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Decreased serum Annexin Al levels in Kawasaki disease

with coronary artery aneurysm

Haobo Weng'?, Yue Peng'?, Qiongfei Pei'?, Fengchuan Jing'?, Maoling Yang"? and Qijian Yi3

BACKGROUND: Kawasaki disease (KD) is an acute and systemic vasculitis whose etiology remains unclear. The most crucial
complication is the formation of coronary artery aneurysm (CAA). Annexin A1 (ANXA1) is an endogenous anti-inflammatory agent
and pro-resolving mediator involved in inflammation-related diseases. This study sought to investigate the serum ANXAT1 levels in
KD patients and further explore the relationship between ANXA1 and CAA, as well as additional clinical parameters.

METHODS: Serum samples were collected from 95 KD patients and 39 healthy controls (HCs). KD patients were further divided into
two groups: KD with CAAs (KD-CAAs) and KD non-CAAs (KD-NCAAs). Serum levels of ANXA1 and interleukin-6 (IL-6) were

determined using enzyme-linked immunosorbent assays.

RESULTS: Serum ANXAT1 levels in the KD group were significantly lower than in the HC group. In particular, serum ANXAT1 levels
were substantially lower in the KD-CAA groups. Moreover, serum ANXA1 levels were positively correlated with N%, C-reactive
protein (CRP), and IL-6 but negatively correlated with L% in the KD group. Positive correlations between serum ANXA1 levels and
erythrocyte sedimentation rate (ESR), IL-6, and D-dimer (DD) were observed in the KD-CAA group.

CONCLUSIONS: ANXAT may be involved in the development of KD, and downregulation of ANXAT may lead to the

hypercoagulability seen in KD.

Pediatric Research (2021) 89:569-573; https://doi.org/10.1038/541390-020-0898-2

IMPACT:

® For the first time, it was demonstrated that serum ANXAT1 levels were significantly decreased in Kawasaki disease with coronary

artery aneurysms.

® ANXA1 might be involved in the acute phase of Kawasaki disease.

Low serum concentrations of ANXA1 might lead to the hypercoagulability stage in Kawasaki disease.

® ANXA1 might be a potential therapeutic target for patients with Kawasaki disease.

INTRODUCTION

More than 50 years have passed since Tomisaku Kawasaki first
reported Kawasaki disease (KD) in 1967." However, the etiology of
this disease remains unclear.? KD is characterized by the presence
of acute, self-limiting vasculitis and predominantly occurs in
children aged <5 years? Its major clinical manifestations are
persistent fever, rash, cervical lymphadenopathy, conjunctivitis,
and mucocutaneous inflammation.” The development of coronary
artery lesions (CALs) is the most critical complication of KD,
rendering it the leading cause of pediatric acquired cardiac
disease in the developed countries.” Currently, the predominant
treatment for KD patients is intravenous immunoglobulin (IVIG)
therapy in combination with an aspirin regimen.© However,
approximately 15-25% children without effective treatment or
delayed treatment develop CALs or coronary artery aneurysms
(CAAs), which are high risk factors for myocardial infarction,
ischemia, and even rupture.* Previous research has shown that

neutrophils participate in the initial process of vasculitis in KD.? In
the acute phase, neutrophils mediate the development of
necrotizing arteritis, which primarily affects medium-sized blood
vessels.’ In this stage, significant neutrophils infiltrate into the
arterial wall and further destroy the vascular smooth muscle,
leading to severe lesions on the vessels and leaving only a thin rim
of adventitia in the affected area.>® Necrotizing arteritis can lead
to the development of CAAs, which is a high risk factor for the
formation of thrombosis and vessel rupture under the hypercoa-
gulable state that occurs in KD patients.’

