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Background: Kawasaki disease (KD) is an autoimmune disease with systemic vasculitis as the main 
pathological change, and is most common in children under 5. The role of long non-coding RNAs (lncRNAs) 
in human diseases has been highlighted. LncRNA Slco4a1 was reported to promote cell growth and act as 
an oncogenic regulator in cancer. However, the role of lncRNA Slco4a1 in KD remains unclear. This study 
aimed to investigate the role and mechanism of lncRNA Slco4a1 in KD.
Methods: Enzyme linked immunosorbent assay (ELISA), qRT-PCR, Western blot, and terminal 
deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL) staining were conducted to 
explore the function of lncRNA Slco4a1. The interaction between POU5F1 and miR-335-5p was analyzed 
by the RIP assay and dual luciferase assay.
Results: LncRNA Slco4a1 was significantly upregulated in the serum of KD patients compared with 
healthy controls. LncRNA Slco4a1 was upregulated in human umbilical vein endothelial cells (HUVECs) 
stimulated with KD serum. LncRNA Slco4a1 overexpression could promote the expression of inflammatory 
factors and apoptosis in HUVECs. The number of inflammatory cells and the infiltration area of the 
coronary artery in KD rats were decreased after lncRNA Slco4a1 silencing. Furthermore, lncRNA Slco4a1 
is a sponge of miR-335-5p and negatively regulated the expression of miR-335-5p. POU5F1 was the 
downstream target of miR-335-5p, and miR-335-5p overexpression could upregulate the expression of 
POU5F1. Additionally, miR-335-5p overexpression could inhibit the expression of inflammatory factors 
and apoptosis in HUVECs. We further investigated the effect of lncRNA Slco4a1 on the mitogen-activated 
protein kinase (MAPK) signaling pathway, and the results showed that lncRNA Slco4a1 could promote the 
activation of the MAPK signaling pathway. 
Conclusions: Together, these results indicated that lncRNA Slco4a1 could regulate the progression of 
HUVECs in KD by targeting the miR-335-5p/POU5F1 axis, providing new insights for KD treatment. 
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Introduction

Kawasaki disease (KD), also known as Kawasaki syndrome, 
is an autoimmune disease with systemic vasculitis as the 
main pathological change, and mainly occurs in infants 
and young children. The main clinical features of KD are 
persistent fever, bulbar conjunctival congestion, changes of 
the lips and oral mucosa, dandruff of the fingers and feet, 
and skin rash. The pathological changes of vasculitis may 
involve small blood vessels, middle muscular arteries, and 
various organs of the body, especially the coronary arteries. 
This can result in coronary artery abnormalities (CAAs) 
including aneurysms, myocardial fibrosis, and aortic root 
dilation (1-3). 

The molecular mechanisms underlying KD remain 
unclear.  The hypotheses regarding the molecular 
mechanisms of KD are listed as follows: inflammatory 
factors involved in coronary artery injury and remodeling, 
molecular abnormalities in immune signal transduction 
pathways, endothelium injury, and metabolic disorders 
of the cell matrix, among others (4-6). In addition, some 
researchers have shown that long non-coding RNAs 
(lncRNAs) may be involved in the progression of KD by 
regulating their targets (7-9). 

LncRNAs are defined as non-coding RNAs (ncRNAs) 
with more than 200 nucleotides that lack protein-coding 
ability. LncRNAs have been revealed to be involved in 
multiple physiological and pathological processes, including 
cell apoptosis, cell proliferation, and inflammation, and 
have been reported to play important roles in the initiation 
and progression of diverse diseases (10,11). For example, 
lncRNA AK088388 was reported to promote cardiomyocyte 
autophagy and damage by sponging miR-30a (12). In 
addition, microRNAs (miRNAs) have been demonstrated to 
be involved in multiple diseases. For example, miR-186 was 
reported to facilitate endothelial cell apoptosis in KD by 
targeting SMAD6 (13). Various studies have demonstrated 
that the expression levels of certain mRNAs, lncRNAs, and 
miRNAs were upregulated in KD at the acute stage (14,15). 
However, the identities and putative functions of transcripts 
in KD remain unclear. In addition, the profiles of lncRNAs 
in KD need further investigation. 

