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ly, we found that miR-17-5p expressions were 
significantly decreased in AS patients, which 
were negatively correlated with SNHG16. Lucif-
erase gene reporter assay confirmed that SN-
HG16 could directly bind with miR-17-5p. More-
over, the proliferation, inflammatory factors and 
NF-κB signaling factors were significantly re-
pressed after transfecting miR-17-5p mimic into 
THP-1 macrophages, while it led to the opposite 
results after transfecting miR-17-5p inhibitor. 
Then, we added JSH, a NF-κB signaling inhib-
itor, into LV-SNHG16 THP-1 macrophages; as a 
result, the increased cell proliferation rate and 
inflammatory response were both decreased. Fi-
nally, we found that the repressed cell prolifer-
ation, inflammatory factors and expressions of 
NF-κB signaling factors in LV-sh SNHG16 group 
were increased after co-transfected with miR-17-
5p inhibitor. 

CONCLUSIONS: According to the results, we 
found that SNHG16 was upregulated in AS pa-
tients. Furthermore, we firstly found that SN-
HG16 was increased by ox-LDL in THP-1 mac-
rophages. Most importantly, we uncovered a 
previously unappreciated SNHG16/miR-17-5p/ 
NF-κB signaling axis in promoting proliferation 
and inflammatory response in AS patients and 
THP-1 macrophages, which might provide a po-
tential target for treating AS.
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Introduction

Atherosclerosis (AS) is a leading cause of 
cardiovascular disease (CVD), which is al-
so a leading cause of mortality worldwide1-4. 
Atherosclerotic lesions are formed by macro-
phages, vascular smooth muscle cells (VSMCs) 
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aimed to explore the function of lncRNA SNHG16 
in AS.

PATIENTS AND METHODS: qRT-PCR was 
used to detect the expressions of SNHG16 
and miR-17-5p in AS serum samples and THP-
1 macrophage-derived foam cells; the correla-
tions were also analyzed. THP-1 macrophages 
were respectively treated with ox-LDL and sev-
eral inflammatory factors to explore the affect-
ing factors. What’s more, SNHG16 overexpres-
sion lentivirus (LV-SNHG16) and downregulation 
lentivirus (LV-sh SNHG16) were purchased and 
infected into THP-1 macrophages. CCK8 assay 
was used to measure cell proliferation; the lev-
els of IKKβ, p-IkBα and p-p65 were detected by 
western blot (WB), and the levels of TNF-α, IL-1β 
and IL-6 were detected by ELISA kit. Moreover, 
the luciferase assay was performed to explore 
the binding site of SNHG16 and miR-17-5p. Fur-
thermore, we transfected miR-17-5p mimic and 
inhibitor into THP-1 macrophages; the prolifer-
ation, NF-κB signaling pathway factors and in-
flammatory factors were detected. Finally, JSH, a 
NF-κB signaling inhibitor, was added into LV-SN-
HG16 THP-1 macrophages and miR-17-5p inhib-
itor was transfected into LV-sh SNHG16 THP-1 
macrophages to confirm that SNHG16 functions 
via miR-17-5p/ NF-κB signaling pathway.

RESULTS: We found that SNHG16 was in-
creased in AS patients and THP-1 macro-
phage-derived foam cells. Additionally, SNHG16 
was increased in THP-1 macrophages by ox-LDL 
with time-dependence and dose-dependence. 
Furthermore, SNHG16 overexpression promot-
ed proliferation, inflammatory response and in-
creased levels of IKKβ, p-IkBα, p-p65 in THP-1 
macrophages, while SNHG16 downregulation 
led to the opposite results. Most important-
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and endothelial cells (ECs)1-4. As a kind of in-
flammatory disease, it activates inflammatory 
cells, like macrophages, to secret inflammatory 
cytokines, such as TNF-α, IFN-γ, IL-1β, IL-
6, IL-8, IL-18, etc.5-9. Then, these cells will 
develop into foam cells and macrophages will 
contribute to plaque formation and promote the 
development of AS5-9. Thus, it is important to 
make a better understanding of macrophages in 
the development of AS.

