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Abstract. Deep vein thrombosis (DVT) is one of the most 
common circulating vascular diseases with an incidence of 
~0.1% worldwide. Although anticoagulant medication remains 
to be the main therapeutic approach for patients with DVT, 
existing thrombus and pulmonary embolisms still pose as a 
threat to patient life. Therefore, effective targeted therapies 
need to be developed and studies are required to improve 
understanding of this condition. Endothelial progenitor cells 
(EPCs) originate from the bone marrow, are located in the 
peripheral blood and are involved in thrombus resolution. 
Long non-coding RNAs (lncRNAs) are non-coding RNAs that 
are >200 nucleotides in length. LncRNAs are associated with 
the development of numerous vascular diseases. Among these 
lncRNAs, metastasis associated lung adenocarcinoma tran-
script 1 (MALAT1) is downregulated in human atherosclerotic 
plaques. Furthermore, MALAT1 polymorphism resulted in 
vascular disease in Chinese populations. In the present study, 
the expression profile and potential functions of MALAT1 in 
DVT were investigated. The results revealed that MALAT1 
was upregulated in DVT tissues. Furthermore, MALAT1 was 
able to regulate the biological behaviors of EPCs, including 
proliferation, migration, cell cycle arrest and apoptosis. In 
addition, the Wnt/β-catenin signaling pathway is a promising 
downstream target of MALAT1 in DVT. The changes in 
biological behaviors in EPCs caused by silenced MALAT1 
were reversed by inhibition of the Wnt/β-catenin signaling 
pathway. In summary, the data indicated the roles of MALAT1 
in the pathogenesis of DVT, and the MALAT1/Wnt/β-catenin 
axis could be a novel therapeutic target for the treatment of 
DVT.

Introduction

DVT is a type of vascular disease, and its occurrence is 
~0.1% globally (1). DVT can lead to swelling, ulceration and 
post-thrombotic syndromes in the legs, as well as pulmonary 
embolism, which results in ~15% of mortality in the first three 
months post-diagnosis (1). Although anticoagulants are widely 
used for the treatment of DVT, existing thrombus and pulmo-
nary embolisms still affect life quality of DVT patients (2). 
Therefore, it is urgent to develop of effective targeted therapies 
against DVT, and studies are required to elucidate the mecha-
nisms underlying the development of this disease.

EPCs are derived from bone marrow, are present in the 
circulating blood and have the potential to differentiate into 
mature endothelial cells during vascular injury repair (3). 
Additionally, they are considered to be potential biomarkers 
and promising regenerative medicine for cardiovascular 
diseases (3). Previous studies have indicated that peripheral 
EPCs serve essential roles in the resolution of thrombus (4-6). 
These data also provided novel insights on the therapeutic 
approaches of DVT treatment.

LncRNAs are novel non-protein-coding RNAs that are 
>200 nucleotides in length (7). Previous studies have suggested 
that lncRNAs are associated with the progression of a variety 
of vascular diseases, where impaired levels of lncRNAs were 
observed (8-13). Among these non-coding RNAs, lncRNA 
metastasis associated lung adenocarcinoma transcript 1 
(MALAT1) has been indicated to be involved in the patho-
genesis of vascular diseases, as it is downregulated in plaques 
and is associated with endothelial phenotypic switch (14). 
Furthermore, a previous study revealed that MALAT1 poly-
morphism could result in vascular disease in the Chinese 
population (15). However, the expression profiles and potential 
functions of MALAT1 in DVT have not been fully elucidated 
and require further investigation.

The Wnt pathway is an evolutionarily conserved signaling 
pathway and is widely involved in a variety of biological 
processes including cell proliferation and migration (16-19). 
This axis is activated by the Wnt ligand and when activated, 
β-catenin escapes serine and threonine phosphorylation by 
glycogen synthase kinase-3β (GSK3β) at the N-terminus, 
which dictates the stability of the β-catenin destruction 

Long non‑coding RNA MALAT1 suppresses the proliferation 
and migration of endothelial progenitor cells in deep vein 

thrombosis by regulating the Wnt/β‑catenin pathway
BINGHUI DU,  JIAN WANG,  SHENG ZANG,  XIN MAO  and  YAMING DU

