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Abstract. – OBJECTIVE: To explore the spe-
cific role of TUG1 in regulating the occurrence 
and progression of diabetic atherosclerosis and 
its underlying mechanism. 

PATIENTS AND METHODS: TUG1 expres-
sions in coronary artery disease (CAD) tissues, 
normal arterial tissues, endothelial cells in-
duced by high-dose glucose and tumor necrosis 
factor-α (TNF-α) were detected by quantitative 
Real-time polymerase chain reaction (qRT-PCR). 
The effects of TUG1 on proliferation, migration 
and cell cycle of human umbilical vein endothe-
lial cells (HUVECs) were detected by cell count-
ing kit-8 (CCK-8), transwell assay and flow cy-
tometry, respectively. Subsequently, protein 
expressions of proliferation-related genes, cell 
cycle-related genes and Wnt pathway-related 
genes were detected by Western blot after alter-
ing TUG1 expression in HUVECs. Further rescue 
experiments were carried out to explore wheth-
er TUG1 could regulate diabetic atherosclerosis 
via Wnt pathway.

RESULTS: Overexpressed TUG1 was found in 
CAD tissues and endothelial cells induced by 
high-dose glucose and TNF-α compared with 
those of controls. TUG1 overexpression remark-
ably promoted proliferation, migration and cell 
cycle of HUVECs. Protein expressions of β-cat-
enin and c-Myc were upregulated by overexpres-
sion of TUG1. Rescue experiments indicated 
that XAV-939, the inhibitor of Wnt pathway, could 
partially reverse the increased proliferative and 
migratory changes in HUVECs induced by TUG1 
overexpression. 

CONCLUSIONS: We found that overexpressed 
TUG1 stimulates proliferation and migration of 
endothelial cells via Wnt pathway, thereby pro-
moting the occurrence and progression of dia-
betic atherosclerosis.
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Introduction 

Diabetes mellitus is a disease where high 
blood sugar levels occur from decreased insu-
lin signaling, either by a lack of insulin se-
cretion in Type 1 diabetes or insulin resistan-
ce in Type 2 diabetes1. Atherosclerosis is the 
cause of a majority of cardiovascular events 
and is accelerated by diabetes and the meta-
bolic syndrome. Epidemiological studies have 
provided convincing evidence that the risk of 
cardiovascular disease (CVD) is increased in 
the presence of diabetes, which is related to 
the extent of glycemic control. Many risk fac-
tors are associated with the metabolic syndro-
me and CVD. Diabetic atherosclerosis is mar-
ked by the appearance of plaques consisting 
of leukocytes, lipids, smooth muscle cells and 
low-density lipoprotein (LDL) cholesterol in 
the arterial walls. Deteriorative disease con-
dition leads to ischemia-causing cerebrova-
scular accidents and myocardial infarctions 
in diabetic patients. A large number of studies 
have confirmed that various pathogenic fac-
tors are involved in the occurrence of vascular 
endothelial dysfunction and pro-inf lamma-
tory reactions. These pathogenic factors in-
clude persistent hyperglycemia, hyperlipide-
mia, obesity, etc. Atherosclerosis is a complex 
chronic polygenic disease2,3, in which fiber 
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components and lipids are deposited in me-
dium-sized arteries and arterial walls4-6. So 
far, the specific pathogenesis of atherosclero-
sis remains unclear. Relative studies have sug-
gested that endothelial cell damage exerts an 
essential role in the formation and pathologi-
cal progression of atherosclerosis. Endothelial 
cell damage destroys the endothelial integrity 
and thereafter leads to atherosclerosis through 
lipid deposition7-9. However, the molecular me-
chanism of endothelial cell damage is rarely 
reported.

