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1 | INTRODUCTION

| HaoFu® | Shasha Zhang® | ShengkaiSun’ | Yang Liu*

Abstract

It has been verified that long noncoding RNAs (IncRNAs) have great effects on vari-
ous biological behaviors of human diseases. Although more and more IncRNAs have
been studied in human cancers, countless IncRNAs still need to be excavated. This
study aims to investigate the impacts of IncRNA SNHG16 on proliferation and me-
tastasis of human hemangioma endothelial cell (HemECs). qRT-PCR analysis was
carried out to explore the expression pattern of SNHG16, miR-520d-3p, and STAT3.
The effect of SNHG16 on cell proliferation was detected by MTT and colony forma-
tion assay. Flow cytometry analysis was performed to test the apoptosis of HemECs
cells. Migration and invasion of HemECs cells were determined and examined by
transwell assays. Tube formation assay helped to observe the influence of SNHG16
expression on the vasoformation of HemECs cells. The correlations among SNHG16,
miR-520d-3p, and STAT3 were certified by bioinformatics analysis, pull-down
assay, and dual-luciferase reporter assay. Finally, rescue assays were conducted to
demonstrate the effects of SNHG16-miR-520d-3p-STAT?3 axis on biological behav-
iors of HemECs cell. SNHG16 was strongly expressed in proliferating phase heman-
gioma tissues and HemECs cells. Silenced SNHG16 negatively affected proliferation,
migration, and invasion of HemECs cell. LncRNA SNHG16 acted as a ceRNA to
upregulate STAT3 through binding with miR-520d-3p in HemECs cell. LncRNA
SNHG16 acted as a ceRNA to drive proliferation, vasoformation, migration, and
invasion of HemECs cells through modulating miR-520d-3p/STAT3 axis.
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was born or after 2 weeks. HA threatens the lives of young
children for its high speed in growth or invasion.”” Therefore,

Hemangioma (HA) is a kind of neoplasm which commonly
occurs in the soft tissue of young children. 75%-80% of HA
patients are females.' This disease often occurs when a child

it is urgent to do more research in hemangioma.
It is commonly acknowledged that long noncoding
RNAs (IncRNAs) are a group of transcripts without ability
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to code proteins. LncRNAs are longer than 200 nt and con-
stitute a large quantity (about 4%-9%) of mammalian tran-
scriptomes.6’7 Previous studies have certified that IncRNAs
almost participated in all aspects of biological behaviors,
such as epigenetics, transcription, and post-transcription.
Additionally, they are proved to be involved in biolog-
ical processes both physiologically and pathologically.
Moreover, IncRNAs can modulate cell growth and dif-
ferentiation, reprogramming, and stress response.g‘11 The
specific molecular mechanisms of IncRNAs enable them to
affect various biological processes. LncRNAs may directly
bind with some particular DNA strands or RNA strands
to modulate transcription or translation. Furthermore,
they may form the functional complex through recruiting
RNAs and proteins in cytoplasm or nucleus.'? ceRNA is
a common role that is played by IncRNA. ceRNA model
is commonly regarded as the functional medium between
IncRNAs and mRNAs which are interacted with the same
miRNAs." In this study, we hypothesized that SNHG16
acted as a ceRNA to upregulate STAT3 by binding with
miR-520d-3p in HemECs cells.

snoRNA host gene 16 has been verified to be observably
upregulated in human malignant carcinomas. It exerted on-
cogenic functions in various human cancers. For example,
IncRNA SNHG16 improved tumorigenesis of bladder cancer
via epigenetically silencing P21 ' SNHG16 acts as a ceRNA
to promote cervical cancer progression,15 SNHG16 was an
unfavorable prognostic factor in gastric cancer.'® All these
previous studies showed that upregulation of SNHG16 is an
oncogenic element in carcinogenesis. Despite the previous
studies have revealed the molecular mechanism and biologi-
cal function of SNHG16 in cancers, the specific role of it in
hemangioma is still a secret. This study aimed to study the
influences of dysregulated SNHG16 on biological behaviors
of hemangioma endothelial cell.

2 | MATERIALS AND METHODS

2.1 |

Normal skin tissues (n = 12), involuting phase HAs (n = 12),
and proliferating phase HAs (n = 12) were collected from
patients who were diagnosed with hemangioma in The
Affiliated Hospital of Logistics University of PAP. Each pa-
tient had signed the informed consent before this study. This
study had obtained the approval of the ethics committee of
The Affiliated Hospital of Logistics University of PAP.