Department of Vascular Surgery, The First Affiliated Hospital of Jinzhou 
Medical University, Jinzhou, Liaoning 121001, P.R. China

Received September 24, 2019;  Accepted February 14, 2020

DOI: 10.3892/etm.2020.9066

Correspondence to: Dr Yaming Du, Department of Vascular 
Surgery, The First Affiliated Hospital of Jinzhou Medical University, 
2 Renmin Road, Guta, Jinzhou, Liaoning 121001, P.R. China
E-mail: dym4580316@163.com

Key words: deep vein thrombosis, long non-coding RNA metastasis 
associated lung adenocarcinoma transcript 1, proliferation, migration



DU et al:  LONG NON-CODING RNA MALAT1 IN DEEP VEIN THROMBOSIS 3139

complex (17). As a result, β-catenin accumulates in the cyto-
plasm and translocates into the nucleus, further modulating the 
expression of Wnt target genes (16). The Wnt pathway serves 
an essential role in the progression of vascular diseases (16-19). 
Furthermore, this pathway is also involved in the prolif-
eration, differentiation and apoptosis of EPCs (20,21). In 
addition, MALAT1 could modulate the growth and migration 
of a variety of cell types through Wnt signaling (22,23). Taken 
together, the MALAT1/Wnt/β-catenin axis may also serve a 
role in the proliferation and migration of EPCs, consequently 
contributing to the progression of DVT.

In the present study, the effects of MALAT1-regulated 
signaling on the growth and migration of EPCs were inves-
tigated. The results revealed that MALAT1 is upregulated in 
DVT tissues. Furthermore, MALAT1 was able to regulate the 
biological behaviors of EPCs, such as proliferation, migration, 
cell cycle arrest and apoptosis. In addition, the Wnt/β-catenin 
signaling pathway is a promising downstream target of 
MALAT1 in DVT. The changes of biological behaviors in 
EPCs caused by silenced MALAT1 were reversed by inhibi-
tion of the Wnt/β-catenin signaling pathway. In summary, the 
data indicated the roles of MALAT1 in the pathogenesis of 
DVP, and the MALAT1/Wnt/β-catenin axis could be a novel 
therapeutic target for the treatment of this disease.

Materials and methods

Clinical specimens. A total of 20 blood samples were obtained 
from patients with DVT and healthy donors (age, 45-70 years; 
10 males and 10 females) at the First Affiliated Hospital 
of Jinzhou Medical University (Jinzhou, China) between 
May 2015 and April 2017. None of the patients received treat-
ment prior to enrollment. The present study was conducted 
according to the Declaration of Helsinki and approved by the 
Review Committee of the First Affiliated Hospital of Jinzhou 
Medical University (approval no. 20152874). Written informed 
consent was signed by each patient. Samples were snap‑frozen 
using liquid nitrogen and immediately stored at ‑80˚C until 
further use.

Cell culture. For the isolation of mononuclear cells (MNCs), 
~100 ml of circulating blood was obtained from each patient 
with DVT or healthy controls using BD Vacutainer EDTA 
tube (BD Biosciences) and immediately stored in the dark. 
The samples were processed following collection as follows: 
MNCs were extracted by density gradient centrifugation using 
Biocoll (Biochrom, Ltd.) at 5,003 x g at 4˚C for 20 min and 
washed three times using PBS. Isolated cells were plated on 
culture dishes that were pre‑coated with human fibronectin 
(Sigma-Aldrich; Merck KGaA) and cultured in endothelial cell 
growth medium (GE Healthcare Life Sciences) supplemented 
with bovine brain extract (12 mg/ml), human epidermal 
growth factor (10 ng/ml), human insulin-like growth factor-1 
(50 ng/ml), hydrocortisone (1 mg/ml) and streptomycin 
(100 µg/ml) and penicillin (100 U/ml; GE Healthcare Life 
Sciences) at 37˚C. Heparin (10 U/ml; Tocris Bioscience) was 
used to avoid platelet coagulation and cells were maintained 
in a humidified 5% CO2 atmosphere at 37˚C. After 3 days, 
floating cells were aspirated and the culture medium was 
replaced. EPC colonies formed after 1-2 weeks of culture. 

Medium was replenished every day for the first 7 days and 
every other day for the following 7 days. The medium was then 
replenished every 2-3 days. A total of two batches of cells were 
used in the subsequent experiments.

