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lamide gels electrophoresis, and then trans-
ferred onto polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). Then in- 
cubations with primary antibodies against STA- 
T1, VCAM-1, ICAM-1, IL-6, Bax, Bcl-2 or Cleaved 
Caspase-3 as well as GAPDH at 4°C overnight 
after block, and followed by interaction with the 
appropriate horseradish peroxidase (HRP)-con- 
jugated secondary antibody for 1 h. Immuno- 
reactive signals were visualized using Enhanced 
Chemiluminescence (ECL). GAPDH was used as 
an intern control.

Cell apoptosis assay

The Annexin V-FITC/PI apoptosis detection kit 
(BD Biosciences, San Jose, CA, USA) was used 
to quantify apoptotic cells following the manu-
facturer’s protocol. Briefly, cells were resus-
pended using 200 μL binding buffer and then 
stained with 10 μL Annexin V-FITC, followed 5 
μL PI for 15 min in the dark. Finally, the apop-
totic cells were analyzed on a flow cytometer 
(BD Biosciences).

Bonferroni’s comparison test or Student’s t-test 
and P < 0.05 was considered significant.

Results

MiR-499a levels are down-regulated while 
STAT1 levels are up-regulated in response to 
LPS stimulation

To determine the roles of miR-499a and STAT1 
in HUVECs response to LPS stimulation, we 
firstly identified the rational dosing and the time 
course of LPS action. HUVECs were treated 
with a varying concentration of LPS (0 ng/mL, 
50 ng/mL, 100 ng/mL, and 150 ng/mL) at dif-
ferent time points (0 h, 12 h, 24 h, and 36 h). 
Then the expression of miR-499a was detected 
and we found miR-499a expression was down-
regulated after LPS treatment in a dose- and 
time-dependent manner in HUVECs (Figure 1A, 
1B). Actually, when HUVECs were subjected to 
100 ng/mL LPS for 24 h, miR-499a level de- 
creased by approximately 50%. Afterwards, we 
treated HUVECs with 0 ng/mL or 100 ng/mL 
LPS for 24 h, and the mRNA and protein expres-

Figure 1. MiR-499a level is down-regulated while STAT1 level is up-regulated 
in response to LPS stimulation. A, B. MiR-499a expression was measured 
using qRT-PCR in HUVECs incubated with different concentrations of LPS 
at different time points. C, D. The mRNA and protein levels of STAT1 were 
detected with pRT-PCR or western blot in HUVECs treated with 100 ng/mL 
LPS for 24 h. *P < 0.05.

Luciferase reporter assay

The STAT1 3’-UTR sequences 
with wild-type or mutant miR-
499a binding sites were cloned 
into the pmirGLO vectors (Pro- 
mega, Madison, WI, USA). Th- 
en the constructed vector was  
co-transfected with miR-NC or 
miR-499a mimics using Lipo- 
fectamine 2000. After post-
transfection for 48 h, the rela-
tive luciferase activity was ev- 
aluated with the help of a dual-
luciferase reporter kit (Prome- 
ga).

Statistical analysis

All the statistical data were 
showed in the form of means ± 
standard debytion (SD) and 
assessed with the GraphPad 
Prism (GraphPad Software, 
San Diego, CA, USA) from at 
least three independently ex- 
periment. Comparisons among 
different groups were analyz- 
ed using the one-way analysis 
variance (ANOVA) followed by 
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Figure 2. MiR-499a protects HUVECs from LPS-induced inflammatory injury and apoptosis. HUVECs were transfected with miR-499a mimics or miR-NC after treat-
ment with 100 ng/mL LPS for 24 h. A. The expression of miR-499a was detected with qRT-PCR. B. Western blot was applied to examine the levels of VCAM-1, 
ICAM-1 and IL-6. C. The percentage of apoptotic cells was analyzed by flow cytometry. D. Apoptosis-related factors, including cleaved caspase-3, Bax and Bcl-2 were 
measured by western blot. *P < 0.05.

Figure 3. STAT1 promotes LPS-induced inflammatory injury and apoptosis in HUVECs. HUVECs were transfected with si-STAT1 or si-NC in the presence of 100 ng/
mL LPS for 24 h. A. The mRNA level of STAT1 was examined by qRT-PCR. B, C. The protein expression of STAT1, VCAM-1, ICAM-1 and IL-6 was measured with west-
ern blot. D. The percentage of apoptotic cells was analyzed using flow cytometry. E. Apoptosis-related proteins, cleaved caspase-3, Bax and Bcl-2 were detected by 
western blot. *P < 0.05.
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Figure 4. MiR-499a directly targets STAT1 and negatively regulates STAT1 expression in HUVECs. A. The potential 
binding sites between miR-499a and STAT1 were predicted. B. Luciferase activity was analyzed in HUVECs co-trans-
fected with STAT1-WT or STAT1-MUT and miR-NC, miR-499a. C. The expression of miR-499a was detected in HUVECs 
after transfection with miR-499a inhibitor in the presence of 100 ng/mL LPS for 24 h. D, E. The expression of STAT1 
was determined using qRT-PCR or western blot respectively in HUVECs transfected with miR-NC or miR-499a in the 
presence of 100 ng/mL LPS for 24 h. *P < 0.05.

Figure 5. MiR-499a protects HUVECs from LPS-induced inflammatory injury and apoptosis by regulating STAT1 ex-
pression. HUVECs were transfected with anti-NC, anti-miR-499a, anti-miR-499a + si-NC, anti-miR-499a + si-ATAT1 


