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Abstract. Atherosclerosis (AS) is a major health problem 
and targeting the associated molecular pathways is critical 
for developing therapies. The present study investigated the 
effect of coptisine on human umbilical vein endothelial cells 
(HUVECs) in response to angiotensin II (Ang II) induction by 
focusing on cellular senescence, apoptosis and inflammation. 
HUVECs were treated with different Ang II concentrations 
and long non‑coding RNA small nucleolar RNA host gene 
12 (SNHG12), microRNA (miRNA/miR)‑603 and nicotin‑
amide phosphoribosyltransferase (NAMPT) expressions were 
assessed. Cell viability, nicotinamide adenine dinucleotide 
(NAD+) levels, senescence, apoptosis and inflammation were 
assessed. The interactions among SNHG12, miR‑603 and 
NAMPT were investigated using dual‑luciferase reporter gene 
assays and RNA pull‑down experiments. Coptisine treatment 
increased SNHG12 expression and attenuated Ang II‑induced 
adverse effects in HUVECs. SNHG12 silencing abrogated 
coptisine's protective effects, indicating that SNHG12 is a key 

mediator. SNHG12 targets miR‑603, which then directly targets 
NAMPT, an age‑related gene involved in NAD(+) regulation. 
Coptisine modulated the SNHG12/miR‑603/NAMPT pathway 
and miR‑603 inhibition enhanced the protective effects of 
coptisine. NAMPT overexpression reversed the negative 
effects of miR‑603 and enhanced the protective effect of the 
miR‑603 inhibitor. Finally, the protective mechanism of copti‑
sine is linked to the regulation of NAD(+), sirtuin 3 (SIRT3) 
and p53. Coptisine treatment counteracted the AngII‑induced 
increase in SIRT3 and p53 protein levels, whereas the miR‑603 
inhibitor potentiated the effect of coptisine. SNHG12 knock‑
down partially abolished these effects, which were reversed 
by NAMPT overexpression. In conclusion, the present 
study revealed a novel protective mechanism involving the 
SNHG12/miR‑603/NAMPT pathway in HUVECs exposed to 
Ang II, highlighting the potential therapeutic application of 
coptisine in treating atherosclerosis. These results suggested 
that coptisine exerts its protective effects by modulating the 
SNHG12/miR‑603/NAMPT axis, which ultimately affects the 
regulation of NAD(+), SIRT3 and p53. Future studies should 
explore the potential of the SNHG12/miR‑603/NAMPT 
pathway as a target for developing novel AS therapies.

Introduction

Atherosclerosis (AS), an important factor in cardiovascular 
disease, is characterized by the buildup of lipids, immune 
cells and extracellular matrix elements in the vascular intima, 
resulting in plaque development and vascular remodeling (1,2). 
Senescence‑associated secretory phenotype, a proinflamma‑
tory phenotype that contributes to the chronic inflammatory 
milieu within atherosclerotic plaques, has emerged as a key 
factor in AS onset and progression (3,4). Cellular senescence 
causes the malfunction of endothelial cells in blood vessels (5). 
Targeting cellular senescence could be a potential treatment 
strategy for AS and its associated side effects.

Coptisine is a bioactive alkaloid compound that is 
primarily found in various plant species, especially those in 
the Coptis genus in the family Ranunculaceae, which have 
been reported to exhibit various pharmacological effects, 
including anti‑inflammatory, anti‑oxidant and anti‑atheroscle‑
rotic properties (6,7). Previous studies have demonstrated the 
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potential of coptisine to ameliorate endothelial dysfunction 
and inhibit vascular smooth muscle cell proliferation (8,9). 
Additionally, coptisine exerts protective effects against cellular 
senescence (10). Although no studies have confirmed the 
effect of coptisine on endothelial cell senescence, such as in 
human umbilical vein endothelial cells (HUVECs), which are 
commonly used in in vitro cell models of AS in the presence of 
angiotensin II (Ang II), its antioxidative and anti‑inflammatory 
properties indicates its potential anti‑aging role in these cells. 
This finding warrants further in‑depth investigation of the 
underlying mechanisms.

Accumulating evidence suggests that long non‑coding 
RNAs (lncRNAs) and microRNAs (miRNAs) play crucial 
roles in regulating cellular senescence and AS (11). 
Particularly, lncRNAs can function as competing endogenous 
RNAs that sponge miRNAs, thereby modulating the expres‑
sion of miRNA target genes and influencing cellular processes 
relevant to AS (12). The lncRNA small nucleolar RNA host 
gene 12 (SNHG12) is downregulated in AS and is an effec‑
tive AS inhibitor (13). Studies on miR‑603 have focused on 
its effects on tumor growth (14,15). However, because of its 
effects on inflammation (14), it was hypothesized that it may 
regulate AS.

