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Abstract. as a member of the long non‑coding (lnc)rna 
family, lncrna maternally expressed 8, small nucleolar rna 
host gene (MEG8), has been reported to serve an oncogenic 
role in several types of malignancies, including hepatocel‑
lular carcinoma, non‑small cell lung cancer and pancreatic 
cancer. The current study aimed to investigate the effect of 
the knockdown of MEG8 on human hemangioma endothelial 
cell (Hemec) proliferation, apoptosis and invasion, in addi‑
tion to determining the underlying molecular mechanism. The 
knockdown of lncRNA MEG8 was achieved by transfecting 
lncRNA MEG8 small interfering (si)rna into Hemecs, while 
the combined knockdown of lncrna MeG8 knockdown and 
microrna (mir)‑203 was established by co‑transfecting 
lncRNA MEG8 sirna and a mir‑203 inhibitor into Hemecs. 
The cell proliferation, apoptosis and invasion and the expres‑
sion levels of mir‑34a, miR‑200b, miR‑200b and notch 
signaling pathway‑related factors were detected via ccK‑8 Kit, 
flow cytometry, Transwell, reverse transcription‑quantitative 
Pcr and western blot assay, respectively. The knockdown of 
lncRNA MEG8 significantly inhibited proliferation (P<0.05) 
and invasion (P<0.05), but promoted apoptosis (P<0.01) in 
Hemecs. Furthermore, lncRNA MEG8 knockdown upregu‑
lated miR‑203 (P<0.01) expression, but did not alter miR‑34a 
or miR‑200b expression (both P>0.05). Subsequent experi‑
ments revealed that miR‑203 silencing exerted no significant 
effect on the expression levels of lncRNA MEG8 (P>0.05) 
in Hemecs. in addition, miR‑203 silencing increased cell 

proliferation (P<0.05) and invasion (P<0.01), but suppressed 
apoptosis (P<0.05). miR‑203 silencing also reversed the effect 
of lncRNA MEG8 knockdown on the proliferation (P<0.05), 
apoptosis (P<0.001) and invasion (P<0.01) of HemECs. 
Moreover, lncRNA MEG8 knockdown downregulated jagged 
canonical notch ligand 1 (JAG1; P<0.05) and Notch1 (P<0.05) 
expression levels, while miR‑203 silencing upregulated JaG1 
(P<0.01) and Notch1 (P<0.01) expression levels and reversed 
the effects of lncRNA MEG8 knockdown on JAG1 (P<0.01) 
and Notch1 (P<0.01) expression in HemECs. In conclusion, the 
findings of the present study suggested that lncRNA MEG8 
knockdown may inhibit cell proliferation and invasion, but 
promote cell apoptosis in hemangioma via miR‑203‑induced 
mediation of the notch signaling pathway.

Introduction

a hemangioma is a common benign vascular tumor that often 
occurs in childhood and more frequently affects females (1). 
Hemangiomas typically follow a characteristic pattern of 
a proliferative growth phase, followed by a slow involuting 
phase, during which the majority of hemangiomas stop 
growing and begin to shrink (2). during the proliferative 
growth phase, hemangiomas present with several symptomatic 
clinical manifestations, including ulcerations, bleeding, phys‑
ical functional limitations and breakdown in the surface of the 
skin, and current treatment options comprise medical therapy, 
laser therapy and surgical resection (2,3). However, cases 
of severe hemangioma are challenging to treat in the clinic. 
Hence, further understanding of the mechanisms underlying 
hemangioma progression is required.

long non‑coding (lnc) rnas are a group of non‑coding 
transcripts of >200 nucleotides in length, which comprise 
4‑9% of mammalian transcriptomes (4). lncrnas have been 
discovered to be involved in numerous physiological and patho‑
biological processes. For example, previous studies report that 
the expression levels of lncrnas are dysregulated and thereby 
implicated in several processes during malignancy, including 
malignant cell proliferation, invasion, migration, epithe‑
lial‑mesenchymal transition (EMT) and drug resistance (5‑7). 

