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Abstract

Scale.

Objective Previous research has identified the significant roles of non-coding RNAs (ncRNAs) in Kawasaki disease
(KD). This systematic review aims to elucidate the involvement and significance of long non-coding RNAs (INncRNAs)
and circular RNAs (circRNAs) in the pathogenesis and progression of KD.

Study design A systematic search was conducted across four databases (PubMed, Embase, Scopus, and Web of
Science) up to June 19, 2023, without year restrictions. The risk of bias was assessed using the Newcastle-Ottawa

Results This review included 9 studies encompassing a total of 1894 individuals diagnosed with KD. Seven
INcRNAs—SIco4at, SOCS2-AST, SRA, HCG22, MHRT, XLOC_006277, and HSD11B1-AS1—were found to be associated
with KD, including polymorphisms such as INcRNA rs1814343 C>T and AC008392.1 rs7248320. Additionally, four
circRNAs—circRNA-3302, circ7632, circANRIL, and hsa_circ_0123996—were associated with KD.

Conclusions Both linear INncRNAs and circRNAs play critical roles in unraveling the mechanisms underlying KD,
contributing to biomarker identification and potential therapeutic advances.
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Introduction

Kawasaki Disease (KD) is a systemic vasculitis predomi-
nantly affecting children under five years of age, although
it can also present in older children and adolescents [1].
KD has a notable predilection for the coronary arter-
ies, with coronary artery lesions (CAL) representing its
most serious complication. KD is, therefore, the leading
cause of acquired heart disease among children in devel-
oped countries. Standard treatment with intravenous
immunoglobulin (IVIG) significantly decreases the inci-
dence of CAL from 25 to 30% to less than 3—-5%. How-
ever, approximately 20% of patients exhibit resistance to
IVIG, which elevates their risk of CAL development [1,
2]. The incidence of KD varies substantially by ethnicity,
with East Asia—particularly Japan and Korea—demon-
strating the highest rates, at nearly 265 cases per 100,000
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children under five years of age annually, compared to
approximately 20 cases per 100,000 in the United States
and European countries [1].

Despite extensive research indicating that systemic
inflammation and immune activation are central to KD
pathogenesis, its precise etiology remains largely unclear
[3]. While KD is not generally classified as a genetic dis-
order, emerging evidence suggests that specific genetic
factors may contribute to susceptibility [3].

Recent advancements in high-throughput sequencing
technologies have shown regulatory noncoding RNAs
(ncRNAs), such as long noncoding RNAs (IncRNAs) and
circular RNAs (circRNAs) are implicated in KD [4]. Nev-
ertheless, the specific functions of ncRNAs in KD remain
poorly understood. Consequently, investigating the regu-
latory roles of ncRNAs in KD is of great importance, as
it may reveal novel and effective therapeutic targets for
managing the disease. IncRNAs, which are defined by
their length of over 200 nucleotides, play crucial roles
in numerous biological processes, including transcrip-
tion, splicing, translation, protein localization, cellu-
lar structure integrity, imprinting, cell cycle regulation,
and apoptosis, among others [5-7]. Their tissue- and
cell-type-specific expression patterns indicate signifi-
cant roles in developmental processes [8, 9]. Although
research on the association between IncRNAs and KD
is limited, evidence has emerged linking KD with altera-
tions in IncRNA expression [4].

Circular RNAs (circRNAs) represent another class of
ncRNAs that, unlike linear RNAs, possess a closed-loop
structure lacking 5'-3’ polarities. Key functions of cir-
cRNAs include the inhibition of microRNA(miRNA)
activity by acting as miRNA sponges, regulation of selec-
tive splicing or transcription, interaction with RNA-bind-
ing proteins, and serving as protein decoys [10, 11]. Their
high stability makes circRNAs potential biomarkers for
various diseases. While preliminary studies have begun
to investigate the roles of circRNAs in KD, significant
gaps remain in understanding their associations with KD
pathogenesis. Recent findings suggest that altered serum
levels of certain circRNAs are associated with the acute
phase of KD and tend to normalize following a response
to IVIG therapy [12].

This systematic review aims to provide a comprehen-
sive review of the roles of IncRNAs and circRNAs in KD.
By examining their potential functions and associated
signaling pathways, we seek to enhance the understand-
ing of KD pathogenesis and foster future research in this
area.

Methods

Search strategy and study selection

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
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and Meta-Analyses (PRISMA) 2020 guidelines [13]. Four
databases (PubMed, Embase, Web of Science, and Sco-
pus) were searched systematically up to June 19, 2023,
without any time restriction. The main search terms uti-
lized were “long non-coding RNA*} “circular RNA*’, and
“Kawasaki disease*”. Detailed search queries are provided
in Supplementary Table 1. The protocol for this system-
atic review was registered in PROSPERO in September
2024 (registration code: CRD42024529490).