Nicotinamide phosphoribosyltransferase (NAMPT) is 
a key enzyme involved in the biosynthesis of nicotinamide 
adenine dinucleotide (NAD+), a crucial coenzyme in cellular 
energy metabolism and redox reactions (16). Altered NAD(+) 
homeostasis has been implicated in the development of 
age‑related diseases, including AS (17). Sirtuin 3 (SIRT3) is 
an NAD+‑dependent protein deacetylase that removes acetyl 
groups from other proteins in the presence of the coenzyme 
NAD+ (18) and regulates cellular processes such as inflam‑
mation, oxidative stress and apoptosis (19,20) by deacetylating 
target proteins, including p53 (21). The NAD(+)/SIRT3/p53 
signaling axis has been implicated in endothelial function 
regulation and AS development (22); however, its potential 
involvement in the protective effects of coptisine remains to 
be elucidated.

In summary, the present study highlighted the importance 
of coptisine as a potential therapeutic agent for combating AS 
and its associated complications by targeting cellular senes‑
cence. Identifying the SNHG12/miR‑603/NAMPT axis as a 
critical mediator of the anti‑senescence effects of coptisine 
provides a novel target for future therapeutic interventions 
and broadens our understanding of the molecular mechanisms 
governing endothelial cell function and dysfunction in AS.

Materials and methods

Cell culture, treatment and transfection. HUVECs were 
purchased from ATCC and cultured in endothelial cell growth 
medium (Procell Life Science & Technology Co., Ltd.) 
supplemented with 10% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.). Cells were maintained at 37˚C and 5% 
CO2. HUVECs were exposed to different concentrations of 
coptisine (MilliporeSigma) dissolved in dimethyl sulfoxide 
(MilliporeSigma) for 24 h at 37˚C. Coptisine at 0‑100 µM 
in HUVECs for 24 h at 37˚C was used to assay the effect of 
coptisine itself on cell viability. HUVECs were pre‑treated 
with 6.25 (low‑dose, L), 12 (medium‑dose, M) and 25 µM 

(high‑dose, H) coptisine for 6 h before Ang II treatment. After 
pre‑treatment, cells were exposed to 1 µM Ang II in the pres‑
ence of coptisine for an additional 24 or 48 h at 37˚C. SNHG12 
small interfering (si)RNAs, miR‑603 mimic/inhibitor and 
NAMPT overexpression vector (ov‑NAMPT) constructed 
using the pCMV6‑Entry backbone and their negative 
controls (NCs) were from Guangzhou RiboBio Co., Ltd. 
and were transfected into HUVECs using Lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.) for 4 h and 
continued in culture at 37˚C for 24 or 48 h after fresh medium 
change. The si‑SNHG12, miRNAs and their NC sequences 
used were as follows: si‑SNHG12‑1, CTT TAA GAT TCA TGT 
TAC ATT; si‑SNHG12‑2, GGG TAA TGA CAG TGA TGA ATT; 
si‑SNHG12‑3, GGA TGA CTG ACT TAG TCT ATT; si‑NC, TTG 
TAC TAC ACA AAA GTA CTG; miR‑603 mimic, CAC ACA 
CTG CAA TTA CTT TTG C; mimic NC, ACT GTA CCA CAG 
TTT CCC TTA A; miR‑603 inhibitor, GCA AAA GTA ATT 
GCA GTG TGT G; and inhibitor NC, CAG TAC TTT TGT GTA 
GTA CAA.

Cell viability assay. Following the manufacturer's instructions, 
HUVECs were cultured for 24 h and incubated for 60 min with 
10 ml Cell Counting Kit‑8 (CCK8; Beijing Solarbio Science 
& Technology Co., Ltd.) reagent every 24 h for 48 h at 37˚C. 
Optical density was determined using a spectrophotometer 
(Thermo Fisher Scientific, Inc.).

Senescence‑associated β‑galactosidase (β‑Gal) staining. A 
senescence‑associated β‑Gal staining kit (Beyotime Institute 
of Biotechnology) was used to measure cellular senes‑
cence in accordance with the manufacturer's instructions. 
HUVECs were seeded in 6‑well plates and treated as previ‑
ously described. Following treatment, cells were rinsed with 
phosphate‑buffered saline (PBS), fixed for 15 min with 4% 
paraformaldehyde at 21˚C and then stained overnight at 37˚C. 
A light microscope (Olympus Corporation) was used to count 
the blue‑stained cells and calculate the proportion of senescent 
cells.