Knockdown of lncRNA MEG8 inhibits cell proliferation and 
invasion, but promotes cell apoptosis in hemangioma, via 

miR‑203‑induced mediation of the Notch signaling pathway
ZHenFenG Hu1,  XianGMei liu2,  JinG Guo3,  lei ZHuo1,  YonGdonG cHen4  and  HaoJun Yuan1

1Department of General Surgery II (Department of Plastic Surgery), Affiliated Hospital of Hebei University of Engineering,  
Hebei, Handan 056002; 2department of Plastic Surgery, Handan Seventh Hospital; 3department of cardiology,  

Handan Central Hospital, Hebei, Handan 056001; 4department of General Surgery iii,  
Handan First Hospital, Hebei, Handan 056002, P.R. China

Received March 16, 2021;  Accepted July 20, 2021

DOI: 10.3892/mmr.2021.12512

Correspondence to: dr Xiangmei liu, department of Plastic 
Surgery, Handan Seventh Hospital, 33 Xuechi road, Hebei, 
Handan 056001, P.R. China
E‑mail: xianglandao7332037@163.com

Key words: hemangioma, long non‑coding rna maternally 
expressed 8, small nucleolar rna host gene, microrna‑203, notch 
signaling pathway, proliferation, invasion



Hu et al:  role oF lncRNA MEG8 in HeManGioMa2

notably, lncrna maternally expressed 8, small nucleolar rna 
host gene (MEG8), as a member of the lncrna family, has 
been found to serve an oncogenic role in several types of malig‑
nancy, including hepatocellular carcinoma (Hcc), non‑small 
cell lung cancer (nSclc) and pancreatic cancer (8‑11). 
For instance, lncRNA MEG8 promotes nSclc cell prolif‑
eration, migration and invasion via targeting the microrna 
(miRNA/miR)‑107/CDK6 axis (9). In addition, lncRNA MEG8 
targets several mirnas (miR‑34a/miR‑200b/miR‑203) to 
promote cell morphological changes and enhance cell motility 
in tumors (10). in another study, lncRNA MEG8 regulates the 
notch signaling pathway to mediate the eMT of hepatic stel‑
late cells, thereby serving a role in the pathological processes of 
liver fibrosis as well as HCC (12). Of note, the Notch signaling 
pathway is a conserved ligand‑receptor signaling pathway that 
modulates cell‑cell interactions and the activity of VeGF, which 
has been shown to serve a role in the pathogenesis of heman‑
gioma (13). Therefore, it was hypothesized that lncRNA MEG8 
may be involved in the pathological process of hemangiomas 
via targeting possible mirnas (miR‑34a/miR‑200b/miR‑203) 
and notch signaling pathway; however, the underlying mecha‑
nism remains to be elucidated.

The current study aimed to investigate the effect of 
lncrna MeG8 knockdown on cell proliferation, apoptosis 
and invasion, as well as to determine its possible molecular 
mechanism in hemangioma.

Materials and methods

Cell lines and culture. Human hemangioma endothelial cells 
(Hemecs) were isolated from 3 individuals (2 females and 
1 male, mean age of 14 months with range 9‑24 months) with 
proliferating‑phase hemangioma as previously described (14). 
The Hemecs were cultured in Human endothelial Serum 
Free medium (Gibco; Thermo Fisher Scientific, Inc.) supple‑
mented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.) and maintained in a humidified incubator with 5% CO2 
at 37˚C. The experimental protocol was approved by the 
ethics committee of Handan Seventh Hospital (approval 
no. 2019[K]016) and written informed consent was obtained 
from the parents/guardians of each patient prior to participation.

