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Abstract

Kawasaki disease (KD), a systemic vasculitis in children, may bring serious complications. However, the etiology of KD
remains unclear. AIM2, an intracellular receptor, plays a vital role during the infection caused by a variety of pathogens.
However, its role in KD remains unclear. The principal aim of the present research is to concentrate on the relation between
AIM?2 and KD. We detected the levels of AIM2, IL-18 and IL-1f in all subjects by ELISA. The conventional inflammatory
indices were detected in all subjects, such as WBC, HB, CRP and so on. The serum concentrations of AIM2, IL-18 and
IL-1p were notably upregulated in the KD group compared to the febrile group and healthy group, respectively. And the three
indicators in the KD patients were greatly reduced after interpreted with IVIG. Furthermore, the expressions of IL-18 and
IL-1p were positively correlated with AIM2. Meanwhile, the cutoff value of serum AIM?2 level for the diagnosis of KD was
541.90 ng/L with the specificity of 60% and sensitivity of 92.5%, compared to the febrile controls. And the area under curve
(AUC) of AIM2 was 0.771. And no difference was observed in patients with CALs when compared with patients without
CALs. The serum AIM?2, IL-18 and IL-1f might play a critical role during the progress of KD. AIM2 can be considered as

a candidate indicator for Kawasaki disease diagnosis.
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Introduction

Kawasaki disease (KD), a systemic vasculitis syndrome,
occurs preferentially in coronary arteries of infants and
children [1]. The etiology of KD has not been clearly clari-
fied, and clinical diagnosis is mainly based on manifesta-
tion. At the acute stage of KD, nearly 25% of patients will
develop coronary artery dilatation without timely treatment
[2]. So how to early pick out KD from febrile disease is very
important. Inflammatory signaling has a critical function in
occurrences of cardiovascular diseases such as KD, coro-
nary ischemia and cardiomyopathy [3].Up to now, there is no
exact laboratory diagnostic indicator for KD except for the
inflammatory indices including platelet (PLT), C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR).
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In the study of Song et al., the specificity of CRP for the
prediction of KD was 72.7% and sensitivity was 69.0%, and
the specificity and sensitivity of PLT were 75 and 70.6% [4].
Many proinflammatory cytokines are significantly upregu-
lated at the early phases of KD. Su et al. identified increased
levels of multiple proinflammatory cytokines in KD patients,
such as IL-6, IL-1p, TNF-a and IFN-y [5-8]. However, these
cytokines have a limited role in the diagnosis of Kawasaki
disease. A previous study clarified the sensitivity and speci-
ficity of IL-6 for predicting incomplete KD were 54.40 and
77.80% [9]. Thus, a better indicator is needed to help iden-
tify KD.

As a member of the AIM2-like family, AIM2 (absent
in melanoma-2) is a cytoplasmic receptor that triggers the
formation and release of inflammasome through the dou-
ble-stranded DNA (dsDNA) transmitted within the cell,
assistant in defending against various pathogens [10, 11].
AIM?2 assembles into an inflammasome combined with a key
adaptor protein (ASC), which can activate caspase-1 [12].
At the same time, caspase-1 promotes the release of mature
IL-1pB and IL-18 from cells to the outside and participates
in the inflammatory response [12—14]. AIM2 plays a cru-
cial role in inflammatory and immune diseases including
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acute pancreatitis [12, 15-17], systemic lupus erythemato-
sus [18] and hepatitis B virus-associated glomerulonephritis
[19]. However, it is unclear whether AIM2 participates in the
pathogenesis of KD. Therefore, we tested the concentration
of AIM2 in KD patients and its correlation with the inflam-
matory factor IL-18 and IL-1f to determine whether AIM2
is involved in the progress of Kawasaki disease.