Tissue samples

2.2 | Cell culture and transfection

HemECs cells were obtained from Shanghai Outdo Biotech
Co. (Shanghai, China). Cells were preserved and maintained
in Endothelial Basal Medium-2 (EBM-2; Cambrex Bio

Science, Walkersville, MD, USA) which containing 10%
FBS (Invitrogen, Shanghai, China).

To knock down SNHG16 in HemECs cells, the specific
shRNAs and NC-shRNA (sh-NC) were purchased from
Santa Cruz Biotechnology Inc. (Dallas, TX, USA), whereas
STAT3 was overexpressed using pcDNA 3.1 vector (RiboBio,
Guangzhou, Guangdong, China). Additionally, miR-520d-3p
mimics and inhibitors were also synthesized by RiboBio to
overexpress or silence miR-520d-3p.

2.3 | RNA isolation and qRT-PCR

At first, we isolated total RNAs with TRIzol reagent
(Invitrogen, Grand Island, NY). Reverse transcription was
finished using Superscript III transcriptase (Invitrogen,
Grand Island, NY). gqRT-PCR was conducted in a Bio-Rad
CFX96 system in which a SYBR green was used to detect
the mRNA level of gene. PCRs were conducted under the
conditions as follows: 50°C for 2 minutes, 95°C for 8.5 min-
utes, followed by 45 cycles for about 15 seconds at 95°C and
60°C for 1 minute. The extension is 95°C for 1 minute, 55°C
for 1 minute, and 55°C for 10 seconds. To clearly figure out
the expression of genes in this study, GAPDH was seen as a
control. All experimental steps were repeated for more than
two times.

24 |

Cells were placed in 24-well plates at a concentration of 3000
cells per well. Then, they were cultured for about 48 hours.
Next, MTT regent was applied to replace media. DMSO was
utilized to dissolve the blue crystals. At length, cell viability
was identified by measuring the absorbance at 570 nm. All
experimental samples were made in triplicate.

For colony formation assay, cells were plated in six-well
plates at a density of 3000 cells per well. They were then
incubated in DMEM (containing 10% FBS) at 37°C. Two
weeks later, cells were washed by PBS and fixed by metha-
nol for 0.5 hours. After fixed dots were stained by 1% crystal
violet, the number of colonies was manually calculated. All
experimental samples were made in triplicate.

Cell proliferation assay

2.5 | Cell migration and invasion assay

Firstly, cells were put into a 6-well plate after necessary treat-
ments and incubated for 3 days. We coated the upper cham-
bers with Matrigel (1:20, BD Corning) for about 2 hours
before the cells were plated. Next, we collected cells with
serum-free media and plated them (1 X 105/mL) into the
upper chambers. Then, 750 pL. medium with 10% FBS was
added into the lower chambers followed by incubation for
12 hours at 37°C with 5% CO,. Finally, we found that the in-
vaded cells permeated methanol; thus, we stained them with
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0.1% crystal violet in a dark room. All experimental samples
were made in triplicate.

To calculate cell migration ability, we conducted tran-
swell assay too. We performed this assay in accordance with
the experimental method of a previous study.'” All experi-
mental samples were made in triplicate.

2.6 |

Cells were transfected with sh-SNHG16 and sh-NC. Two
days later, they were harvested. Flow cytometry analy-
ses measured apoptosis rate by using Annexin V: FITC
Apoptosis Detection Kits (BD Biosciences, USA), following
the user guide. All samples were made in triplicate.

Flow cytometry analysis

27 |

Before transfection, HemECs cells were seeded on the 96-
well plates and incubated in an atmosphere containing 5%
CO, for 6 hours at 37°C. Matrigel (BD Biosciences, San
Jose, CA, USA) and ECM were mixed at a ratio of 1:2. Next,
each well of 96-well plates was added into 50 pL of the mix-
ture. They were then incubated for 20 minutes at 37°C for
Matrigel solidification. Tube formation was pictured under a
microscope and quantified by Image J software. All experi-
mental samples were made in triplicate.

Endothelial tube formation assay

2.8 | RNAFISH

RNA FISH KIT was bought from RiboBio (Guangzhou,
China). The RNA FISH probe mix for SNHG16, 18S, or U6
was synthesized and produced by RiboBio. RNA FISH was
conducted as previously reported.18 DAPI (RiboBio) was
used to counterstain nuclei. A laser scanning confocal micro-
scope was used to capture the high resolution (ZEISS, Jena,
Germany).