Long non-coding RNAs (lncRNAs) are kinds 
of RNAs that are more than 200 nucleotides (nt) 
but do not have the capacity of protein-coding, 
which are involved in some biological processes 
of many different diseases10-15. The researches 
in lncRNAs transformed our understanding of 
disease biology; recent studies reported that ln-
cRNAs are involved in the development of AS16-

20. For example, lncRNA MEG3-derived miR-
361-5p regulated proliferation and apoptosis of 
VSMCs by targeting ABCA121; long noncoding 
RNA-H19 contributed to the atherosclerosis and 
induced ischemic stroke22; long noncoding RNA 
LINC00305 promoted inflammation by activat-
ing NF-κB pathway in monocytes23.

The lncRNA small nucleolar RNA host gene 16 
(lncRNA SNHG16) is located on human chromo-
some 17q25.1, which has been verified to be up-
regulated and identified as an oncogenic lncRNA 
in couples of cancers24-27, such as hepatocellular 
carcinoma (HCC)28,29, glioma30, pancreatic can-
cer24, etc. Although previous researches have 
revealed the biological functions of SNHG16 in 
cancers, whether SNHG16 can be involved in the 
development of AS and its mechanism remains 
unknown.

MiRNAs have been verified to be involved 
in different biological functions of diseases and 
Salmena et al31 firstly presented a unifying hy-
pothesis that the long noncoding RNAs “talk” 
to each other using miRNA response elements 
(MREs) as letters of a new language, which 
was called “competing endogenous RNA “ 
(ceRNA). This process plays important roles in 
pathological conditions32. MiR-17-5p was found 
to participate in the progression of cancers33-36. 
For example, miR-17-5p was involved in the ag-
gravation of bladder cancer37; lnc-HOTAIRM1 
inhibits cell progression by regulating miR-17-
5p/ PTEN axis in gastric cancer38; SNHG16 
promoted cell proliferation and migration in 
HCC by regulating with miR-17-5p expres-
sion39. However, the biological function of miR-
17-5p in AS is still unclear.

Nuclear factor-kappa B (NF-κB) is a dimeric 
transcription factor of Rel family, which includes 
five species, such as NF-κB1 (p50/p65), NF-κB2 
(p52 /p100), RelA (p65), RelB and c-Bel. In gen-
eral, the activated form of NF-κB is a heterodimer 
composed of p50 and p6540,41. It can be activated 
through the classical signaling transduction path-
ways by TNF-α, which is involved in a variety 
of stimulatory responses and plays an important 
role in regulating inflammatory responses, cell 
proliferation and cancer development42-44. When 
the inflammatory factor TNF-α/ interleukin-1/ 
lipopolysaccharide binds to the receptor, it leads 
to activates IkBα kinase, which phosphorylates 
IkBα and regulates the phosphorylation and nu-
clear localization of p65, thereby releasing NF-kB 
and regulating downstream gene expressions42-44. 
However, the detailed molecular mechanism of 
NF-κB signaling in the development of AS re-
mains unclear.

In this study, we aimed at investigating the 
expression and function of SNHG16 in AS. We 
observed a significant upregulation of SNHG16 
expression in AS patients and THP-1 macro-
phage-derived foam cells. Thus, we intended to 
investigate the function and molecular mecha-
nism of SNHG16 in human AS. 

Patients and Methods

Patients
23 serum samples from AS patients and 23 

serum samples from healthy volunteers were col-
lected in our hospital from July 2015 to July 2017. 
All samples were frozen in liquid nitrogen at 
-80°C until use. The human study was performed 
in accordance with the principles of the Decla-
ration of Helsinki and approved by the Ethical 
Committee and informed consent was obtained 
from each patient. Our study was approved by 
the Faculty of Medicine’s Ethics Committee of 
our hospital. 