Materials and methods
Subjects studied

All enrolled patients were extracted from the Second Affili-
ated Hospital and Yuying Children’s Hospital of Wenzhou
Medical University, China, mainly between January 2019
and January 2020. All 40 KD patients met the complete
Kawasaki disease diagnostic standard of the American
Heart Association. Simultaneously, 20 age and gender-
matched patients with the infectious febrile disease were
considered as the febrile controls (FC) and 20 healthy chil-
dren as the healthy controls (NC). Laboratory data including
white blood cell (WBC), hemoglobin (HB), platelet count
(PLT), platelet hematocrit (PCT), mean platelet volume
(MPV), platelet distribution width (PDW) and C-reactive
protein (CRP) were obtained. All candidates and their par-
ents received detailed information about the research and
signed the consent form. The research was approved by the
ethics review boards.

Blood samples were respectively drawn in KD patients
before (pre-IVIG) and after IVIG therapy (post-IVIG).

In addition, KD patients were divided into two groups
according to the presence of coronary artery lesions (CALs):
KD with CALs (n=18) and KD without CALs (n=22).
According to Japanese guidelines, CALs are defined as a
Z-score >2 [2].

Measurement of serum levels of AIM2, IL-18
and IL-18

Peripheral blood (2 ml) was centrifuged at 3000 rpm for fif-
teen minutes to make the serum, which was stored at — 80 °C
until analysis. And the levels of IL-18, IL-1p and AIM2
were determined by enzyme-linked immunosorbent (Boyun
Biotech, China) according to the specification.

Statistical analysis

The results were described as mean = standard error or
number and percent (n, %). Quantitative data were ana-
lyzed by Student’s ¢ test or the one-way ANOVA. Differ-
ences in data when accepted IVIG therapy were analyzed
by the paired sample ¢ test. Comparisons of qualitative data

@ Springer

between groups were tested using Chi-square test. Correla-
tions between AIM2 and other parameters were assessed
by Pearson’s correlation analysis. And the sensitivity and
specificity of AIM2, IL-18 and IL-1p were calculated by
receiver operating characteristic (ROC) curve. The cutoff
value of the curve was calculated by the Youden index (sen-
sitivity + specificity-1). If p values were <0.05, the results
were considered significant. SPSS version 22.0 was adopted
for statistical data analysis.

Results

Clinical and laboratory results and levels of IL-18,
IL-1B and AIM2

The clinical and laboratory data of the three groups of
patients are set out in Table 1. There was no significant
difference in sex among the NC group, the FC group and
the KD group (p >0.05). Meanwhile, laboratory indicators
including WBC and PDW were substantially increased in
the KD group compared with the NC group (p <0.05), but
similar to the FC group (p > 0.05). And the concentration
of PCT of KD patients was higher than the febrile con-
trols (p <0.05). The inflammatory mediators CRP and PLT
increased in children with KD compared to the NC group or
FC group (p <0.05), while HB and RBC in the KD group
decreased significantly (p <0.05). It showed that the MPV of
the KD patients was considerably lower than the NC group.

Also, we measured the IL-1p, IL-18 and AIM2 con-
tent in the KD group and the controls by ELSA kits. As
displayed in Fig. 1, the serum concentration of AIM2 in
FC group (602.60 +159.67 ng/L) was markedly higher
(p<0.001) than the NC group (356.24 +62.94 ng/L), but
still not as high as the KD group (858.91 +£292.77 ng/L).
Notably, the concentrations of IL-1p and IL-18 in differ-
ent groups were approximately similar to the AIM2. The
levels of IL-18 were 92.95 +26.42 ng/L in KD children,
73.20+16.81 ng/L in febrile controls and 46.92+10.15 ng/LL
in healthy controls. And the respective serum levels of
IL-1p were 30.47+12.64 ng/L, 22.93+7.64 ng/L and
11.31+2.63 ng/L. Compared with the febrile patients, IL-1
was elevated in KD patients (p <0.05). It was worth men-
tioning that the expressions of IL-18 (r=0.357, p <0.05)
and IL-1p (r=0.612, p <0.05) were positively associated
with AIM2 in KD patients (p <0.05) (Table 2).