29 |

PARIS" Kit (Ambion, Austin, TX) was utilized for the nu-
clear fractionation. Before this experiment was conducted,
we collected cells (1 X 107) and suspended them again in the
cell fraction buffer. For next experimental procedures, cells
were incubated the treated on ice for 10 minutes. After the
centrifugation was finished, we discarded the upper solution
and preserved the nuclear pellet to extract RNA using a cell
disruption buffer. All experimental samples were made in
triplicate.

Subcellular fraction assay

2.10 | RIP assay

Basedontheuser guide, EZMagnaRIPkit(Millipore, Billerica,
MA, USA) was utilized for RNA immunoprecipitation. We
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scraped off HemECs cells from the plates and lysed in 100%
RIP lysis buffer, after which cell extract was preserved in
RIP buffer which containing magnetic beads absorbed
human anti-Ago2 antibody (Millipore). Normal mouse IgG
(Millipore) was the NC. Moreover, the concentration of RNA
was assessed by the use of a NanoDrop spectrophotometer
(Thermo Scientific), while the quality of RNA was evalu-
ated using a bioanalyzer (Agilent, Santa Clara, CA, USA).
Finally, qRT-PCR analysis helped us analyzed the purified
RNA. All experimental samples were made in triplicate.

211 |

miR-520d-3p, miR-520d-3p-Mut, and miR-520d-3p-NC
were biotinylated to be Bio-miR-520d-3p-WT, Bio-
520d-3p-MUT, and Bio-NC by GenePharma Company
(Shanghai, China). They were then transfected into
HemECs cells. Four-eight hours later, cells were collected
and lysed. They were then incubated with Dynabeads M-
280 Streptavidin (Invitrogen, CA) for 10 minutes and
washed with buffer. The bound RNAs were quantified and
analyzed by qRT-PCR.

Pull-down assay

2.12 | Luciferase reporter assay

Firstly, HemECs cells were cotransfected with pmirGLO-
SNHG16-wt or pmirGLO-SNHG16-mut (Sangon). Also,
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was
utilized to transfect with miR-520d-3p mimics or miR-NC.
The relative luciferase activity was actually measured with
a dual-luciferase reporter assay kit (Promega) when cells
were transfected for 48 hours. Renilla luciferase activity
was taken as the NC to normalize the relative luciferase
activity.

2.13 | Western blot assay

Firstly, proteins were isolated with lysis buffer and electro-
phoretically transferred onto PVDF membranes (Millipore,
Billerica, MA). Then we covered the membranes with bo-
vine serum albumin (Sigma-Aldrich, St. Louis, MO). The
next step is to treat with primary antibodies all night at 4°C.
Thereafter, incubation of secondary antibodies was con-
ducted at normal temperature for 1 hour. The primary anti-
bodies were shown as follows: cleaved caspase 3 (ab2302;
1:2000 dilution) cleaved caspase 9 (ab2324; 1:2000 dilution),
anti-STAT3 (ab119352; 1:2000 dilution), and snit-GAPDH
(ab8245; 1: 3000 dilution). The secondary antibody was
Rabbit Anti-Mouse IgG H&L (ab6728; 1: 2000 dilution). In
order to visualize protein bands, an ECL chemiluminescent
detection system (Thermo Fisher Scientific, Rochester, NY)
was utilized. Finally, all proteins were exposed to X-ray film.
All experimental procedures were repeated for more than two