LncRNAs (long non-coding RNAs) are 
non-coding, small RNAs with 200 nt in len-
gth10. Recent studies have found that lncRNA 
regulates gene expressions at transcriptional 
and post-transcriptional level. LncRNA parti-
cipates in the occurrence and development of 
multiple diseases11-13. In recent years, the spe-
cific function of lncRNA in cardiovascular 
disease has been well recognized. Accumula-
ting evidence has demonstrated that some cer-
tain lncRNAs could regulate the development 
of cardiovascular diseases14. Previous studies 
have found that lncRNA TUG1 can regulate 
the proliferation and apoptosis of tumor cells, 
which is served as a potential tumor biomar-
ker and therapeutic target15,16. Although TUG1 
function in cardiovascular disease has not been 
reported, TUG1 is highly expressed in vascular 
endothelial cells, suggesting its potential role in 
the regulation of endothelial cells17. Meanwhi-
le, disordered vascular endothelium induced by 
chronic inflammation ultimately leads to the 
formation of atheromatous plaque, which is the 
key factor in the pathogenesis of coronary ar-
tery disease (CAD)18. 

Our study aims at investigating the effect of 
TUG1 on proliferation and migration of endothe-
lial cells to provide a theoretical basis for impro-
ving clinical outcomes of diabetic atherosclerosis.

Patients and Methods 

Subjects and Sample Collection

A total of 15 CAD patients diagnosed in The 
Affiliated Hospital of Medical School, Ningbo 
University from June 2012 to June 2017 were en-
rolled. CAD tissues and corresponding normal 
arterial tissues were surgically resected and im-
mediately preserved in liquid nitrogen. This study 
was approved by the Affiliated Hospital of Medi-

cal School, Ningbo University Ethics Committee 
and all subjects were informed consent. 

Cell Culture and Transfection
Primary human umbilical vein endothelial cel-

ls (HUVECs) were isolated from umbilical vein 
and cultured in ECM (endothelial cell medium) 
containing 10% FBS (fetal bovine serum), 100 
U/mL penicillin and 100 μg/mL streptomycin 
(HyClone, South Logan, UT, USA). The umbili-
cal tissues were collected from healthy pregnan-
cies in Obstetrics and Gynecology Department, 
the Affiliated Hospital of Medical School, Ningbo 
University. HUVECs were cultured in a 5% CO2 
incubator at 37°C. Culture medium was replaced 
every two days. 

Cells in logarithmic growth phase were seeded 
in the 6-well plates. TUG1 lentiviruses (LV-TUG1 
and LV-Vector) were transfected in HUVECs ac-
cording to the instructions of lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). LV-TUG1 and 
LV-Vector were constructed by Gene Pharma 
(Shanghai, China).

Cell Treatment 
HUVECs were treated with low-dose glucose 

(5 mM) or high-dose glucose (25 mM) medium 
when the cell confluence was up to 70-90%. After 
culturing for 48 h, cells were harvested on ice for 
the following experiments. 

RNA Extraction and qRT-PCR 
(Quantitative Real-Time Polymerase 
Chain Reaction)

Total RNA in treated cells was extracted 
using TRIzol method (Invitrogen, Carlsbad, CA, 
USA) for reverse transcription according to the 
instructions of PrimeScript RT reagent Kit (Ta-
KaRa, Otsu, Shiga, Japan). QRT-PCR was then 
performed based on the instructions of SYBR 
Premix Ex Taq TM (TaKaRa, Otsu, Shiga, Ja-
pan), with 3 replicates in each group. The specific 
qRT-PCR reaction parameters were: 94°C for 30 
s, 55°C for 30 s and 72°C for 90 s, for a total of 40 
cycles. Primers used in the study were as follows: 
TUG1, F: 5’-TAGCAGTTCCCCAATCCTTG-3’, 
R: 5’-CACAAATTCCCATCATTCC-3’; PCNA, 
F: 5’-CCTGCTGGGATATTAGCTCCA-3’, R: 
5’-CAGCGGTAGGTGTCGAAGC-3’; cyclin 
D1, F: 5’-GCTGCGAAGTGGAAACCATC-3’, 
R: 5’-CCTCCTTCTGCACACATTTGAA-3’; 
GAPDH (glyceraldehyde 3-phosphate dehydro-
genase), F: 5’-AGCCACATCGCTCAGACAC-3’, 
R: 5’-GCCCAATACGACCAAATCC-3’. 
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Cell Counting Kit-8 (CCK-8) Assay
Transfected HUVECs were seeded into 96-well 