According to the ROC curve analysis (Fig. 2), the area
under the curve (AUC) of serum AIM2, IL-18 and IL-1§
was 0.771, 0.724 and 0.666, respectively (p <0.05). And
the AUC of HB, RBC and PLT was 0.715, 0.762 and 0.697.
The cutoff value of serum AIM?2 level for the diagnosis of
KD was 541.90 ng/L with the specificity of 60% and sensi-
tivity of 92.5%, compared to the patients with other febrile
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Table 1 Basic demographic, KD (n=40) FC (n=20) NC (n=20) p value

clinical and laboratory data in

KD patients and control groups Sex (male/female) 23/17 11/9 8/12 0.534
WBC (x 10°/L) 17.00+6.09 14.40+6.04° 7.11+1.45° <0.001
HB (g/L) 112.78+9.57* 120.15+6.52° 126.85+9.83" <0.001
RBC (x10'?/L) 4.24+0.28% 4.45+0.27 4.56+0.28° <0.001
PLT (x 10°/L) 395.10+ 140.11%* 304.40+93.69 306.45+67.11° 0.004
PCT 0.35+0.11* 0.28+0.08 0.30+0.06 0.013
MPV (fL) 8.74+1.67 9.14+0.82° 9.90+0.61° 0.007
PDW (%) 15.53+1.08 15.00+ 1.89* 11.08 + 1.20° <0.001
CRP (mg/L) 112.79 +63.04* 28.29+16.09 Nb <0.001

KD: Kawasaki disease; NC: healthy controls; FC: febrile controls; y: year; WBC: white blood cell counts;
HB: hemoglobin; RBC: red blood cell counts; PLT: platelet count; PDW: platelet distribution width; MPV:
mean platelet volume; PCT: platelet hematocrit; CRP: C-reactive protein

*p value of <0.05 between KD and FC
p value of <0.05 between FC and NC
bp value of <0.05 between KD and NC; N concentrations of CRP<3.13
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Fig. 1 Comparison of AIM2 (a), IL-18 (b) and IL-1p (¢) by ELISA among healthy controls, febrile controls and KD patients. *p value of < 0.05;

**p value of <0.001

diseases. The sensitivity of serum IL-18 was 62.5%, and
specificity was 80% with a cutoff of 81.61 ng/L. And the cut-
off of IL-1p was 19.77 ng/L with sensitivity of 90% and the
specificity of 55%. What’s more, the sensitivity of PLT was
87.5% and specificity was 55% with a cutoff of 271 x 10°/L.
The specificity and sensitivity were 65% and 75% with a
cutoff of RBC <4.39 x 10'%/L.. And the specificity and sensi-
tivity were 75% and 72.5% with a cutoff of HB < 117.50 g/L.

Changes of IL-18, IL-1B, AIM2 and laboratory
findings in KD patients after IVIG therapy

In this study, all KD patients received a single dose of IVIG
(2.0 g/kg) IV after five days of persistent fever. Blood sam-
ples were collected separately from KD patients before
(pre-IVIG) and after IVIG therapy (post-IVIG) (Fig. 3).

Obviously, we found that IL-18, IL-1p and AIM2 had a
visible decrease after IVIG treatment (p < 0.001). Moreo-
ver, five inflammatory mediators WBC, HB, RBC, MPV
and CRP decreased in KD children after IVIG treatment,
especially WBC and CRP (p <0.05) (Table 3). Regardless
of IVIG treatment or not, there was no marked difference
in PDW. Interestingly, the expressions of PLT and PCT
were markedly upregulated in patients treated with IVIG
(»<0.001) (Table 3).