B | _ Cancer Medicine ZHAO T AL
ILEY
fO0cr rcco:
A 24 B £ c HemECs
5 " 512 HemECs 1.4
I T —e—sh-NC
=4 Ak Z 40 = 1.2 —o— sh-SNHG16#1
E 3- -I At &? ; = T —v— sh-SNHG 16#2
: = " 2 o0s £t .
S = r S = 08 '
Iy E w
821 ¢ —mm A, g o 2 06
a . o =
3 e . %04 - 8 04
g a _'ﬁ': U 202 & 0.2
Z ° 2 ;
o eo_e «
€0 H T . Loo 0.0 ; ; . : :
.cne® whs e sh-NC sh-SNHG16#1sh-SNHG 16#2 0 24 48 72 9%
280 R 0P G I ones® Time (h)
nor® \“\Io\u’“ P‘Q\-\ﬁe(a“
200
D HemECs 8
510
8 F
? 00 HemECs
[
=)
E m Cleaved Caspase-3
=
sh-NC sh-SNHG16#1 sh-SNHG16#2 0
sh-NC sh-SNHG16#1 sh-SNHG16#2
S S s |Cleaved Caspase-3
E 25
g bl €2 i AR — |GAPDH
% - SRR P
'ei = ~=§ w,i s 15 A L
,! 3 *) *1 @ 5\-\-\"\0 ‘\“_\G‘\‘aﬁ \.\\»\C"\E‘ﬁ
z"é; : :"ei :"':i E 10 ‘5\’\‘5 5“’5
i _ i o
£ 21 = 8 5
<
w® ol ‘f‘\sﬂaﬂ W ot V\un 3 ‘Sg:»\v 103 ! Tl g AKE:AV w ot
0
SiENC  SosSHHEGE  ah.SNEESIORS sh-NC sh-SNHG16#1 sh-SNHG 1642
FIGURE 1 The effects of silenced SNHG16 on proliferation and apoptosis of HemECs cells. A, The expression of SNHG16 was tested by

qRT-PCR in three different types of tissues. B, The sh-SNHG16 and sh-NC were transfected, respectively, into HemECs for loss-of-function assay.
C-D, MTT assay and colony formation assay examined cell proliferation in sh-NC and sh-SNHG16 groups. E, Cell apoptosis was probed by flow

cytometry analysis after shRNA transfection. F, The levels of apoptotic proteins were tested in HemECs cell by Western blot analysis. Data were
acquired from multiple experiments for mean + SD. *P < .05, **P < .01 compared with controls

times. All antibodies used in this experiment were bought
from Abcam (USA).

214 |

SPSS v.17.0 (SPSS, Chicago, IL) was used for statistical anal-
yses. Data represent means + SD were obtained from more
than two experiments. Differences between the two groups

Statistical analysis

were analyzed with Student’s ¢ test, whereas multiple com-
parisons were made using one-way ANOVA. Correlations
among SNHG16, miR-520d-3p, and STAT3 were analyzed
using Spearman’s correlation analysis. Data were considered
statistically significant when P < .05.

3 | RESULTS

3.1 | The effects of silenced SNHG16 on
proliferation and apoptosis of HemECs cells

To investigate the biological role of SNHG16 in heman-
gioma, the expression of SNHG16 was firstly examined

in three different types of tissues (Figure 1A). The re-
sult suggested that the levels SNHG16 expression were
obviously higher in proliferating phase HA tissues than
that in involuting phase HA tissues and normal tissues.
Next, SNHG16 was downregulated in HemECs cell by
transfecting with shRNA (Figure 1B). In order to ob-
serve the impacts of silenced SNHG16 on prolifera-
tion, MTT and colony formation assay were performed
in HemECs cell. According to the result of MTT assay,
we knew that cell viability of HemECs was greatly in-
hibited by sh-SNHG16 (Figure 1C). Similarly, silenced
SNHG16 could negatively modulate colony formation
rate of HemECs cell (Figure 1D). Moreover, cell ap-
optosis was examined by flow cytometry analysis and
Western blot analysis. As illustrated in Figure 1E, cell
apoptosis was promoted and accelerated by silenced
SNHG16. The levels of apoptotic proteins (Caspase-3
and Caspase-9) were enhanced by sh-SNHGI16
(Figure 1F). Therefore, we concluded that silenced
SNHG16 repressed cell proliferation and motivated cell
apoptosis.
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3.2 | The influences of silenced SNHG16
on migration, invasion, and vasoformation of
HemEC:s cells

Transwell chamber was utilized to test invasion and migra-
tion of HemECs cells after SNHG16 was downexpressed.
Obviously, silenced SNHG16 suppressed cell migration and
invasion (Figure 2A,B). Finally, the effects of sh-SNHG16
on tubule formation were verified. The result manifested that
the complicated and ramified network of tubules in HemECs
cell was changed to a simple one after SNHG16 was silenced
(Figure 2C).