Cell transfection. lncRNA MEG8 small interfering rna 
(sirna), negative control (nc) sirna and miR‑203 inhibitor 
were purchased from Shanghai GenePharma co., ltd. The 
sequences for lncRNA MEG8 siRNA, NC siRNA, miR‑203 
inhibitor and nc inhibitor were as follows: lncrna MeG8 
sense, 5'GGC CAG CUG AUU UAA UAA UUU3', lncRNA 
MEG8 antisense, 5'AUU AUU AAA UCA GCU GGC CUU3'; 
NC siRNA sense, 5'GAA UUA AUU AAA GAU GGC CCG UUG 
UAC3', NC siRNA antisense, 5'UCA UCG AAG UUA UAG 
GGA UAC AUU ACG UGA UC3'; miR‑203 inhibitor, 5'CUA 
GUG GUC CUA AAC AUU UCA C3'; NC inhibitor, 5'CAG UAC 
UUU UGU GUA GUA CAA3'. A total of 2x105 Hemecs were 
seeded into 6‑well plates 24 h prior to transfection. Following 
incubation, the HemECs were transfected with 50 pM NC 
siRNA, 50 pM lncRNA MEG8 siRNA, 50 pM NC inhibitor, 
50 pM miR‑203 inhibitor or 50 pM lncRNA MEG8 sirna + 
50 pM miR‑203 inhibitor using lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) for 6 h at 37˚C, 

according to the manufacturer's protocol. Untransfected 
Hemecs were used as the control.

miR‑203 transfection efficiency assessment. nc inhibitor, nc 
mimic and miR‑203 mimic were purchased from Shanghai 
GenePharma co. The nc mimic, miR‑203 mimic, nc inhibitor 
and miR‑203 inhibitor were transfected into Hemecs with the 
application of lipofectamine 2000 reagent as aforementioned. 
The Hemecs without transfection were served as normal 
control. The transfection efficacy was validated by detecting 
miR‑203 expression at 24 h post transfection, as shown in Fig. S1.

Reverse transcription‑quantitative (RT‑q) PCR. at 24 h 
post‑transfection, 2x106 Hemecs were harvested and 
underwent RT‑qPCR. Briefly, total RNA was extracted from 
cells using a rneasy Mini kit (Qiagen GmbH) and reverse 
transcribed into cdna using a cdna reverse Transcription 
kit (applied Biosystems; Thermo Fisher Scientific, inc.) 
according to the kit's instructions. qPCR was subsequently 
performed using a SYBr™ Green Pcr Master mix (applied 
Biosystems; Thermo Fisher Scientific, Inc.) by following the 
kit's protocol. The following thermocycling conditions were 
used for the qPCR: Initial denaturation at 95˚C for 10 min; 
followed by 40 cycles of 95˚C for 15 sec and 61˚C for 1 min. 
lncrna (lncRNA MEG8) and mrna [jagged canonical 
notch ligand 1 (JAG1), NOTCH1] were normalized to β‑actin 
and mirnas (miR‑34a, miR‑200b, miR‑203) were normalized 
to U6. The experiments were repeated 3 times. These gene 
expression levels were quantified using the 2‑ΔΔCq method (15). 
The primers used for the qPCR are listed in Table I.

Cell Counting Kit‑8 (CCK‑8) assay. cell proliferation was 
analyzed using a ccK‑8 assay (Sigma‑aldrich; Merck KGaa) 
at 0, 24, 48 or 72 h post‑transfection. Briefly, CCK‑8 reagent 
was added to the cells at each time point and incubated for a 
further 2 h. The optical density value was measured using a 
microplate reader (BioTek Instruments, Inc.) at 450 nm.

Flow cytometric analysis of cell apoptosis. Hemecs were 
harvested for apoptosis analysis at 48 h post‑transfection. 
Briefly, HemECs were centrifuged (800 g, 5 min, 4˚C) and 
resuspended, then incubated with annexin V‑FiTc (eBiosci‑
ence; Thermo Fisher Scientific, inc.) and Pi (eBioscience; 
Thermo Fisher Scientific, Inc.) in the dark for 20 min at room 
temperature. Apoptotic HemECs were analyzed using a flow 
cytometer (FACSCalibur; BD Biosciences) and a FlowJo 7.6 
software (BD Biosciences). The apoptosis rate was defined as 
percentage of early plus late apoptotic cells.