Cell Culture
Human THP-1 macrophages were purchased 

from the American Type Culture Collection 
(ATCC, Manassas, VA, USA) and cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Invitrogen, Carlsbad, CA, USA) with 10% fe-
tal bovine serum (FBS; Gibco, Rockville, MD, 
USA), penicillin (100 U/ml), and streptomycin 
(100 μg/ml). Then, cells were cultured at 37°C in 
a humidified 5% CO2 incubator. 
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Construction of Lentivirus and 
Cell Transfection

The full length of human SNHG16 cDNA 
was synthesized and cloned into a lentivirus 
(Shanghai GenePharma Co., Ltd., Shanghai, Chi-
na), resulting in SNHG16 overexpression, named 
LV-SNHG16. Furthermore, the short hairpin SN-
HG16 (sh SNHG16) cDNA was synthesized and 
cloned into another lentivirus, resulting in SN-
HG16 downregulation, named LV-sh SNHG16. 
LV-SNHG16 and LV-sh SNHG16 and their nega-
tive control (NC) were respectively infected into 
THP-1 macrophages for 24 h according to its in-
structions. After that, the infection efficiency was 
observed under a fluorescent microscope and the 
stable THP-1 macrophages with SNHG16 over-
expression and SNHG16 downregulation were 
selected and constructed after 1 to 2 weeks. Cells 
were prepared and harvested for further study. 
THP-1 macrophages were seeded in 6-well plates 
(1×106/well) until reaching about 60-70%, the 
transfection reagent Lipofectamine 2000 (Invit-
rogen, Carlsbad, CA, USA), serum-free DMEM 
and miR-17-5p inhibitor or miR-17-5p mimic were 
mixed and incubated for 30 min, which were then 
added into 6-well plates with complete medium 
containing 10% fetal bovine serum (FBS). NF-
κB signaling inhibitor JSH (Abcam, Cambridge, 
MA, USA) was purchased.

CCK8 Assay
THP-1 macrophages were respectively trans-

fected with designed lentivirus or miR-17-5p 
mimic or miR-17-5p inhibitor for 48 h, then the 
target cells were seeded on 96-well plates (1×103/
well) and cultured in DMEM medium for 1 d, 3 
d and 5 d, respectively. Each group was set with 
three replicate wells. For each well, 10 µl Cell 
Counting Kit 8 (CCK8, Dojindo, Kumamoto, 
Japan) was added into 100 µl of DMEM medium 
and co-cultured at the darkness for 2 hours at 
room temperature; next, cell proliferation was 
measured by CCK8 assay according to its in-
structions. The absorbance (OD) value of each 
well was measured at 450 nm with microplate 
reader. The experiment was repeated three times.

Detection of TNF-α, IL-1β and IL-6 
Levels by ELISA

After treatments for THP-1 macrophages, the 
target cells were collected and protein lysate was 
added into each group to homogenize the cell; the 
supernatant was collected after centrifugation. 
Levels of TNF-α, IL-1β and IL-6 were detected 

by ELISA kit according to its instructions (Boster 
Biological Technology Co., Ltd., Wuhan, China). 
The OD value of each well was measured by 
a microplate reader at a wavelength of 450 nm 
within 15 min, and the protein concentration was 
calculated according to the standard.

RNA Extraction and Quantitative 
Real-Time PCR

Total RNA of human serum was extracted 
by using TRIzol LS (Invitrogen, Carlsbad, CA, 
USA) and total RNA of THP-1 macrophages 
was extracted by using TRIzol (Invitrogen, 
Carlsbad, CA, USA) according to its man-
ufacturer protocol. PrimeScript™ RT reagent 
Kit (TaKaRa, Otsu, Shiga, Japan) was used 
to perform reverse transcription according to 
its protocol. PCR primers were designed and 
synthesized by Gene Pharma (Shanghai Gene 
Pharma, Shanghai, China), which were detect-
ed by SYBR Premix Ex Taq II (TaKaRa, Otsu, 
Shiga, Japan). The SNHG16 level was normal-
ized to β-actin and miR-17-5p was normalized 
to U6; 2-∆∆CT method was used to calculate the 
relative gene expression. These genes were 
listed in Table I.

