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Abstract
Background: Kawasaki disease (KD) is an acute, systemic vasculitis of unknown etiology that occurs
predominantly in infants and children, and the most crucial complication of KD is coronary artery
aneurysm (CAA). Tumor necrosis factor (TNF)-like protein 1A (TL1A) is a member of the TNF superfamily,
which possesses the ability of maintaining vascular homeostasis and regulating immune response. This
study aims to examine the serum TL1A levels in KD patients, and to investigate the relationship between
TL1A and CAAs in children with KD.

Methods: Blood samples were recruited from 119 KD patients, 35 febrile controls (FCs) and 37 healthy
controls (HCs). The KD group was further divided into KD with CAAs (KD-CAAs) and KD non-CAAs (KD-
NCAAs) groups. Serum TL1A levels were measured using enzyme-linked immunosorbent assays, and
clinical parameters were collected in KD patients.

Results: Serum TL1A levels in the acute phase of KD patients were significantly higher than that in the FC
and HC groups. In particular, serum TL1A were substantially increased in the KD-CAA group than that in
the KD-NCAA group. Furthermore, TL1A levels were positively correlated with the duration of fever, time
point of IVIG and WBC levels, but negatively correlated with levels of RBC, Hb and Albumin in the KD
group.

Conclusions: TL1A might be involved in the KD-associated vasculitis, and might be a factor in the
development process of CAAs.

Introduction
Kawasaki disease (KD) has been defined as an acute, systemic vasculitis that mainly occurs in infants
and children aged <5 years[1]. It predominantly affects the systemic medium-sized blood vessels. The
most critical complication of KD is coronary artery lesions (CALs). Indeed, KD has replaced rheumatic
fever as the leading cause of pediatric acquired cardiac disease in developed countries. Although a single
dose of 2g/kg intravenous immunoglobulin (IVIG) combining with aspirin, is now considered as the
standard treatment strategy, there are still about 15% children with KD developing CALs or coronary artery
aneurysms (CAA), which may lead to coronary artery stenosis or thrombosis, ischemic heart disease or
even myocardial infarction and sudden death[2,3]. The etiology and pathogenesis of KD are still unclear. In
recent years, several studies have suggested that endothelial dysfunction and excessive inflammatory
responses playing a key role in the pathogenesis of KD[4].

Tumor necrosis factor (TNF)-like protein 1A (TL1A), also known as vascular endothelial growth inhibitor,
is a member of the TNF superfamily. It has a high degree of sequence homology with TNF-α[5]. TL1A is
primarily produced by endothelial cells under stimulation of TNF- α and IL-1, and is also expressed in the
lymphocytes, macrophages, dendritic cells, chondrocytes and synovial cells[6]. TL1A could stimulate T
cell activation, proliferation, and production of large amounts of essential cytokines via death receptor 3
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(DR3), which is expressed mainly on lymphocytes[5].TL1A plays an important role in apoptosis,
modulation of immune responses, vascular homeostasis, glucose and lipid metabolism[5,7,8]. McLaren et
al[9] have demonstrated that TL1A promotes the formation of foam cell in vitro by regulating the levels of
low-density lipoprotein and cholesterol that are involved in atherosclerosis. Recent evidences also
demonstrated a relationship between serum TL1A and the occurrence of coronary artery disease and
acute coronary syndrome[10,11]and serum TL1A might be a specific biomarker for monitoring of coronary
artery disease. In addition, TL1A can promote the expression of MiR-29b by activating the JNK-GATA3
signaling pathway[12], and MiR-29b further mediated the down-regulation of extracellular matrix proteins,
which played a key role in development of aortic dilatation and aortic aneurysm[13]. But there is still no
report on the relationship between TL1A and CAAs in children with KD.

Methods
Patients and their General Characteristics

This study enrolled 119 children with acute phase of KD from the Children’s Hospital of Chongqing
Medical University, Chongqing, China. All patients (80 males and 39 females, 2.228±1.591 years old) met
the guidelines proposed by the Japanese Kawasaki Disease Research Committee[14]. The subjects with a
previous history of KD, metabolic diseases or any other associated immunological disease were excluded
from this study. 35 subjects (23 males and 12 females, 2.388±2.285years old) with acute febrile disease
were recruited as a febrile control (FC) group and 37 physical examinations children (24 males and 13
females, 3.657±0.551 years old) as a healthy control (HC) group. FC subjects included patients with
bronchopneumonia, infectious diarrhea, urinary tract infection, sepsis, hand-foot-mouth disease (HFMD),
infectious mononucleosis, scarlet fever, suppurative meningitis, herpangina. This study was approved by
the Ethics Committee of Children’s Hospital, Chongqing Medical University and informed consent was
obtained from the parents or appropriate guardians.