LncRNA Slco4a1 has been reported to act as an 
oncogene in colorectal cancer, and could promote 
colorectal cancer cell growth by activating the β-catenin-
dependent Wnt pathway (16). Furthermore, lncRNA 
Slco4a1 could facilitate the invasion of bladder cancer cells 
and upregulated OCT4 expression by sponging miR-335-

3p in bladder cancer (17). However, the role of lncRNA 
Slco4a1 in KD has not yet been reported. Therefore, in 
this study, we analyzed the role of lncRNA Slco4a1 in KD 
and investigated the possible mechanisms underlying the 
involvement of lncRNA Slco4a1 in the regulation of KD. 
Differential lncRNA was screened from clinical serum 
samples, our study intended to explore the regulation 
mechanism of lncRNA Slco4a1 targeting miR-335-5p in 
Kawasaki disease at the cellular level.

We present the following article in accordance with 
the ARRIVE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-7/rc).

Methods

Clinical specimens

The serum samples of 32 KD patients (16 males and  
16 females; mean age: 1.72 years old), 25 healthy people 
(12 males and 13 females; mean age: 1.81 years old), and 
17 common febrile patients (9 males and 8 females; mean 
age: 2.05 years old) were obtained from Hebei Province 
Children’s Hospital. All 32 KD patients met the diagnostic 
criteria for KD. Among the 32 KD patients, 21 were in 
the acute KD stage and 11 were in the recovery stage. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
ethics board of Hebei Province Children’s Hospital (No. 
2017005) and written informed consent was obtained from 
the patients’ guardians.

Animals

The animals used in our experiments were 8–10 weeks old 
adult male Sprague Dawley rats, which were obtained from 
Beijing Vital River Laboratory Animal Technology Co., 
Ltd. Experiments were performed under a project license 
granted by institutional ethics board of Hebei Province 
Children’s Hospital (No. 202101), in compliance with 
national guidelines for the care and use of animals.

KD model establishment

The KD model was established by a single injection of  
0.5 mL Lactobacillus casei cell wall extract (LCWE,  
1 mg/mL) intraperitoneally, while phosphate-buffered 
saline (PBS) injection was used as the control. The si-

https://tp.amegroups.com/article/view/10.21037/tp-22-7/rc
https://tp.amegroups.com/article/view/10.21037/tp-22-7/rc
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lncRNA Slco4a1 was cloned into the lentivirus vector and 
administered intravenously 3 days before the establishment 
of the KD model (tail vein injection, 200 µL, 1×108 TU/mL).

Cell culture and transfection

Human umbilical vein endothelial cells (HUVECs) 
were cultured with M199 medium plus 20% serum from 
KD patients or healthy controls with 20 ng/mL bovine 
endothelial cell growth supplement added. Lipofectamine 
2000 (Invitrogen) was used for cell transfection. The 
pcDNA3.1, pcDNA3.1/lncRNA X, small interfering RNAs 
(siRNAs) of negative control (NC), and si-lncRNA X were 
synthesized and provided by GenePharma (Shanghai, 
China). After incubation for 48 hours, the cells were 
collected for further analysis.

Quantitative real-time reverse transcription PCR (qRT-
PCR)

Total RNA was isolated using the TRIzol reagent 
(Thermo) and reverse transcribed using SuperScript 
III First-Strand Synthesis SuperMix for qRT-PCR 
(Thermo). PCR was performed using the StepOnePlus 
Real-Time PCR System (Thermo) .  The pr imers 
used are listed as follows: lncRNA Slco4a1, forward: 
5 ’ -GGACATGCCGGTGATGAGAG-3’ ;  reverse , 
5’-GACGCAGGGGTTCAAGTCAG-3’.