Transwell assay. The invasive ability of Hemecs was analyzed 
using a Transwell assay. at 24 h post‑transfection, cells were 
collected and seeded into Matrigel basement membrane 
matrix‑coated Transwell inserts (corning, inc.). The medium 
in upper and lower chambers was Human endothelial Serum 
Free medium (Gibco; Thermo Fisher Scientific, Inc.) and 10% 
FBS (Gibco; Thermo Fisher Scientific, inc.), respectively. 
after incubation for another 24 h, the cells remaining in the 
top of the inserts were removed and the cells in the bottom 
were fixed with 10% formalin (Sigma‑Aldrich; Merck KGaA) 
for 15 min at room temperature and stained with crystal 
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violet (Sigma‑aldrich; Merck KGaa) for 20 min at room 
temperature. invasive cells were observed using an inverted 
microscope (Nikon Corporation) at the magnification of x200, 
with 5 fields being chosen randomly.

Western blotting. Total protein was extracted from 
Hemecs at 48 h post‑transfection using riPa lysis buffer 
(Sigma‑Aldrich; Merck KGaA). Total protein was quantified 
using a BCA Protein assay kit (Thermo Fisher Scientific, Inc.) 
and 20 µg protein/lane was separated using 4‑20% precast 
polyacrylamide gels (Sigma‑aldrich; Merck KGaa). The sepa‑
rated proteins were subsequently transferred onto nitrocellulose 
filter membranes (Pall Life Sciences) and blocked with 5% 
BSA (Sigma‑Aldrich; Merck KGaA) for 1.5 h. The membranes 
were then incubated with primary antibodies at 4˚C overnight. 
Following the primary antibody incubation, the membranes 
were incubated with a secondary antibody for 1.5 h. Protein 
bands were visualized using ecl western blotting substrate 
(Thermo Fisher Scientific, Inc.). The protein density was evalu‑
ated with imageJ (Version 1.8.0, national institutes of Health). 
The antibodies used for western blotting are listed in Table ii.

Dual luciferase reporter gene assay. The wild‑type (WT) 
or mutant type (MT) lncRNA MEG8 sequences were cloned 
into a pGluc plasmid (Beyotime institute of Biotechnology) 
to generate WT or MT plasmids. nc mimic or mir‑203 
mimic were co‑transfected with WT or MT plasmid into 
Hemecs with the application of lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). Following 48 h of 
transfection, the cells were harvested and the relative luciferase 

activity was measured using a dual luciferase reporter Gene 
assay kit (Beyotime institute of Biotechnology).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 7.02 software (GraphPad Software, inc.) and 
presented as the mean ± standard deviation. Statistical differ‑
ences between two groups were determined using an unpaired 
Student's t‑test, while the comparisons among multiple groups 
were performed using a one‑way anoVa followed by a 
Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Effect of lncRNA MEG8 knockdown on the proliferation, apop‑
tosis and invasion of HemECs. The relative expression levels 
of lncRNA MEG8 were downregulated following the transfec‑
tion with lncRNA MEG8 siRNA (P<0.001), which suggested 
the successful transfection of the sirna (Fig. 1a). in addi‑
tion, lncRNA MEG8 sirna also decreased cell proliferation 
following 48 (P<0.05) or 72 h (P<0.05) of transfection (Fig. 1B). 
conversely, cell apoptosis was increased by transfection with 
lncRNA MEG8 siRNA (P<0.01; Fig. 1C‑E). Furthermore, the 
number of invasive cells was decreased following the transfec‑
tion with lncRNA MEG8 siRNA (P<0.05; Fig. 2A and B).

Effect of lncRNA MEG8 knockdown on miR‑34a, miR‑200b 
and miR‑203 expression levels in HemECs. Transfection 
with lncRNA MEG8 siRNA exerted no significant effect on 
miR‑34a (P>0.05; Fig. 3A) and miR‑200b (P>0.05; Fig. 3B) 

Table i. Primers.

