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Angiogenesis is regarded as a critical factor in the pathogenesis of unstable atherosclerotic plaques, and 
numerous proteins and microRNAs (miRNAs) were involved in this process.  In our previous study, the 
overexpression of Chitinase 3-like 1 (CHI3L1) aggravates the neo-vessels in carotid plaques of apoE-/- mice 
fed with a high-fat diet.  MiR-24-3p is one of target miRNAs adjusting the expression of CHI3L1.  
Extracellular signal-regulated kinase (ERK) signaling pathway is an important regulator related to cell 
proliferation and pathophysiological process of CHI3L1.  This study aims to investigate whether the 
miR-24-3p plays a role in migration and proliferation of human umbilical vein endothelial cells (HUVECs) 
through influencing the expression of CHI3L1 and potential molecular mechanism.  CCK8 assay, transwell 
and matrigel tests were used to determine the effects of miR-24-3p on proliferation, migration and tube 
formation of HUVECs by targeting CHI3L1.  Luciferase assay was carried out to value the direct interaction 
between miR-24-3p and CHI3L1 3′-untranslated region (3′-UTR).  Western blot was used to measure 
protein expression of CHI3L1, ERK and phosphorylation of ERK (p-ERK).  This study demonstrated that 
miR-24-3p mimic inhibits the proliferation, migration and angiogenesis of HUVECs.  The role of miR-24-3p 
affects the function of HUVECs through negative regulation of CHI3L1 expression targeting CHI3L1 3′-UTR.  
Furthermore, we found that p-ERK was accordant with CHI3L1 expression in HUVECs, and miR-24-3p 
mimics significantly diminished the CHI3L1 expression and the level of p-ERK.  MiR-24-3p is one of 
miRNAs regulating the expression and function of CHI3L1, which may provide an efficient strategy for 
treatment of angiogenesis in atherosclerotic plaques.
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Introduction
Cardiovascular diseases are the leading cause of mor-

tality all over the world.  Atherosclerosis, especially the 
unstable plaque, is the main pathological prerequisite for 
cardiovascular death (Andrews et al. 2018).  Inflammation, 
large lipid core and angiogenesis in atherosclerotic plaque 
are regarded as pivotal factors for unstable plaque (Virmani 
et al. 2005; Zhu et al. 2018; John Chapman and Preston 
Mason 2022).  However, atherosclerosis is a complex and 
multifactorial pathology occurred in arterial walls and has 
not been completely elucidated.  Recently, various studies 
showed that microRNAs (miRNAs) also play an important 

role in the process of atherosclerosis and cardiovascular 
events (Fasolo et al. 2019; Ren et al. 2024).

MiRNAs are single-stranded RNAs with about 20 
nucleotides.  As a subgroup of non-coding miRNAs, they 
play a key role in regulating the protein expression of post-
transcription via targeting messenger RNA (mRNA) 
3′-untranslated region (3′-UTR), causing the proteins degra-
dation or suppressing mRNA translation (Krol et al. 2010; 
Corà et al. 2017).  miRNAs, such as miR-24-3p, were 
proven to be involved in multiple physical and/or patholog-
ical process of different diseases, including the role of regu-
lating proliferation, migration and angiogenesis (Yu et al. 
2017; Yan et al. 2018; Mukherjee et al. 2022; Gerami et al. 
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2023).  Previous studies have shown that miR-24-3p is 
implicated in cardiovascular diseases (Tan et al. 2018; 
Zhang et al. 2022), and it is reported that miR-24-3p targets 
the expression of mRNA of Chitinase 3-like 1 (CHI3L1) 
(Jin et al. 2015; Jingjing et al. 2017).  CHI3L1 is an impor-
tant cytokine promoting migration and angiogenesis of 
endothelial cells, and our previous studies has proved that 
increased CHI3L1 level significantly promotes tube forma-
tion of human umbilical vein endothelial cells (HUVECs) 
and neovascularization in carotid plaques of apoE-/- mice 
fed with western diets (Sun et al. 2021; Xue et al. 2021).  In 
addition, extracellular signal-regulated kinase (ERK) sig-
naling pathway plays an important role in regulating cell 
proliferation and migration, and it is demonstrated ERK 
pathway involves in pathophysiological process regulated 
by CHI3L1 (Xu et al. 2024).  Hence, we are originally to 
explore whether miR-24-3p influences the migration and 
tubular formation of endothelial cells by regulating the 
expression of CHI3L1 and related signal pathway involved 
with miR-24-3p-CHI3L1 axis.  