Annexin A1 (ANXAT), also known as lipocortin 1, belongs to the
Annexin protein family.” ANXA1 is widely distributed in mammals
and primarily exists in the cytoplasm and cell membrane of
neutrophils, lymphocytes, and endothelial cells.2 However, it can
also be secreted into the circulation through paracrine or
autocrine signaling pathways.” ANXA1 exhibits various biological
functions but is mostly reported as an anti-inflammatory and pro-
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resolution cytokine.'® ANXA1 can promote the detachment of
neutrophils from the vascular endothelium and inhibit their
transmigration by shedding of L-selectin, further regulating the
inflammatory responses mediated by neutrophils.'"’> ANXA1 can
be induced by glucocorticoid and further regulates interleukin (IL)-
6 via glucocorticoid-induced leucine zipper (GILZ)."* However, IL-6
can also directly promote the expression and translocation of
ANXA1.' These evidences indicate that there is a connection
between ANXAT1 and IL-6 in regulating the inflammatory response.
In addition, previous research has demonstrated that ANXA1 acts
as a protective cytokine in myocardial infarction and athero-
sclerosis via inhibition of the inflammatory response.”'*'® Taken
together, we propose that the low levels of ANXA1T may be an
important cause for the excessive inflammatory response
mediated by neutrophils that ultimately leads to the formation
of CAAs in KD patients. Moreover, ANXA1 can alter platelet
phenotype from pro-pathogenic to regulatory and prevent
platelets from aggregating or causing thrombosis in patients with
ischemic-reperfusion reinjury,'”'® and the low serum concentra-
tions of ANXA1 can lead to a hypercoagulable stage.'®'?

METHODS

Subjects’ recruitment and sample collection

KD patients were enrolled from the Children’s Hospital of
Chongging Medical University in Chongging, China. Our rigorous
diagnostic criteria was based on the guidelines proposed by the
Japanese Kawasaki Disease Research Committee.?® A total of 95
children with KD were recruited (male =57, female = 38, age =
2.686 + 1.956 years) for the KD group and 39 healthy children
(male =21, female = 18, age = 2.784 + 1.363 years) were recruited
based on physical examinations to serve as the healthy controls
(HCs) group. All the enrolled children were excluded free of
inflammatory, immune, metabolic, and hematological diseases, as
well as other heart diseases.

Echocardiography was performed 1 day before IVIG treatment
in children with KD. Subjects with a z-value >2.5 were distributed
to the KD with CAA group (KD-CAAs, n = 45), while those with z-
value <%i5 were distributed to the KD non-CAA group (KD-NCAAs,
n=50).

All venous blood samples were collected before treatment with
IVIG or anticoagulants. The samples were centrifuged at 3000 rpm
for 10 min to separate the serum. After that, the serum samples
were immediately stored at —80 °C. The collection of serum from
healthy children used the same procedure.

This study was approved by the Ethics Committee of Children’s
Hospital, Chongqing Medical University and informed consent was
obtained from the patients’ parents or appropriate guardians.

Measurement of serum levels of ANXA1, IL-6, and general
laboratory variables

Serum levels of ANXA1 and IL-6 were measured using enzyme-
linked immunosorbent assays (ELISAs) according to the manu-
facturer’s instructions (RayBiotech, USA).

General laboratory variables of the samples were also mea-
sured, including white blood cell count (WBC), red blood cell
count (RBC), hemoglobin (Hb), platelet counts (PLT), percentage of
neutrophils (N%), percentage of leukomonocytes (L%), C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR), procalcitonin
(PCT), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and creatine kinase-MB (CK-MB), in addition to blood
coagulation parameters such as prothrombin time (PT), activated
partial thromboplastin time (APTT), fibrinogen (FIB), thrombin time
(TT), and D-dimer (DD).

Statistical analysis

Statistical analyses were completed using the SPSS25.0 software
for Windows (SPSS, Chicago, IL). To compare the differences
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between groups, Student’s t tests were used for data that
displayed normal distribution, whereas data that failed the
normality assumption were analyzed via the nonparametric
Mann-Whitney U test. Chi-square test was used to compare
frequencies between groups. Spearman rank correlation was used
to analyze the association between serum ANXA1 levels and
various clinical parameters. All values are shown as mean+
standard deviation, median (P25, P75), or number and percentage
(n, %). A P value <0.05 was used as a threshold for determining
statistical significance.

RESULTS

Serum ANXAT1 levels

There were no significant differences in gender or age between
the KD and HC groups (P> 0.05). As shown in Fig. 1, serum ANXA1
levels in the KD group (39.37 ng/ml (15.36, 72.79), n =95) were
significantly lower than the levels in the HC group (83.39 ng/ml
(42.49, 199.60), n =39) (P=0.018) and substantially lower in the
KD-CAA group (22.64 ng/ml (6.43, 45.90), n = 45) than in the KD-
NCAA group (50.69 ng/ml (15.96, 122.60), n = 50) (P = 0.047).