Gene Forward (5'→3') Reverse (5'→3')

lncRNA MEG8 GccaccaGccTTaTGaTTGc TccTaacacaGaGaaccaaccaT
JAG1 TGGTTaaTGGTTaTcGcTGTaTcTG aTaGTcacTGGcacGGTTGTaG
NOTCH1 caGaGGcGTGGcaGacTaTG GGcaGTGGcaGaTGTaGGaG
β‑actin TcGTGcGTGacaTTaaGGaGaaG aGGacTccaTGcccaGGaa
miR‑34a acacTccaGcTGGGTGGcaGTGTcTTaGcT TGTcGTGGaGTcGGcaaTTc
miR‑200b acacTccaGcTGGGcaTcTTacTGGGcaGc TGTcGTGGaGTcGGcaaTTc
miR‑203 acacTccaGcTGGGGTGaaaTGTTTaGGac TGTcGTGGaGTcGGcaaTTc
U6 GcTcGcTTcGGcaGcacaTa aaTaTGGaacGcTTcacGaaTTTGc

Table ii. antibodies.

antibody company dilution 

Primary antibodies  
  Rabbit polyclonal to Cleaved caspase‑3 Abcam 1:500
  rabbit monoclonal to cleaved caspase‑7 abcam 1:1,000
  Rabbit polyclonal to JAG1 Invitrogen; Thermo Fisher Scientific, Inc. 1:1,000
  Rabbit polyclonal to NOTCH1 Invitrogen; Thermo Fisher Scientific, Inc. 1:2,000
  rabbit monoclonal to β‑actin Invitrogen; Thermo Fisher Scientific, Inc. 1:2,000
Secondary antibody  
  Goat Anti‑Rabbit IgG H&L (HRP) Invitrogen; Thermo Fisher Scientific, Inc. 1:50,000
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expression levels; however, miR‑203 expression levels were 
upregulated (P<0.01; Fig. 3C).

Association between lncRNA MEG8 and miR‑203 in HemECs. 
The binding site between WT lncRNA MEG8 and miR‑203 is 
shown in Fig. 4a. The results of the dual luciferase reporter 
gene assay indicated that the knockdown of miR‑203 decreased 
the relative luciferase activity of the lncRNA MEG8 WT vector 
(P<0.01), but did not affect the relative luciferase activity of the 
lncRNA MEG8 MT vector (P>0.05; Fig. 4B). Transfection with 
the miR‑203 inhibitor did not significantly alter lncRNA MEG8 
expression levels (P>0.05; Fig. 4C), whereas the transfection 
with lncRNA MEG8 sirna upregulated miR‑203 expression 
levels (P<0.001; Fig. 4D). These findings indicated that lncRNA 
MEG8 may negatively regulate miR‑203 expression.

Knockdown of lncRNA MEG8 regulates miR‑203‑induced regu‑
lation of proliferation and apoptosis in HemECs. Transfection 
with the miR‑203 inhibitor increased cell proliferation at 48 
(P<0.05) and 72 h (P<0.05), whereas the co‑transfection with 
the miR‑203 inhibitor reversed the effect of lncRNA MEG8 
siRNA on cell proliferation at 48 (P<0.05) and 72 h (P<0.05; 
Fig. 5A). Furthermore, transfection with the miR‑203 inhibitor 
suppressed cell apoptosis (P<0.001) and reversed the effect of 
lncRNA MEG8 siRNA on cell apoptosis (P<0.001; Fig. 5B‑D).

Knockdown of lncRNA MEG8 regulates the miR‑203‑induced 
regulation of invasion in HemECs. Transfection with the 
miR‑203 inhibitor promoted cell invasion (P<0.01) and 
reversed the effect of lncRNA MEG8 sirna on cell invasion 
(P<0.01; Fig. 6A and B).

Figure 1. lncRNA MEG8 knockdown inhibits the proliferation but promotes the apoptosis of hemangioma endothelial cells. (a) analysis of lncRNA MEG8 
expression levels, (B) cell proliferation, (c and d) cell apoptosis and (e) cleaved caspase‑3 and caspase‑7 protein expression levels in the nc(‑) and lnc(‑) 
groups. Statistical differences among groups were determined using a one‑way ANOVA followed by a Tukey's post hoc test. All experiments were conducted in 
triplicate. *P<0.05, **P<0.01, ***P<0.001. lncRNA, long non‑coding RNA; MEG8, maternally expressed 8, small nucleolar rna host gene; nc, negative control; 
lnc (‑), cells transfected with lncRNA MEG8 small interfering rna; od, optical density.