The inclusion criterion for this systematic review was
the exploration of the expression or role of IncRNAs or
circRNAs in patients with KD. Conference abstracts, pro-
tocols, review articles, animal model studies, and stud-
ies that didn’'t conduct experimental investigations but
relied solely on bioinformatics analyses were excluded.
Additionally, reference lists from eligible studies and rel-
evant review articles were carefully examined to identify
additional studies not retrieved in the initial database
search. All records identified through the search were
imported into an EndNote library, and duplicates were
removed. Two independent reviewers (ZA and SHA)
initially screened studies by title and abstract and con-
ducted a thorough review of the full texts. In cases of
disagreement, a third reviewer (MM) provided expertise
to resolve discrepancies and finalize the study selection.
Figure 1 provides an overview of the study identification
and selection process.

Quality assessment and data extraction

Two independent reviewers (ZA and SHA) extracted
pre-specified data from the included studies, which
encompassed: (1) article title, first author’s name, pub-
lication year, country of publication, and study design;
(2) study population and baseline demographic charac-
teristics; (3) identified IncRNAs/circRNAs; (4) levels of
IncRNA/circRNA expression; (5) target genes and effects
of IncRNAs/circRNAs on their target genes; and (6)
other principal findings. Any discrepancies were resolved
through discussions between ZA and SHA, with a third
author (MM) consulted when necessary.

A thorough quality evaluation of each included study
was conducted by two independent reviewers (ZA and
FSH), utilizing the Newcastle-Ottawa Scale (NOS), a vali-
dated method for assessing the quality of observational
studies [14]. Disagreements were resolved by consulting
a third reviewer (MM). The NOS assigns scores from 0
to 9, with studies scoring 6 or higher classified as high
quality.

Results

Characteristics of the included studies

The initial search yielded 159 results across four data-
bases: 82 from PubMed, 29 from Embase, 23 from Web
of Science, and 25 from Scopus. Following the removal
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Fig. 1 PRISMA flowchart

of duplicates (n=54), 105 unique studies remained and
were screened based on their titles and abstracts. This
screening process led to the selection of 31 studies for
comprehensive full-text evaluation. From these, 9 studies
were ultimately selected for inclusion in this review. An
additional search of websites and citations identified 10
further studies; however, none met the eligibility criteria.
Consequently, a total of 9 studies were included in this
review. Figure 1 illustrates the selection process and rea-
sons for exclusion, while Table 1 provides an overview of
the included studies, published from 2019 to 2023.
Analysis of the study distribution indicated that China
had the highest representation with 8 studies, followed
by Taiwan and Japan, each contributing one study. The
combined study population consisted of 1894 individu-
als diagnosed with KD. Among the 10 studies included,
7 investigated the expression of IncRNAs, while the
remaining 3 focused on circRNAs. Quality assessment
using the NOS indicated that 7 of the 10 studies were
of high quality (NOS>6), with an average score of 6.

Detailed NOS scoring is presented in Supplementary
Table 2.

LncRNAs

LncRNAs are RNA molecules over 200 nucleotides in
length that lack protein-coding function. In this sec-
tion, we focus exclusively on linear IncRNAs. To date, six
IncRNAs have been associated with KD [15-20].

LncRNA Slco4ai

LncRNA Slco4al was found to be significantly elevated
in the serum of KD patients compared to healthy indi-
viduals and was also upregulated in human umbilical
vein endothelial cells (HUVECs) treated with KD serum.
Overexpression of IncRNA Slco4al enhanced the expres-
sion of inflammatory factors and increased apoptosis
in HUVECs [15]. Additionally, IncRNA Slco4al func-
tions as a molecular sponge for miR-335-5p, thereby
negatively regulating its expression [15, 21]. POU5F1
was identified as a downstream target of miR-335-5p,
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XLOC_006277

XLOC_006277, a long non-coding RNA transcript, was
found to be highly expressed during the acute phase of
KD, with expression levels decreasing during the con-
valescent phase. The expression of XLOC_006277 was
significantly higher in KD patients with coronary artery
aneurysms compared to those without. Although expres-
sion levels were slightly elevated in IVIG-resistant
patients compared to IVIG-sensitive patients, this dif-
ference did not reach statistical significance. Inhibition
of XLOC_006277 expression led to a reduction in the
mRNA levels of inflammatory markers Matrix metallo-
proteinase-8 (MMP-8) and MMP-9, suggesting that this
IncRNA may play a role in the inflammatory pathogene-
sis of KD and contribute to the development of coronary
complications [19].