Echocardiography was measured on the KD patients 1 day before administration of intravenous
immunoglobulin (IVIG) or anticoagulants. Subjects with a z-value ≥2.5 were included in the KD with CAA
group (KD-CAAs, n=59), while those with z-value <2.5 were included in the KD non-CAA group (KD-NCAAs,
n=60)[15].

Blood sample collection

All blood samples were collected 1 day before treatment with IVIG or anticoagulants in the KD patient
group. The blood samples were immediately centrifuged at 3,000 rpm for 10 min to get the serum and
were stored at −80 °C at once. The same procedure was followed to obtain serum samples from the FCs
and HCs.

Measurement of serum TL1A concentrations and clinical parameters
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Serum TL1A levels were measured using an enzyme-linked immunosorbent assay (ELISA) according to
the manufacturer’s instructions (Cloud-Clone Corp, China).

Important clinical data was recorded and clinical parameters of the blood samples were also measured,
including the duration of fever, the time point of IVIG, white blood cell count (WBC), percentage of
neutrophils (N%), percentage of leukomonocytes (L%), red blood cell count (RBC), hematocrit(HCT),
hemoglobin (Hb), platelet counts (PLT), mean platelet volume (MPV), platelet distribution width (PDW), C-
reactive protein (CRP), erythrocyte sedimentation rate (ESR), procalcitonin(PCT), albumin (ALB), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and creatine kinase-MB (CK-MB).

Statistical Analysis

All statistical analyses were evaluated using the SPSS25.0 software for Windows (SPSS, Chicago, IL). A
two-sided P value < 0.05 was considered statistically significant. χ2-test were used to compare
frequencies between groups. Differences between groups were assessed using the unpaired 2-tailed t-
test. Spearman rank correlation was used to analyze the association between serum TL1A levels and
various clinical parameters. All values are quoted as mean ± SD or number and percent (n, %). Presence
of KD development was expressed by area under curve (AUC) using receiver operating characteristic
(ROC) analysis.

Results
Serum TL1A levels in all Study Subjects

Serum TL1A levels were significantly higher in the KD group (191.2±100pg/ml, n=119) than that in the FC
(82.79±49.73pg/ml, n=35) or HC (70.93±31.6pg/ml, n=38) groups. (Fig.1)

TL1A levels and clinical parameters in the KD-CAA and KD-NCAA groups

There were no significant differences in duration of fever, the time point of IVIG, WBC, RBC, PLT, Albumin,
MPV, PDW, CRP, ESR, AST, ALT, or CK-MB between the KD-CAA and KD-NCAA groups (P> 0.05). But,
compared to the KD-NCAA group, the levels of Hb and N% were decreased and the levels of TL1A and L%
were increased in the KD-CAA group (P< 0.05). (Table 1)

Correlations between TL1A levels and clinical parameters in the KD Group

In the KD group, N%, L%, MPV, PDW, ALT, AST, CK-MB, CRP, ESR were not significantly correlated with
serum TL1A levels. However, serum TL1A levels were positively correlated with the duration of fever, time
point of IVIG, WBC and PLT levels (p<0.05), and were negatively correlated with RBC, Hb and Albumin (P <
0.05) in the KD group. (Table 2)

Correlations between TL1A levels and clinical parameters in the KD-CAA and KD-NCAA groups
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Serum TL1A levels were positively correlated with the duration of fever, WBC, PLT And CRP levels in the
KD-NCAA group. (P< 0.05), and were not significantly correlated with the duration of fever, time point of
IVIG, WBC, Hb, N%, L%, MPV, PDW, ALT, AST, CK-MB, CRP, ESR, were positively correlated with PLT levels
(P=0.000), and were negatively correlated with RBC and Albumin. (P< 0.05) in the KD-CAA group. (Table
3)

ROC curves of TL1A used to predict Kawasaki disease (KD)

The AUC value of KD was 0.8678 (95% confidence interval 0.8175-0.9180, P< 0.0001), compared to both
FC and HC groups. The cut-off value of KD was 123.4, with sensitivity of 88.89% and specificity of
75.63%. (Fig.2)

Discussion
It has been reported that TL1A can regulate metabolism [8,16] in physiological status and play an
important role in the modulation of vascular homeostasis and autoimmune diseases [5,7]. The
pathogenesis of KD is well known as inflammation and imbalance of immunology resulting in vascular
lesion. The purpose of this study was to ascertain the relationship between TL1A and CAA in children
with KD. The results showed that serum TL1A levels were significantly higher in KD patients than those in
the FC and HC groups. Serum TL1A levels were much higher in the KD-CAA group than that in the KD-
NCAA group. Furthermore, TL1A levels were positively correlated with the duration of fever, time point of
IVIG, WBC and PLT levels, but negatively correlated with RBC, Hb and Albumin in the KD group.