Materials and Methods
Cell culture and transfection

HUVECs were obtained from Lonza (Basel, 
Switzerland).  HUVECs were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Gibco, USA) with 10% 
fetal bovine serum (FBS) (Gibco, USA) and were incubated 
at 37°C in a humidified atmosphere containing 5% CO2.  In 
addition, 0.1 mg/mL streptomycin and 100 U/ mL penicillin 
(Gibco, USA) were also added to the culture media.  MiR-
24-3p mimic (5′-UGGCUCAGUUCAGCAGGAACAG-3′), 
miR-24-3p inhibitor (5′-CUGUUCCUGCUGAACUGAGCCA-3′)  
and negative control (5′-UUGUACUACACAAAA 
GUACUGUU-3′) were purchased from Guangzhou 
RiBoBio Co., Ltd.  To conduct cell transfection, HVUECs 
were firstly cultured to about 30-50% confluence.  The 
mimic, inhibitor and negative control of miR-24-3p were 
used and transfected into HVUECs with riboFECT™ CP 
transfection kit according to the manufacturer’s manual.  
The group with phosphate buffer saline (PBS) solution was 
set as blank control.  Cells were incubated in the conditions 
above for 48 h and collected for further experiments.

Total RNA extraction and quantitative real-time polymerase 
chain reaction (qRT-PCR) 

According to the manufacturer’s instructions, total 
RNAs from cells were extracted using TRIzol Reagent 
(Invitrogen, USA).  The total RNA was reverse-transcribed 
to cDNA for CHI3L1 using a high capacity cDNA Reverse 
Transcription Kit from Genecopoeia (Genecopoeia, USA) 
with 42℃ for 30 min followed by 85℃ for 10 min.  To 
analyze the expression of miRNA, cDNAs were synthe-
sized by All-in-One miRNA First strand cDNA Synthesis 
kit of miRcute miRNA (KR211-1) (TianGen, China) using 
the temperature protocol consisting of 42℃ for 60 min fol-
lowed by 95℃ for 3 min.  qRT-PCR was then performed 

using SYBR® Green qPCR Master Mix (Lifeint, China.) 
with GAPDH (for mRNA) and U6 (for miRNA) as an 
endogenous control.  The thermocycling conditions of the 
qRT-PCR reaction were: Initial denaturation at 95℃ for 3 
min, followed by 40 cycles of 95℃ for 12 sec and 62℃ for 
40 sec.  Relative expression levels of mRNAs and miRNAs 
were calculated using the 2−∆∆Ct method (Huang et al. 
2022).  The primers sequences were listed as follows: CHI3L1  
forward, 5′-GGACGGAGAGACAAACAGCA-3′ and 
reverse, 5′-CCATCACCAGCTTACTGGCA-3′; GAPDH 
forward, 5′-TGTGGGCATCAATGGATTTGG-3′ and 
reverse, 5′-ACACCATGTATTCCGGGTCAAT-3′; MiR-
24-3p forward, 5′-GTCGTATCCAGTGCAGGGTCC-3′ 
and reverse, 5′-AATCGGCGTGGCTCAGTTCAG-3′; U6 
forward, 5′-AAAGCAAATCATCGGACGACC-3′ and 
reverse, 5′-GTACAACACATTGTTTCCTCGGA-3′.