Cell transfection. To establish a MALAT1 knockdown 
model, small interfering RNA (siRNA) sequences targeting 
MALAT1 (si-MALAT1; 5'-GUA CAU UCG UGG AGA 
CUA GC-3' and 3'-ACC AUG UAA GCA CCU CUG AU-5') 
and negative control (si-NC; 5'-GCU ACA UUC UGG AGA 
CAU A-3' and 3'-CGA UGU AAG ACC UCU GUA U-5') were 
purchased from GenePharma Co. Ltd. Following annealing, 
siRNA were integrated into lentiviral pU6-Luc-Puro vectors 
(GenePharma Co., Ltd.). Furthermore, to establish a MALAT1 
overexpression model, wild-type MALAT1 (LV-MALAT1) 
or mutant (LV‑NC) fragments were amplified using PCR and 
integrated into pcDNA3.1 vectors (Invitrogen; Thermo Fisher 
Scientific, Inc.). Cells were transfected with corresponding 
lentiviral vectors or controls. A total of 10 nM plasmids or 
the aforementioned siRNA were used for transfection. Up- or 
downregulation of MALAT1 was determined using reverse 
transcription-quantitative PCR (RT-qPCR). The Wnt/β-catenin 
signaling inhibitor XAV939 (10 nM; cat. no. ab120897; Abcam) 
was used to treat si-MALAT1-transfected cells. All transfec-
tions were performed using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). At 8 h post‑transfection, endo-
thelial cell growth medium was replenished with fresh culture 
medium containing 10% FBS. Cells were cultured for 24 h 
post-transfection and subjected to further analysis.

RT‑qPCR. RT-qPCR was performed to evaluate the levels of 
MALAT1, proliferating cell nuclear antigen (PCNA), segment 
polarity protein dishevelled homolog DVL-2 (DVL2), GSK3β, 
cyclin D1 and β-catenin. Total RNA from clinical samples 
or cells was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The concentration of extracted RNA was measured 
using a NanoDrop™ 1000 spectrophotometer (Thermo Fisher 
Scientific, Inc.). The quality of RNA was determined with 
an Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.). 
Subsequently, cDNA was synthesized using a PrimeScript™ 
RT Reagent kit (Takara Biotechnology Co., Ltd.), and qPCR 
was performed using a SYBR Green PCR Master Mix (Takara 
Biotechnology Co., Ltd.) according to the manufacturer's 
protocol. β-actin was used as the internal reference gene. 
The temperature protocol of reverse transcription was as 
follows: 42˚C for 45 min, 99˚C for 5 min and 5˚C for 5 min. 
The following primer pairs were used for qPCR: MALAT1 
forward, 5'-CTA AGG TCA AGA GAA GTG TCA G-3' and 
reverse, 5'-AAG ACC TCG ACA CCA TCG TTA C-3'; PCNA 
forward, 5'-CAT GGT GAA ACC CCG TCT CTA CTA-3' and 
reverse, 5'-GAG CAC TTA GGC AAT TTT GGT GAT-3'; DVL2 
forward, 5'-CAT CCA GCC AAT TGA CCC TG-3' and reverse, 
5'-AGG GAT GGT GAT CTT GAG CC-3'; GSK3β forward, 
5'-GGA ACT CCA ACA AGG GAG CA-3' and reverse, 5'-TTC 
GGG GTC GGA AGA CCT TA-3'; cyclin D1 forward, 5'-TGA 
ACT ACC TGG ACC GCT-3' and reverse, 5'-GCC TCT GGC 
ATT TTG GAG-3'; β-catenin forward, 5'-AGT TCC TTA CCG 
TCC CCA AG-3' and reverse, 5'-CAG ACA CGC CTG TTT CGA 
AT-3' and β-actin forward, 5'-GCA CCA CAC CTT CTA CAA 
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TG-3' and reverse, 5'-TGC TTG CTG ATC CAC ATC TG-3'. The 
following thermocycling conditions were used for the PCR: 
Initial denaturation at 95˚C for 5 min; 45 cycles of 95˚C for 
15 sec, 60˚C for 20 sec and 72˚C for 10 sec, followed by 72˚C 
for 5 min. The relative expression of each gene was calculated 
using 2‑∆∆Cq method (24).

