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Abstract. – OBJECTIVE: This study aims to 
investigate the role of FAL1 in the occurrence 
and progression of diabetic arteriosclerosis and 
its underlying mechanism.

PATIENTS AND METHODS: FAL1 expres-
sion in coronary artery disease (CAD) tissues, 
normal artery tissues, and tumor necrosis fac-
tor-α (TNF-α)-induced endothelial cells was de-
tected by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). The regulatory ef-
fects of FAL1 on cell proliferation, migration, 
and cell cycle were examined by cell counting 
kit-8 (CCK-8) assay, transwell assay, and flow 
cytometry, respectively. Western blot was used 
to detect protein expressions of proliferation-re-
lated gene PCNA (proliferating cell nuclear anti-
gen), cell cycle-related genes cyclin D1, PTEN 
(phosphatase and tensin homolog deleted on 
chromosome ten) and AKT (protein kinase B) 
in HUVECs. Subsequently, rescue experiments 
were performed to assess whether PTEN/AKT 
signaling pathway is activated during the pro-
cess of FAL1-regulated proliferation and migra-
tion of HUVECs.

RESULTS: FAL1 was highly expressed in CAD 
tissues and TNF-α-induced endothelial cells 
compared with that of controls. Overexpression 
of FAL1 in HUVECs promoted cell cycle, prolif-
eration, and migration. FAL1 activated PTEN/
AKT pathway in HUVECs, which was partially re-
versed by PTEN overexpression. 

CONCLUSIONS: Highly expressed FAL1 can 
promote proliferation and migration of endothe-
lial cells through activating PTEN/AKT signal-
ing pathway.
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tion.

Introduction

Diabetes mellitus (DM) is the most common 
and serious disease that endangers human health. 
As a glycometabolic disorder, DM is considered 
to be a risk factor for coronary atherosclerotic 
heart disease1. Even under strict control of other 
risk factors for cardiovascular diseases, the mor-
tality of myocardial infarction in DM patients is 
still 2-3 times higher than that of non-diabetic 
patients2,3. Long-term chronic inflammation is the 
most common pathogenesis of DM and cardiovas-
cular disease4,5. Pathological lesions of coronary 
artery in DM patients are mainly characterized 
by involvement of multiple blood vessels, severe 
coronary artery stenosis, and diffuse lesions. It 
is believed that atherosclerosis is mainly caused 
by abnormal blood glucose metabolism. In-depth 
researches further demonstrated that diabetic ath-
erosclerosis is the result of multiple factors6.

Vascular endothelial cells (VECs) are significant 
components of the vascular wall. Selective protec-
tion of VECs, inflammatory responses in VECs, 
and targeted treatment of VECs have become the 
three major focuses that are well studied7,8. The 
vascular endothelial injury is caused by a variety 
of factors, such as oxidative stress, inflammation, 
immune response, and hypertension. Dysfunction-
al actin in peripheral cells and enlargement of 
the intercellular spaces are observed in impaired 
VECs, thereafter increasing the vascular perme-
ability9. As one of the inflammatory cells, tumor 
necrosis factor-α (TNF-α) is a vital risk factor for 
atherosclerosis. TNF-α could regulate inflamma-
tion and apoptosis of VECs10,11.
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Recent studies have shown that human 
genome can be transcribed into non-coding 
RNAs (ncRNAs) with varying length. NcRNAs 
have limited or no protein-coding function. 
Long non-coding RNAs (lncRNAs) are a type 
of ncRNAs, which participate in the develop-
ment of various diseases, including tumors. For 
example, lncRNA p21 regulates atherosclerosis 
development by promoting the proliferation 
and apoptosis of vascular smooth muscle cells 
through increasing p53 activity12. LncRNA 
MALAT1 is involved in the regulation of cell 
proliferation, viability and inflammatory re-
sponse of VECs13. LncRNA H19 participates 
in the glucose regulation by interacting with 
target microRNA, which serves as a risk factor 
for coronary diseases14. LncRNA FAL1 has 
been shown to promote cell proliferation and 
migration in many diseases15-17. The specific 
role of FAL1 in diabetic atherosclerosis, how-
ever, still remains to be studied.

Patients and Methods

Patients
15 coronary artery disease (CAD) tissues and 

15 normal arterial tissues were surgically resect-
ed. Samples were washed with DEPC (diethyl py-
rocarbonate) water (Beyotime, Shanghai, China) 
and preserved in liquid nitrogen. Clinical data of 
enrolled subjects were collected from Pathology 
and Medical Records Department. This study 
was approved by the Ethics Committee of Life 
Science Ethics Review Committee of Zhengzhou 
University. All the subjects signed the informed 
consent. 