SRA, HCG22, and MHRT

In the acute phase of KD, serum levels of the IncRNAs
steroid receptor RNA activator (SRA) and human leuko-
cyte antigen complex group 22 (HCG22) were elevated
compared to healthy controls. SRA acts as a coactivator
for nuclear receptors, including glucocorticoid, andro-
gen, estrogen, and progesterone receptors, playing a cru-
cial role in steroidogenesis and myogenesis. This IncRNA
has been implicated in pathological conditions such as
insulin resistance, obesity, cardiomyopathy, and various
malignancies. Additionally, the myosin heavy chain-asso-
ciated RNA transcript (MHRT) was upregulated follow-
ing IVIG therapy. Notably, the levels of MHRT in KD
patients after IVIG therapy were even higher than those
observed in healthy controls [22].

LncRNA SOCS2-AS1

IncRNA SOCS2 antisense RNA 1 (SOCS2-AS1) is signifi-
cantly elevated in the serum of KD patients compared to
healthy controls. Furthermore, SOCS2-AS1 expression
was higher in KD patients with coronary aneurysms than
in those without. SOCS2-AS1 promotes the prolifera-
tion of HUVEC:s in KD, while simultaneously facilitating
apoptosis in HUVECs by upregulating CUEDC2 through
the sponging of miR-324-5p [20].

Circular RNAs

Numerous studies indicate that circRNAs primarily
function as miRNA sponges, sequestering miRNAs and
thereby enhancing the regulation of downstream targets.
As a type of competing endogenous RNA (ceRNA), cir-
cRNAs competitively bind to miRNA target genes, influ-
encing miRNA-mediated gene regulation [23, 24]. Four
circRNAs—circRNA-3302, circ7632, circANRIL, and
hsa_circ_0123996—have been identified as relevant in
KD [12, 25, 26].
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circRNA-3302

In KD, the expression level of circRNA-3302 is sig-
nificantly increased. Overexpression of circRNA-3302,
through sponging miR-135b-5p, enhances KIT expres-
sion at the mRNA level. This upregulation of KIT
expression subsequently promotes the endothelial-to-
mesenchymal transition (EndMT), a process critical for
vascular endothelial damage in KD. Additionally, silenc-
ing circRNA-3302 reduces KIT expression at both the
mRNA and protein levels, thereby alleviating EndMT.
These findings confirm the regulatory role of cir-
cRNA-3302 in KIT expression [25].

circ7632

CircRNA sequencing analysis has shown upregulation of
€irc7632 in an in vitro KD model. Qiu et al. reported that
circ7632 expression is elevated in HUVECs treated with
KD serum. Further investigation revealed that circ7632
overexpression is positively associated with EndMT
through regulation of interleukin-33 (IL-33) expres-
sion. Conversely, downregulation of circ7632 leads to
decreased IL-33 levels, mitigating EndMT [26].

CircANRIL

CircANRIL, a circular antisense non-coding RNA located
near the INK4/ARF locus on chromosome 9p21.5, has
been implicated in susceptibility to atherosclerotic car-
diovascular disease. Studies indicate that serum circAN-
RIL levels are lower in KD patients during the acute
phase compared to healthy controls; however, these lev-
els increase following IVIG therapy, marking the con-
valescent phase of the disease. Additionally, circANRIL
expression in KD patients is negatively correlated with
albumin, creatine kinase, and pre-albumin levels, and
positively correlated with C-reactive protein levels [12].

hsa_circ_0123996

The expression of hsa_circ_0123996 is significantly ele-
vated in KD patients during the acute phase compared
to healthy individuals. After IVIG therapy, its expression
remains stable. hsa_circ_0123996 levels exhibit positive
correlations with total protein, albumin, sodium, uric
acid, total cholesterol, high-density lipoprotein (HDL),
CK-MB, and pre-albumin, while showing negative cor-
relations with alanine aminotransferase (ALT) and CRP
levels [12].

