.org/
vert 71/) and miRDB (http://mirdb.org/miRDB/index.html).
miR-125a-3p was predicted as a target of CASC9, and the
predicted miR-125a-3p interaction site in CASC9 is illus-

trated in Figure 3A. To determine the interaction between
CASC9 and miR-125a-3p, a dual-luciferase reporter assay
was performed. The results suggested that overexpression of
miR-125a-3p significantly decreased the luciferase activity
of the reporter containing wild-type CASC9 in HDECs
(P<<0.001), while the activity of the reporter with the mutated
miR-125a-3p binding site was not repressed (Figure 3B).

expression of miR-125a-3p was significantly increased in
siCASC9-treated HDECs and notably decreased in CASC9
overexpression HDECs (P<<0.001, Figure 3C). Furthermore,
Pearson’s correlation analysis indicated that miR-125a-3p
expression was negatively correlated with CASC9 expression
in HA tissues (P<<0.001, Figure 3D).

miR-125a-3p reversed the effect of
siCASC9 on HDECs

To further investigate whether the regulation of proliferation,

migration, and invasion of HDECs by, 9 was through

poncogenic role by interacting with miR-125a-3p.
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Figure 3 CASC9 interacted with 125a-3p.

Notes: (A) miR-125a-3p binding sites in CASC9 were predicted by bioinformatics analysis. (B) Luciferase reporter assays were performed using HDECs cells cotransfected
with the miR-125a-3p mimics and CASC9-wt or CASC9-mut reporter plasmid. (C) Analysis of miR-125a-3p expression levels in HDECs cells transfected with CASC9
overexpressing plasmid or siCASC9 was performed by RT-PCR. (D) Pearson’s correlation analysis was used to determine the correlations between the levels of CASC9 and
miR-125a-3p in HAs (n=43). Data are presented as the mean + SD. **P<0.001.

Abbreviations: HA, hemangioma; HDEC, HA-derived endothelial cell; Mut, mutation; RT-PCR, reverse transcription-polymerase chain reaction; wt, wild type.
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Figure 4 CASC9 regulated cell proliferation, migration, and invasion through targeting miR-125a-3p.

Notes: Cell proliferation (A), cell cloning formation (B), cell migration (C), and cell invasion (D) of HDECs transfected with NC, or CASC9, or CASC9+ miR-125a-3p
mimics was identified by CCK-8, cell cloning formation, wound healing, and transwell assay, respectively. (E) The expressions of cyclin DI, N-cadherin, Twist, and MMP2
in HDEC:s transfected with NC, or CASC9, or CASC9+ miR-125a-3p mimics were detected by Western blot analysis. GAPDH was served as a loading control. Data are
presented as the mean + SD. **P<0.001.

Abbreviations: CCK-8, Cell Counting Kit-8; HA, hemangioma; HDEC, HA-derived endothelial cell; NC, negative control.
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Nrgl was a target of miR-125a-3p

To identify the molecular mechanism behind CASC9 regu-
lation of proliferation, migration, and invasion of HDECs
through miR-125a-3p, TargetScan was used to predict
miR-125a-3p targets (http:/targetscan.org/vert 71/). Nrgl

was predicted as a target of miR-125a-3p, and the predicted
miR-125a-3p interaction site in CASC9 is illustrated in
Figure 5A. To determine the interaction between miR-125-
a-3p and Nrgl, a dual-luciferase reporter assay was per-
formed. Remarkably, we found that miR-125a-3p mimics
decreased the luciferase activity of the reporter containing
wild-type Nrgl in HDECs (P<<0.001), while it failed to
repress the reporter with a mutated miR-125a-3p binding
site (Figure 5B). Protein expression of Nrgl in HDECs trans-
fected with miR-125a-3p mimics or an NC was examined
by Western blot, and Nrgl levels were reduced in HDECs
treated with miR-125a-3p mimics (P<<0.001, Figure 5C).
Moreover, Pearson’s correlation analysis indicated that Nrg1

expression was positively correlated with CASC9 expression
in HA tissues (P<<0.001, Figure 5D). Finally, downregulation
of CASC9 significantly inhibited Nrg1 expression in HDECs
(P<<0.001), while overexpression of CASC9 had the oppo-
site effect (P<<0.001, Figure 5E). The results showed that
CASCD9 regulates cell proliferation, migration, and invasion
via interacting with the miR-125a-3p/Nrg1 axis.

Downregulation of CASC9 inhibited

tumor growth in vivo
The in vivo carcinogenic effect of

R on HAs was

wt-Nrg1 3'-UTR  5"... AAUAAACA GAUUCA UuGu..3
RN
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Figure 5 Nrgl was a target of miR-125a-3p.