Apoptosis detection. The Annexin V‑FITC/propidium iodide 
(PI) apoptosis detection kit (BD Biosciences) was used to 
measure apoptosis. Following treatment, the HUVECs were 
rinsed with cold PBS and resuspended in a binding buffer. The 
cells were treated with PI and Annexin V‑FITC for 15 min 
at 21˚C in the dark. Flow cytometry (BD FACSCalibur™ 
flow cytometer; BD Biosciences) was used to investigate 
apoptosis and the FlowJo software (version 10.6.2; FlowJo 
LLC) was used to calculate the percentage of early + late 
apoptotic cells.

NAD(+)/NADH (H for hydrogen) analysis. Following the 
manufacturer's instructions, after microglia were lysed using 
the extract, the NAD(+)/NADH ratio was measured using 
an NAD(+) kit (Beyotime Institute of Biotechnology). The 
extraction solution was used to construct a standard curve. 
The sample and enzyme working solution were added to 
the 96‑well plate, incubated at 37˚C and the chromogenic 
agent was added for further incubation. A spectrophotometer 
(UV‑8000A; Shanghai Metash Instruments Co., Ltd.) was 
used to measure absorbance at 450 nm.
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Enzyme‑linked immunosorbent assay (ELISA). Inflammatory 
markers, including interleukin‑1 β (IL‑1β; cat. no. SLB50), 
IL‑6 (cat. no. S6050) and tumor necrosis factor‑α (TNF‑α; 
cat. no. STA00D) were measured using ELISA kits (R&D 
Systems, Inc.) following the manufacturer's instructions. After 
treatment, cell culture supernatants were collected and centri‑
fuged at 1,000 x g for 5 min at 21˚C to remove debris. The 
supernatants were then used for ELISA and the absorbance 
was measured at 450 nm using a microplate reader (BioTek 
Instruments, Inc.). The concentrations of the inflammatory 
markers were calculated based on standard curves.

Nucleocytoplasmic separation experiments. HUVECs were 
harvested and washed with cold PBS. The cells were then 
resuspended in a hypotonic buffer containing 10 Tris‑HCl 
(pH 7.4), 10 NaCl and 3 mM MgCl2. After a 10‑min incuba‑
tion on ice, 10% NP‑40 (MilliporeSigma) was added to the 
cell suspension, followed by vortexing for 10 sec. The cell 
lysate was centrifuged at 3,000 x g for 10 min at 4˚C. The 
supernatant, which contained the cytoplasmic fraction, was 
carefully transferred to a new tube. The pellet, which contains 
the nuclear fraction, was washed with the hypotonic buffer to 
remove any remaining cytoplasmic contaminants. Total RNA 
from both the cytoplasmic and nuclear fractions was extracted 
using the TRIzol® reagent (Thermo Fisher Scientific, Inc.), 
following the manufacturer's instructions. Cytoplasmic and 
nuclear RNA were isolated from HUVECs for reverse tran‑
scription‑quantitative polymerase chain reaction (RT‑qPCR) 
analysis using a cytoplasmic and nuclear RNA purification kit 
(Norgen Biotek Corp.).

RT‑qPCR assay. Total RNA was isolated from HUVECs 
(1x106) using TRIzol reagent (Thermo Fisher Scientific, 
Inc.), following the manufacturer's instructions. The RNA 
concentration and purity were measured using a NanoDrop 
spectrophotometer (Thermo Fisher Scientific) according to 
the manufacturer's instructions. A High‑Capacity complemen‑
tary DNA Reverse Transcription Kit (Applied Biosystems) 
was used to generate complementary DNA according to the 
manufacturer's instructions. On the Applied Biosystems 7500 
Real‑Time PCR System (Applied Biosystems), RT‑qPCR was 
carried out using the Power SYBR Green PCR Master Mix 
(Applied Biosystems) according to the manufacturer's instruc‑
tions. PCR amplification was performed under the following 
conditions: 95˚C for an initial 30 sec, followed by 40 cycles at 
95˚ for 5 sec and 60˚C for 30 sec. The relative expression of 
target genes was calculated using the 2‑ΔΔCq method (23) and 
normalized to the expression of β‑actin or U6 small nuclear 
RNA as internal controls. The primer sequences used were as 
follows: SNHG12 forward, 5'‑ACA GGC GGA TAA AAC GGT 
CC‑3' and reverse, 5'‑AGT ACG CCG GGA TCT CTG TA‑3'; 
miR‑603 forward, 5'‑ACA CTC CAG CTG GGC ACA CAC TGC 
AAT TAC‑3' and reverse, 5'‑CTC AAC TGG TGT CGT GGA‑3'; 
NAMPT forward, 5'‑ACC ATA ACA GCT TGG GGG AA‑3' 
and reverse, 5'‑CTG ACC ACA GAT ACA GGC AC‑3'; β‑actin 
forward, 5'‑AGC GAG CAT CCC CCA AAG TT‑3' and reverse, 
5'‑GGG CAC GAA GGC TCA TCA TT‑3'; and U6 forward, 
5'‑CTC GCT TCG GCA GCA CA‑3' and reverse, 5'‑AAC GCT 
TCA CGA ATT TGC GT‑3'. These experiments were repeated 
three times.