3.3 | SNHG16 can bind with miR-520d-3p
in HemECs

Although SNHG16 has been reported to be a ceRNA in
human cervical cancer,'” the underlying molecular mecha-
nism of it in hemangioma remains not explored. Here, we
supposed that SNHG16 acted as a ceRNA in HemECs
cells. First of all, subcellular fractionation assay was car-
ried out in HemECs cell to identify the localization of
SNHGI16 (Figure 3A). As a result, SNHG16 was located
in cytoplasm of HemECs cell. To acquire the adequate evi-
dence, RNA FISH was also conducted to detect the locali-
zation of SNHG16 (Figure 3B). Similarly, SNHG16 was
found to be located in cytoplasm of HemECs cell. Next,
we found out 64 miRNAs which could bind with SNHG16
from StarBase database (http://www.Incrnablog.com/
starbase-v2-0-for-decoding-rna-interaction-networks/). In

order to make further confirmation, we silenced SNHG16
to measure the relative expression levels of all those 64
miRNAs (Table S1). As a consequence, the highest expres-
sion was shown in miR-520d-3p. Therefore, miR-520d-3p
was chose to be the target gene for next experiments. RIP
assay was conducted in HemECs with Ago2 antibody
(Figure 3C). The results displayed that both SNHG16 and
miR-520d-3p tended to be enriched in Ago2-containing
beads compared with that of control IgG. The result of
pull-down assay revealed that SNHG16 could be pulled
down by bio-miR-520-3p-WT, while it could not be pulled
down by bio-miR-520-3p-MUT and Bio-NC (Figure 3D).
As displayed in Figure 3E, we discovered that only the
wild-type SNHG16 could bind with miR-520d-3p. Then,
dual-luciferase assay was also performed to confirm the in-
teraction between SNHG16 and miR-520d-3p. Seen from
Figure 3F, we uncovered that only the luciferase activity of
the wild-type SNHG16 could be cut down by miR-520d-3p
mimics. As displayed in Figure 3G, the lowest expression
of miR-520d-3p was detected in proliferating phase HA
tissues. Spearman’s correlation analysis helped find the
negative correlation between SNHG16 and miR-520d-3p in
proliferating phase HA tissues (Figure 3H). Finally, qRT-
PCR was applied to make further confirmation about the
relation between SNHG16 and miR-520d-3p in HemECs
cell (Figure 3I). Silenced SNHG16 was able to largely in-
crease miR-520d-3p expression. However, overexpressed
miR-520d-3p caused the inhibition of SNHG16 expression.
Therefore, we could conclude that SNHG16 might acted as
a ceRNA to bind with miR-520d-3p.
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3.4 | SNHGI16 regulates STAT3 through
binding with miR-520d-3p

As we thought SNHG16 acted as a ceRNA in HemECs,
we found out a mRNA and obtained its binding sites with
miR-520d-3p from a website. (http://34.236.212.39/micro-
rna/getMrna.do?gene=6774&utr=11493&organism=9606)
(Figure 4A). Likewise, the result of pull-down assay revealed
that STAT3 could be pulled down by bio-miR-520-3p-WT,
while it could not be pulled down by bio-miR-520-3p-MUT
and Bio-NC (Figure 4B). To obtain further confirmation,
dual-luciferase reporter assay was designed and conducted.

As displayed in Figure 4C, only the luciferase activity of
wild-type STAT3 could be reduced by miR-520d mimics
and was recovered again by treating with pcDNA-SNHG16.
The luciferase activity of mutant type or empty vector was
almost not changed. This could prove that STAT3 bond with
miR-520d-3p and was positively modulated by SNHG16. To
acquire further evidence, the luciferase activity of STAT3
was detected after miR-520d-3p was silenced (Figure 4C).
As a result, the decreased luciferase activity was observed
in STAT3-WT. The highest expression of STAT3 was tested
in proliferating phase HA tissues (Figure 4D). The negative
correlation between STAT3 and miR-520d-3p as well as
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the positive correlation between SNHG16 and STAT3 was
analyzed (Figure 4E.F). To obtain final proof, sh-SNHG16
and miR-520d-3p inhibitors were separately transfected into
HemECs cells to detect the changes took place in mRNA
level and protein level of STAT3. Obviously, both mRNA
level and protein level of STAT3 were reduced by transfect-
ing with miR-520d-3p mimics, while they were strengthened
by treating pcDNA-SNHG16 (Figure 4G,H). Moreover, the
increased mRNA level and protein level of STAT3 were
observed after miR-520d-3p was silenced, while both lev-
els were decreased again by transfecting of sh-SNHGI16
(Figure 4G,H). Therefore, we could conclude that SNHG16
positively affect STAT3 expression in HemECs cells through
sequestering miR-520d-3p.