Western blot 

Cells or tissues were dissected and then lysed in RIPA 
buffer (150 mM NaCl, 50 mM Tris-HCl, 1% Triton, 
0.5% NP40, 1 nM PMSF). Following centrifugation at 
12,000 rpm for 30 minutes, supernatants were collected 
and protein concentration was quantified using a BCA 
Protein Assay Kit (Thermo). A total of 50 µg of protein was 
loaded in each lane and separated on SDS-PAGE gels, then 
electrophoretically transferred to polyvinylidene difluoride 
(PVDF) membranes (MilliPore). The membranes were 
blocked with 5% milk for 2 hours, followed by overnight 
incubation at 4°C with the following primary antibodies 
diluted in blocking buffer: anti-caspase 3 (Sigma), anti-
caspase 9 (Sigma), anti-Bcl-2 (Sigma), anti-Bax (Sigma), 
anti-p-TAK1 (CST), anti-p-P38 (CST), anti-p-JNK (CST), 
anti-TAK1 (CST), anti-P38 (Sigma), anti-JNK (Sigma), and 
anti-β-actin (Abcam), and the secondary antibodies (CST) 

were used. 

Wound healing assay

Wound healing assay was used to detect the migration of 
HUVECs. As previously reported, the HUVECs were 
seeded in 24-well plate, and the cell confluency reached 
over 90%, the scratch was made by a pipette tip. Then 
the cells were cultured for 24 h, and the scratches were 
observed with a microscope (Leica, Germany) to evaluate 
the cell migration ability.

TUNEL staining assay

Cell apoptosis was evaluated using the DeadEnd™ 
Fluorometric TUNEL System (Promega) according to the 
manufacturer’s instructions. The stained HUVECs were 
observed by fluorescence microscopy (NIKON).

ELISA

The expression of IL-6, CCL-2, and TNF-α was evaluated 
using ELISA kits (R&D), and ELISA was performed 
according to the manufacturer’s instructions. 

Hematoxylin and eosin (HE) staining

T h e  t i s s u e  w a s  d i s s e c t e d  a n d  f i x e d  u s i n g  4 % 
paraformaldehyde (PFA) at 4 ℃ for 12 hours. After 
dehydration with 70%, 80%, 90%, 95%, and 100% ethanol, 
the tissue was immersed in xylene for transparency and 
then embedded in paraffin. The tissue was cryosectioned 
into 5 μm-thick sections and baked for 2 hours at 65 ℃. 
For the dewaxing procedure, the slices were immersed in 
xylene I, xylene II, 100% alcohol I, 100% alcohol II, 95% 
alcohol, 90% alcohol, 80% alcohol, and 70% alcohol, 
and the soaking times were 20 minutes, 20 minutes,  
5 minutes, 5 minutes, 4 minutes, 4 minutes, 3 minutes, 
and 2 minutes, respectively. Subsequently, slides were 
stained with hematoxylin for 5 minutes, exposed to alcohol 
hydrochloride differentiation solution for 2 seconds, 
and stained with eosin for 3 minutes. The process of 
dehydration was as follows: the slices were immersed in 
70% alcohol, 80% alcohol, 90% alcohol, 95% alcohol, 
100% alcohol I, 100% alcohol II, xylene I, and xylene II, 
and the soaking times were 1 minute, 1 minute, 1 minute, 
1 minute, 1 minute, 1 minute, 6 minutes, and 6 minutes, 
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respectively. The images were acquired by microscopy 
(Nikon, Japan).

Bioinformatics analysis 

The lncRNABase and miRDB databases were used 
to predict the target miRNAs or target genes. The 
differentially expressed genes were screened out using 
GEPIA, with log2|FC|>2 and adjusted P<0.01. Venny 2.1.0 
was then used to overlap the common genes from miRDB 
and GEPIA. These common genes were subsequently 
analyzed using STRING (https://string-db.org) for protein-
protein interaction analysis.

Dual luciferase assay

The segments of wild-type POU5F1 3′UTR containing 
the binding site of miR-335-5p and the segments of mutant 
POU5F1 3′UTR without the binding site of miR-335-5p 
were inserted into pmirGLO vectors. The recombinant 
vectors were co-transfected with miRNA mimic or NC 
into HUVECs. After transfection for 48 hours, luciferase 
activity was assessed with a dual-luciferase reporter assay 
system (Promega).