Western blot analysis. Total protein was extracted from 
tissues or cells using RIPA buffer (Beyotime Institute of 
Biotechnology). Protein concentration was measured using 
a BCA assay (Beyotime Institute of Biotechnology). Equal 
amounts (30 µg) of protein samples were separated using 10% 
SDS-PAGE gel and then transferred onto a PVDF membrane 
(EMD Millipore). Subsequently, the membranes were blocked 
in TBS containing 5% skimmed milk at room temperature 
for 2 h and incubated with the following primary antibodies: 
PCNA (1:2,000; cat. no. 2586; Cell Signaling Technology, Inc.), 
DVL2 (1:1,000; cat. no. 3216; Cell Signaling Technology, Inc.), 
GSK3β (1:1,000; cat. no. 9832; Cell Signaling Technology, 
Inc.), cyclin D1 (1:1,000; cat. no. 2978; Cell Signaling 
Technology, Inc.), β-catenin (1:1,000; cat. no. 2698; Cell 
Signaling Technology, Inc.) and β-actin (1:1,000; cat. no. 3700; 
Cell Signaling Technology, Inc.) overnight at 4˚C. Membranes 
were then incubated in horseradish peroxidase-conjugated 
secondary antibodies (1:5,000; cat. no. sc-2371 or 1:10,000; 
cat. no. sc‑2004; Santa Cruz Biotechnology Inc.) at room 
temperature for 1 h. Bands were visualized using an ECL 
protein detection kit (Pierce; Thermo Fisher Scientific, Inc). 
Protein blots were quantified by densitometric analysis using 
ImageJ software (v1.48; National Institutes of Health).

MTT assay. Following transfection for 24 h, cells were 
harvested and a total of 2x104 cells were seeded onto a 96-well 
plate. Cell proliferation was examined using an MTT assay 
(Sigma-Aldrich; Merck KGaA) at days 1, 2, 3 and 4 post-inoc-
ulation. Briefly, 20 µl of MTT solution was added into each 
well followed by incubation at 37˚C for 4 h. Dimethyl sulfoxide 
was subsequently used to dissolve formazan. The absorbance 
was read at a wavelength of 450 nm and measured using a 
microplate reader (Bio-Rad Laboratories, Inc.).

Transwell assay. The migratory abilities of cells were exam-
ined using a Transwell assay. For the migration assay, a total 
of 1x105 cells in serum-free endothelial cell growth medium 
were seeded into the upper chamber of Transwell plates 
(BD Biosciences) with 8‑µm pore size. Subsequently, 500 µl 
of culture medium supplemented with 10% FBS was added 
into the lower chamber. Following overnight incubation at 
37˚C, non‑migratory cells were removed using a cotton swab, 
whereas the migrated cells in the lower chamber were fixed 
using 4% paraformaldehyde at room temperature for 30 min 
and stained with 0.5% crystal violet at room temperature for 
10 min. The numbers of migratory cells were counted in five 
randomly selected fields using an inverted light microscope 
(magnification, x200; Olympus Corporation).

Cell cycle and apoptosis analysis. Cells were plated onto a 
six-well plate at a density of 3x105 cells/well. Cells were then 
collected using low‑speed centrifugation (1,000 x g at 4˚C for 
5 min. Cell pellets were rinsed and resuspended in PBS, fixed 

with 70% pre-chilled ethanol at room temperature for 15 min 
and stored at 4˚C for two days. Cells were lysed prior to flow 
cytometry, centrifuged at 10,000 x g at room temperature 
for 5 min and then resuspended using propidium iodide (PI; 
Sigma-Aldrich; Merck KGaA) staining buffer containing 
50 µl/ml of PI with 250 µl/ml RNase A. To evaluate cell 
apoptosis, suspended cells were incubated in the dark at 4˚C 
for 30 mins and stained with 5 µl Annexin V-FITC (JingMei 
Biotech Co., Ltd.). Both cell cycle distribution and the number 
of apoptopic cells were analysed using a flow cytometer (BD 
Biosciences) and FlowJo software (version 7.6; FlowJo LLC).