Binding site analysis and dual‑luciferase reporter 
gene assay. The LncBase v 3.0 (https://diana.e‑ce.uth.
gr/lncbasev3/interactions) and miRanda v3.3a (http://www.
microrna.org/) were used to analyze the potential binding 
sites between lncRNA and miRNA, and themiRDB 
(https://mirdb.org/) database was used to identify the down‑
stream targets of miRNA. Interactions between miR‑603 
with NAMPT mRNA 3'UTR and SNHG12 were investigated 
using the dual‑luciferase reporter gene assay. HUVECs 
were co‑transfected with miR‑603 mimic or mimic NC and 
either wild type (WT) or mutant (mut) NAMPT 3'UTR or 
SNHG12 reporter plasmids using Lipofectamine® 3000. 
The plasmids were synthesized by Guangzhou RiboBio 
Co., Ltd., and inserted into psiCHECK™‑2 vector plasmids 
(Promega Corporation), and pRL‑SV40 reporter vector 
plasmids (Promega Corporation) were acquired. After 
48 h, the lysed cells were used to assess luciferase activity 
using a Dual‑Luciferase Reporter Assay System (Promega 
Corporation) and GloMax Luminometer (Promega 
Corporation). To increase transfection effectiveness, firefly 
luciferase activity was normalized to Renilla luciferase 
activity.

RNA pull‑down assay. The interaction between SNHG12 
and miR‑603 was assessed using an RNA pull‑down assay. 
Biotinylated miR‑603 mimics and biotinylated NC mimics 
were synthesized by Guangzhou RiboBio Co., Ltd. The plasmid 
backbone employed was pcDNA3.1 (Guangzhou RiboBio Co., 
Ltd.) used at a concentration of 100 ng/µl. HUVECs were lysed 
and incubated (4˚C) with the biotinylated RNA probes for 2 h. 
Following this, 50 µl streptavidin agarose beads (Thermo 
Fisher Scientific, Inc.) was added to the mixture and incuba‑
tion continued for an additional 2 h at 4˚C. The centrifugation 
steps were conducted at 1,000 x g for 5 min at 4˚C, both after 
the initial incubation and following the addition of the beads. 
After these steps, the beads were washed and the bound RNAs 
were extracted using the PureLink RNA Mini Kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. The beads were washed and the bound RNAs 
were extracted using TRIzol (Thermo Fisher Scientific, Inc.) 
for RT‑qPCR analysis.

Western blotting. HUVECs were lysed using RIPA buffer 
(Beyotime Institute of Biotechnology). The protein concentra‑
tion in the sample was measured using a bicinchoninic acid 
kit (Beyotime Institute of Biotechnology). Proteins (20 µg) 
were separated by SDS‑PAGE on 10% gels and transferred to 
polyvinylidene fluoride membranes (MilliporeSigma), before 
being blocked with 5% bovine serum albumin for 1 h at 21˚C 
(Thermo Fisher Scientific, Inc.) and incubated with primary 
antibodies against NAMPT (1:1,000; MA5‑24108; Invitrogen), 
SIRT3 (1:1,000; ab217319; Abcam), p53 (1:1,000; ab32049; 
Abcam) and β‑actin (1:1,000; ab8227; Abcam) overnight at 
4˚C. The membranes were washed and then incubated for 1 h 
at 21˚C with horseradish peroxidase‑conjugated secondary 
antibodies (1:5,000; ab97051; Abcam). An enhanced chemilu‑
minescence substrate was used to detect the protein bands and 
a ChemiDoc XRS+ imaging system (Bio‑Rad Laboratories, 
Inc.) was used for visualization. Gray values were quantified 
using ImageJ software (National Institutes of Health). NAMPT, 
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SIRT3 and p53 protein levels were adjusted to β‑actin as the 
internal reference.