Protein Extraction and Western Blot
The THP-1 macrophages were washed for 

three times with PBS for 5 minutes and total 
protein was extracted by using 150 μl PRO-
PREP Protein Extraction Solution (iNtRON 
Biotechnology, Inc, Gyeonggi-do, Korea). 
50 μg protein was added to 5%-10% sodi-
um dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred onto 
polyvinylidene difluoride membranes (PVDF, 
Millipore, Billerica, MA, USA). After that, the 
membranes were blocked at room temperature 
for 1 h. Then these membranes were washed 
with TBST (Boster, China) for three times and 
were respectively incubated with primary an-
tibodies overnight at 4°C: anti-IKKβ (Abcam, 
Cambridge, MA, USA), 1:1000, 87 kDa; anti- 
p-IkBα (Abcam, Cambridge, MA, USA), 1:500, 
35 kDa; anti-p-p65 (Abcam, Cambridge, MA, 
USA), 1:2000, 65 kDa; β-actin (Abcam, Cam-
bridge, MA, USA), 1:5000, 45 kDa. Next, they 
were incubated with matched secondary anti-
bodies (1:5000) for 1 h. Finally, protein bands 
were detected and quantified by Pierce ECL 
Western blot substrate (Thermo Fisher Scientif-
ic, Shanghai, China) with ECL detection system 
(Thermo Fisher Scientific, Shanghai, China).
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Luciferase Assay
The potential binding sequence SNHG16-wt 

and mutant sequence SNHG16-mut were synthe-
sized into pmiR-GLO (Promega, Madison, WI, 
USA). THP-1 macrophages were seeded into a 
48-well plate and cultured for 12 h, then co-trans-
fected with the SNHG16-wt or SNHG16-mut 
reporter gene plasmid and miR-17-5p mimic for 
24 h. 200 ng plasmids were mixed with Lipo-
fectamine 2000, Renilla luciferase plasmids and 
DMEM medium for 30 mins, which were added 
into former cells for 24 h. Finally, cells were lysed 
and the activities of firefly luciferase and Renil-
la luciferase were measured by using Promega 
Luciferase assay (Promega, Madison, WI, USA). 
Data were normalized against the activity of the 
Renilla luciferase gene and the ratio of these two 
revealed the relative activity of luciferase.

Statistical Analysis
All data were analyzed by SPSS 19.0 (IBM, 

Armonk, NY, USA) and GraphPad Prism 5.0 
(GraphPad Software, San Diego, CA, USA). All 
the data were expressed as the means±SD. Stu-
dent’s t-test was used to analyze the significance 
between two groups, and multiple comparisons 
between the groups were performed by SNK 
method after one-way ANOVA. If p-value <0.05, 
it was considered statistically significant.

Results

SNHG16 was Upregulated in AS and 
THP-1 Macrophage-Derived Foam Cells

To explore the function of SNHG16 in AS, 
we first used qRT-PCR to detect the expression 
of SNHG16 in serum samples from 23 patients, 
compared with 23 healthy volunteers. Results 
showed that SNHG16 was significantly upregu-
lated in patients with AS (Figure 1A) (p<0.05). 

Furthermore, we also detected the expression of 
SNHG16 in THP-1 macrophage-derived foam 
cells and the result showed that SNHG16 was also 
upregulated in THP-1 macrophage-derived foam 
cells (Figure 1B) (p<0.05). These results indicat-
ed that SNHG16 was upregulated in AS patients, 
which might play some roles in the procession 
of AS, but the detailed mechanism remained 
unknown.

Ox-LDL Increased SNHG16 Expression in 
THP-1 Macrophages with Time-Depen-
dence and Dose-Dependence

The macrophages play an important role in 
the development of AS. In order to evaluate the 
factors that affect the SNHG16 expression in 
THP-1 macrophages, ox-LDL and several inflam-
matory factors (TNF-α, IL-1β, IL-6, IL-8) were 
respectively treated. After being treated for 24 h, 
the SNHG16 expressions were detected by using 
RT-PCR. Results showed that the SNHG16 level 
was increased after ox-LDL treatment (Figure 
2A) (p<0.05), while no significant difference had 
been found in the conditions of TNF-α, IL-1β, IL-
6, IL-8 (Figure 2 A) (p>0.05). We also explored 
the influence of ox-LDL in THP-1 macrophages 
with different time and dosage. Results revealed 
that SNHG16 levels were significantly upreg-
ulated by ox-LDL with time-dependence and 
dose-dependence (Figure 2B,C) (p<0.05). These 
results indicated that SNHG16 was increased in 
THP-1 macrophages induced by ox-LDL, which 
might provide a valuable research orientation for 
further study.