Cell proliferation assay
Proliferation of HUVECs transfected respectively with 

miR-24-3p mimic, inhibitor, negative control and blank 
control was measured at 0 h, 24 h, 48 h and 72 h using a 
Cell Counting kit 8 (CCK-8, Beyotime Biotechnology, 
Shanghai, China).  Briefly, HUVECs respectively trans-
fected with miR-24-3p mimic, inhibitor, negative control 
and blank control were seeded in 96-well plate (8,000 cells 
per well) with 100 μL complete medium and cultured for 0 
h, 24 h, 48 h and 72 h.  At last, 10 µl solutions of CCK-8 
reagent were added to each well at corresponding terminal 
time of transfection.  The cells were cultured with the 
CCK-8 solution for 2 h at 37℃.  Absorbance value was 
measured using a microplate reader（DR-3518G, Wuxi, 
China) at 450 nm.  Each group was measured in triplicate.

Migration assay
The migration of HUVECs was evaluated with tran-

swell system (Corning Costar, USA).  Of note, cell suspen-
sion (1.0 × 105 cells/ml) successfully transfected with miR-
24-3p mimic, inhibitor, negative control and blank control 
was prepared in DMEM (Gibco, USA) without serum.  For 
transwell migration assay, about 200 µl cell suspension was 
seeded into the upper chamber and 600 µl DMEM supple-
mented with 10% FBS (Gibco, USA) was added into the 
lower chamber.  After culturing for 24 h at 37℃, the unat-
tached cells were removed from the upper surface by gentle 
scrubbing.  Migratory cells in lower chamber were fixed in 
90% ethyl alcohol for 15 min at room temperature, then 
stained with 0.1% crystal violet (Beyotime Biotechnology, 
China) for 20 min at room temperature, observed and 
counted using a light microscope (Olympus Corporation, 
Japan) (magnification 100 ×).  Each treatment was repeated 
three times.

Angiogenesis analysis
The tube formation assay was performed to evaluate 

the effect of miR-24-3p on the angiogenesis ability of 
HUVECs.  In brief, the cells transfected with miR-24-3p 
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mimic, inhibitor, negative control and blank control were 
seeded into a 96-well plate at a density of 5 × 103 cells/well 
overlaid with matrigel substrate (BD Biosciences, USA), 
and were incubated at 37°C for 6 h.  Cells were first stained 
with Calcein-AM (Beijing Solarbio Science Te c h n o l o g y 
Co., Ltd, China), then the total tube length, the total number 
of nodes and total branch length representing the capacity 
of angiogenesis were determined using Image J software 
(software 1.53e, USA) with automated angiogenesis plug-
in package.  Representative images were captured using 
Leica Application Suite Program (Leica Microsystems Ltd., 
Heerbrugg, Switzerland) (magnification 100 ×).

Dual-luciferase reporter assay
HUVECs were seeded into 96-well plates and the con-

fluence of HUVECs reached to 60-70% after 24 h incuba-
tion.  pmirGLO/CHI3L1-3′-UTR wide type (wt) and pmir-
GLO/CHI3L1-3′-UTR mutant type (mt) reporter plasmids 
were constructed by Shanghai LMAI Bio Company.  
According to the manufacturer’s instruction, HUVECs were 
transiently co-transfected with miR-24-3p mimic or nega-
tive control together with 0.1 μg pmirGLO/CHI3L1-3′-
UTR wt or pmirGLO/CHI3L1-3′-UTR mt reporter plasmids 
using Lipofectamine 2000 transfection reagent (Invitrogen, 
USA).  After 48 h, Pierce™ Cypridina-Firefly Luciferase 
Dual Assay Kit (Thermo-Fisher Scientific, USA) was used 
to perform the luciferase reporter assays according to the 
manufacturer’s protocol.