Statistical analysis. All experiments were performed at 
least three times and data were presented as mean ± stan‑
dard deviation. Statistical analyses were performed using 
GraphPad Prism 9 software (GraphPad Software; Dotmatics). 
Comparisons between groups were conducted using one‑way 
analysis of variance, followed by Tukey's post hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Investigation of the role of SNHG12 and coptisine concentra‑
tions. Initially, at different coptisine concentrations (Fig. 1A), 
HUVECs showed a slight decrease in activity start at a 
concentration of 50 µM (Fig. 1B). Concentrations of 6.25, 12 
and 25 µM (48 h) were chosen for subsequent experiments 
because they did not have a significant effect on cell viability. 
The results showed a decrease in SNHG12 expression upon 
Ang II induction, whereas coptisine treatment at different 

Figure 1. Evaluation of the effects of SNHG12 and varying coptisine concentrations on HUVECs. (A) Chemical structure of coptisine. (B) CCK8 assay 
analyzing the impact of different doses of coptisine on the viability of HUVECs. (C) RT‑qPCR analysis evaluating the influence of various coptisine doses 
on SNHG12 expression under Ang II induction. (D) CCK8 assay exploring the effects of different coptisine doses on HUVEC viability following Ang II 
induction. (E) NAD(+) assay kit used to determine the NAD(+)/NADH ratio. (F) β‑Gal assay analyzing the effects of coptisine on cellular senescence in 
HUVECs induced by Ang II. Magnification, x400. (G) Flow cytometry examining the effect of coptisine on apoptosis in HUVECs induced by Ang II. 
(H) ELISA investigation of the influence of coptisine on the inflammatory cytokine levels (IL‑1β, TNF‑α and IL‑6) in HUVECs following Ang II induction. 
*P<0.05, **P<0.01 and ***P<0.001. SNHG12, small nucleolar RNA host gene 12; HUVECs, human umbilical vein endothelial cells; CCK8, Cell Counting Kit‑8; 
RT‑qPCR, real‑time quantitative polymerase chain reaction; Ang II, angiotensin II; NAD, nicotinamide adenine dinucleotide; β‑Gal, β‑galactosidase; ELISA, 
enzyme‑linked immunosorbent assay; IL, interleukin; TNF‑α, tumor necrosis factor‑α; L, 6.25 µM; M,12 µM; H, 25 µM.
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concentrations induced a dose‑dependent increase in SNHG12 
expression (Fig. 1C). Meanwhile, Ang II induction resulted in 
decreased cell viability (Fig. 1D) and NAD(+)/NADH ratio 

(Fig. 1E), as well as increased levels of senescence (Fig. 1F), 
apoptosis (Fig. 1G) and inflammation (increased IL‑1β, IL‑6 
and TNF‑α; Fig. 1H). Treatment with coptisine attenuated the 

Figure 2. SNHG12 pathway mediated anti‑senescence and anti‑apoptosis effects of coptisine. (A) Nuclear cytoplasmic separation experiment analyzing 
subcellular localization of SNHG12. (B) RT‑qPCR analysis of the inhibition efficiency of three siRNAs targeting SNHG12. CCK8 assay assessing the influ‑
ence of si‑SNHG12 on the viability of HUVECs induced by (C) coptisine or/and (D) Ang II. (E) NAD(+) assay kit determining the NAD(+)/NADH ratio in 
HUVECs induced by Ang II and treated with si‑SNHG12. (F) β‑Gal assay exploring the effects of si‑SNHG12 on cellular senescence in HUVECs induced 
by Ang II. Magnification, x400. (G) Flow cytometry analyzing the impact of si‑SNHG12 on apoptosis in HUVECs induced by Ang II. (H) ELISA investiga‑
tion of the influence of si‑SNHG12 on inflammatory cytokine levels (IL‑1β, TNF‑α and IL‑6) in HUVECs induced by Ang II. **P<0.01 and ***P<0.001. 
SNHG12, small nucleolar RNA host gene 12; RT‑qPCR, real‑time quantitative polymerase chain reaction; siRNA, short interfering RNA; HUVECs, human 
umbilical vein endothelial cells; CCK8, Cell Counting Kit‑8; Ang II, Angiotensin II; β‑Gal, β‑galactosidase; NAD, nicotinamide adenine dinucleotide; ELISA, 
enzyme‑linked immunosorbent assay; IL, interleukin; TNF‑α, tumor necrosis factor‑α.
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effects of Ang II induction, with the improvements becoming 
more pronounced as coptisine concentration increased.