Notes: (A) miR-125a-3p binding sites in Nrgl were predicted by bioinformatics analysis. (B) Luciferase reporter assays were performed using HDECs cells cotransfected
with the miR-125a-3p mimics and Nrgl-wt or Nrgl-mut reporter plasmid. (C) Analysis of Nrgl expression levels in HDECs cells transfected with miR-125a-3p mimics or
NC was performed by Western blot. GAPDH served as a loading control. (D) Pearson’s correlation analysis was used to determine the correlations between the levels of
CASC9 and Nrgl in HAs (n=43). (E) Analysis of Nrgl expression levels in HDECs cells transfected with CASC9 overexpressing plasmid or siCASC9 was performed Western
blot. GAPDH served as a loading control. Data are presented as the mean + SD. ***P<0.001.

Abbreviations: HA, hemangioma; HDEC, HA-derived endothelial cell; Mut, mutation; NC, negative control; wt, wild type.
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Figure 6 Downregulation of CASC9 inhibited cell growth in vivo.

Notes: (A) Tumor growth curves were established by detecting tumor volume every 3
treatment group were determined on day 21 after injection. Data are presented as the

Abbreviation: NC, negative control.

significantly decreased the tumor size and weight (
Figure 6B and C). These results reveal that CASC
promote HAs progression in vivo.

Discussion
Previous studies reported that the |

chanism. We first found that
tumor tissues. These results
ASC9 might act as an oncogene in HAs.

dies have indicated that IncRNAs regulate
proliferation, mi€ration, and invasion of cancer cells.!'"!?
Zhou et al’ indicated that CASC9 promoted the proliferation,
migration, and invasion of lung adenocarcinoma cells. In the
current study, HDECs were transfected with siCASC9 or a
CASC9 overexpression plasmid. The findings suggest that
siCASC9 can suppress cell viability, migration, and inva-
sion of HDECs, while the upregulation of CASC9 shows
a simulative effect on cellular activities. The expression of
oncogenic proteins, including cyclin D1, N-cadherin, Twist,
and MMP2, was significantly decreased by downregulation

w

800 -

600

400 4

200 -

Tumor weight (mg)

0

shNC

shCASC9

after injection. ) Tumor weights isolated from nude mice in each
n £ SD. *P<0.01, **P<0.001.

nd promoted by its overexpression. These results
nstrate that CASC9 can affect the cellular physiology
of HDECs through regulating oncogenic proteins.
miRNAs have been considered as a group of independent
regulators in various cancers. Many studies indicate that miR-
NAs are the target genes of IncRNAs to participate in tum-
origenesis. They modulate numerous biological activities in
human tumors via interacting with IncRNAs or target mRNAs.
The target miRNA of CASC9 was also predicted and veri-
fied, and miR-125a-3p was shown to interact with CASC9 in
HDEC:s. Previous studies suggested that miR-125a-3p acts
as a tumor suppressor, and that its expression is decreased
in non-small-cell lung cancer,!* gastric cancer,'* prostate
cancer," breast cancer,'® and colon cancer.'” Upregulation of
miR-125a-3p inhibits proliferation, migration, and invasion
in tumor cells.'® In our study, we found that CASC9 overex-
pression effectively promoted cell proliferation, migration,
and invasion, an effect that could be reversed by treatment
with miR-125a-3p mimics in HDECs. Furthermore, the clini-
cal data showed that CASC9 expression was negatively cor-
related with miR-125a-3p expression. To deeply investigate
the mechanism by which CASC9 exerted its tumorigenesis
role in HAs, the target of miR-125a-3p was also predicted.
NRG1 was confirmed as a target of miR-125a-3p, which is
recognized as an oncogene in gastric cancer," colon cancer,?

lung cancer,?' and papillary thyroid cancer.”? Yin et al*
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reported that miR-125a-3p affected cell apoptosis and
invasion through regulating Nrgl in human glioma cells.
Our study also demonstrated that CASC9 expression was
positively correlated with miR-125a-3p expression in HAs.
Finally, the in vivo effect of CASC9 downregulation on cell
growth was examined. These findings suggested that CASC9
promoted HDECs proliferation, migration, and invasion
through interacting with the miR-125a-3p/Nrg1 axis.

Conclusion

Our study demonstrated that CASC9 overexpression in HAs
can modulate cell proliferation, migration, and invasion by
regulating miR-125a-3p/Nrgl. CASC9 promotes progression
of HAs, a finding that might provide novel insights into HA
diagnosis and molecular therapy.
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