Western blot
HVUECs (1 × 106 cells/each well in 6-well plates) 

were transfected with blank control, negative control, miR-
24-3p mimic and miR-24-3p inhibitor for 48h.  Cell lysates 
were collected using 1 mL radio immunoprecipitation assay 
lysis buffer (RIPA) (Beyotime Biotechnology, China) with 
10 μL Phenylmethanesulfonyl fluoride (PMSF) (Beyotime 
Biotechnology, China) at 4◦C for 30 min and subjected to 
12,000 rpm centrifugation at 4℃ for 5 min.  Protein con-
centration of cell lysates was measured with a BCA Protein 
Assay Kit (Beyotime Biotechnology, China).  Western blot 
was carried out by separating 25 µg of protein by 10% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) (Beyotime Biotechnology, China), transferred 
to polyvinylidene fluoride (PVDF) membranes (Beyotime 
Biotechnology, China), blocked with 5% skimmed milk for 
1 h at room temperature, washed with tris-buffered saline 
Tween-20 (TBST) (Beyotime Biotechnology, China) buffer 
and then incubated with primary antibody at 4◦C overnight.  
The antibodies were used in this study including anti 
CHI3L1 (1:1,000, Abcam, UK), anti p-ERK, anti-ERK 
(1:1,000, Abcam, UK; 1:10,000, Abcam, UK, respectively), 
and anti-glyceraldehyde-3-phosphate dehydrogenase (anti-
GAPDH) (1:5,000, Affinity, China).  Next, membranes 
treated with primary antibody were washed 3 times with 
TBST and incubated with an anti-rabbit horseradish peroxi-
dase (HRP)-linked antibody (Affinity, China) at a 1:5,000 

dilutions for 1 h at room temperature.  Finally, the content 
of proteins was measured by an enhanced chemilumines-
cence system (Applygen, China).

Statistical analysis
Data are presented as means ± standard deviation (SD).  

Analyses were done using the statistical SPSS 23.0 soft-
ware (SPSS, Inc., USA).  A two-tailed Student’s t-test was 
used to determine statistical significance between groups.  
A value of p < 0.05 indicated a significant difference.

Results
MiR-24-3p inhibits HUVECs proliferation in vitro

To investigate the biological function of miR-24-3p in 
HUVECs, CCK8 assay was performed to show the prolifer-
ation effect of miR-24-3p on HUVECs.  The results indi-
cated that miR-24-3p inhibitor significantly promotes the 
cell viability (0.80 ± 0.07 vs. 0.56 ± 0.07, p < 0.01) com-
pared with negative control after 48 h transfection.  On the 
other hand, the viability of HUVECs in miR-24-3p mimic 
group was remarkably decreased in contrast to groups of 
miR-24-3p inhibitor and negative control (0.33 ± 0.06 vs. 
0.80 ± 0.07 and 0.56 ± 0.07, both p < 0.01) (Fig. 1).

MiR-24-3p inhibits migration of HUVECs
We studied cell migration abilities in HUVECs which 

were transfected with mimic or inhibitor of miR-24-3p.  
The results proved that cell counts in one field were signifi-
cantly increased in HUVECs transfected with inhibitor of 
miR-24-3p in contrast with the HUVECs transfected with 
negative control (1,101 ± 89 vs. 528 ± 68, p < 0.01).  But 
the migration ability of HUVECs transfected with mimic of 
miR-24-3p was remarkably inhibited (146 ± 31 vs. 528 ± 
68, p < 0.01) compared with negative control (Fig. 2.) 

Inhibition of miR-24-3p promotes tube formation of 
HUVECs

We further investigated the antiangiogenic response of 
miR-24-3p on cells by examining the formation of tube-like 
capillary structures of HUVECs in matrix-gel.  As expected, 
inhibitor of miR-24-3p increased the tube formation includ-
ing the total tube length (10,536 ± 419 pix vs. 8,494 ± 1,041 
pix, p < 0.05), total length of the branches (3,829 ± 272 pix 
vs. 2,812 ± 284 pix, p < 0.05), and total branching points 
(72 ± 7 vs. 46 ± 4, p < 0.01) of HUVECs in comparison 
with negative control.  On the contrary, mimic of miR-
24-3p significantly decreased the tube formation of 
HUVECs.  It is shown that the differences about total tube 
length (5,812 ± 996 pix vs. 8,494 ± 1,041 pix, p < 0.05), 
total length of the branches (1,899 ± 376 pix vs. 2,812 ± 
284 pix, p < 0.05) and total branching points (32 ± 6 vs. 46 
± 4, p < 0.05) between group of miR-24-3p mimic and neg-
ative control are statistically significant (Fig. 3).