TL1A, an important molecule related to inflammation, is characterized by a metalloprotease cleavage site
and a C-terminal TNF homology domain [17]. It has been shown that the levels of TL1A were significantly
increased in patients with acute coronary syndrome, and associated with both endothelial dysfunction
and coronary atherosclerosis[11]. Recent studies have shown that TL1A promotes foam cell formation in
vitro by regulating the levels of low-density lipoprotein and cholesterol[9], and it switches vascular smooth
muscle cell phenotypes to participate in the development of atherosclerosis in the mouse models for
apolipoprotein E-deficient atherosclerosis[18]. Here we found that the levels of TL1A in the acute phase of
KD patients was significantly higher than those in FC and HC group, indicating that TL1A might be act as
a proinflammatory factor in the vasculitis of KD. There were lots of researches demonstrated that as a T
cell co-stimulator, TL1A plays an important role in the immune response. Studies have shown that
increased levels of TNF-α, IL-1β, IL-2R IL-6and IFN-γ are involved in the inflammation associated with the
development of CALs, and TL1A can promote secretion of these cytokines[5,19-22]. According to above
results we speculated that TL1A might be a key factor for the excessive inflammatory responses of KD. In
addition, TL1A induces apoptosis of endothelial cells in an autocrine manner and activates a series of
signaling pathways, such as SAPK/JNK, p38 MAPK and NF-κB signaling pathway[23]. It induces
dysfunction and injury of coronary endothelial cells in the acute stage of KD, which lead to the dilatation
of coronary arteries. And inflammation-mediated lesions gradually develop in the whole arterial layer,
especially smooth muscle layer, eventually destruction of the vascular wall’s supporting system and
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formation of CAA [24]. Studies have found that TL1A promotes the expression of MiR-29b via JNK-
GATA3[12]. MiR-29b further destroys the integrity of the vascular wall by targeting the extracellular matrix
protein and inducing smooth muscle cell apoptosis accelerates the formation of aneurysms[13]. Taken
together, all those results indicated that TL1A might be involved in the inflammatory process and CAA in
patients with KD.

In this study, we found that the levels of PLT in KD-CAA group was higher than that in the KD-NCAA group,
although, this difference was not statistically significant. Serum TL1A levels were positively correlated
with PLT in KD group, especially in the KD-CAA group. Previous studies have reported that TL1A was able
to enhance PDGF-BB[20], which produced mainly by platelet. It seemly hinted that TL1A may be involved
in the formation of thrombus in children with KD-CAA.

Anemia and hypoproteinemia are common clinical features of KD patients [25,26]. In this study, the levels
of albumin and hemoglobin in the KD-CAA group were lower than those in the KD-NCAA group, and TL1A
levels in KD patients were negatively correlated with the levels of albumin and hemoglobin. Studies have
shown that TL1A can increase reactive oxygen to accelerate inflammatory response via TL1A/TNFR2
pathway[27]. Straface et al[28] have demonstrated that systemic oxidative stress and premature and
senescence of RBC may play a key role in anemia and hypoproteinemia in children with KD, so TL1A may
promote the changes of RBC and Hb in KD patients. On the other hand, albumin loss might result from
the increased vascular permeability accompanied with the endothelium damage[26]. TL1A can induce
endothelial cell apoptosis and excessive inflammation leading to destroy of vascular barrier [5]. Our study
showed a significantly higher TL1A serum levels in the KD-CAA group than that in the KD-NCAA group,
while the serum albumin levels were negatively associated with TL1A. These results suggests that
hypoalbuminemia could reflect the extent of the vascular damage, and high serum concentration of TL1A
might be one of causes of hypoalbuminemia in KD.

When compared to both FC and HC Groups, the AUC value was 0.8678 (95% confidence interval 0.8175-
0.9180, p <0.0001) in KD group. The cut-off value of serum TL1A levels was 123.4pg/mL and the
sensitivity and specificity of predicting were 88.89% and 75.63%, respectively. This provides further
evidence that TL1A also may play an important role in the development of KD.

However, there are limitations in our study, such as it was a single-center study and the number of
participants were relatively small, the results may be some bias. Additionally, due to lack of data on
serum TL1A levels at different time points of patients with KD, we were unable to reveal the trend of TL1A
changes or analyze the recovery of KD-associated vasculitis.