General laboratory variables and IL-6 levels in the KD-CAA and KD-
NCAA groups

As shown in Table 1, there were no significant differences in IVIG
treatment, WBC, RBC, Hb, PLT, N%, L%, CRP, ESR, PCT, AST, ALT, or
CK-MB between the KD-CAA and KD-NCAA groups (P> 0.05).
However, compared to the KD-NCAA group, the serum level of IL-6
was significantly higher in the KD-CAA group (P < 0.05).

Correlation between serum ANXAT levels and general laboratory
variables in the KD group

In the KD group, IVIG treatment, WBC, RBC, Hb, PLT, ESR, PCT, AST,
ALT, and CK-MB were not significantly correlated with serum
ANXA1 levels (P>0.05). However, serum ANXA1 levels were
positively correlated with N%, CRP, and IL-6 levels and negatively
correlated with L% in the KD group (P < 0.05; Table 2).

1500 =
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(n=45) (n=50) (n=95) (n=39)
Fig. 1 Serum ANXAT1 levels in all subjects. KD Kawasaki disease, HC

healthy control, CAA coronary artery aneurysm, NCAA non-CAA;
*P < 0.05.
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Table 1. General laboratory variables and serum ANXA1 and IL-6
levels in the KD-CAA and KD-NCAA groups.

Table 3. Correlations between serum ANXAT1 levels and general
laboratory variables in the KD-CAA and KD-NCAA groups.

KD-CAAs (n=45) KD-NCAAs (n=50) P value

Time point of 6.622 £2.309 6240+1.506 0337
IVIG (day)

WBC (10°/ul) 15810£5970 149305655  0.466
RBC (10%/pl) 4.151+0814 4251+1008  0.603
Hb (g/) 104300+ 10.270 107.300%10.230  0.157
PLT (10%/p) 389.200 + 142200 380.200 + 133.000 0.753
N% 0.695+0.113 0700+£0.154  0.868
L% 0.250+0.100 0249+0.141 0955
CRP (mgy/dI) 6774038460  77.180+63.670  0.392
ESR (mm/h) 74.700+£27.000  75.880+31.400  0.847
PCT (%) 2.067 +2.851 20424101 0973
AST (U/) 39.910£58550  32350+21.480 0397
ALT (U/1) 70.970+£91.340  51.850+67.550  0.246
CK-MB (U/) 1.087 +1.652 0936+0.867  0.583
IL-6 (pg/ml) 825.500+530.600 547.600+465.800 0.012*

KD Kawasaki disease, CAA coronary artery aneurysm, NCAA non-CAA, WBC
white blood cell counts, RBC red blood cell counts, Hb hemoglobin, PLT
platelet counts, N% percentage of neutrophils, L% percentage of
leukomonocytes, CRP C-reactive protein, ESR erythrocyte sedimentation
rate, PCT procalcitonin, AST aspartate aminotransferase, ALT alanine
aminotransferase, CK-MB creatine kinase-MB, IL-6 interleukin-6.

*P < 0.05.

Table 2. Correlations between serum ANXAT1 levels and general
laboratory variables in the KD group.

ANXA1

r P
Time point of IVIG (day) —0.030 0.771
WBC (10%/ul) 0.032 0.763
RBC (10%/ul) 0.030 0.775
Hb (g/1) 0.145 0.163
PLT (103/pl) —0.064 0.540
N% 0.227 0.028*
L% —-0.213 0.040*
ESR (mm/h) 0.132 0.204
PCT (%) 0.074 0.484
AST (U/1) 0.048 0.644
ALT (U/1) 0.036 0.729
CK-MB (U/1) —0.017 0.874
CRP (mg/dl) 0.323 0.002*
IL-6 (pg/ml) 0.421 <0.0001*

ANXAT Annexin A1, WBC white blood cell counts, RBC red blood cell counts,
Hb hemoglobin, PLT platelet counts, N% percentage of neutrophils, L%
percentage of leukomonocytes, ESR erythrocyte sedimentation rate, PCT
procalcitonin, AST aspartate aminotransferase, ALT alanine aminotransfer-
ase, CK-MB creatine kinase-MB, CRP C-reactive protein, IL-6 interleukin-6.
*P < 0.05.