Figure 2. Knockdown of lncRNA MEG8 suppresses the invasion of hemangioma endothelial cells. (a and B) cell invasion was measured in the nc (‑) and 
lnc (‑) groups. Statistical differences among groups were determined using a one‑way ANOVA followed by a Tukey's post hoc test. All experiments were 
conducted in triplicate. *P<0.05. lncRNA, long non‑coding RNA; MEG8, maternally expressed 8, small nucleolar rna host gene; nc, negative control; lnc (‑), 
cells transfected with lncRNA MEG8 small interfering RNA; NS, not significant.
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Knockdown of lncRNA MEG8 regulates the miR‑203‑induced 
mediation of the Notch signaling pathway in HemECs. 
Transfection with lncRNA MEG8 sirna downregulated 
JAG1 mRNA expression levels (P<0.05), while the miR‑203 
inhibitor upregulated JAG1 mRNA expression levels (P<0.01) 
and reversed the effect of lncRNA MEG8 sirna on JAG1 
mRNA expression in HemECs (P<0.01; Fig. 7A). Moreover, 
transfection with lncRNA MEG8 sirna downregulated 
Notch1 mRNA expression levels (P<0.05); however, the 

miR‑203 inhibitor upregulated the mrna expression levels 
of Notch1 (P<0.01) and reversed the effect of lncRNA MEG8 
sirna on Notch1mRNA expression (P<0.01; Fig. 7B). These 
data were further validated by western blotting (Fig. 7c).

Discussion

lncrna MeG8 has been reported to serve a role in the 
tumorigenesis of several tumor types (8‑12). For example, 

Figure 3. lncRNA MEG8 knockdown upregulates miR‑203, but not miR‑34a and miR‑200b expression levels in hemangioma endothelial cells. analysis of 
(a) miR‑34a, (B) miR‑200b and (c) miR‑203 expression levels in the nc (‑) and lnc (‑) groups. Statistical differences among groups were determined using a 
one‑way ANOVA followed by a Tukey's post hoc test. All experiments were conducted in triplicate. **P<0.01. lncRNA, long non‑coding RNA; MEG8, mater‑
nally expressed 8, small nucleolar rna host gene; nc, negative control; lnc (‑), cells transfected with lncRNA MEG8 small interfering rna; mir, microrna; 
NS, not significant.

Figure 4. lncRNA MEG8 knockdown upregulates miR‑203 expression in hemangioma endothelial cells. (a) Binding sites between WT lncRNA MEG8 and 
miR‑203 are shown. (B) relative luciferase activity in cells co‑transfected with miR‑203 mimic or nc mimic and WT or MT vectors. (c) lncRNA MEG8 and 
(d) miR‑203 expression levels were analyzed in the normal, nc (‑), lnc (‑), mir (‑) and lnc (‑) + mir (‑) groups. Statistical differences between two groups 
were determined using an unpaired Student's t‑test, while statistical differences between multiple groups were determined using a one‑way ANOVA followed 
by a Tukey's post hoc test. All experiments were conducted in triplicate. *P<0.05, **P<0.01, ***P<0.001. lncRNA, long non‑coding RNA; MEG8, maternally 
expressed 8, small nucleolar rna host gene; mir, microrna; WT, wild‑type; MT, mutant type; nc, negative control; lnc (‑), cells transfected with lncRNA 
MEG8 small interfering rna; mir (‑), cells transfected with the miR‑203 inhibitor; NS, not significant.
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the expression levels of lncRNA MEG8 are upregulated in 
Hcc tissues and cells and the knockdown of lncRNA MEG8 
represses the proliferative, migratory and invasive abilities 
of nSclc cells via the miR‑107/CDK6 signaling axis (9). 
another study revealed that in Hcc, lncRNA MEG8 regulates 
the TGF‑β‑mediated epigenetic progression of eMT and 
further promotes eMT‑related cell morphological changes and 
migration in lung and pancreatic cancer cells (10). Furthermore, 
lncRNA MEG8 has a regulatory role over the notch signaling 
pathway in Hcc and activation of the notch signaling pathway 
serves an important role in the proliferative and involuted 
phases of hemangioma (16). Regarding the role of lncRNA 
MEG8 in hemangioma, only one previous microarray analysis 
has reported that the expression levels of lncRNA MEG8 are 
upregulated in hemangioma tumor tissues compared with adja‑
cent normal specimens (17). However, to the best of the authors' 
knowledge, the detailed underlying mechanism of the role of 
lncRNA MEG8 in hemangioma has not been investigated and 
was therefore the focus of the current study.