Coptisine inhibits cell senescence and apoptosis via the 
SNHG12 pathway. The results of nucleoplasmic segregation 
experiments showed that, consistent with the positive control 
β‑actin and in contrast to the positive control U6, lncRNA 
SNHG12 was mainly expressed in the cytoplasm of HUVECs 

(Fig. 2A). For silencing SNHG12 expression, si‑SNHG12‑1 
was selected for optimal inhibition efficiency (Fig. 2B). It was 
found that SNHG12 knockdown had no significant effect on 
the activity of coptisine (25 µM)‑treated HUVECs (Fig. 2C). 
Subsequent results showed that SNHG12 interference counter‑
acted the protective effects of coptisine against Ang II‑induced 
decreases in cell viability (Fig. 2D) and NAD(+)/NADH ratio 
(Fig. 2E), as well as increased senescence (Fig. 2F), apoptosis 

Figure 3. LncRNA SNHG12 as a molecular sponge for miR‑603. (A) Joint analysis of LncBase and miRanda databases for potential target miRNAs of lncRNA 
SNHG12. (B) RT‑qPCR analysis of the effect of si‑SNHG12 on miR‑603 expression. (C) RT‑qPCR analysis assessing the effects of coptisine on miR‑603 
expression in HUVECs induced by Ang II. (D) RT‑qPCR validation of miR‑603 mimic/inhibitor in HUVECs. (E) RT‑qPCR analysis of the effect of miR‑603 
expression changes on SNHG12 expression. (F) Dual‑luciferase reporter gene assay determining the binding between SNHG12 and miR‑603. (G) RNA 
pull‑down experiment analyzing SNHG12 enrichment in the bio‑miR‑603 group. *P<0.05 and ***P<0.001. lncRNA, long non‑coding RNA; SNHG12, small 
nucleolar RNA host gene 12; miR, microRNA; RT‑qPCR, real‑time quantitative polymerase chain reaction; HUVECs, human umbilical vein endothelial cells; 
bio, biotinylated; Ang II, Angiotensin II; L, 6.25 µM; M,12 µM; H, 25 µM; mut, mutant; WT, wild type; NC, negative control.
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(Fig. 2G) and inflammation (Fig. 2H). The maximum safe 
concentration for coptisine dose selection was 25 µM.

lncRNA SNHG12 acts as a molecular sponge to absorb 
miR‑603. To investigate the mechanism of action of SNHG12, 
the target miRNAs of SNHG12 (Fig. 3A) were identified using 
the LncBase and miRanda databases and 12 miRNAs with 
potential binding sites to SNHG12 were identified. A literature 
search revealed that only one miRNA, miR‑603, has not been 
reported in AS and its expression was increased by si‑SNHG12 
(Fig. 3B) and Ang II induction but inhibited by coptisine in a 
dose‑dependent manner (Fig. 3C). After validating the effi‑
cacy of the miR‑603 mimic/inhibitor in HUVECs (Fig. 3D), 
no significant effect of its expression changes on lncRNA 
SNHG12 was observed (Fig. 3E). Furthermore, WT SNHG12 
cotransfected with the miR‑603 mimic showed significantly 
lower fluorescence activity compared to the cotransfected 

mimic NC, as determined by the dual luciferase reporter gene 
assay. By contrast, the fluorescence intensity of the miR‑603 
mimic or mimic NC cotransfected with mut SNHG12 did not 
change significantly (Fig. 3F). RNA pull‑down experiments 
showed that SNHG12 was enriched in miR‑603 precipitation 
compared to the control, further supporting their interaction 
(Fig. 3G). These results indicated that miR‑603 was a direct 
SNHG12 target.

NAMPT is a direct target of miR‑603. To further understand 
the mechanism of SNHG12/miR‑603, the miRDB database 
was used to identify the downstream targets of miR‑603. 
Among the mRNAs with potential binding sites, NAMPT 
is a known age‑related gene and its activation significantly 
promotes the NAD(+)/NADH ratio (24). The present 
study showed that Ang II induction reduced NAMPT 
expression, whereas treatment with different coptisine 

Figure 4. NAMPT identified as a direct target of miR‑603. (A) RT‑qPCR analysis examining the influence of coptisine on NAMPT expression in HUVECs 
induced by Ang II. (B) RT‑qPCR analysis assessing the impact of miR‑603 mimic/inhibitor on NAMPT expression. (C) Western blot analysis assessing the 
impact of miR‑603 mimic/inhibitor on NAMPT protein level. (D) RT‑qPCR analysis evaluating the effects of si‑SNHG12 on NAMPT expression. (E) RT‑qPCR 
analysis verifying the efficacy of the NAMPT overexpression vector. (F) Western blot analysis confirms the functionality of the NAMPT overexpression 
vector. (G) RT‑qPCR analysis determining the influence of the NAMPT overexpression vector on miR‑603 expression. (H) Dual‑luciferase reporter gene 
assay confirming the binding between NAMPT and miR‑603. *P<0.05 and ***P<0.001. NAMPT, Nicotinamide phosphoribosyltransferase; miR, microRNA; 
RT‑qPCR, real‑time quantitative polymerase chain reaction; HUVECs, human umbilical vein endothelial cells; Ang II, Angiotensin II; ov, overexpression; 
mut, mutant; WT, wild type; NC, negative control.
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concentrations resulted in a dose‑dependent increase in 
NAMPT expression (Fig. 4A). Additionally, NAMPT 
expression and protein levels were negatively regulated 
by miR‑603 (Fig. 4B and C) and its expression was inhib‑
ited by si‑SNHG12 (Fig. 4D). Subsequent dual‑luciferase 
detection confirmed that NAMPT was a direct target of 
miR‑603 (Fig. 4E). Therefore, NAMPT was identified as 