Discussion

Recent advancements in high-throughput sequencing
technologies have shown regulatory noncoding RNAs
(ncRNAs) such as long noncoding RNA (IncRNA) and
circular RNA (circRNA) are implicated in biomarker
discovery and therapeutic advancements in KD [4].
Since the functions of ncRNAs in KD is not yet well
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understood, investigating the regulatory roles of ncRNAs
in KD is of great importance, as it may reveal novel and
effective therapeutic targets for managing the disease.
The review highlights four key IncRNAs and four cir-
cRNAs associated with KD, demonstrating significant
involvement in various aspects of KD’s inflammatory
processes and coronary artery lesion (CAL) formation.
Epidemiological studies have shown a male predomi-
nance in KD incidence and CAL development [27-29].
Additionally, emerging evidence suggests that genetic
factors may contribute to gender-specific differences in
KD and its associated CAL susceptibility. In a genome-
wide association study (GWAS) and subsequent replica-
tion study conducted in Korean and Japanese population,
the was found that the single nucleotide polymorphism
(SNP) p.His167Arg (rs1801274) in the FCGR2A gene
was associated with KD susceptibility in males, but not
in females, highlighting distinct genetic contributions
to KD risk based on gender [30]. Another recent GWAS
in the Korean population identified six male-specific
loci (CPNES, DLG2, FUNDC1, GABRQ NOS3, and
PDE1C) and two female-specific loci (ILIRAPL1 and
SMAD3) associated with susceptibility to coronary artery
aneurysms in KD patients [31]. Similarly, the IncRNA
rs1814343 C>T polymorphism was found to be signifi-
cantly associated with increased CAL risk in male KD
patients, emphasizing a sex-specific genetic influence on
KD complications [16]. Another variant that influences
KD susceptibility differentially by gender is the rs7248320
A>G polymorphism in IncRNA AC008392.1, located
upstream of CARDS, where the G allele is associated with
a reduced KD risk, especially in males [18].These findings
aligns with previous research suggesting sex-based differ-
ences in KD susceptibility and associated complications.
IncRNA HSD11B1-AS1 and GOS2 levels increased
during the acute phase of KD, but decreased after IVIG
treatment, indicating their role in inflammation and their
potential as disease activity markers [17]. The IncRNA
HSD11B1-AS1 has also been implicated in cutane-
ous melanoma, where its overexpression inhibits tumor
growth and dissemination, while low levels correlate with
poor clinical outcomes and reduced survival [32].
Although studies on the roles of circRNAs in KD,
alongside investigations of linear IncRNAs, have been
initiated, the field of circRNA research in KD remains
in its early stages, and the current body of knowledge is
limited. Nevertheless, circRNAs have shown promise
as potential biomarkers and therapeutic targets in KD.
A circular isoform of antisense non-coding RNA in the
INK4A locus (CircANRIL) which is located on chromo-
some 9p21lis associated with the development of athero-
sclerotic cardiovascular disease [12]. CircANRIL exerts
atheroprotective effects by promoting apoptosis and
inhibiting cell proliferation in atherosclerotic plaques
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via impaired ribosome biogenesis and p53 activation
[33]. CircANRIL also acts as a miR-622 sponge, where
its silencing has anti-apoptotic and anti-inflammatory
effects by positively regulating miR-622 and inhibit-
ing the nuclear factor (NF)-kB pathway-622 and subse-
quently inhibiting nuclear factor (NF)-xB pathway [34].
In contrast to the atheroprotective effects of circAN-
RIL, linear ANRIL has been found to exert proathero-
genic effects [35]. Razeghian-Jahromi et al. [36] reported
that hypertensive patients with coronary artery disease
(CAD) have lower levels of circANRIL and a decreased
circular/linear ANRIL ratio, alongside elevated levels of
linear ANRIL, compared to hypertensive patients with-
out CAD. These findings support a potential atheropro-
tective role for circANRIL. However, contrary to other
studies suggesting an atheroprotective role for crcAN-
RIL, song et al. [37] demonstrated elevated circANRIL
expression could promote coronary atherosclerosis by
exacerbating vascular endothelial inflammation and
increasing serum levels of lipids. In KD patients, serum
circANRIL levels are lower during the acute phase com-
pared to controls, but increase following IVIG treatment
[12]. Given the multifaceted functions of circANRIL, its
role in coronary disease is not yet fully understood, war-
ranting further research. Collectively, circular RNAs like
circANRIL show potential as candidates for developing
targeted treatments for coronary artery lesions in KD.

In this systematic review, we identified several IncRNAs
and circRNAs associated with KD, highlighting their
potential roles in disease pathogenesis Clinically, the
upregulation of these ncRNAs highlights their potential
as biomarkers for predicting disease severity, treatment
response, and the risk of coronary artery complications
in KD, which should be considered for the prompt thera-
peutic measurement to prevent consequent adverse out-
comes. The modulation of inflammatory pathways by
these molecules suggests that they not only reflect under-
lying pathophysiological changes but may also serve as
therapeutic targets.

Strengths and limitations

This systematic review provides a comprehensive assess-
ment of IncRNAs and circRNAs investigated in KD, with
no time restrictions applied to the literature search. How-
ever, certain limitations exist. The study of IncRNAs and
circRNAs in KD is an emerging field, resulting in limited
data availability. Additionally, due to the small number of
studies and study heterogeneity, we were unable to con-
duct a meta-analysis. Moreover, six out of nine included
studies originated from China, raising concerns regard-
ing the generalizability of findings across different ethnic
groups. This limitation underscore the need for further
research in more diverse studies to validate and expand
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upon the clinical potential of ncRNAs in Kawasaki
disease.

Conclusion

By examining their potential functions and associated
signaling pathways, this review aims to enhance under-
standing of KD pathogenesis and support future research
directions. The systematic review underscores the intri-
cate roles of IncRNAs and circRNAs in the pathogenesis
and progression of KD, potentially paving the way for
novel therapeutic strategies.
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