MiR-24-3p inhibits the RNA expression of CHI3L1 
In contrast to negative control, the level of miR-24-3p 
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in HUVECs was decreased significantly (0.47 ± 0.08 vs. 
0.95 ± 0.15, p < 0.01) and increased notably (2.76 ± 0.25 
vs. 0.95 ± 0.15, p < 0.01) when transfecting with miR-
24-3p inhibitor and miR-24-3p mimic, respectively (Fig. 
4A).  Furthermore, compared with negative control, 
CHI3L1 mRNA level in HUVECs was also declined nota-
bly after transfection with miR-24-3p mimic (0.64 ± 0.08 

vs. 1.08 ± 0.09, p < 0.01), while the expression content of 
CHI3L1 mRNA was promoted remarkably in HUVECs 
transfected with miR-24-3p inhibitor (1.55 ± 0.22 vs. 1.08 
± 0.09, p < 0.05) (Fig. 4B).

MiR-24-3p targets to 3′-UTR of CHI3L1 and regulates ERK 
signaling pathway in HUVECs

It has been reported that miR-24-3p may influence the 
expression of CHI3L1 (Jingjing et al. 2017), and the puta-
tive mechanisms of miR-24-3p regulating HUVECs was 
performed with dual-luciferase reporter assays.  As a result, 
the relative luciferase activity in miR-24-3p mimic + 
CHI3L1 3′-UTR (wt) is remarkably suppressed compared 
with that in negative control miRNA + CHI3L1 3′-UTR 
(wt) (0.40 ± 0.04 vs. 1.00 ± 0.09, p < 0.01) (Fig. 5A).  
However, the mutation of the miR-24-3p binding site in 
CHI3L1 3′-UTR completely abolished the difference (Fig. 
5A).  To further understand whether miR-24-3p regulating 
the proliferation of HUVECs was involved in ERK signal-
ing pathway, we performed western blot experiment to tes-
tify above hypothesis (Fig. 5B).  The result showed that 
CHI3L1 (0.49 ± 0.07 vs. 0.94 ± 0.12, p < 0.01) levels and 
ratio of phosphorylation of ERK (p-ERK) to ERK (p-ERK/
ERK) (0.63 ± 0.09 vs. 1.06 ± 0.11, p < 0.01) in miR-24-3p 
mimic group were decreased significantly compared with 
negative control group (Fig. 5C,D).  It indicated that miR-
24-3p mimic inhibited activation of ERK signaling pathway 
and suppressed cell proliferation and migration through 
downregulating the expression of CHI3L1.

Discussion
Cardiovascular and cerebrovascular diseases are the 

Fig. 1.  The effect of miR-24-3p on the proliferation of  
HUVECs.

 MiR-24-3p inhibits the proliferation of HUVECs at dif-
ferent time interval evaluated with CCK-8 assay.  Data 
were presented as mean ± S.D. (n = 3 per group).  **p < 
0.01 compared with control; ##p < 0.01 compared with 
NC group (negative control of miR-24-3p); &&p < 0.01 
compared with miR-24-3p mimic group.

Fig. 2.  MiR-24-3p mimic inhibits the migration of HUVECs (magnification × 100).
 A. The effects of miR-24-3p mimic and inhibitor on HUVECs migration.  B. Cell migration was calculated by mean cell 

counts in one field. Data were presented as mean ± S.D. (n = 3 per group).  **p < 0.01 compared with control; ##p < 0.01 
compared with NC group (negative control of miR-24-3p); &&p < 0.01 compared with miR-24-3p mimic group.
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Fig. 3.  MiR-24-3p inhibitor prompts angiogenesis of HUVECs in vitro (magnification × 100).
 A. The tube formation of HUVECs including total tube length, total branch points and total length of the branches.  B. 