Stat ist ical analysis. Data were presented as the 
mean ± standard deviation and analysed using SPSS 17.0 
software (SPSS, Inc.). Any significant difference between 
groups was analysed using Student's t-test or one-way ANOVA 
followed by Student-Newman-Keuls test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

MALAT1 is upregulated in DVT samples. The expression 
of MALAT1 was evaluated in 20 DVT samples and healthy 
controls using RT-qPCR. The results revealed that expres-
sion of MALAT1 was significantly increased in DVT tissues 
compared with controls (Fig. 1A). To study the role of 
MALAT1 in DVT, EPCs isolated from patients were trans-
fected with LV-MALAT1, si-MALAT1 or control vectors, 
and transfection efficiencies were measured using RT‑qPCR 
(Fig. 1B and C).

MALAT1 regulates the biological behaviors of EPCs. 
Further experiments were conducted to explore the effects 
of MALAT1 on the proliferation and migration of EPCs. 
The results of the MTT assay suggested that the proliferative 
activity of EPCs was inhibited by overexpressed MALAT1 
and enhanced by silenced MALAT1 compared with negative 
controls (Fig. 2A and B). Consistent with these data, the levels 
of PCNA significantly decreased in EPCs overexpressing 
MALAT1 and significantly increased in cells with silenced 
MALAT1 compared with corresponding negative controls 
(Fig. 2C-F). In addition, the results of the Transwell assay indi-
cated that the migration of LV-MALAT1-transfected EPCs 
significantly decreased whereas the migratory abilities of 
EPCs significantly increased by silenced MALAT1 compared 
with negative controls (Fig. 3A-D). The results revealed that the 
growth and migration of EPCs could be inhibited by upregu-
lated MALAT1 and enhanced by downregulated MALAT1.

MALAT1 affects cell cycle arrest and apoptosis in EPCs. Based 
on the aforementioned findings, MALAT1 was associated with 
the proliferation and metastasis of EPCs in vitro. Furthermore, 
to investigate the potential effects of MALAT1 on the cell cycle 
and apoptosis, the cell cycle distribution and apoptosis of EPCs 
transfected with LV- MALAT1 or si-MALAT1 were also exam-
ined. The results indicated that the number of cells in G0/G1 
was increased and the number of cells in S phase was decreased 
following transfection with LV-MALAT1 (Fig. 4A and B). 
In comparison, the percentage of cells in the G0/G1 phase 
significantly decreased, while cells in the S phase significantly 
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Figure 1. MALAT1 is upregulated in DVT tissue samples. (A) Levels of MALAT1 were examined in 20 DVT tissues and healthy controls using RT-qPCR. 
Isolated endothelial progenitor cells were transfected with (B) LV‑MALAT1, (C) si‑MALAT1 and corresponding control vectors. Transfection efficiencies 
were confirmed using RT‑qPCR. *P<0.05. DVT, deep vein thrombosis; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; MALAT1, 
metastasis associated lung adenocarcinoma transcript 1; LV-MALAT1, wild-type MALAT1; si-MALAT1, small interfering RNA targeting MALAT1; NC, 
negative control.

Figure 2. MALAT1 affects the proliferation of endothelial progenitor cells. Proliferative activity of cells with (A) overexpressed and (B) silenced MALAT1 
were examined using an MTT assay. Expression levels of PCNA mRNA in cells transfected with (C) LV-MALAT1 and (D) si-MALAT1. Expression levels 
of PCNA protein in cells transfected with (E) LV-MALAT1 and (F) si-MALAT1. *P<0.05 vs. si-NC at day 4. OD, optical density; PCNA, proliferating cell 
nuclear antigen; MALAT1, metastasis associated lung adenocarcinoma transcript 1; LV-MALAT1, wild-type MALAT1; si-MALAT1, small interfering RNA 
targeting MALAT1; NC, negative control.
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Figure 3. MALAT1 affects EPC migration (A) The migratory ability of EPCs was inhibited by overexpressed MALAT1. (B) A Transwell assay was performed 
to evaluate cell migration. (C) The migration of EPCs transfected with si-MALAT1 was enhanced by silenced MALAT1 compared with the control. (D) Cells 
transfected with si-MALAT1 or si-NC were subjected to Transwell assay. *P<0.05. EPCs, endothelial progenitor cells; MALAT1, metastasis associated lung 
adenocarcinoma transcript 1; LV-MALAT1, wild-type MALAT1; si-MALAT1, small interfering RNA targeting MALAT1; NC, negative control.