Differences in serum IL-18, IL-1f, AIM2 and general
laboratory findings between the KD children
with CALs and without CALs

As shown in Table 4, no noted differences showed in gender,
age, WBC, HB, RBC, PLT, PCT, MPV, PDW, CRP, IL-18,
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Table2 Correlation of AIM2 with general laboratory data and
inflammatory cytokines in KD patients

AIM2
r p value
WBC (x 10°/L) -0.272 0.090
HB (g/L) 0.055 0.735
RBC (x 10'?/L) 0.216 0.181
PLT (x 10%/L) —0.270 0.92
PCT —-0.284 0.075
MPV (fL) 0.122 0.453
PDW (%) 0.156 0.337
CRP (mg/L) 0.015 0.929
IL-18(ng/L) 0.357 0.024*
IL-1p (ng/L) 0.612 <0.001 %

WBC: white blood cell counts; HB: hemoglobin; RBC: red blood cell
counts; PLT: platelet count; PDW: platelet distribution width; MPV:
mean platelet volume; PCT: platelet hematocrit; CRP: C-reactive pro-
tein

*p value of <0.05; **p value of <0.001

IL-1p and AIM2 between KD patients with CALs and with-
out CALs (p>0.05).

Discussion

To our best knowledge, our study takes the lead in per-
forming an investigation of inflammation-related indicators
IL-18, IL-1P and AIM2 between patients and controls as
well as subgroups of patients with KD. KD is a systemic
vasculitis that primarily affects patients aged <5 years old.
However, the underlying molecular mechanism of KD has
not been clarified yet. Our study demonstrated (1) that levels
of IL-18, IL-1p and AIM2 in KD patients were higher than
the control groups. And (2) after IVIG treatment, AIM2,
IL-18 and IL-1p decreased rapidly in KD patients. Mean-
while, (3) AIM2 were positively associated with IL-18
and IL-1f in KD patients. Furthermore, the area under the
curve of serum IL-18, IL-1p and AIM2 was 0.724, 0.666
and 0.771, respectively.

Although conventional inflammatory mediators could not
be employed as an accurate diagnostic factor of KD, they
are still beneficial to identify KD. Clinically, several inflam-
matory mediators, such as CRP, PLT, ESR and WBC, are
often used to diagnose KD combined with clinical symptoms
[20]. We found that inflammatory mediators CRP and PLT
increased in KD kids compared to febrile controls and the
healthy controls, which is in agreement with previous stud-
ies [20, 21]. Additionally, WBC in the KD kids was signifi-
cantly higher than their counterparts in the healthy controls,
but similar to the febrile controls. As stated in the 2017 AHA

Fig.2 ROC curves of AIM2, ROC curve
IL-18, IL-18, RBC, HB and 1.0 |
; P S | S—
f(l;r"lllrtgiween KD and febrile — /'_7/ -
IL-18
l/ IL-1B
0.8 - —RBC

—PLT
Reference line

47 —HB

Sensitivity
1
I

0.4

0.2

00 T

0.0 02

@ Springer

I I 1
04 06 08 1.0

1-Specificity



Clinical and Experimental Medicine (2021) 21:41-47 45
(a) Kok (b) ) * %k } (c) . *%k ,
1500 I { 150 v 1 50 ' 1
—~ _ 3 a ~
% 1000 S 100 Elo
£ E T £ T
o~ © @
= | < A
< 500+ J 50 4
0- T 0- T T
KD-pre-IVIG KD-post-IVIG KD-pre-IVIG KD-post-IVIG KD-pre-IVIG KD-post-IVIG

Fig.3 Levels of AIM2 (a), IL-18 (b) and IL-1p (c) by ELISA in KD patients before IVIG therapy and after IVIG therapy. **p <0.01

Table 3 Clinical and laboratory data in KD patients (N=40) before
IVIG therapy (KD pre-IVIG) and after IVIG therapy (KD post-IVIG)

Table 4 The clinical and laboratory information in KD patients with
and without CALs