an miR‑603 target and an NAMPT overexpression vector 
was constructed and validated for gene and protein levels 
in HUVECs (Fig. 4F and G), with no significant effect on 
miR‑603 (Fig. 4H).

SNHG12/miR‑603/NAMPT is involved in the protec‑
tive mechanism of coptisine. As expected, coptisine 

Figure 5. The role of the SNHG12/miR‑603/NAMPT axis in protective mechanism of coptisine. (A) CCK8 assay analyzing the effect of the 
SNHG12/miR‑603/NAMPT axis on the viability of HUVECs induced by Ang II. (B) NAD(+) assay kit determining the NAD(+)/NADH ratio in HUVECs 
induced by Ang II and influenced by the SNHG12/miR‑603/NAMPT axis. (C) β‑Gal assay examining the effects of the SNHG12/miR‑603/NAMPT axis on 
cellular senescence in HUVECs induced by Ang II. Magnification, x400. (D) Flow cytometry analyzing the impact of the SNHG12/miR‑603/NAMPT axis 
on apoptosis in HUVECs induced by Ang II. (E) ELISA investigation of the influence of the SNHG12/miR‑603/NAMPT axis on the inflammatory cytokine 
levels (IL‑1β, TNF‑α and IL‑6) in HUVECs induced by Ang II. (F) Western blot analysis assessing the effects of the SNHG12/miR‑603/NAMPT axis on the 
NAMPT, SIRT3 and p53 protein levels in HUVECs induced by Ang II. *P<0.05, **P<0.01 and ***P<0.001. SNHG12, small nucleolar RNA host gene 12; miR, 
microRNA; NAMPT, Nicotinamide phosphoribosyltransferase; ov, overexpression; CCK8, Cell Counting Kit‑8; HUVECs, human umbilical vein endothelial 
cells; Ang II, Angiotensin II; NAD, nicotinamide adenine dinucleotide; β‑Gal, β‑galactosidase; ELISA, enzyme‑linked immunosorbent assay; IL, interleukin; 
TNF‑α, tumor necrosis factor‑α; SIRT3, Sirtuin 3; p53, protein 53; ov, overexpression; NC, negative control.
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significantly ameliorated Ang II‑induced decreases in cell 
viability (Fig. 5A) and NAD(+)/NADH ratio (Fig. 5B), as 
well as increased senescence (Fig. 5C), apoptosis (Fig. 5D) 
and inflammation (Fig. 5E). This ameliorative effect was 
enhanced by the miR‑603 inhibitor but was partly neutralized 
by si‑SNHG12. Transfection with ov‑NAMPT reversed the 
neutralizing effect of si‑SNHG12. Furthermore, unlike p53 
protein levels, Ang II decreased NAMPT and SIRT3 protein 
levels, which were partially counteracted by coptisine. The 
miR‑603 inhibitor enhanced the effect of coptisine; however, 
this effect was partially abrogated by the interference with 
SNHG12 expression; ov‑NAMPT reversed these effects 
(Fig. 5F).

Discussion

Currently, the primary treatment for AS involves statins 
to lower cholesterol levels and slow disease progression. 
However, potential side effects include muscle pain and 
liver and kidney damage (25,26). Therefore, safer and more 
effective therapeutic strategies are crucial. The present study 
aimed to explore novel treatment strategies for ameliorating 
AS and their underlying molecular mechanisms. It investi‑
gated the role of coptisine in HUVECs by focusing on its 
effects on cell viability, senescence, apoptosis and inflamma‑
tion. The results showed that coptisine treatment mitigated 
the detrimental effects of Ang II induction in HUVECs 
by modulating the SNHG12/miR‑603/NAMPT signaling 
pathway.