SNHG16 Promoted Proliferation 
and Inflammatory Response of THP-1 
Macrophages

To further explore the functions of SNHG16 
in AS, LV-SNHG16 and LV-sh SNHG16 were 
constructed, which resulted in SNHG16 overex-

Table I. Sequences of primers for RT-PCR.

Genes Primer sequences

SNHG16 Forward: 5’- GCAGAATGCCATGGTTTCCC -3’
 Reverse: 5’-GGACAGCTGGCAAGAGACTT-3’
miR-17-5p Forward: 5’-CGGCGGCAAAGTGCTTACAG-3’
 Reverse: 5’- GTGCAGGGTCCGAGGT -3’
β-actin Forward: 5’-CCAAGGCCAACCGCGAGAAGAT-3’
 Forward: 5’-AGGGTACATGGTGGTGCCGCCA-3’
U6 Forward: 5’-CGCTTCGGCAGCACATATACT-3’
 Forward: 5’-CGCTTCACGAATTTGCGTGTC-3’
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pression and downregulation. After LV-SNHG16 
infection into THP-1 macrophages, the SNHG16 
level was significantly increased (Figure 3A) 
(p<0.001). Next, CCK8 assay was performed to 
evaluate the proliferation of THP-1 macrophages. 
Results showed that the overexpression of SN-
HG16 significantly promoted cell proliferation 
after 3 d and 5 d, compared with the control 
group (Figure 3B) (p<0.01). Furthermore, the in-
flammatory factors, TNF-α, IL-1β and IL-6, were 
significantly increased in LV-SNHG16 group 
(Figure 3C) (p<0.01). In contrast, after the LV-sh 
SNHG16 infection into THP-1 macrophages, the 
SNHG16 was repressed (Figure 3D) (p<0.001), 
the cell proliferation was inhibited after 3 d 
and 5 d (Figure 3E) (p<0.01), the inflammatory 
factors, TNF-α, IL-1β and IL-6, were signifi-
cantly repressed in LV-SNHG16 group (Figure 
3F) (p<0.05). These results indicated that SN-
HG16 promoted proliferation and inflammatory 
response of THP-1 macrophages.

SNHG16 Could Directly Bind with 
miR-17-5p in THP-1 Macrophages

To explore the detailed mechanism of SNHG16 
that promoted cell proliferation and inflammatory 
response in AS, starBase v2.0 database was used 
and miR-17-5p was identified as a potential tar-
geting miRNA that contained potential binding 
sites with SNHG16. Then, the levels of miR-17-
5p in AS patients were detected by RT-PCR. 
Results showed that miR-17-5p expressions were 
significantly decreased in AS patients (Figure 

4A) (p<0.001). Moreover, the expression of miR-
17-5p was negatively correlated with SNHG16 in 
AS patients (Figure 4B) (p<0.01). Furthermore, 
the miR-17-5p expression was significantly de-
creased in THP-1 macrophages infected with 
LV-SNHG16 (Figure 4C) (p<0.01), while it was 
increased in THP-1 macrophages infected with 
LV-sh SNHG16 (Figure 4D) (p<0.01). These re-
sults indicated that SNHG16 negatively interacted 
with miR-17-5p and miR-17-5p was predicted 
to be a target of SNHG16 (Figure 4E). To show 
whether SNHG16 could function as a ceRNA to 
competitively bind with miR-17-5p, WT-SNHG16 
and MUT-SNHG16 vectors were constructed and 
the luciferase gene reporter assay was performed. 
Results showed that the relative luciferase activ-
ity in THP-1 macrophages co-transfected with 
WT-SNHG16 and miR-17-5p mimic was signifi-
cantly repressed compared with that in the cells 
transfected with miR-17-5p NC. However, the 
relative luciferase activity in THP-1 macrophages 
co-transfected with MUT-SNHG16 and miR-17-
5p mimic was reversed (Figure 4F) (p<0.01). 
These results indicated that SNHG16 could func-
tion as a ceRNA to competitively bind with miR-
17-5p in THP-1 macrophages.