plates at a density of 1×104/μL. 10 μL of CCK-8 
solution (cell counting kit-8, Dojindo, Kumamoto, 
Japan) was added in each well after cell culture 
for 0, 24, 48 and 72 h, respectively. The absorban-
ce at 450 nm of each sample was measured by a 
microplate reader (Bio-Rad, Hercules, CA, USA). 
Each group had 5 replicates. 

Western Blot 
Total protein was extracted from treated cells 

by RIPA (radioimmunoprecipitation assay) solu-
tion (Beyotime, Shanghai, China). The protein 
sample was separated by electrophoresis on 10% 
SDS-PAGE (sodium dodecyl sulphate-polyacryla-
mide gel electrophoresis) and then transferred to 
polyvinylidene difluoride membrane (PVDF) 
(Millipore, Billerica, MA, USA). After membra-
nes were blocked with skimmed milk, they were 
incubated with primary antibodies (Cell Signa-
ling Technology, Danvers, MA, USA) overnight 
at 4°C. The membranes were then washed with 
TBST (Tris-buffered Saline and Tween 20) 3 ti-
mes and followed by the incubation of secondary 
antibody at room temperature for 1 h. The protein 
blot on the membrane was exposed by enhanced 
chemiluminescence (ECL) (Thermo Fisher Scien-
tific, Waltham, MA, USA).

Cell Cycle Detection 
HUVECs were collected and adjusted to a 

density of 1×105/mL. Subsequently, HUVECs 
were fixed with pre-cooled ethanol overnight, 
washed with PBS (phosphate buffer saline) twi-
ce and incubated with 100 μL of RNase A at 
37°C in the dark. 30 min later, cells were stai-
ned with 400 μL of propidium iodide (PI). Cell 
cycle was detected using flow cytometry (Par-
tec AG, Arlesheim, Switzerland) at the wave-
length of 488 nm. Each experiment was perfor-
med in triplicate. 

Transwell Assay 
Transfected HUVECs were centrifuged, wa-

shed with PBS (phosphate-buffered saline) three 
times and resuspended in serum-free medium. 
Cell density was adjusted to 8 × 103 /mL. For tran-
swell assay, 200 μL of cell suspension and 600 
μL of culture medium were added in the upper 
and lower chamber, respectively. After cell cul-
tured for 48 h, cells were washed with PBS, fixed 
with ethanol and stained with crystal violet. 6 ran-
domly selected fields were observed and captured 

using an inverted microscope (Nikon, Tokyo, Ja-
pan).

Statistical Analysis 
SPSS (Statistical Product and Service Solu-

tions) 20.0 statistical software (IBM, Armonk, 
NY, USA) was used for data analysis. GraphPad 
Prism 7 (La Jolla, CA, USA) was introduced for 
figure editing. Measurement data were expressed 
as mean ± standard deviation (x±s) and compared 
using the t-test. p<0.05 considered the difference 
was statistically significant.

Results 

High-Dose Glucose Treatment 
Upregulated TUG1 Expression

TUG1 expression in 15 CAD tissues and 
normal arterial tissues were detected by qRT-
PCR. We found that TUG1 was overexpressed 
in CAD tissues compared with  that of normal 
arterial tissues (Figure 1A). Subsequently, HU-
VECs were treated with low-dose glucose (5 
mM) or high-dose glucose (25 mM) for 0, 24, 
48 and 72 h, respectively. CCK-8 results indi-
cated that high-dose glucose treatment remar-
kably promoted HUVECs proliferation than 
that of low-dose glucose treatment (Figure 1B). 
QRT-PCR results showed that TUG1 expression 
was remarkably upregulated in HUVECs trea-
ted with high-dose glucose in comparison with 
those low-dose glucose treatment (Figure 1C). 
To further explore the effect of TUG1 on regu-
lating HUVECs proliferation, we detected the 
proliferative ability in HUVECs induced with 
50 ng/mL TNF-α (Tumor Necrosis Factor-α) at 
different time points. The data demonstrated 
that TNF-α significantly increased cell prolife-
ration in a time-dependent manner (Figure 1D). 
Meanwhile, TNF-α also upregulated TUG1 
expression in HUVECs (Figure 1E). 