KD-CAAs (n = 45) KD-NCAAs (n = 50)

r P r P

Time point of IVIG (day) —0.068 0.658 0.019 0.896
WBC (10°/ul) —0.027 0.862 0.138 0.344
RBC (10°/pl) —0.062 0.691 0.076 0.604
Hb (g/1) —0.005 0.975 0.141 0.335
PLT (10°/pl) 0.029 0.851 —0.181 0.214
N% 0.035 0.818 0.385 0.006*
L% —0.036 0.815 —0.347 0.015*
ESR (mm/h) 0.299 0.049% 0.001 0.994
PCT (%) —0.032 0.835 0.227 0.120
AST (U/1) 0.144 0.346 —0.026 0.857
ALT (U/1) 0.057 0.712 0.113 0433
CK-MB (U/l) —0.055 0.728 0.008 0.958
CRP (mg/dl) 0.114 0.456 0.501  <0.0001*
IL-6 (pg/ml) 0.539  <0.0001* 0.387 0.011*

KD Kawasaki disease, CAA coronary artery aneurysm, NCAA non-CAA, WBC
white blood cell counts, RBC red blood cell counts, Hb hemoglobin, PLT
platelet counts, N% percentage of neutrophils, L% percentage of
leukomonocytes, ESR erythrocyte sedimentation rate, PCT procalcitonin,
AST aspartate aminotransferase, ALT alanine aminotransferase, CK-MB
creatine kinase-MB, CRP C-reactive protein, IL-6 interleukin-6.

*P < 0.05.

Table 4. Correlations between serum ANXAT1 levels and blood
coagulation parameters.

ANXA1

KD (n = 95) KD-CAA KD-NCAA

(n=45) (n =50)

r P r P r P
PT (s) 0.123 0.258 0.163 0.329 0.167 0.256
APTT (s) 0.150 0.168 0.073 0.664 0.188 0.200
FIB (g/1) 0.262 0.015* 0.147 0.379 0.388 0.006*
TT (s) 0.020 0.853 0.143 0.391 —0.060 0.688
DD (mg/l) 0.149 0.172 0.400 0.013* 0.038 0.798

ANXAT Annexin A1, KD Kawasaki disease, CAA coronary artery aneurysm,
NCAA non-CAA, PT prothrombin time, APTT activated partial thromboplas-
tin time, FIB fibrinogen, TT thrombin time, DD D-dimer.

*P < 0.05.

Correlation between serum ANXA1 levels and general laboratory
variables in the KD-CAA and KD-NCAA groups

Serum ANXAT1 levels were not significantly correlated with IVIG
treatment, WBC, RBC, Hb, PLT, N%, L%, PCT, AST, ALT, or CK-MB (P
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> 0.05) in KD-CAA group and were positively correlated with ESR
and IL-6 (P <0.05).

In the KD-NCAA group, serum ANXAT levels were positively
correlated with N%, CRP, and IL-6 and negatively correlated with
L% (P < 0.05; Table 3).

Correlation between serum ANXAT levels and blood coagulation
parameters

In the KD and KD-NCAA groups, there was a significant positive
correlation between serum ANXAT levels and FIB (P < 0.05). In the
KD-CAA group, there was a significant positive correlation
between serum ANXA1 levels and DD (P < 0.05; Table 4).
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DISCUSSION

ANXA1 belongs to the Annexin family of proteins, which are
characterized by a highly conserved Ca*"binding site in the
protein core and an unique NH2-terminal domain.” Certain
members of the Annexin family are reported to be involved in a
variety of diseases as an inhibitor of neutrophil migration and
blood coagulation.” ANXA1 could interfere with the migration and
chemotaxis of neutrophils to endothelial cells and further
regulating the inflammatory response mediated by neutrophils."’
Previous studies have shown that neutrophils was important in
the formation of CAAs during the acute phase of KD.% In addition,
ANXA1 can inhibit platelet function to prevent aggregation in
circulation, enabling ANXA1 to serve as a resolving agent.'® In this
study, we sought to measure the serum ANXA1 concentration in
the KD patients and further explore the relationship between
ANXA1 and the formation of CAAs.