Figure 4. MALAT1 affects cell cycle arrest in endothelial progenitor cells. (A and C) The (A) cell cycle distribution and (B) DNA content of EPCs trans-
fected with LV-MALAT1 and LV-NC. The (C) cell cycle distribution and (D) DNA content in cells transfected with si-MALAT1 and si-NC. *P<0.05 vs. 
LV-NC. MALAT1, metastasis associated lung adenocarcinoma transcript 1; LV-MALAT1, wild-type MALAT1; si-MALAT1, small interfering RNA targeting 
MALAT1; NC, negative control.
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increased in cells with silenced MALAT1 compared with nega-
tive controls (Fig. 4C and D). Additionally, flow cytometry data 
indicated that overexpressed MALAT1 induced apoptosis of 
EPCs (Fig. 5A and B), while cell apoptosis was significantly 
reduced by silenced MALAT1 compared with negative controls 
(Fig. 5C and D). These findings indicated that the upregulation 
of MALAT1 was able to arrest the cell cycle in the G0/G1 phase 
to promote cell apoptosis, and vice versa.

The Wnt/β‑catenin signaling pathway is a potential down‑
stream target of MALAT1 in DVT. Further experiments were 
performed to investigate whether MALAT1 modulates the 
proliferation and migration of EPCs though targeting its down-
stream signaling pathways. RT-qPCR results revealed that the 
levels of genes involved in Wnt/β-catenin signalling were 
altered in cells transfected with LV-MALAT1 compared with 
negative controls, suggesting that overexpressed MALAT1 
significantly suppressed the activity of the Wnt/β-catenin 
pathway, and vice versa (Fig. 6A and B). In addition, these find-
ings were confirmed by western blot analysis, as the protein 
levels of Wnt/β-catenin-associated genes were also affected by 
overexpressed or silenced MALAT1 in EPCs (Fig. 6C and D). 
The data suggested that the Wnt/β-catenin signalling pathway 
is a potential downstream target of MALAT1 in DVT.

Wnt/β‑catenin signaling is involved in the growth and migration 
of EPCs. Since the Wnt/β-catenin pathway may be a novel target 
of MALAT1 in DVT, its effects on the growth and migration of 
EPCs were also investigated. Enhanced cell proliferation and 

migration caused by downregulated MALAT1 was suppressed 
following treatment with the Wnt/β-catenin inhibitor XAV939 
(Fig. 7A and B). Furthermore, the number of cells in G0/G1 
phase was increased and the number of cells in S phase was 
decreased following XAV939 treatment, and suppressed 
apoptosis in cells transfected with si-MALAT1 were reversed 
by Wnt/β-catenin inhibitor transfection (Fig. 7C and D). The 
results revealed that changes in biological behaviors of EPCs 
caused by silenced MALAT1 were suppressed by the inhibition 
of Wnt/β-catenin signalling, suggesting that the Wnt/β-catenin 
signalling pathway may serve a role in MALAT1-modulated 
growth and the migration of EPCs.

Discussion

In the present study, the detailed expression profile and poten-
tial functions of MALAT1 in DVT were elucidated. The results 
indicated that MALAT1 was upregulated in DVT samples 
compared with healthy controls. Additionally, MALAT1 was 
able to regulate the biological behaviors of EPCs, including 
proliferation, migration, cell cycle arrest and apoptosis. The 
growth and migration of EPCs was inhibited by upregu-
lated MALAT1 and enhanced by downregulated MALAT1. 
Furthermore, upregulation of MALAT1 was able to arrest 
cell cycle in the G0/G1 phase to promote cell apoptosis, and 
vice versa. Consistent with the present findings, MALAT1 is 
involved in the growth and migration of various types of cells 
in numerous diseases, including esophageal squamous cell 
carcinoma, pancreatic cancer and colorectal cancer (25-27).