MiR-17-5p Inhibited Proliferation and 
Inflammatory Response of THP-1 
Macrophages

To further investigate the role and function 
of miR-17-5p in SNHG16-promoted proliferation 
and inflammatory response in THP-1 macro-

Figure 1. SNHG16 was upregulated in AS and THP-1 macrophage-derived foam cells. A, The levels of SNHG16 in AS 
serum samples (n=23) and healthy volunteer (n=23) were detected by RT-PCR. B, The levels of SNHG16 in THP-1 macro-
phage-derived foam cells were detected by RT-PCR. **p<0.01, ***p<0.001.



J.-H. An, Z -Y. Chen, Q.-L. Ma, H.-J. Wang, J.-Q. Zhang, F.-W. Shi

8670

phages, the miR-17-5p mimic and inhibitor were 
respectively transfected into THP-1 macrophages; 
next, the cell proliferation and inflammatory re-
sponse were detected. Results showed that miR-
17-5p level was increased after miR-17-5p mimic 
transfection (Figure 5A) (p<0.01), the cell prolif-
eration of THP-1 macrophages was significantly 
repressed (Figure 5B) (p<0.01) and the inflam-

matory factors were also repressed (Figure 5C) 
(p<0.01), compared with the control. In contrast, 
miR-17-5p level was decreased after miR-17-5p 
inhibitor transfection (Figure 5D) (p<0.01), while 
the cell proliferation of THP-1 macrophages was 
significantly increased (Figure 5E) (p<0.05) and 
the inflammatory factors were also increased 
(Figure 5F) (p<0.05). These results indicated that 

Figure 2. Ox-LDL increased SNHG16 expression in THP-1 macrophages with time-dependence and dose-dependence. A, 
The levels of SNHG16 in THP-1 macrophages were detected by RT-PCR after treatment of ox-LDL, TNF-α, IL-1β, IL-6 
and IL-8. B-C, The levels of SNHG16 in THP-1 macrophages were detected by RT-PCR after the treatment of ox-LDL with 
different time and dosage. Data are shown as mean ± SD based on at least three independent experiments. *p<0.05, **p<0.01, 
***p<0.001.

Figure 3. SNHG16 promoted proliferation and inflammatory response of THP-1 macrophages. A-D, The SNHG16 expres-
sions were detected after LV-SNHG16 or LV-sh SNHG16 infection into THP-1 macrophages by RT-PCR. B-E, The prolifera-
tion rates of THP-1 macrophages were analyzed by CCK8 assay. C-F, The inflammatory factors were detected by ELISA kit. 
Data are shown as mean ± SD based on at least three independent experiments. *p<0.05; **p<0.01, ***p<0.001.
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miR-17-5p inhibited proliferation and inflamma-
tory response of THP-1 macrophages.

MiR-17-5p was Negatively Interacted 
with the NF-κB Signaling Pathway

To investigate the detailed mechanism that 
SNHG16 inhibited miR-17-5p expression and 
then promoted the proliferation and inflamma-
tory response of THP-1 macrophages, we eval-

uated the targets of miR-17-5p and we found 
that NF-κB signaling pathway might be the 
potential way. To confirm this assumption, we 
detected the NF-κB signaling factors after miR-
17-5p mimic and inhibitor transfection. Results 
showed that the expressions of IKKβ, p-IkBα 
and p-p65 were significantly decreased in miR-
17-5p mimic group, compared with the control 
(Figure 6A,B) (p<0.05), while these levels were 

Figure 4. SNHG16 could directly bind with miR-17-5p in THP-1 macrophages. A, The levels of miR-17-5p were detected 
by RT-PCR in AS patients. B, The relationship between SNHG16 and miR-17-5p was analyzed by correlation analysis. C-D, 
The levels of miR-17-5p were detected in THP-1 macrophages infected with LV-SNHG16 and LV-sh SNHG16. E, Potential 
binding sites between SNHG16 and miR-17-5p were predicted by starBase v2.0 database. F, The luciferase reporter assay 
was performed to determine the binding site. Data are shown as mean ± SD based on at least three independent experiments. 
**p<0.01, ***p<0.001.
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increased in miR-17-5p inhibitor group (Figure 
6C,D) (p<0.05). We also detected these levels 
in THP-1 macrophages infected with LV-SN-
HG16 and LV-sh SNHG16. Results showed that 
expressions of IKKβ, p-IkBα and p-p65 were 
significantly decreased in LV-SNHG16 group 
(Figure 6E,F) (p<0.05), while they were in-
creased in LV-sh SNHG16 group (Figure 6G,H) 
(p<0.05). These findings indicated that miR-17-
5p could inhibit NF-κB signaling pathway and 
SNHG16 could activate NF-κB signaling path-
way. Above all, we assumed that SNHG16 could 
function as a ceRNA to competitively bind with 
miR-17-5p, which would attenuate the inhibition 
of NF-κB signaling pathway, then promoted pro-
liferation and inflammatory response of THP-1 
macrophages. 