KD pre-IVIG KD post-IVIG p value KD with CALs KD without CALs  p value
(n=40) (n=40) (n=18) (n=22)
WBC (x 10°/L) 17.00+6.09 9.01+4.55 <0.001%* Age (y) 2.29+1.20 2.54+1.19 0.515
HB (g/L) 112.78 +£9.57 109.03 +8.96 0.021* Sex (male/female) 11/7 12/10 0.755
RBC (x10'%/L) 4.24+0.28 4.13+0.40 0.049* WBC (x 10°/L) 17.71+6.65 16.41+5.68 0.512
PLT (x 10°/L) 395.10+140.11  603.78+195.84 <0.001%* HB (g/L) 110.89+11.74  114.32+7.27 0.265
PCT 0.35+0.11 0.50+0.15 <0.001%* RBC (x10'%/L) 4.24+0.27 4.24+0.29 0.948
MPYV (fL) 8.74+1.67 8.28+0.75 0.049* PLT (x 10°/L) 401.56+149.34 389.82+135.41 0.796
PDW (%) 15.53+1.08 15.44+0.34 0.610 PCT 0.36+0.12 0.35+0.11 0.783
CRP (mg/L) 112.79 +63.04 16.96+13.71 <0.001%* MPV (fL) 9.00+0.93 8.54+2.09 0.400
AIM2 (ng/L) 859.91+292.77 458.65+166.76 <0.001%* PDW (%) 15.64+0.32 15.44+1.44 0.564
IL-18 (ng/L) 92.95+26.42 64.42+13.89 <0.001%* CRP (mg/L) 794.72+258.61 753.15+261.10 0.618
IL-1P (ng/L) 30.47+12.64 20.87+7.42 <0.001%* AIM2 (ng/L) 906.00+323.58 820.39 +266.40 0.364
o ] IL-18 (ng/L) 93.35+26.64 92.62+26.86 0.932
KD: Kawasaki disease; WBC: white blood cell counts; HB: hemo- IL-1B (ng/L) 318141376 203741186 0551

globin; RBC: red blood cell counts; PLT: platelet count; PDW: plate-
let distribution width; MPV: mean platelet volume; PCT: platelet
hematocrit; CRP: C-reactive protein

*p value of <0.05; **p value of <0.001

guidelines, these inflammatory mediators including WBC
and CRP typically reached a peak during the acute period,
while PLT reached the highest point later [2]. This is the
reason for the heightened PLT level in patients after treated
with IVIG than before, whereas CRP and WBC decreased
dramatically in our study. Notably, WBC, CRP and ESR
are considered as predictors of the occurrence of coronary
damage in KD [22]. However, in this present study, there
are no significant differences in these inflammatory indices
regardless of coronary artery lesions or not.

For a long time, many epidemiological investigations
have focused on screening clinical characteristics and labora-
tory indicators for early diagnosis of KD, which is precisely
the main purpose of our research. In this series, we discov-
ered that level of AIM2 was upregulated in the KD patients,
compared with the healthy controls and febrile controls,
which indicated that AIM2 might promote the development

KD: Kawasaki disease; CALs: coronary artery lesions; y: year;
WBC: white blood cell counts; HB: hemoglobin; RBC: red blood cell
counts; PLT: platelet count; PDW: platelet distribution width; MPV:
mean platelet volume; PCT: platelet hematocrit; CRP: C-reactive pro-
tein

of inflammation at the acute stage of KD. Talita et al. found
that NLRP3 or AIM2 inflammasome might be involved in
Kawasaki disease vasculitis by mediating the oligomeriza-
tion of ASC, which was compatible with our results [23].
Meanwhile, AIM2 dropped obviously after receiving IVIG
treatment. Base on the above observations, we propose a
hypothesis that AIM2 is coordinated with the progress of
KD disease.

In our study, it was observed that IL-18 and IL-1p were
conspicuously increased in KD children compared with the
healthy controls and febrile controls. And we found that the
serum levels of IL-18 and IL-1p decreased markedly in KD
children who underwent a therapy of IVIG. Asano et al.
confirmed elevated serum cytokine IL-18 and IL-1f in KD
children, which concords with our results [24]. When the
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dsDNA is released by the pathogen or host is recognized,
AIM2 forms AIM2 inflammasome, thereby releasing IL-18
and IL-1p [25]. A recent research clarified that in glomerular
cells attacked with virus, the levels of IL-18 and IL-1f were
dramatically subsided after siRNA-mediated silencing of the
AIM2 gene [19]. Another novel study had shown that IL-1§
in AIM2-/- mice was lower expressed, and the incidence of
renal fibrosis as well as inflammation was reduced compared
with wild-type mice [26]. Consistent with previous studies,
we found that IL-18 and IL-1p were positively correlated
with AIM2 in the acute stage of KD, further indicating that
AIM2 may participate in the inflammatory process of KD
by regulating IL-18 and IL-1p.