The number of total tube length was calculated.  C. The number of total branch points was measured.  D. The number of 
total length of the branches was evaluated. Data were presented as mean ± S.D. (n = 3 per group).  *p < 0.05, **p < 0.01 
compared with control; #p < 0.05, ##p < 0.01 compared with NC group (negative control of miR-24-3p); &&p < 0.01 com-
pared with miR-24-3p mimic group.

Fig. 4.  The mRNA expression of miR-24-3p and CHI3L1 in HUVECs. 
 A. The mRNA expression of miR-24-3p in HUVECs transfected with miR-24-3p inhibitor, mimic, negative control and 

blank control.  B. The mRNA expression of CHI3L1 in HUVECs transfected with miR-24-3p inhibitor, mimic, negative 
control and blank control.  Data were presented as mean ± S.D. (n = 3 per group).  *p < 0.05, **p < 0.01 compared with 
control; #p < 0.05, ##p < 0.01 compared with NC group (negative control of miR-24-3p); &&p < 0.01 compared with miR-
24-3p mimic group.
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leading causes of death in the world.  The main risk factors 
for atherosclerosis include hypertension, hyperlipidemia, 
heavy smoking, obesity and genetic factors (Turk-Adawi et 
al. 2018; O’Sullivan et al. 2022).  The unstable atheroscle-
rotic lesions commonly cause the lesion rupture or throm-
bosis formation, which is the fundamental factor for severe 
cardiovascular events.  Although there are many mecha-
nisms involved in the pathological process of atherosclero-
sis, recently, angiogenesis in atherosclerotic lesions is 
regarded as an important ingredient for unstable plaque.  
The neo-vessels in atherosclerotic lesions are usually imma-
ture and fragile due to incomplete basement membrane, 
which gives rise to inflammatory cells to infiltrate into the 
plaques; meanwhile, inflammatory state is a strong attrac-
tant for inflammatory cells releasing pro-angiogenic cyto-

kines and miRNAs which facilitate the initiation and devel-
opment of angiogenesis (Fleiner et al. 2004; Tiwari et al. 
2018).

Recently, the miRNAs are regarded as one of pivotal 
molecular regulators involved in cardiovascular diseases, 
such as atherosclerotic plaque, lipid disorders, heart failure, 
angiogenesis and so on.  It is speculated that miRNAs are 
able to regulate one-third of human genes (Hammond 
2015).  In fact, one miRNA may regulate expressions of 
multiple genes, and several miRNAs could regulate the 
expression of a single gene.  As for the mechanism of miR-
NAs to target genes, it is well known, on one hand, miR-
NAs are capable of degrading mRNAs of the target genes 
through complementary base pairing in a complete way; On 
the other hand, miRNAs are endowed with the ability to 

Fig. 5.  MiR-24-3p suppressed the expression of p-ERK and CHI3L1 in HUVECs, and the molecular mechanism of miR-24-
3p targeting CHI3L1.

 A. The luciferase activity of miR-24-3p mimic on CHI3L1 3′-UTR.  B. Protein blots of CHI3L1, p-ERK, ERK and 
GAPDH.  C. Histogram of protein expression levels for CHI3L1.  D. Histogram of protein expression levels for p-ERK/
ERK. Data were presented as mean ± S.D. (n = 3 per group), *p < 0.05, **p < 0.01 compared with control; #p < 0.05, 
##p < 0.01 compared with NC group (negative control of miR-24-3p); &&p < 0.01 compared with miR-24-3p mimic 
group.
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inhibit the translation of target genes in an incomplete way 
without affecting the stability of the mRNAs (Bartel 2009; 
Wang et al. 2021).  Overexpression of miR-24-3p sup-
pressed retinoblastoma cell migration and invasion (Luan et 
al. 2021).  However, understanding the role of miR-24-3p 
in proliferation and angiogenesis of HUVECs is limited.  In 
this study, to investigate the biological relevance of miR-
24-3p in HUVECs, miR-24-3p inhibitor and mimic were 
transfected into HUVECs.  Our results suggested that miR-
24-3p inhibitor promotes cell proliferation, migration and 
angiogenesis in vitro.  Meanwhile, miR-24-3p mimic 
remarkably decreases the content of mRNA and protein of 
CHI3L1 which is measured through qRT-PCR and western 
blot assay.  The above results showed that the gene of 
CHI3L1 may be one of the target genes for miR-24-3p.  In 
fact, the association between miR-24-3p and CHI3L1 has 
been mentioned in previous studies (Jin et al. 2015; Jingjing 
et al. 2017).  As a result, we further demonstrated that miR-
24-3p decreases the level of CHI3L1 in HUVECs through 
binding to 3′-UTR of CHI3L1 via dual-luciferase reporter 
assay.  Dual-luciferase reporter assay showed that signifi-
cant decrease in relative luciferase activity was noted when 
pmirGLO/CHI3L1-3′-UTR wt was co-transfected with the 
miR-24-3p mimic compared with negative control group.  
However, there is no significant difference in these two 
groups when pmirGLO/CHI3L1-3′-UTR mt co-transfected 
with negative control and miR-24-3p mimic, which sug-
gests miR-24-3p specifically controls the expression of 
CHI3L1 through regulating 3′-UTR of CHI3L1.