3.5 | The effects of SNHG6-miR-520d-3p-
STAT3 pathway on HemEC:s cell activities

In order to know the actual effects of SNHG6-miR-520d-
3p-STAT3 axis on HemECs cell activities, rescue assays
were designed and carried out in HemECs cells. Firstly, the
proliferation ability of HemECs was detected by MTT and
colony formation assays. We found the decreased prolifera-
tion of SNHG16-downregulated HemECs cell was strength-
ened by separately transfecting with pcDNA-STAT3 and
miR-520d-3p inhibitors (Figure SA,B). The result of flow
cytometry analysis suggested that increased cell apoptosis
caused by sh-SNHG16 was rescued by pcDNA-STAT3 and
miR-520d-3p inhibitors (Figure 5C). The same transfection
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FIGURE 5 The effects of SNHG6-miR-520d-3p-STAT3 pathway on HemECs cell activities. A-B, The proliferation ability of indicated
HemECs was detected by MTT and colony formation assays. C, The apoptosis of transfected HemECs cell was detected by flow cytometry analysis.

D-E, The migration and invasion of HemECs cells were detected using transwell assay. F, Tube formation assay was carried out in indicated

HemEC:s cells to investigate the vasoformation. Data were acquired from multiple experiments for mean + SD. *P < .05, **P < .01 compared with

controls

was conducted in HemECs to detect migration and invasion
abilities through performing transwell assay. The results
were consistent with MTT assay (Figure 5D,E). The results
of tube formation assays showed the inhibitory effects of
sh-SNHG16 on vasoformation were recovered by pcDNA-
STAT3 and miR-520d-3p inhibitors (Figure 5F).

4 | DISCUSSION

Previous studies have demonstrated that IncRNA SNHG16
acts as a motivator in various human tumors, such as breast
cancer,19 NSCLC,20 and colorectal cancer.”! It is also reported
that SNHG16 participated in various biological activities,
especially cell proliferation, invasion, and migration. In this
study, we tried to deeply study the impacts of SNHG16 on
cell activities of HemECs. ceRNA pattern is a very impor-
tant biological pathway in which miRNAs-mediated IncRNA
could participate in the whole progress of tumors via ceRNA
regulatory mechanisms. Many researches have provided the
valid evidence to demonstrate the great effects of IncRNAs

on complex processes of human diseases.”> > As diagnos-
tic or prognostic markers, ceRNAs have been uncovered in
many reports.%'32 In some cases, IncRNAs can participate in
ceRNA pattern to modulate gene expression.33‘34 In this study,
we supposed that SNHG16 might be a ceRNA in HemECs.

MiRNAs had been verified to be independent regula-
tors in many cancers. They also have some particular role in
ceRNA axis. miRNAs are usually taken as the target genes
of IncRNAs to modulate tumorigenesis. They participated in
many biological processes of human tumors through interact-
ing with IncRNAs or target mRNAs. miR-129-5p participated
in a ceRNA pathway in colon cancer.”” miR-181a-5p and
multiple myeloma pro gression.3 % All above examples showed
the interaction between miRNAs and mRNA in cancers.

Our findings showed a regulatory model of ceRNA
(SNHG16-miR-520d-3p-STAT3). Then, we began to do our
research. We first silenced SNHG16 to detect cell activities
(proliferation, migration, and invasion) in HemECs. Loss-of-
function assay reflected a phenomenon that silenced SNHG16
greatly suppressed proliferation, metastasis, and vasoforma-
tion of HemECs. The potential molecular mechanisms of
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SNHG16 were further probed in HemECs. It was detected to
be located in cytoplasm of HrmECs. To certify this hypothe-
sis, we performed RIP assay and pull-down assay, the result
also indicated that SNHG16 could bind with miR-520d-3p.
The binding sites between SNHG16 and miR-520d-3p were
searched through using bioinformatics analysis. Similarly,
the binding sites between miR-520d-3p and STAT3 were ob-
tained. In order to clearly elucidate the combination among
these three genes, dual-luciferase reporter assay was utilized.
We found SNHG16 positively modulated STAT3 expression
by sequestering miR-520d-3p. At length, rescue assays were
carried out to prove the effects of SNHG16-miR-520d-3p-
STAT3 on proliferation, apoptosis, metastasis, and vasofor-
mation of HemECs. The whole study aimed to explore novel
ceRNA pathway in HemECs. This study was not further de-
tected the upstream molecular mechanism of SNHG16-miR-
520d-3p-STAT3 axis. Therefore, we will do further study in
the future. We thought this study would be helpful for investi-
gating more biological pathway for endothelial cells research
in hemangioma.