Cell Culture and Transfection
Human HUVECs were obtained from ATCC 

(American Type Culture Collection, Manassas, 
VA, USA). Cells were cultured in DMEM (Dul-
becco’s Modified Eagle Medium, Thermo Fisher 
Scientific, Waltham, MA, USA) containing 10% 
fetal bovine serum (FBS), 100 U/mL penicillin 
and 100 µg/mL streptomycin (Gibco, Rockville, 
MD, USA). Cells were maintained in a 5% CO2 
incubator at 37°C. After cell confluence was 
up to 50-60%, cell transfection was performed 
following the manufacturer’s instructions of Li-
pofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA). The corresponding lentiviruses used in the 
study were constructed by GenePharma (Shang-
hai, China). 

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

We used TRIzol (Invitrogen, Carlsbad, 
CA, USA) to extract total RNA for reverse 
transcription according to the instructions of 
PrimeScript RT reagent Kit (TaKaRa, Otsu, 
Shiga, Japan). RNA concentration was deter-
mined by a spectrophotometer (Hitachi, Kyoto, 
Japan). The expression level of the target gene 
was calculated using the 2-ΔΔCT method. Prim-
ers used in the study were as follows: FAL1: 
F: 5’-GCAAGCGGAGACTTGTCTTT-3’, R: 
5’-TTGAACTCCTGACCTCGTGA-3’; PCNA: 
F: 5’-CCTGCTGGGATATTAGCTCCA-3’, R: 
5’-CAGCGGTAGGTGTCGAAGC-3’; cyclin 
D1: F: 5’-GCTGCGAAGTGGAAACCATC-3’, 
R: 5’-CCTCCTTCTGCACACATTTGAA-3’; 
PTEN (phosphatase and tensin homolog delet-
ed on chromosome ten): F: 5’-TGGATTCGACT-
TAGACTTGACCT-3’, R: 5’-GGTGGGTTATG-
GTCTTCAAAAGG -3’; AKT (protein kinase 
B): F: 5’-GCTGCGAAGTGGAAACCATC-3’, 
R: 5’-CCTCCTTCTGCACACATTTGAA-3’; 
GAPDH (glyceraldehyde 3-phosphate dehydro-
genase): F: 5’-AGCCACATCGCTCAGACAC-3’, 
R: 5’-GCCCAATACGACCAAATCC-3’.

Cell Counting Kit-8 (CCK-8) Assay 
Transfected HUVECs were seeded in the 96-

well plates at a density of 1×106/mL. 10 µL of 
CCK-8 reagent (Dojindo Laboratories, Kuma-
moto, Japan) was added in each well. After incu-
bation for 2 h, the OD (optical density) value of 
each well was measured at the wavelength of 450 
nm by a microplate reader (Bio-Rad, Hercules, 
CA, USA). 

Western Blot 
Transfected HUVECs were lysed using a cell 

lysis buffer, shaken on ice for 30 min, and cen-
trifuged at 4°C, 14,000 g/min for 15 min. Total 
protein concentration was calculated by bicin-
choninic acid (BCA) protein assay kit (Pierce 
Biotechnology, Rockford, IL, USA). The extract-
ed proteins were separated on a 10% SDS-PAGE 
(sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis) and subsequently transferred to 
a PVDF (polyvinylidene difluoride) membrane 
(Millipore, Billerica, MA, USA). Western blot 
analysis was performed according to standard 
procedures. Protein bands were exposed by en-
hanced chemiluminescence (ECL).
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Cell Cycle Detection
HUVECs were centrifuged at 800 rpm/min 

for 5 min and the precipitant was resuspended in 
pre-cooled 70% ethanol. After phosphate-buff-
ered saline (PBS) wash, cells were stained with 
propidium iodide (PI) (Mskbio, Wuhan, China) 
for 25 min in the dark. The stained cells were 
detected by flow cytometry (FACSCalibur; BD 
Biosciences, Detroit, MI, USA).

Transwell Assay
HUVECs were resuspended in serum-free 

DMEM and seeded in the upper transwell cham-
ber. DMEM containing 10% FBS was added in 
the lower chamber. HUVECs were cultured for 
24 h and fixed with 0.1% crystal violet for 15 
min. Penetrating HUVECs were observed and 
captured for cell counting. 