Recently, it was reported that serum CHI3L1 (also 
called YKL-40) may be as a biomarker involved in cardio-
vascular diseases.  Several clinical investigations demon-
strated that elevated circulating YKL-40 levels are indepen-
dently associated with the presence and extent of coronary 
heart disease (CHD) (Kucur et al. 2007; Schroder et al. 
2020).  Increasing level of YKL-40 has a prognostic role in 
the progression of coronary artery disease according to cor-
onary angiography (Zheng et al. 2010).  In addition, 
CHI3L1 mRNA and protein expression are found in the 
early development of the human musculoskeletal system, 
which reflects that CHI3L1 is, to some extent, associated 
with cell proliferation, differentiation and tissue morpho-
genesis (Johansen et al. 2007).  It has been shown that 
CHI3L1 modulated the morphology of vascular endothelial 
cells by promoting the formation of branching tubules 
(Malinda et al. 1999).  In our previous studies, we found 
that increased CHI3L1 level promoted the angiogenesis of 
HUVECs (Sun et al. 2021).  We further demonstrated that 
adenovirus-packaged CHI3L1 overexpression vector 
injected into tail veins enhanced neovascularization in 
carotid plaques of apoE-/- mice with western diet (Xue et al. 
2021).  The activation of ERK is an important signaling 
pathway related to migration, proliferation and angiogene-
sis in various studies (Asl et al. 2021; Wang et al. 2022).  
Overexpression of CHI3L1 promotes the level of p-ERK 
(Sun et al. 2021; Xue et al. 2021).  In this study, miR-24-3p 

mimic inhibits the expression of CHI3L1, and meanwhile 
decreases the content of p-ERK.  However, the inhibitor of 
miR-24-3p promotes the content of CHI3L1 in HUVECs 
and increases the level of p-ERK.  

Taken together, we identified miR-24-3p is an impor-
tant regulator for expression of CHI3L1, and influences cell 
proliferation, migration and angiogenesis.  Moreover, miR-
24-3p inhibits the expression of CHI3L1 is partly mediated 
by ERK signaling pathway.  In fact, it is sophisticated how 
to control the expression of miRNAs in their own metabo-
lism.  In the current view, the expression of miRNAs is par-
tially regulated by corresponding long non-coding RNAs 
(lncRNAs) and RNA-binding proteins (RBPs) (Janakiraman 
et al. 2018).  So how to intervene the expression of miR-
24-3p in the microenvironment of atherosclerotic plaques is 
possibly an important way to affect the development of 
unstable plaques.  In this present study, we slightly disclose 
the role of miR-24-3p in HUVECs by in vitro assays.  The 
detailed mechanism should be investigated more deeply in 
the future researches including experiments in vivo.  Thus, 
these results should be further demonstrated in future stud-
ies through transfecting mimic and inhibitor of miR-24-3p 
into apoE-/- mice and then monitoring the characters of ath-
erosclerotic plaques and the contents of neo-vessels in 
plaques.
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