Statistical analysis

Data were presented as mean ± SEM. All statistical analyses 
were conducted using SPSS 18.0 software. Student’s two-
tailed t-test was used for 2 group comparisons, and one-way 
ANOVA was used for multigroup comparisons. P<0.05 was 
considered statistically significant. 

Results

LncRNA Slco4a1 was upregulated in KD serum and in 
HUVECs stimulated with KD serum

Initially, we investigated the correlation between lncRNA 
Slco4a1 and KD. The serum samples of 21 KD patients at 
the acute KD stage, 11 KD patients at the recovery stage, 
25 healthy people, and 17 common febrile patients were 
collected, and lncRNA Slco4a1 expression was analyzed 
using qRT-PCR. The qRT-PCR results demonstrated that 
compared with healthy people, lncRNA Slco4a1 expression 
was significantly increased in KD patients at the acute KD 
stage and the recovery stage (Figure 1A). The qRT-PCR 
results also indicated that lncRNA Slco4a1 expression and 

KD were highly related.
Moreover, we investigated the effect of serum cultures 

from KD patients or healthy controls on the expression 
of lncRNA Slco4a1 in HUVECs. The qRT-PCR results 
demonstrated that compared with the control group, the 
expression of lncRNA Slco4a1 was significantly increased in 
the KD group (Figure 1B).

LncRNA Slco4a1 induced inflammasome activation and 
apoptosis in HUVEC and inhibited migration

First, the effect of lncRNA Slco4a1 on the expression of 
inflammatory factors was analyzed. The ELISA results 
showed that compared with the pcDNA3.1 group, the 
expression levels of inflammatory factors IL-6, CCL-2, 
and TNF-α were significantly increased in the pcDNA3.1/
lncRNA Slco4a1 group. Additionally, the expression levels 
of IL-6, CCL-2, and TNF-α were significantly decreased 
after lncRNA Slco4a1 knockdown (Figure 2A-2C). 

Furthermore, the effect of lncRNA Slco4a1 on the 
apoptosis of HUVECs was analyzed. TUNEL staining 
results showed that compared with the pcDNA3.1 group, 
TUNEL-positive cells were upregulated in the pcDNA3.1/
lncRNA Slco4a1 group, and lncRNA Slco4a1 knockdown 
could downregulate TUNEL-positive cells (Figure 2D).

We proceeded to test the effect of lncRNA Slco4a1 on 
the expression of apoptosis-related proteins. Western blot 
results showed that lncRNA Slco4a1 overexpression could 
upregulate the expression of caspase 3, caspase 9, and Bax, 
and downregulate the expression of Bcl-2. LncRNA Slco4a1 
knockdown demonstrated the opposite effect, that is, 
lncRNA Slco4a1 knockdown could decrease the expression 
of caspase 3, caspase 9, and Bax, and increase the expression 
of Bcl-2 (Figure 2E). Wound healing results (Figure 2F) 
revealed that compared with pcDNA3.1-NC group, 
the migration was reduced significantly in pcDNA3.1-
lncRNA Slco4a1 group. Overall, these results demonstrated 
that lncRNA Slco4a1 overexpression could induce 
inflammasome activation, promote HUVEC apoptosis and 
inhibit the migration.

LncRNA Slco4a1 was associated with coronary artery 
lesion formation in KD rats

The KD model was established by a single injection of 
LCWE intraperitoneally, and the control group received 
PBS injection. The si-lncRNA Slco4a1 was administered 
intravenously 3 days before KD model establishment. The 
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qRT-PCR results demonstrated that the expression of 
lncRNA Slco4a1 was significantly decreased after si-lncRNA 
Slco4a1 overexpression, validating the efficiency of si-
lncRNA Slco4a1 lentivirus vector overexpression (Figure 3A). 