In this study, we found that serum ANXA1 levels in the KD group
were significantly lower than in the HC group. In particular, the
serum ANXAT1 levels were substantially lower in the KD-CAA group
compared to the KD-NCAA group. Correlation analysis showed that
serum ANXA1 levels were positively correlated with N%, CRP, IL-6
levels, and FIB but negatively correlated with L% in the KD group.
In the KD-CAA group, serum ANXAT levels were positively
correlated with ESR, IL-6 levels, and DD, whereas in the KD-NCAA
group, serum ANXAT1 levels were positively correlated with N%,
CRP, IL-6 levels, and FIB but negatively correlated with L%.

ANXA1 has been primarily reported as a critical anti-inflammatory
and pro-resolving protein cytokine, which exhibited various
biological functions."""™® It has been shown that ANXA1, via ANXA/
FPR2 signaling, negatively regulates Rap-1-dependent integrin
activation in the recruitment of monocytes and neutrophils to
protect coronary endothelial cells in atherosclerosis.'> Downregula-
tion of ANXA1 led to more severe coronary lesions in the mouse
model for atherosclerosis.'>*> Furthermore, in sepsis and other
inflammatory-related diseases, ANXA1 was involved in regulating
the excessive inflammatory response by preventing neutrophils
from migrating and adhering to the endothelial cells.>>** ANXA1
also acts as a protective cytokine in the development process of
ischemia-reperfusion injury and myocardial infarction. ANXA1 can
regulate abnormal platelets and promote thrombus dissolution, thus
protecting the cardiovascular system from injury.'””~'® The purpose
of this study was to investigate the association between ANXA1 and
KD and uncover any connections between ANXA1 and the
formation of CAAs. Here we found that serum ANXAT levels in the
KD group were significantly lower than those in the HC group. This
result and above evidences indicated that ANXA1 might be involved
in the development process of KD, and the low serum concentra-
tions of ANXA1 might be a cause for the excessive inflammatory
responses characteristic of KD. In addition, some studies have shown
that IL-6 and other inflammatory cytokines synergistically mediated
the development of vasculitis during the acute phase of KD.*
ANXA1 could inhibit the expression of IL-6 via GILZ'® low serum
ANXA1 levels might lead to the increased expression of IL-6.
Interestingly, our result was consistent with previous research that
serum IL-6 levels were higher in KD patients compared to healthy
controls.?® Furthermore, our study also found that serum ANXAT1
levels were positively correlated with CRP and IL-6 levels in the KD
group. CRP and IL-6 levels were strongly correlated with the degree
of inflammation. Excessive inflammatory response could induce the
expression of ANXA1 to maintain homeostasis.?* Solito et al. also
suggest that IL-6 could directly promote the expression of ANXA1 to
regulate inflammation.'® Taken together, ANXA1 and IL-6 might
synergistically participate in the development of vasculitis in KD, and
low serum concentrations of ANXAT might lead to more severe
inflammatory responses in KD.

KD predominantly affects the systemic medium-sized blood
vessels. The most critical complication of this disease is CAAs.2 Our
results indicated that ANXA1 might be a key factor involved in the
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development process of CAAs. First, we found that serum ANXA1
levels in the KD-CAA group were significantly lower than in the
KD-NCAA group. In the acute phase of KD, a large amount of
neutrophils infiltrate into the vascular wall, which would mediate
severe lesions on endothelial cells and smooth muscle cells of the
vessels.® Under this condition, affected vessels were left with only
a weak adventitia and were much more susceptible to CAA
formation.” Previous studies demonstrated that ANXA1 plays an
important role in modulating the chemotaxis and adhesion of
neutrophils to vascular endothelial cells.'’ The above evidences
indicated that low serum ANXA1 levels might be a reason for the
excessive inflammatory response experienced by the vascular
wall. Furthermore, our study found that, in the KD-CAA group,
serum ANXAT levels were positively correlated with ESR and IL-6
levels. Previous research has confirmed that IL-6 is involved in the
development process of CALs in KD.?® ESR is thought to be a
predictive marker for the occurrence of CAAs in KD patients.”” Our
observation that serum ANXA1 levels were positively correlated
with these CAL-related inflammation parameters indicated that
ANXA1 might be involved in the development process of CAAs
and would be stimulated in the excessive inflammation state via a
feedback mechanism.'* This phenomenon was also observed in
the KD-NCAA group, where we observed that patient serum
ANXA1 concentrations were positively correlated  with
inflammation-related parameters including N%, CRP, and IL-6
levels. This further confirmed that ANXA1 would be stimulated by
the inflammatory factors and act as an anti-inflammatory
cytokine.""'*'* Finally, previous studies have shown that ANXA1
was involved in the atherosclerosis and myocardial infarction as a
protective factor via preventin% inflammatory cells from infiltrat-
ing into the vascular walls.">*® In a mouse model of athero-
sclerosis, ANXA1 knockout led to an increased propensity for
presenting coronary artery injuries.’>??3° Taken together, all the
above evidences indicates that the low serum ANXA1 levels might
be a key factor for CAA formation in KD patients.