ACKNOWLEDGMENTS

The authors thank for all laboratory members.

CONFLICT OF INTEREST

None declared.

ORCID
Wenke Zhao "= http://orcid.org/0000-0002-0343-7481
REFERENCES

1. JiaJ, Huang X, Zhang WF, Zhao YF. Human monocyte-derived
hemangioma-like endothelial cells: evidence from an in vitro
study. Cardiovasc Pathol. 2008;17:212-218.

2. Bertoni N, Pereira LM, Severino FE, Moura R, Yoshida WB, Reis
PP. Integrative meta-analysis identifies microRNA-regulated net-
works in infantile hemangioma. BMC Med Genet. 2016;17:4.

3. Mehrian-Shai R, Yalon M, Moshe I, et al. Identification of ge-
nomic aberrations in hemangioblastoma by droplet digital PCR
and SNP microarray highlights novel candidate genes and path-
ways for pathogenesis. BMC Genom. 2016;17:56.

4. Zhu JY, Zhang W, Ren JG, Chen G, Zhao YF. Characterization
of Endothelial Microparticles Induced by Different Therapeutic
Drugs for Infantile Hemangioma. J Cardiovasc Pharmacol.
2015;66:261-269.

5. Haggstrom AN, Drolet BA, Baselga E, et al. Prospective study of
infantile hemangiomas: clinical characteristics predicting compli-
cations and treatment. Pediatrics. 2006;118:882-887.

6. Banfai B, Jia H, Khatun J, et al. Long noncoding RNAs
are rarely translated in two human cell lines. Genome Res.
2012;22:1646-1657.

10.

11.

12.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Takahashi H, Carninci P. Widespread genome transcription: new
possibilities for RNA therapies. Biochem Biophys Res Comm.
2014;452:294-301.

Geisler S, Coller J. RNA in unexpected places: long non-coding
RNA functions in diverse cellular contexts. Nat Rev Mol Cell
Biol. 2013;14:699-712.

Bonasio R, Shiekhattar R. Regulation of transcription by long
noncoding RNAs. Annu Rev Genet. 2014;48:433-455.

Wang HJ, Huang YL, Shih YY, Wu HY, Peng CT, Lo WY.
MicroRNA-146a decreases high glucose/thrombin-induced endo-
thelial inflammation by inhibiting NAPDH oxidase 4 expression.
Mediators Inflamm. 2014;2014:379537.

Karapetyan AR, Buiting C, Kuiper RA, Coolen MW. Regulatory
Roles for Long ncRNA and mRNA. Cancers. 2013;5:462-490.
Wang KC, Chang HY. Molecular mechanisms of long noncoding
RNAs. Mol Cell. 2011;43:904-914.

. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA

hypothesis: the Rosetta Stone of a hidden RNA language? Cell.
2011;146:353-358.

Cao X, XuJ, Yue D. LncRNA-SNHG16 predicts poor prognosis
and promotes tumor proliferation through epigenetically silencing
p21 in bladder cancer. Cancer Gene Ther. 2017;25:10-17.

Zhu H, Zeng Y, Zhou CC, Ye W. SNHG16/miR-216-5p/ZEB1
signal pathway contributes to the tumorigenesis of cervical cancer
cells. Arch Biochem Biophys. 2017;637:1-8.

Lian D, Amin B, Du D, Yan W. Enhanced expression of the long
non-coding RNA SNHG16 contributes to gastric cancer progres-
sion and metastasis. Cancer Biomark. 2017;21:151-160.

. Lu PW, Li L, Wang F, Gu YT. Effects of long non-coding

RNA HOST2 on cell migration and invasion by regulat-
ing MicroRNA Let-7b in breast cancer. J Cell Biochem.
2017;119:4570-4580.

Lu L, Yu X, Zhang L, et al. The long non-coding RNA
RHPNI1-AS1 promotes uveal melanoma progression. Int J Mol
Sci. 2017;18:pii: E226.

Cai C, Huo Q, Wang X, Chen B, Yang Q. SNHG16 contributes
to breast cancer cell migration by competitively binding miR-98
with E2F5. Biochem Biophys Res Comm. 2017;485:272-278.
Han W, Du X, Wang J, Sun L, Li Y. SNHG16 indicates a poor
prognosis and affects cell proliferation, migration and invasion
in non-small cell lung cancer. Exp Cell Res. 2017. https://doi.org/
10.1016/j.yexcr.2017.09.027.