The findings of the present study revealed that lncRNA 
MEG8 knockdown inhibited the proliferation and invasion, 
but promoted the apoptosis, of Hemecs. The results observed 

in the present study may be due to several different reasons. 
For example, according to previous studies, lncRNA MEG8 
knockdown inhibits adipogenesis via regulating peroxisome 
proliferator activated receptor (PPAR)‑α expression and adipo‑
genic differentiation‑related genes (such as PPAR‑γ), further 
suppressing the proliferation and invasion, but enhancing the 
apoptosis of Hemecs (18,19). Furthermore, as lncRNA MEG8 
was previously demonstrated to modulate the activation of 
hepatic stellate cells and the eMT of hepatocytes via the notch 
signaling pathway (12), and based on the evidence that notch 
ligands were found to be involved in the stimulation of VeGF 
signaling and angiogenesis in hemangioma (13), lncRNA MEG8 
knockdown may inhibit the development and progression of 
hemangioma via regulating notch signaling. Finally, lncRNA 
MEG8 knockdown may serve as a competing endogenous rna 
of tumor‑related mirnas (such as miR‑34a, miR‑200b and 
miR‑203) (9,11,20), and regulate oncogenic signaling pathways, 
thereby promoting Hemec proliferation and invasion, but inhib‑
iting apoptosis. However, further investigations are required.

Furthermore, lncRNA MEG8 has been found to target 
several mirnas (such as miR‑34a, miR‑200b and miR‑203) 
to promote cellular morphological changes and enhance cell 

Figure 5. miR‑203 inhibitor rescues the effects of lncRNA MEG8 knockdown on the proliferation and apoptosis of hemangioma endothelial cells. (a) cell 
proliferation, (B and c) cell apoptosis and (d) cleaved caspase‑3 and caspase‑7 protein expression levels in the normal, nc (‑), lnc (‑), mir (‑) and lnc (‑) 
+ miR (‑) groups were analyzed. Statistical differences among groups were determined using a one‑way ANOVA followed by a Tukey's post hoc test. All 
experiments were conducted in triplicate. *P<0.05, ***P<0.001. lncRNA, long non‑coding RNA; MEG8, maternally expressed 8, small nucleolar rna host 
gene; mir, microrna; nc, negative control; lnc (‑), cells transfected with lncRNA MEG8 small interfering rna; mir (‑), cells transfected with the miR‑203 
inhibitor; OD, optical density; NS, not significant.



Molecular Medicine rePorTS  24:  872,  2021 7

motility in lung and pancreatic cancer (10). The results of the 
present study were that lncRNA MEG8 knockdown upregu‑
lated miR‑203 expression; however, miR‑203 silencing did 
not affect lncRNA MEG8 expression, suggesting that lncRNA 
MEG8 may be involved in the pathological process of heman‑
gioma via targeting miR‑203. Moreover, in the current study, 
miR‑203 silencing could reverse the effects of lncRNA MEG8 
knockdown on cell proliferation, apoptosis and invasion. 
according to a previous study, lncRNA MEG8 knockdown was 
associated with the recruitment of enhancer of zeste 2 poly‑
comb repressive complex 2 subunit (EZH2), which is involved 
in the transcriptional repression of targeting tumor‑suppressor 
genes and regulated the EZH2‑containing polycomb repres‑
sive complex 2, subsequently upregulating miR‑203 expression 
and eMT activity, which inhibits the progression of heman‑
gioma (9,21). These findings may explain the results obtained 
in the present study; however, further experimental studies are 
required for verification.