Statistical Analysis 
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM, Armonk, NY, USA) 
and GraphPad (La Jolla, CA, USA) were used 
for data analyses. Data were expressed as mean 

± standard deviation. The continuous variables 
were analyzed by the t-test. p < 0.05 was consid-
ered statistically significant.

Results

High-Dose Glucose Treatment Promoted 
FAL1 Expression

FAL1 was highly expressed in 15 CAD tissues 
compared with that of 15 normal arterial tissues 
(Figure 1A). To explore the biological role of 
FAL1 in endothelial cells, HUVECs were treated 
in 5 mM (low-dose) or 25 mM (high-dose) glu-
cose for different time points, respectively. The 
CCK-8 assay showed that the proliferative capac-
ity of HUVECs was increased after high-dose 
glucose treatment (25 mM) in a time-dependent 
manner (Figure 1B). Moreover, the high-dose 
glucose treatment remarkably upregulated the 
FAL1 expression in HUVECs (Figure 1C). To 
further explore the regulatory role of FAL1 in 
diabetic atherosclerosis, HUVECs proliferation 
was detected after 50 ng/ml TNF-α induction 
for different time points. QRT-PCR data showed 

Figure 1. High-dose glucose treatment stimulated FAL1 expression. A, FAL1 was highly expressed in CAD tissues than that 
of normal arterial tissues. B, HUVECs proliferation was pronounced after 25 mM glucose treatment than those treated with 
5 mM glucose. C, High-dose glucose treatment upregulated FAL1 expression in HUVECs. D, 50 ng/mL TNF-α induction 
promoted HUVECs proliferation. E, 50 ng/mL TNF-α induction upregulated FAL1 expression in HUVECs.
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that TNF-α induction remarkably promoted cell 
proliferation and FAL1 expression in HUVECs 
(Figure 1D and 1E). 

FAL1 Overexpression Promoted Cell 
Proliferation and Migration

We first verified the transfection efficacy of LV-
FAL1 in HUVECs (Figure 2A). CCK-8 results il-
lustrated that overexpression of FAL1 remarkably 
promoted HUVECs proliferation in a time-de-
pendent manner (Figure 2A and 2B). In addition, 
both mRNA and protein levels of PCNA were 
also upregulated by FAL1 overexpression (Figure 
2C and 2D). The effect of FAL1 on cell cycle of 

HUVECs was detected by flow cytometry. The 
data indicated that overexpressed FAL1 promoted 
cell cycle development (Figure 2E). Both mRNA 
and protein levels of cyclin D1 were upregulated 
after LV-FAL1 transfection in HUVECs (Figure 
2F and 2G). Transwell assay demonstrated that 
FAL1 overexpression promoted cell migration of 
HUVECs as well (Figure 2H). 

FAL1 Overexpression Activated 
PTEN/AKT Pathway in HUVECs

FAL1 overexpression downregulated PTEN 
and upregulated AKT in HUVECs (Figure 3A-
3C). Subsequently, transfection efficacy of LV-

Figure 2. FAL1 overexpression promoted proliferation and migration of HUVECs. A, LV-FAL1 transfection upregulated 
FAL1 expression in HUVECs. B, FAL1 overexpression promoted HUVECs proliferation. C, FAL1 overexpression promoted 
mRNA level of PCNA. D, FAL1 overexpression promoted protein level of PCNA. E, FAL1 overexpression promoted cell cycle 
of HUVECs. F, FAL1 overexpression promoted mRNA level of cyclin D1. G, FAL1 overexpression promoted the protein level 
of cyclin D1. H, FAL1 overexpression promoted HUVECs migration.
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PTEN was verified by qRT-PCR and Western 
blot (Figure 3D and 3E). PTEN downregulation 
and AKT upregulation induced by FAL1 over-
expression were reversed after HUVECs were 
transfected with LV-PTEN (Figure 3F and 3G), 
indicating that FAL1 exerts its biological function 
in HUVECs via PTEN/AKT pathway. 

Proliferative Role of FAL1 Was Inhibited 
by PTEN/AKT Pathway Suppression 

Increased proliferation in HUVECs induced 
by FAL1 overexpression was partially reversed 
by PTEN overexpression (Figure 4A). Protein 

expressions of PCNA and cyclin D1 in HUVECs 
were also reversed by PTEN overexpression 
(Figure 4B and 4C). Similarly, cell migration was 
reversed after LV-PTEN transfection in HUVECs 
(Figure 4D). 