Subsequently, HE staining of the coronary artery was 
conducted, and the representative images are shown in 
Figure 3B. HE staining results showed that no obvious 
inflammatory cell infiltration was observed in the control 
group, while obvious inflammatory cell infiltration was 
identified in the KD group. Similarly, obvious inflammatory 
cell infiltration was also detected in the KD + NC group. 
However, lncRNA Slco4a1 knockdown could alleviate 
inflammatory cell infiltration (Figure 3B). The inflammatory 
cell infiltration area was also identified. The results showed 
that compared with the KD+NC group, the infiltration area 
was significantly decreased in the KD + si-lncRNA Slco4a1 
group (Figure 3C).

LncRNA Slco4a1 is a sponge of miR-335-5p

LncRNABase was used to predict the target miRNAs of 
lncRNA Slco4a1, and miR-335-5p showed the highest 
confidence level. Furthermore, miRDB was used to predict 
the target genes of miR-335-5p. Genes that were screened 
were subsequently analyzed using STRING (https://string-
db.org) for protein-protein interaction analysis. Among 
them, POU5F1 showed a very high confidence level  
(Figure 4A). Furthermore, the dual luciferase assay 
demonstrated that miR-335-5p significantly reduced 

the fluorescence intensity of POU5F1 wild-type but not 
POU5F1 mutant (Figure 4B). Subsequently, we used 
qRT-PCR to determine the expression of miR-335-5p in 
HUVECs after lncRNA Slco4a1 intervention. The qRT-
PCR results showed that compared with the control group, 
the expression of miR-335-5p was significantly reduced 
after lncRNA Slco4a1 overexpression, while the expression 
of miR-335-5p was significantly upregulated after lncRNA 
Slco4a1 silencing (Figure 4C). 

To investigate the effect of miR-335-5p on the expression 
of POU5F1, we transfected miR-335-5p or miR-335-5p 
inhibitor into HUVECs and analyzed the expression of 
POU5F1, the downstream target of miR-335-5p. The qRT-
PCR results showed that compared with the control group, 
the expression of POU5F1 was significantly upregulated 
after miR-335-5p overexpression, while the expression of 
POU5F1 was significantly downregulated after miR-335-5p 
inhibition (Figure 4D). 

Effect of miR-335-5p on inflammatory factors and 
apoptosis in HUVECs

Subsequently, the effect of miR-335-5p on the expression 
of inflammatory factors was also analyzed. ELISA results 
showed that the expression levels of inflammatory factors 
IL-6, ICAM, and IL-10 were significantly decreased after 
miR-335-5p overexpression, while the expression levels of 
IL-6, ICAM, and IL-10 were significantly increased after 
miR-335-5p inhibition (Figure 5A-5C). 
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The effect of miR-335-5p on the apoptosis of HUVECs 
was also analyzed. TUNEL staining results showed that 
TUNEL-positive cells were downregulated after miR-
335-5p overexpression, while miR-335-5p inhibition could 
increase the expression of TUNEL-positive cells (Figure 5D).

We proceeded to test the effect of miR-335-5p on the 
expression of apoptosis-related proteins. Western blot 
results showed that miR-335-5p overexpression could 
upregulate the expression of Bcl-2 and downregulate the 
expression of caspase 3, caspase 9, and Bax. Furthermore, 
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Figure 3 LncRNA Slco4a1 was associated with coronary artery lesion formation in Kawasaki disease rats. (A) The transfection efficiency of 
si-lncRNA Slco4a1 in vivo was verified by qRT-PCR. (B) Representative images of HE staining of the coronary artery. Scale bar: 20 μm. (C) 
The inflammatory cell infiltration area of the coronary artery was identified. *, P<0.05, **, P<0.01, ***, P<0.001.
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evaluated using qRT-PCR. (D) The expression of POU5F1 in HUVECs transfected with miR-335-5 mimics or miR-335-5 inhibitor was 
evaluated using qRT-PCR. **, P<0.01, ***, P<0.001. HUVECs, human umbilical vein endothelial cells. 
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miR-335-5p inhibition decreased the expression of Bcl-2 
and upregulated the expression of caspase 3, caspase 9, and 
Bax (Figure 5E). These results demonstrated that miR-335-
5p overexpression could inhibit inflammasome activation 
and apoptosis in HUVECs.