Figure 5. MALAT1 affects EPC apoptosis. (A) Bar graph and (B) flow cytometry plots showing overexpressed MALAT1 significantly increased EPC apoptosis. 
(C) Bar graph and (D) flow cytometry plots showing EPC apoptosis was significantly reduced by silenced MALAT1. *P<0.05. EPC, endothelial progenitor 
cells; PI, propidium iodide; MALAT1, metastasis associated lung adenocarcinoma transcript 1; LV-MALAT1, wild-type MALAT1; si-MALAT1, small 
interfering RNA targeting MALAT1; NC, negative control.
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Figure 7. Wnt/β-catenin signaling is involved in the growth and migration of endothelial progenitor cells. Enhanced cell (A) proliferation and (B) migra-
tion caused by silenced MALAT1 was suppressed following treatment with the Wnt/β-catenin inhibitor XAV939. (C and D) (C) The shift of cells from 
G0/G1 to S stage and (D) suppressed apoptosis in cells transfected with si-MALAT1 were reversed by XAV939 treatment. *P<0.05 vs. si-NC. OD, optical 
density; MALAT1, metastasis associated lung adenocarcinoma transcript 1; LV-MALAT1, wild-type MALAT1; si-MALAT1, small interfering RNA targeting 
MALAT1; NC, negative control.

Figure 6. The Wnt/β-catenin signaling pathway is a potential target of MALAT1 in deep vein thrombosis. mRNA levels of Wnt/β-catenin-associated genes 
were affected by (A) LV‑MALAT1 and (B) si‑MALAT1 transfection, indicating overexpressed MALAT1 significantly altered the activity of the Wnt/β-catenin 
pathway, and vice versa. Western blot results confirmed that the protein levels of Wnt/β-catenin-related genes were also affected by (C) overexpressed or 
(D) silenced MALAT1 in endothelial progenitor cells. *P<0.05. MALAT1, metastasis associated lung adenocarcinoma transcript 1; LV-MALAT1, wild-type 
MALAT1; si-MALAT1, small interfering RNA targeting MALAT1; NC, negative control; DVL2, segment polarity protein dishevelled homolog DVL-2; 
GSK3β, glycogen synthase kinase 3β.
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The growth and migration of EPCs involves a number of 
different pathways, and among these, the Wnt/β-catenin axis 
has been widely investigated. It serves essential roles in the 
development of various vascular diseases such as hyperten-
sive heart disease (16-19). Furthermore, it is associated with 
the proliferation, differentiation and apoptosis of EPCs by 
regulating its downstream pathways including those of MYC 
and CDKN1A (20,21). Additionally, MALAT1 could regulate 
the growth and migration of numerous types of cells including 
neural stem cells and ovarian cancer cells, via the Wnt signaling 
pathway by affecting the levels of DVL2, GSK3β, β-catenin 
and cyclin D1 (22,23). In the present study, the data suggested 
that Wnt/β-catenin signaling is a novel downstream target 
of MALAT1 in DVT. The changes in biological behaviors 
in EPCs caused by silenced MALAT1 were reversed by the 
treatment with Wnt/β-catenin inhibitors. Enhanced cell prolif-
eration and migration caused by downregulated MALAT1 was 
suppressed following treatment with Wnt/β-catenin inhibitor 
XAV939. Similarly, Wnt signaling can be regulated by other 
lncRNAs such as HOTAIR and LINC01197, which can 
affect cartilage damage and pancreatic adenocarcinoma cell 
proliferation (28,29). Consistent with the present findings, Wnt 
signaling blockage using XAV939 affected the growth and 
migration of numerous types of cells, such as lung adenocarci-
noma A549 and breast cancer cells (30-32). Furthermore, the 
shift of cells from G0/G1 to S stage and suppressed apoptosis 
in cells transfected with si-MALAT1 were suppressed by 
Wnt/β-catenin inhibitors. However, there are some limitations 
to the present study. For example, a time-dependent model was 
observed for some indexes, but longer periods could be used till 
the maximum index value is reached. Additionally, the subcel-
lular distribution of PCNA and β-catenin could be examined 
by immunostaining to investigate the nuclear expression of 
these genes. Furthermore, in vivo xenograft experiments 
should be performed to confirm the existing findings. Taken 
together, the MALAT1/Wnt/β-catenin axis could serve a role 
in the proliferation and migration of EPCs, contributing to the 
progression of DVT. This novel signaling pathway could be a 
potential therapeutic target for the treatment of patients with 
DVT.
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