Overexpressed TUG1 Promoted 
Proliferation and Migration of HUVECs

To explore the specific role of TUG1 in re-
gulating HUVECs functions, TUG1 lentivirus 
and negative control were first constructed. 
Transfection efficacies of corresponding len-
tiviruses were verified by qRT-PCR (Figure 
2A). CCK-8 results indicated that overexpres-
sed TUG1 remarkably promoted cell prolifera-
tion of HUVECs (Figure 2B). In addition, both 
mRNA and protein levels of PCNA were ele-



TUG1 promotes diabetic atherosclerosis via Wnt pathway

6925

vated after LV-TUG1 transfection in HUVECs 
(Figure 2C and 2D). Subsequently, we detected 
cell cycle of HUVECs after transfection of LV-
TUG1 or LV-Vector, respectively. Flow cytome-
tric results elucidated that TUG1 overexpres-
sion promoted cell cycle of HUVECs (Figure 
2E). Both mRNA and protein levels of cyclin 
D1 were also elevated by TUG1 overexpression 
(Figure 2F and 2G). Transwell results suggested 
that cell invasion of HUVECs was increased by 
TUG1 overexpression (Figure 2H). 

Overexpressed TUG1 Activated Wnt 
Pathway

Further experiments revealed that TUG1 ove-
rexpression upregulated the Wnt pathway-related 
genes, including β-catenin and c-Myc (Figure 
3A). On the contrary, expressions of β-catenin 
and c-Myc in HUVECs were remarkably inhibi-
ted by Wnt pathway inhibitor XAV-939 (Figure 
3B), suggesting that TUG1 might regulate diabe-
tic atherosclerosis via Wnt pathway. 

TUG1-Induced Cell Proliferation Was 
Inhibited Via Wnt Pathway 

XAV-939 partially reversed TUG1-induced cell 
proliferation (Figure 4A). Similarly, upregulated 
PCNA and cyclin D1 were reversed by XAV-939 
treatment (Figure 4B and 4C). Increased migra-
tory ability induced by TUG1 overexpression was 
rescued by XAV-939 treatment (Figure 4D), indi-
cating that TUG1 promotes HUVECs prolifera-
tion and migration via Wnt pathway. 

Discussion 

The response to the retention hypothesis out-
lines the initial stages of atherosclerotic lesion 
formation. The hypothesis proposes that proteo-
glycan-mediated lipoprotein retention plays a cri-
tical step in the initiation of atherosclerosis deve-
lopment. The etiology of atherosclerosis initiation 
and progression has been reviewed extensively. 
It is questioned, however, whether the pathoge-

Figure 1. High-dose glucose treatment upregulated TUG1 expression. A, TUG1 was overexpressed in CAD tissues than 
that of normal arterial tissues. B, CCK-8 results indicated that high-dose glucose treatment remarkably promoted HUVECs 
proliferation than that of low-dose glucose treatment. C, TUG1 expression was remarkably upregulated in HUVECs treated 
with high-dose glucose. D, TNF-α significantly increased cell proliferation in a time-dependent manner. E, TNF-α treatment 
upregulated TUG1 expression in HUVECs.
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nic mechanisms for atherosclerotic lesion deve-
lopment differ for diabetes vs. other risk factors. 
Comorbidities induced by type 2 diabetes lead 
to the metabolic syndrome. The incidence of the 
atherosclerotic disease is also increased in type 
1 diabetes that is less frequently associated with 
other risk factors of CVD. Atherosclerosis is the 
primary reason for death and disability in diabetic 
patients. Dysregulation of metabolism in diabetes 
adversely affects every cellular element within 
the vascular wall. 