Next, we further explored the function of AIM2, IL-18
and IL-1f in coronary damage at the acute stage of KD.
Maani et al. observed that AIM2 level was elevated mark-
edly around the necrosis of atherosclerotic vessels and in the
neovascularization of aortic aneurysms, simultaneously with
the release of IL-18 and IL-1p [27, 28]. It is noteworthy that
a few clinical and experimental reports have demonstrated
that IL-18 and IL-1p promote the progress of a few cardio-
vascular diseases including abdominal aortic aneurysms and
atherosclerosis [29, 30]. Conversely, our study addressed
that no statistical difference in AIM2 was observed regard-
less the damage of the coronary artery. And we did not find
any evidence that IL-1p and IL-18 involved in the process
of coronary artery damage in the early stage of KD. How-
ever, our study is inconsistent with that of Lee et al., who
elucidated that IL-1p could induce coronary aneurysm for-
mation in KD mice, and the use of IL-1 receptor inhibitors
can significantly extenuate coronary damage [31, 32]. This
result may ascribe to the small sample size. Therefore, the
role of IL-1p, IL-18 and AIM2 in the pathogenesis of coro-
nary damage of KD cannot be easily denied, and all of that
require further larger-size study.

Although there is little information about AIM2 and KD
in the literature, we obtained the finding that AIM2 may
participate in the inflammatory process of KD by regulat-
ing IL-18 and IL-1p. But whether AIM?2 can serve as a new
diagnostic indicator of KD remains to be elucidated. There-
fore, we utilized the ROC curve to analyze further the role
of AIM2 in predicting KD. The AUC value for the diagnosis
of KD was 0.771 with the specificity of 60% and sensitiv-
ity of 92.5%. And ROC curves showed that 541.90 ng/L of
AIM2 could distinguish KD from other high fever diseases.
Currently, HB, RBC and PLT have a certain diagnostic func-
tion for Kawasaki disease. At the ROC curves, RBC had a
sensitivity of 75% and specificity of 65% for the prediction
of KD with the AUC value of 0.715. And the AUC value
of HB was 0.762 with the sensitivity of 72.5% and specific-
ity of 75%. Meanwhile, the AUC value of PLT was 0.697
with the sensitivity of 87.5% and specificity of 55%. These
results suggested AIM2 owned a better predictability than
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the three laboratory indicators, especially its higher sensi-
tivity. Hence, AIM2 can be used as a novel marker for the
prediction of KD.

However, there are several limitations that cannot be
ignored. Firstly, this was only a single-center survey with
an insufficient number of patients. Secondly, we mainly con-
centrated on the influences of proinflammatory cytokines
in KD but did not probe the interrelationship among these
cytokines. Thirdly, we only analyzed the serum levels of
these inflammatory indicators including AIM2, IL-1p and
IL-18 without further mechanism research. Thus, it is pow-
erfully necessary to conduct a large-scale study on the spe-
cific mechanism of AIM2 in KD.

In a nutshell, this is the first investigation to illustrate that
AIM2 levels rose in KD patients. Along with the judicious
application of IVIG, the level of AIM2 dropped significantly.
Additionally, our research highly suggested that cytokines
IL-1p and IL-18 had positive correlations with AIM2 at the
acute stage of KD. And ROC curves showed that AIM2 had
a specificity of 60% and sensitivity of 92.5% for predicting
KD at a cutoff value of 541.90 ng/L. These findings above
indicated that AIM2 might have an indispensable effect dur-
ing the progression of KD and be prone to be a predictor of
KD. Meanwhile, these novel observations provide several
new insights into the underlying pathogenesis of KD, which
could be quite helpful for developing effective therapies.
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