LncRNA Slco4a1 was involved in the mitogen-activated 
protein kinase (MAPK) signaling pathway

We investigated the effect of lncRNA Slco4a1 on the 
MAPK signaling pathway. The MAPK signaling pathway 
regulates a wide variety of cellular processes, including cell 
proliferation, inflammation, differentiation, and apoptosis. 
TAK1, P38, and JNK are important proteins involved in 
the MAPK signaling pathway. Western blot results showed 
that lncRNA Slco4a1 overexpression could upregulate the 
expression of p-TAK1, p-P38, and p-JNK, while lncRNA 
Slco4a1 silencing showed the opposite effect (Figure 6). 
Overall, the results indicated that lncRNA Slco4a1 could 

promote the activation of the MAPK signaling pathway. 

Discussion 

KD is an autoimmune disease with systemic vasculitis as 
the main pathological change. The pathological changes of 
vasculitis may involve various organs of the body, especially 
the coronary arteries, resulting in CAAs. However, the 
molecular mechanisms underlying KD remain unclear. The 
hypotheses regarding the molecular mechanisms underlying 
KD include inflammatory factor regulation in coronary 
artery injury and remodeling, molecular abnormalities 
in immune signal transduction pathways, endothelium 
injury, and metabolic disorders of the cell matrix, among 
others (4-6). In addition, lncRNAs are also involved in the 
progression of KD by regulating their targets. A recent 
study investigated the lncRNA transcript profiles of KD 
using microarray analysis and reported that XLOC_006277 
was the top differentially expressed lncRNA transcript 
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among the differentially expressed lncRNA transcripts. The 
role of XLOC_006277 was also analyzed. XLOC_006277 
knockdown could suppress MMP-8 and MMP-9 expression, 
which are both involved in heart lesions (18). Another study 
reported that miR-186 could facilitate endothelial cell 
apoptosis in KD by targeting SMAD6 (13). Jiang et al. (9)  
have reported that high expression of lncRNA PINC 
promotes apoptosis of vascular endothelial cells, suggesting 
that inhibition of lncRNA PINC may contribute to the 
prevention and treatment of KD. Zhao et al. (8) found that 
lncRNA SOCS2-AS1 up-regulated CUEDC2 by inhibiting 
miR-324-5p and promoted the progress of HUVECs in 
KD, providing new insights for KD treatment. However, 
the identities and putative functions of lncRNA transcripts 
in KD remain elusive. 

LncRNA Slco4a1 was reported to facilitate the growth 
and metastasis of colorectal cancer by β-catenin-dependent 
Wnt pathway activation (16). Another study reported 
that lncRNA Slco4a1 could promote the proliferation 
and metastasis of colorectal cancer via the EGFR/MAPK 
pathway, and could act as a potential biomarker for 
colorectal cancer prognosis (19). Furthermore, lncRNA 
Slco4a1 could facilitate cell growth in lung adenocarcinoma 
by modulating the miR-4701-5p/NFE2L1 axis to activate 
the Wnt pathway (20). The role and possible mechanism of 
lncRNA Slco4a1 in cancer has been well defined. However, 
the role of lncRNA Slco4a1 in KD has not yet been 
reported. Therefore, in this study, we analyzed the role 
of lncRNA Slco4a1 in KD, and investigated the possible 
mechanisms of the involvement of lncRNA Slco4a1 in the 
regulation of KD. We observed that lncRNA Slco4a1 was 
aberrantly upregulated in KD patients at the acute stage 
and recovery stage. We further investigated the effect of 
serum cultures from KD patients or healthy controls on the 

expression of lncRNA Slco4a1 in HUVECs. The results 
showed that treatment with KD patients’ serum could 
upregulate the expression of lncRNA Slco4a1 in HUVECs. 