Christensen LL, True K, Hamilton MP, et al. SNHG16 is regu-
lated by the Wnt pathway in colorectal cancer and affects genes
involved in lipid metabolism. Mol Oncol. 2016;10:1266-1282.
Chen X, You ZH, Yan GY, Gong DW. IRWRLDA: improved ran-
dom walk with restart for IncRNA-disease association prediction.
Oncotarget. 2016;7:57919-57931.

Chen X, Yan CC, Zhang X, You ZH. Long non-coding RNAs and
complex diseases: from experimental results to computational
models. Brief Bioinform. 2017;18:558-576.

Sun J, Shi H, Wang Z, et al. Inferring novel IncRNA-disease as-
sociations based on a random walk model of a IncRNA functional
similarity network. Mol BioSyst. 2014;10:2074-2081.

Zhou M, Wang X, LiJ, et al. Prioritizing candidate disease-related
long non-coding RNAs by walking on the heterogeneous IncRNA
and disease network. Mol BioSyst. 2015;11:760-769.

Hu Y, Chen HY, Yu CY, et al. A long non-coding RNA signature
to improve prognosis prediction of colorectal cancer. Oncotarget.
2014;5:2230-2242.


http://orcid.org/0000-0002-0343-7481
http://orcid.org/0000-0002-0343-7481
https://doi.org/10.1016/j.yexcr.2017.09.027
https://doi.org/10.1016/j.yexcr.2017.09.027

3320 .
—I—WI EY—Cancer Medicine _

217.
28.
29.

30.

31.
32.
33.

34.

ZHAO ET AL.

Shi D, Qu Q, Chang Q, Wang Y, Gui Y, Dong D. A five-long non-
coding RNA signature to improve prognosis prediction of clear
cell renal cell carcinoma. Oncotarget. 2017;8:58699-58708.

Sun J, Cheng L, Shi H, et al. A potential panel of six-long non-
coding RNA signature to improve survival prediction of diffuse
large-B-cell lymphoma. Sci Rep. 2016;6:27842.

Zhou M, Guo M, He D, et al. A potential signature of eight long
non-coding RNAs predicts survival in patients with non-small
cell lung cancer. J Transl Med. 2015;13:231.

Zhou M, Sun Y, Sun Y, et al. Comprehensive analysis of IncRNA
expression profiles reveals a novel IncRNA signature to discrim-
inate nonequivalent outcomes in patients with ovarian cancer.
Oncotarget. 2016;7:32433-32448.

Zhou M, Xu W, Yue X, et al. Relapse-related long non-coding
RNA signature to improve prognosis prediction of lung adenocar-
cinoma. Oncotarget. 2016;7:29720-29738.

Zhou M, Zhang Z, Zhao H, Bao S, Cheng L, Sun J. An immune-
related six-IncRNA signature to improve prognosis prediction of
glioblastoma multiforme. Mol Neurobiol. 2017;55:3684-3697.
Calin GA, Liu CG, Ferracin M, et al. Ultraconserved regions en-
coding ncRNAs are altered in human leukemias and carcinomas.
Cancer Cell. 2007;12:215-229.

Ebert MS, Sharp PA. Emerging roles for natural microRNA
sponges. Curr Biol. 2010;20:R858-R861.

35.

36.

Jie Y, Zhao H. LncRNA MALAT1 induces colon cancer devel-
opment by regulating miR-129-5p/HMGB1 axis. J Cell Physiol.
2017. https://doi.org/10.1002/jcp.26383

Chen L, Hu N, Wang C, Zhao H, Gu Y. Long non-coding RNA
CCATI1 promotes multiple myeloma progression by acting as a
molecular sponge of miR-181a-5p to modulate HOXA1 expres-
sion. Cell Cycle. 2017;17:319-329.

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

How to cite this article: Zhao W, Fu H, Zhang S, Sun
S, Liu Y. LncRNA SNHG16 drives proliferation,
migration, and invasion of hemangioma endothelial cell
through modulation of miR-520d-3p/STATS3 axis.
Cancer Med. 2018;7:3311-3320. https://doi.
org/10.1002/cam4.1562



https://doi.org/10.1002/jcp.26383
https://doi.org/10.1002/cam4.1562
https://doi.org/10.1002/cam4.1562