In the present study, we first detected TUG1 
expression in CAD tissues and normal arterial 
tissues. Overexpressed TUG1 was observed 
in CAD tissues than that of normal arterial 
tissues. Furthermore, TUG1 expression was 
also upregulated in proliferative HUVECs in-
duced by high-dose glucose and TNF-α. Ove-
rexpressed TUG1 remarkably promoted pro-
tein expressions of proliferation-related and 
cell cycle-related genes in HUVECs. The Wnt 
pathway-related genes, β-catenin and c-Myc 

Figure 2. Overexpressed TUG1 promoted proliferation and migration of HUVECs. A, Transfection efficacies of LV-TUG1 
and LV-Vector were verified by qRT-PCR. B, CCK-8 results indicated that overexpressed TUG1 remarkably promoted cell 
proliferation. C, D, The mRNA (C) and protein (D) levels of PCNA were elevated after LV-TUG1 transfection. E, Flow cyto-
metric results elucidated that TUG1 overexpression promoted cell cycle. F, G, The mRNA (F) and protein (G) levels of cyclin 
D1 were elevated by TUG1 overexpression. H. Transwell results suggested that cell invasion of HUVECs was increased by 
TUG1 overexpression (20×).
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were upregulated after TUG1 overexpression. 
Finally, rescue experiments demonstrated that 
TUG1 promoted proliferation and migration of 
endothelial cells via Wnt pathway, which may 
be the possible mechanism of TUG1 in regula-
ting diabetic atherosclerosis. 

A significant amount of evidence has eluci-
dated that lncRNA may exert a regulatory role 
in the pathophysiology of vascular diseases. 
LncRNA has been served as the biomarker in 
target therapies. Previous studies have reported 
that lncRNA TUG1 is involved in mouse reti-
nal development19. Upstream of lncRNA TUG1 
in tumor cells is directly regulated by p5320. In 
recent years, TUG1 has been found to be diffe-
rentially expressed in various tumors, affecting 
the proliferation and apoptosis of tumor cells. 

TUG1 is also correlated with the prognosis of 
tumor patients21-23. In this study, we found that 
TUG1 expression in CAD tissues and endothe-
lial cells induced by high-dose glucose was 
remarkably increased than that of normal con-
trols. Overexpression of TUG1 in HUVECs can 
promote proliferation, migration and cell cycle, 
thereafter stimulating diabetic atherosclerosis 
development. 

Wnt pathway is a highly conserved signal 
pathway involving a series of biological pro-
cesses, such as cell proliferation, differentiation 
and anti-apoptosis. β-catenin is a key factor in 
Wnt pathway and maintains a phosphorylation 
state in inactivated Wnt pathway. However, 
phosphorylation of β-catenin is blocked and ac-
cumulated after activation of Wnt pathway. Sub-

Figure 3. Overexpressed TUG1 activated Wnt pathway. A, TUG1 overexpression upregulated Wnt pathway-related genes, 
β-catenin and c-Myc. B, Expressions of β-catenin and c-Myc in HUVECs were remarkably inhibited by Wnt pathway.



H.-Y. Yan, S.-Z. Bu, W.-B. Zhou, Y.-F. Mai

6928

sequently, accumulated nuclear β-catenin indu-
ces target genes in Wnt pathway, thus inhibiting 
apoptosis and stimulating proliferation. Activa-
ted Wnt pathway transmits signals to the down-
stream cells via binding to the corresponding 
receptors. In our study, overexpressed TUG1 
upregulated protein expressions of β-catenin 
and c-Myc in HUVECs, suggesting the activa-
tion of Wnt pathway.

Conclusions 

We showed that overexpressed TUG1 stimula-
tes proliferation and migration of endothelial cells 
via Wnt pathway, thereby promoting the occur-
rence and progression of diabetic atherosclerosis. 
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