We further explored the effect of lncRNA Slco4a1 on the 
expression of inflammatory factors. IL-6 can cause damage to 
vascular endothelial cells, and plays an important role in the 
onset and progression of hypertension (21,22). In our study, 
we observed that the expression of IL-6 was upregulated 
after lncRNA Slco4a1 overexpression in HUVECs. 
Inflammatory factors such as TNF-α have been reported 
to be related to KD. The existence of vasculitis caused by a 
highly activated immune system in pediatric KD patients has 
been recognized. The apoptosis of endothelial cells induced 
by inflammatory cytokines may be one of the mechanisms 
of KD vascular injury. As an important proinflammatory 
factor, TNF-α functions by interacting with TNFR. TNF-α 
can inhibit the viability of vascular endothelial cells, and 
cause endothelium lesions. A previous study detected the 
expression of TNF-α in the peripheral blood mononuclear 
cells of pediatric patients with KD and healthy children, and 
reported that the expression of TNF-α in the KD group 
was significantly higher than that in the control group, 
suggesting that TNF-α may play a role in the pathogenesis 
or progression of coronary artery lesions in KD (23). In 
this study, we found that the expression of TNF-α was 
upregulated after lncRNA Slco4a1 overexpression. LncRNA 
Slco4a1 knockdown could decrease the upregulated 
expression of inflammatory factors, suggesting that lncRNA 
Slco4a1 knockdown could inhibit coronary artery lesions 
in KD. Furthermore, the effect of lncRNA Slco4a1 on the 
apoptosis of HUVECs was analyzed. LncRNA Slco4a1 
knockdown could inhibit the apoptosis of HUVECs. 

In addition, the effect of lncRNA TUG1 knockdown 
on coronary artery lesions was also explored in KD rats. 
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Obvious inflammatory cell infiltration was detected in 
KD rats, however, lncRNA Slco4a1 knockdown could 
alleviate inflammatory cell infiltration in KD rats. We 
further investigated the mechanism underlying the effect 
of lncRNA Slco4a1 on coronary artery lesions. LncRNAs 
are reported to interact with miRNAs and further reduce 
the binding of endogenous miRNAs to target genes at the 
post-transcriptional level. A recent study reported that 
lncRNA Slco4a1 could promote the growth and invasion 
of bladder cancer by sponging miR-335-5p (17). LncRNA 
Slco4a1 knockdown could regulate cell proliferation and 
apoptosis via the JNK signaling pathway (24). In this study, 
we observed that lncRNA Slco4a1 could positively regulate 
the post-transcriptional expression of POU5F1 through 
miR-335-5p. POU5F1 is a transcription factor belonging to 
the POU transcription factor family. POU5F1 can regulate 
the expression of target genes by binding to the OCTA 
Motif ATGCAAAT in the promoter or enhancer regions. 
The expression of POU5F1 was shown to be related to 
the pluripotency of stem cells and was an important factor 
in controlling the early stages of mammalian embryonic 
development (25). POU5F1 was also found to be a key gene 
for ensuring the orderly tissue differentiation and ontogeny 
of mammals during embryonic development (26).

Moreover, the effect of lncRNA Slco4a1 on the 
MAPK signaling pathway was also analyzed. The MAPK 
signaling pathway regulates a wide variety of cellular 
processes, including cell proliferation, inflammation, 
differentiation, and apoptosis (27,28). The results showed 
that lncRNA Slco4a1 could promote the activation of 
the MAPK signaling pathway. Our findings implied that 
lncRNA Slco4a1 may be a potential therapeutic target and 
prognostic biomarker for KD.

Conclusions

In summary, this study revealed the involvement of the 
lncRNA Slco4a1/miR-335-5p/ POU5F1 axis in KD-
induced HUVEC injury. LncRNA TUG1 could positively 
regulate the post-transcriptional expression of POU5F1 
through downregulating the expression of miR-335-5p, and 
lncRNA Slco4a1 inhibition could relieve the inflammation 
and apoptosis of HUVECs in KD.
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