In a multicenter, prospective randomized, controlled trial in
Japan, Kobayashi et al. demonstrated that, compared with IVIG
alone, treatment that combined IVIG with prednisolone signifi-
cantly reduced the incidence of CALs in the acute phase of KD.*'
Wardle et al. indicated that the use of steroids could effectively
attenuate the development of CALs in the acute phase of KD and
further reduced the duration of clinical symptoms as well as
hospital stay.> ANXA1 is a glucocorticoid-regulated protein.
Glucocorticoid can bind to cytoplasmic glucocorticoid receptors,
which would further promote the expression of ANXA1 genes. This
would cause a large amount of ANXA1 to be secreted into
circulation to regulate the inflammation mediated by neutro-
phils.'? In addition, ANXA1 was also involved in regulating IL-6 and
other inflammatory cytokines.”® This may be one of the potential
mechanisms that glucocorticoids could attenuate the develop-
ment of CALs in KD, and ANXA1 might be a new therapeutic
target for KD patients, especially those with CALs or CAAs.
However, further research is still needed to verify and further
elucidate this potential treatment option.

ANXA1 was also involved in regulating coagulation function.
Senchenkova et al. indicated that ANXA1 was able to inhibit the
activation and aggregation of platelets and alter platelet
phenotype from pathological to regulatory via the Fpr2/ALX
signaling pathway.'® In our study, we found a significant positive
correlation between serum ANXAT levels and FIB in the KD group,
as well as a significant positive correlation with DD in the KD-CAA
group. DD and FIB are both clinical parameters that reflect the
degree of hypercoagulability. Previous studies demonstrated that
ANXAT acts as a protective factor in ischemia-reperfusion injury
and myocardial infarction via platelet regulation and inhibition
of inflammatory responses.’®'® In a mouse model of
ischemia-reperfusion injury, decreased expression of ANXA1 led
to an increase in platelet adhesion to the endothelium and more
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severe vascular damage.'® Moreover, our results showed that
serum ANXAT1 levels in the KD group were significantly lower than
those in the HC group, indicating that low serum ANXA1 might be
related to the hypercoagulability in KD patients.

In conclusion, our study was the first to demonstrate that serum
ANXAT1 levels in KD patients are significantly lower than those in
healthy controls. Serum ANXA1 levels were substantially
decreased in KD patients with CAAs compared to those without.
In addition, serum ANXA1 concentrations were positively corre-
lated with ESR and IL-6 levels in the KD-CAA group. These results
indicate that ANXA1 might relate to the development process of
KD, and low serum ANXA1 concentrations might be one of the
mechanisms through which CAAs develop. ANXA1 may possess
the potential to serve as a new therapeutic target for patients with
KD, especially those with CALs or CAAs. Furthermore, our study
showed that serum ANXAT levels were positively correlated with
DD and FIB in the KD-CAA and KD-NCAA groups, respectively.
These coagulation-related clinical parameters could reflect the
degree of hypercoagulability, indicating that low serum levels of
ANXA1 might lead to hypercoagulability in KD patients. However,
our study also has some limitations and further studies are
required to investigate the way signaling pathway of ANXA1
participates in the development process of KD and the formation
of CAAs.
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