SNHG16 Promoted Proliferation and 
Inflammatory Responses Through 
miR-17-5p/ NF-κB Signaling Pathway

To confirm our previous hypothesis, JSH, 
a NF-κB signaling inhibitor, was added into 
LV-SNHG16 THP-1 macrophages to evaluate 
the effects. Results showed that the promot-
ed cell proliferation of THP-1 macrophages 

was repressed and the promoted inflammatory 
responses were also repressed (Figure 7A,B) 
(p<0.05), which indicated that SNHG16 pro-
moted proliferation and inflammatory respons-
es through NF-κB signaling pathway. To further 
show that SNHG16 promoted proliferation and 
inflammatory responses via miR-17-5p/NF-κB 
signaling pathway, miR-17-5p inhibitor was 
transfected into LV-sh SNHG16 THP-1 mac-
rophages. Results indicated that the repressed 
cell proliferation in LV-sh SNHG16 THP-1 
macrophages was significantly increased and 
the repressed inflammatory factors were also 
increased after they were co-transfected with 
miR-17-5p inhibitor (Figure 7C,D) (p<0.05). 
We also found that the levels of IKKβ, p-IkBα 
and p-p65 were repressed in LV-sh SNHG16 
THP-1 macrophages, while they were increased 
after they were co-transfected with miR-17-5p 
inhibitor (Figure 7E,F) (p<0.05). These results 
revealed that SNHG16 could inhibit the expres-
sion of miR-17-5p and the downregulation of 
miR-17-5p would promote the expressions of 
IKKβ, p-IkBα and p-p65, which could promote 
proliferation and inflammatory response of 
THP-1 macrophages.

Figure 5. MiR-17-5p inhibited proliferation and inflammatory response of THP-1 macrophages. A-D, The miR-17-5p ex-
pressions were detected after miR-17-5p mimic and inhibitor transfection into THP-1 macrophages by RT-PCR. B-E, The 
proliferation rates of THP-1 macrophages were analyzed by CCK8 assay. C-F, The inflammatory factors were detected by 
ELISA kit. Data are shown as mean ± SD based on at least three independent experiments. *p<0.05; **p<0.01, ***p<0.001.
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Discussion

Increasing evidence suggests that lncRNAs 
play some crucial roles in the formation and pro-
gression of various cancers. Recent studies16-20 al-
so reveal that lncRNAs are involved in biological 

functions of CVD and AS. Therefore, making a 
better understanding of lncRNAs may be useful 
as special markers and therapeutic targets in the 
diagnosis and treatment of AS. MicroRNAs are 
a class of regulatory ncRNAs, which can bind to 
3’-untranslated regions (UTR) of protein-coding 

Figure 6. MiR-17-5p was negatively interacted with the NF-κB signaling pathway. A-D, The levels of IKKβ, p-IkBα and 
p-p65 were detected after miR-17-5p mimic and inhibitor transfection into THP-1 macrophages by WB. E-H, The levels of 
IKKβ, p-IkBα and p-p65 were detected in THP-1 macrophages infected with LV-sh SNHG16 and LV-SNHG16 by WB. Data 
are shown as mean ± SD based on at least three independent experiments. *p<0.05; **p<0.01.

Figure continued
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transcripts. LncRNAs can regulate the gene ex-
pressions through acting as a “sponge” to absorb 
miRNAs and affect the biological functions of 
various diseases33-36.

In this study, firstly, we found that SNHG16 
was upregulated in AS patients and THP-1 mac-
rophage-derived foam cells, which might play 
some roles in the development of AS. And we 
also found that ox-LDL induced SNHG16 expres-
sion time-dependence and dose-dependence in 
THP-1 macrophages.