Conclusion
In summary, our study was the first to demonstrate that the serum TL1A was higher in KD patients than
that in FCs and HCs groups. And serum TL1A levels were substantially increased in the KD-CAA group
when compared to the KD-NCAA group. Serum TL1A levels were correlated with RBC and Albumin levels
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KD group. These results indicated that TL1A might be involved in the KD-associated vasculitis, and TL1A
might be involved in the development of CAAs in children with KD. Further studies about the mechanism
of TL1A in the development KD and CAAs should be performed.
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Tables
Table 1. TL1A levels and Clinical parameters in the KD-CAA and KD-NCAA groups
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  KD-CAAs (n=59) KD-NCAAs (n=60) P value

Duration of fever (day) 7.356±2.565 6.483±1.321 0.121

Time point of

IVIG (day)

7.153±2.864 6.661±2.814 0.430

WBC (103/μl) 14.670±3.722 14.470±4.951 0.495

RBC (103/μl) 4.058±0.414 4.087±0.332 0.529

PLT (103/μl) 422.500±178.700 376.600±119.800 0.330

Albumin (g/L) 35.750±4.643 37.250±4.094 0.076

Hb (g/L) 104.900±12.310 109.200±7.759 0.043*

N% 0.607±0.138 0.670±0.144 0.019*

L% 0.316±0.119 0.267±0.128 0.028*

MPV (fl) 9.851±0.756 9.640±0.843 0.074

PDW (fl) 10.930±1.507 10.440±1.585 0.038*

ALT (U/l) 54.800±59.820 44.840±54.960 0.163

AST (U/l) 35.100±35.220 38.630±38.540 0.474

CK-MB (U/l) 0.979±0.628 1.200±0.974 0.178

CRP (mg/dl) 51.270±30.180 49.860±32.180 0.639

ESR (mm/h) 68.820±27.970 69.210±24.560 0.692

TL1A (pg/ml) 211.000±108.500 171.700±87.540 0.044*

Note: KD, Kawasaki disease; CAA, coronary artery aneurysm; NCAA, non-CAA; WBC, white blood cell
counts; RBC, red blood cell counts; PLT, platelet counts; Hb, hemoglobin; N%, percentage of neutrophils;
L%, percentage of leukomonocytes; MPV, mean platelet volume; PDW, platelet distribution width; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; CK-MB, creatine kinase-MB; CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate. *P< 0.05

Table 2. Correlations between TL1A levels and clinical parameters in the KD Group
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  TL1A

r p

Duration of fever (day) 0.229 0.012*

Time point of IVIG (day) 0.211 0.022*

WBC (103/μl) 0.273 0.003*

RBC (103/μl) - 0.256 0.005*

PLT (103/μl) 0.430 0.000*

Albumin (g/L) - 0.314 0.001*

Hb (g/L) - 0.247 0.007*

N% 0.108 0.243

L% - 0.107 0.248

MPV (fl) - 0.013 0.890

PDW (fl) 0.021 0.827

ALT (U/l) - 0.107 0.245

AST (U/l) - 0.153 0.097

CK-MB (U/l) - 0.109 0.245

CRP (mg/dl) 0.178 0.056

ESR (mm/h) 0.062 0.549

Note: KD, Kawasaki disease; CAA, coronary artery aneurysm; NCAA, non-CAA; WBC, white blood cell
counts; RBC, red blood cell counts; PLT, platelet counts; Hb, hemoglobin; N%, percentage of neutrophils;
L%, percentage of leukomonocytes; MPV, mean platelet volume; PDW, platelet distribution width; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; CK-MB, creatine kinase-MB; CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate. *P< 0.05 

Table 3. Correlations between TL1A levels and clinical parameters in the KD-CAA and KD-NCAA groups
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  KD-CAAs (n=59) KD-NCAAs (n=60)

r p r p

Duration of fever (day) 0.153 0.246 0.309 0.016*

Time point of IVIG (day) 0.148 0.262 0.264 0.043*

WBC (103/μl) 0.220 0.093 0.339 0.008*

RBC (103/μl) -0.345 0.007* -0.113 0.392

PLT (103/μl) 0.487 0.000* 0.282 0.029*

Albumin (g/L) -0.352 0.006* -0.207 0.113

Hb (g/L) -0.208 0.113 -0.235 0.071

N% 0.207 0.116 0.102 0.437

L% -0.203 0.124 -0.094 0.473

MPV (fl) -0.146 0.277 0.070 0.604

PDW (fl) -0.088 0.517 0.072 0.590

ALT (U/l) -0.035 0.795 -0.251 0.053

AST (U/l) -0.088 0.509 -0.205 0.117

CK-MB (U/l) -0.089 0.512 -0.090 0.500

CRP (mg/dl) 0.109 0.425 0.257 0.049*

ESR (mm/h) 0.167 0.251 -0.086 0.566

Note: KD, Kawasaki disease; CAA, coronary artery aneurysm; NCAA, non-CAA; WBC, white blood cell
counts; RBC, red blood cell counts; PLT, platelet counts; Hb, hemoglobin; N%, percentage of neutrophils;
L%, percentage of leukomonocytes; MPV, mean platelet volume; PDW, platelet distribution width; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; CK-MB, creatine kinase-MB; CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate. *P< 0.05

Figures
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Figure 1

Serum TL1A levels in all subjects. KD Kawasaki disease, FC Febrile control, HC Healthy control.
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Figure 2

ROC curves of TL1A