Discussion 

The main pathological change underlying di-
abetic cardiovascular diseases is atherosclerosis. 
Diabetic atherosclerosis patients present earlier 
onset, aggravated and wider lesions, and worse 

Figure 3. FAL1 overexpression activated PTEN/AKT pathway in HUVECs. A, FAL1 overexpression downregulated mRNA 
level of PTEN. B, FAL1 overexpression promoted mRNA level of AKT. C, FAL1 overexpression upregulated AKT and 
downregulated PTEN. D, LV-PTEN transfection promoted mRNA level of PTEN in HUVECs. E, LV-PTEN transfection 
promoted protein level of PTEN in HUVECs. F, The mRNA levels of PTEN and AKT were reversed by PTEN overexpression. 
G, The protein levels of PTEN and AKT were reversed by PTEN overexpression. 
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prognosis than those atherosclerosis patients with 
normal blood sugar level18,19. Hence, we consid-
ered that DM is closely and complicatedly related 
to atherosclerosis. Current studies believed that 
lipid infiltration, thrombosis, and injury response 
are responsible for atherosclerosis development20. 
The potential mechanism of diabetic atheroscle-
rosis, however, has not been fully elucidated. 
VECs dysfunction and atherosclerosis deteriora-
tion may aggravate coronary disease21.

A growing number of experimental studies 
have demonstrated that lncRNAs are widespread 
in the human genome. LncRNAs exert crucial 
regulatory roles in biological processes, including 
cell differentiation, proliferation, apoptosis, and 
metastasis. Multiple mechanisms are involved 
in lncRNA regulation, such as DNA replica-
tion, chromatin modification, transcription factor 
recruitment and activation, regulation of RNA 
polymerase II activity and mRNA stability22. 
Studies have shown that lncRNA FAL1 upreg-
ulates the phosphorylated level of BMI1 by sta-
bilizing PCR1. FAL1 also affects proliferation 
and metastasis of malignant tumors via reducing 

cell adhesion. In the present work, we found that 
FAL1 was highly expressed in CAD tissues than 
that of controls. Besides, FAL1 expression was 
higher in proliferative endothelial cells induced 
by TNF-α compared with those of controls. Over-
expression of FAL1 promoted proliferation and 
migration of HUVECs. 

AKT, as an effector of the PI3K/AKT pathway, 
is essential for tumor cell survival, proliferation, 
and invasion23. AKT is a serine-threonine pro-
tein kinase that leads to downstream interactions 
between the phosphorylation cascade and target 
proteins. It is reported24,25 that PI3K/AKT path-
way is involved in regulating a variety of biolog-
ical functions, such as cell growth and survival, 
proliferation and apoptosis, glucose metabolism, 
gene transcription, neovascularization, cell mi-
gration, and cell cycle. PTEN is a tumor-suppres-
sor gene with dual-phosphatase activity, which 
is a natural inhibitor of the PI3K/AKT path-
way. PTEN is frequently lowly expressed in 
many tumors. PTEN downregulates the PI3K/
AKT pathway by dephosphorylating PIP3, there-
by inhibiting a series of downstream anti-apop-

Figure 4. Proliferative role of FAL1 was inhibited by PTEN/AKT pathway suppression. A, Increased proliferation of HUVECs 
induced by FAL1 overexpression was reversed by PTEN overexpression. B, Upregulated PCNA in HUVECs induced by FAL1 
overexpression was reversed by PTEN overexpression. C, Upregulated cyclin D1 in HUVECs induced by FAL1 overexpression 
was reversed by PTEN overexpression. D, Increased migration of HUVECs induced by FAL1 overexpression was reversed by 
PTEN overexpression.
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totic, proliferative, and invasive signals. PTEN 
promotes apoptosis and inhibits proliferation 
and invasion via reducing the phosphorylation 
levels of several key survival kinases26. PTEN 
also inhibits mutant gene accumulation and cell 
transformation via dephosphorylation of key pro-
teins27,28. We demonstrated that overexpression 
of FAL1 downregulated PTEN expression and 
upregulated AKT expression in endothelial cells. 
Highly expressed FAL1 promoted proliferation 
and migration of HUVECs by activating the 
PTEN/AKT pathway.

Conclusions

We demonstrated that highly expressed FAL1 
can promote proliferation and migration of endo-
thelial cells through activating PTEN/AKT sig-
naling pathway.
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