To further investigate the functions of SN-
HG16 in AS, we constructed lentivirus with 
SNHG16 overexpression and SNHG16 down-
regulation, LV- SNHG16 and LV-sh SNHG16, 
then the lentivirus was infected into THP-1 
macrophages. We observed that overexpression 
of SNHG16 promoted cell proliferation and in-
flammatory response of THP-1 macrophages, 
and we found that NF-κB signaling pathway was 
activated, while downregulation of SNHG16 led 
to the opposite results. To explore the detailed 
mechanism, starBase v2.0 database was used 
and miR-17-5p was identified as a potential 
targeting miRNA. Further results showed that 
miR-17-5p was negatively correlated with SN-
HG16 in AS patients and luciferase gene report-
er assay revealed that SNHG16 could function as 
a ceRNA to competitively bind to miR-17-5p in 
THP-1 macrophages. However, the function of 
miR-17-5p remained unknown.

To further investigate the role of miR-17-5p 
in SNHG16-promoted proliferation and inflam-
matory response in THP-1 macrophages, miR-
17-5p mimic and inhibitor were respectively 

transfected into THP-1 macrophages. We found 
that miR-17-5p could inhibit proliferation and 
inflammatory response of THP-1 macrophages. 
We demonstrated that NF-κB signaling path-
way might be the potential way of miR-17-5p 
and results showed that miR-17-5p could inhibit 
NF-κB signaling pathway and SNHG16 could 
activate NF-κB signaling pathway. Above all, 
we assumed that SNHG16 could function as a 
ceRNA to competitively bind with miR-17-5p, 
which would attenuate the inhibition of NF-κB 
signaling pathway, then promoting proliferation 
and inflammatory response of THP-1 macro-
phages. Moreover, we found that the promoted 
cell proliferation and inflammatory responses 
were repressed after adding NF-κB signaling in-
hibitor into LV- SNHG16 THP-1 macrophages. 
Finally, we found that the repressed cell prolif-
eration and inflammatory factors in LV-sh SN-
HG16 THP-1 macrophages were increased after 
co-transfected with miR-17-5p inhibitor. 

SNHG16 has been identified as an oncogenic 
lncRNA in cancers. For example, SNHG16 pro-
moted the proliferation, migration and invasion 
by regulating with miR-186 in HCC28; SNHG16 
could promote tumorigenicity and proliferation 
of glioma through regulating miR-373/EGFR 
axis30, etc. Our study suggested that SNHG16 
might act as a sponge of miR-17-5p and regu-
lated NF-κB signaling to promote cell prolifera-
tion and inflammatory response in AS patients, 
which also suggested SNHG16 might be used 
as a new target and provide a new intervention 
strategy for AS patients, but it should be verified 
in human AS patients.

Figure 6. (Continued). E-H, The levels of IKKβ, p-IkBα and p-p65 were detected in THP-1 macrophages infected with 
LV-sh SNHG16 and LV-SNHG16 by WB. Data are shown as mean ± SD based on at least three independent experiments. 
*p<0.05; **p<0.01.
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Conclusions

We showed that SNHG16 was upregulated in 
AS patients. Furthermore, we firstly found that 
SNHG16 was increased by ox-LDL in THP-1 
macrophages. Most importantly, we uncovered 

a previously unappreciated SNHG16/miR-17-5p/
NF-κB signaling axis in promoting proliferation 
and inflammatory response in AS patients and 
THP-1 macrophages, which might provide a po-
tential target for treating AS.

Figure 7. SNHG16 promoted proliferation and inflammatory responses through miR-17-5p/NF-κB signaling pathway. 
A-B, The proliferation and inflammatory factors in THP-1 macrophages infected with LV- SNHG16 or co-transfected with 
LV-SNHG16 and JSH were detected by CCK8 assay and ELISA kit. C-F, The proliferation, inflammatory factors and levels 
of IKKβ, p-IkBα, p-p65 in THP-1 macrophages infected with LV-sh SNHG16 or co-transfected with LV-sh SNHG16 and 
miR-17-5p inhibitor were detected by CCK8 assay, ELISA kit and WB. Data are shown as mean ± SD based on at least three 
independent experiments. *p<0.05; **p<0.01.
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