in addition, it is known that notch receptors bind with 
their ligands to activate the notch signaling pathway and the 
disrupted expression of core components of the notch signaling 
pathway has been found to induce abnormal angiogenesis 
in hemangioma (16). To determine the effects of lncRNA 
MEG8 and miR‑203 on the notch signaling pathway, experi‑
ments were conducted and the results revealed that lncRNA 
MEG8 knockdown inactivated the notch signaling pathway, 
while miR‑203 silencing reversed the inactivating effect of 
lncRNA MEG8 knockdown on the notch signaling pathway 
in Hemecs, suggesting that lncRNA MEG8 knockdown inac‑
tivated the notch signaling pathway via targeting miR‑203 in 
hemangioma. as lncRNA MEG8 was found to exert a regula‑
tory effect on TGF‑β expression, which belongs to the growth 
factor family and is closely associated with the notch signaling 
pathway, and considering that miR‑203 attenuates the TGF‑β 
signaling pathway in breast and ovarian cancer (10), it was 
hypothesized that lncRNA MEG8 knockdown may regulate 

Figure 6. miR‑203 inhibitor rescues the effects of lncRNA MEG8 knockdown on the invasion of hemangioma endothelial cells. (a and B) cell invasion was 
analyzed in the normal, nc (‑), lnc (‑), mir (‑) and lnc (‑) + mir (‑) groups. Statistical differences among groups were determined using a one‑way anoVa 
followed by a Tukey's post hoc test. All experiments were conducted in triplicate. *P<0.05, **P<0.01. lncRNA, long non‑coding RNA; MEG8, maternally 
expressed 8, small nucleolar rna host gene; mir, microrna; nc, negative control; lnc (‑), cells transfected with lncRNA MEG8 small interfering rna; 
mir (‑), cells transfected with the miR‑203 inhibitor; NS, not significant.

Figure 7. miR‑203 inhibitor rescues the effects of lncRNA MEG8 knockdown on the notch signaling pathway in hemangioma endothelial cells. (a) JAG1 
and (B) Notch1 mrna expression levels were analyzed in the normal, nc (‑), lnc (‑), mir (‑) and lnc (‑) + mir (‑) groups. (c) Jag1 and notch1 protein 
expression levels were analyzed in the normal, nc (‑), lnc (‑), mir (‑) and lnc (‑) + mir (‑) groups. Statistical differences among groups were determined using 
a one‑way ANOVA followed by a Tukey's post hoc test. All experiments were conducted in triplicate. *P<0.05, **P<0.01. lncRNA, long non‑coding RNA; 
mir, microrna; MEG8, maternally expressed 8, small nucleolar rna host gene; nc, negative control; lnc (‑), cells transfected with lncrna MeG8 small 
interfering rna; mir (‑), cells transfected with miR‑203 inhibitor; JAG1, jagged canonical notch ligand 1; NS, not significant.
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TGF‑β‑associated components and mediate their anti‑angiogenic 
effects via targeting miR‑203, thereby inactivating the notch 
signaling pathway in hemangioma (10,22‑24). However, further 
experimental studies are required to explore this hypothesis and 
determine whether this was the mechanism underlying the results 
of the present study.

However, the present study still has some limitations. Previous 
evidence indicates that lncRNA MEG8 is upregulated in infan‑
tile hemangioma tissues compared with adjacent non‑tumor 
tissues (17) and other studies observe that lncRNA MEG8 serves as 
an oncogenic gene in several tumors (9‑11) Therefore, the present 
study did not detect the effect of lncRNA MEG8 overexpression on 
pro‑tumor properties of hemangioma cells. The information might 
be informative, which needed exploration in further studies.

in conclusion, lncRNA MEG8 knockdown inhibited cell 
proliferation and invasion, but promoted apoptosis in hemangioma 
via miR‑203‑induced mediation of the notch signaling pathway. 
This suggested that targeting lncRNA MEG8 might mediate the 
miR‑203‑induced notch signaling pathway, inhibiting heman‑
gioma progression and providing novel treatment targets for 
hemangioma.
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