Ang II acting on HUVECs is a commonly used in vitro 
cellular model of AS (27,28) and this model was used to 
explore the potential role and mechanism of coptisine on 
AS and to demonstrate, for the first time to the best of the 
authors' knowledge, the antioxidant, anti‑inflammatory and 
anti‑aging effects of coptisine in HUVECs. These results 
were consistent with those of previous studies on coptisine 
usefulness (7,29). In parallel, SNHG12 expression increased 
with increasing coptisine doses, suggesting that SNHG12 
may play a role in the protective effects of coptisine. The 
present study reported for the first time, to the best of the 
authors' knowledge, that the lncRNA SNHG12 is a key 
coptisine mediator in AS treatment because the depletion 
of SNHG12 eliminated the protective effect of coptisine on 
HUVECs.

Consistent with previous reports (30,31), SNHG12 was 
predominantly located in the cytoplasm of HUVECs, 
suggesting that this non‑coding RNA may regulate down‑
stream targets that act as molecular sponges to adsorb 
miRNAs. Dual‑luciferase and RNA pull‑down assays were 
performed to confirm the interaction between SNHG12 
and miR‑603 in HUVECs for the first time to the best 
of the authors' knowledge. In addition, the age‑related 
gene NAMPT, which is involved in NAD(+) regulation, 
is a direct miR‑603 target. This finding is particularly 
important because NAD(+) and NADH are interconverted 
in cells and a decrease in NAD(+) levels can lead to mito‑
chondrial dysfunction, increased cellular oxidative stress 
and reduced DNA repair capacity, resulting in a lower 
NAD(+)/NADH ratio (32). The dose‑dependent increase in 
NAMPT expression observed following coptisine treatment 

suggested a potential mechanism through which NAMPT 
protected HUVECs. Subsequent experiments showed 
that inhibiting miR‑603 expression enhanced the protec‑
tive effect of coptisine, whereas simultaneous SNHG12 
expression suppression counteracted the effect of miR‑603. 
However, these effects were reversed when NAMPT was 
overexpressed, which is consistent with previous studies 
that demonstrate NAMPT‑induced cellular senescence 
reduction (33,34). Thus, SNHG12 was found to promote 
NAMPT expression by inhibiting miR‑603, confirming that 
the SNHG12/miR‑603/NAMPT axis was involved in copti‑
sine's protective effect on HUVECs against Ang II‑induced 
decrease in cell viability, increased senescence, apoptosis 
and inflammation. This is the first evidence that miR‑603 
affects the growth, apoptosis and cellular senescence of 
HUVECs.

SIRT3, a member of the sirtuin protein family, exhibits 
deacetylase activity and requires NAD(+) as a cofactor (35). 
Elevated NAD(+) levels can enhance SIRT3 activity, leading 
to deacetylation of p53, a key cellular senescence and 
apoptosis regulator (36,37). Reduced p53 transcriptional 
activity inhibited cellular senescence and apoptosis (37). The 
present study showed that upregulating NAMPT expression 
mediated NAD(+)'s accelerated synthesis, which promoted 
SIRT3 activation and p53 deacetylation. Therefore, the 
SNHG12/miR‑603/NAMPT axis is involved in coptisine's 
protective effects through accelerated NAD(+) synthesis and 
SIRT3 activation, causing p53 deacetylation and preventing 
senescence and apoptosis in HUVECs. This molecular axis 
is activated in response to coptisine, which improves the 
function of HUVECs.

However, the present study had several limitations. 
First, the experiments were primarily based on in vitro cell 
models. Future research should verify the therapeutic effects 
of coptisine on AS animal models. Second, the experiments 
were performed using HUVECs, which may not fully reflect 
the complex environment of the vascular system in vivo. 
Third, AngII induces NF‑κB activation in HUVEC through 
the p38MAPK pathway (38); thus, more validation is needed 
to verify whether flavonoid alkaloids directly inhibit NF‑κB 
and thus reduce inflammation. Fourth, the use of HUVECs 
is largely based on their wide availability and extensive use 
in preliminary studies and more accurate characterization 
employing human coronary artery endothelial cell lines 
might be preferable, especially in conjunction with 3D 
culture. Fifth, the performance of HUVECs in the presence 
of low doses of coptisine was only tested for cell viability 
and perhaps insufficiently. Finally, clinical trials investi‑
gating the treatment of AS using coptisine have not yet been 
conducted. These issues require further investigation in 
future research.

In conclusion, the present study contributed to the 
growing body of evidence highlighting the potential of copti‑
sine as a therapeutic agent for AS and age‑related vascular 
disorders. Identifying the SNHG12/miR‑603/NAMPT 
signaling pathway as a critical mediator of the protective 
effects of coptisine provided a novel target for future thera‑
peutic interventions and expanded our understanding of the 
molecular mechanisms underlying vascular homeostasis and 
dysfunction.
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