L))

Check for
updat

Original Article

Co-culture of peripheral blood mononuclear cell (PBMC) and
human coronary artery endothelial cell (HCAEC) reveals the
important role of autophagy implicated in Kawasaki disease
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Background: Kawasaki disease (KD) is a systemic vasculitis syndrome that commonly occurs in children.
Autophagy has been increasingly shown to be involved in various cardiovascular diseases, including
endothelial dysfunction and vascular endothelial injury. However, whether autophagy is implicated in the
pathogenesis of KD remains poorly understood, and particularly, how the dysfunction of human coronary
artery endothelial cells (HCAEC:) is associated with autophagy in peripheral blood mononuclear cells
(PBMC:s) from KD patients awaits further investigation.

Methods: Peripheral blood samples were collected from KD patients, common fever patients, and healthy
controls. The PBMC samples were isolated from KD blood samples collected at three different phases: the
acute phase before therapy (acute-KD), 1 week (subacute-KD), and 4 weeks (convalescent-KD) after drug
administration.

Results: The autophagy flux was significantly increased in the PBMCs of KD patients at acute phase. The
PBMC:s of acute KD patients could induce autophagy in HCAECs and promote the secretion of chemokines
and pro-inflammatory factors after cocultured with HCAECs whereas 3-methyladenine (3-MA) drug could
partly reverse this process.

Conclusions: Autophagy is involved in the inflammatory injury of vascular endothelial cells associated
with PBMCs in KD patients, and may play a crucial role in regulating inflammation. Hence, we identify a

novel regulatory mechanism of vascular injury in this disease.
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Introduction

Kawasaki disease (KD) is a systemic vasculitis syndrome
that affects medium-sized vessels. Although great efforts
have been devoted over the past decades, the mechanisms
underlying the pathogenesis of KD remain poorly
understood. What is known is that the degree of coronary
artery involvement may affect the long-term prognosis of
this disease. KD is a principal cause of acquired coronary
disease in pediatric patients, and also a high-risk component
to acute coronary syndrome and myocardial infarction in
many adults (1).

The activation of immune cells has been reported
in KD patients, and both innate and adaptive immune
systems are involved in this process (2-4). Another possible
mechanism that may lead to KD onset is the inflammatory
injury of vascular endothelial cells (5). Since endothelial
cells constitute an important barrier in blood vessels, they
can regulate inflammation and vascular function through a
variety of complex mechanisms (6), including the transport
of oxygen and energy as well as tumor immune regulation
and cellular metabolism (7,8).

Autophagy is an essential biological process in mammals,
which plays pivotal roles under both physiological and
pathological conditions (9). Autophagy enables the
degradation of intracellular components by delivering
them into lysosomes, mainly through autophagosome
assembly from membrane-bound vesicle intermediates (10).
Several studies have demonstrated that autophagy is crucial
for sustaining organ growth, immunity and metabolic
active balance, and it accomplishes a myriad of functions
at the cellular level (11,12). In addition, other studies
have reported that autophagic processes are involved in
aging, inflammation, nephropathies, metabolic diseases,
cardiovascular diseases, neurological disorders, and various
cancers (13,14).

In recent years, a better understanding of the relationship
between autophagy and inflammation has been rapidly
developed (12,15). Autophagy plays a key role in host invasion
via several mechanisms. On the one hand, it can regulate
antigen presentation, activate acquired immunity, promote
lymphocyte differentiation and enhance memory T cell
development. On the other hand, it can modulate cytokine
signaling and promote innate immunity (16,17). Growing
evidence suggests that autophagy is actively involved in
endothelial dysfunction and vascular endothelial injury, which
can be reflected in the pathogenesis of atherosclerosis, sepsis
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and diabetes (8,18-20). Thus, we speculate that autophagy
is a crucial factor for peripheral blood mononuclear cells
(PBMCs)-related endothelial inflammation. However, there
is a lack of studies focusing on the role of autophagy in KD.
In this study, we first established a co-culture system of
PBMC:s from KD patients and human coronary endothelial
cells (HCAECs), and then assessed the role of autophagy
in KD. We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-344).

Methods
Patients and control subjects

This study was approved by the Ethics Committee of
the Children’s Hospital of Soochow University (No.
2021CS176) and was conducted in compliance with the
Declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from the participants’
parents or legal guardians. Patients with a diagnosis of
KD according to the diagnostic criteria established by the
American Heart Association guidelines were recruited from
Children’s Hospital of Soochow University between June
2019 and October 2019. The onset time of all children
included in this study was within 7 days, and they were not
treated with intravenous immunoglobulin IVIG) before
admission as well as nonsteroidal anti-inflammatory drugs
(NSAIDs), steroids or immunosuppressive within 2 weeks
after admission. Meanwhile, we excluded children with
incomplete KD and other significant medical conditions.
None of the participants in this study had coronary artery
lesions and serious complications. Patients were treated with
2 g/kg IVIG as a single infusion over 10-12 h, together with
30-50 mgrkg/day acetylsalicylic acid (ASA). After 48 h of
normal body temperature, the doses of ASA were reduced to
3-5 mg/kg/day. There were 4 cases of resistance to IVIG
treatment. Subsequently, we classified all patients into three
phases: acute phase (prior to IVIG treatment), subacute
phase (1 week after IVIG treatment), and convalescent
phase (4 weeks after IVIG treatment). Children who had
common virus infection with fever symptoms (axillary
temperature >37.5 °C, duration of fever >3 days) and those
with normal physical examination findings were classified
as the fever and control groups, respectively. All groups did
not differ significantly in terms of age, gender, and weight.
The baseline information of the subjects included in this
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Table 1 The Characteristic features of KD patients and the control participants

Qin et al. Autophagy is involved in KD

Characteristics KD (n=40) Fever (n=29) Normal (n=34) P value
Male/female (n) 23/17 16/13 19/15 0.734
Age at onset (months), median [P25-P75] 36.50 [30.0-58.25] 39.00 [34.50-56.50] 41.00 [36.00-53.25] 0.566
Weight (kg) 17.50 [14.00-21.00] 18.00 [15.00-20.00] 17.00 [15.00-19.25] 0.440
CAL (+/-) 0/40 0/29 0/34 ND
IVIG-resistance (+/-) 4/36 ND ND ND
Incomplete KD (+/-) 0/40 ND ND ND
CRP (mg/dL), median [P25-P75] 78.82 [42.77-118.42] 5.77 [1.60-12.28] 2.78 [1.15-6.43] <0.01
White blood cell count (x10%L), median [P25-P75] 15.28 [9.87-18.79] 6.77 [6.72-9.08] 6.41 [6.77-7.92] <0.01
Platelet count (x10°%L), median [P25-P75] 363 [294-451] 189 [158-220] 188 [150-283] <0.01
Hgb (g/L) 108.80+8.94 116.38+10.84 126.71+£10.93 <0.01
Duration of fever (days), median [P25-P75] 5 [4-6] 4 [3-5] ND 0.124

n, number of patients; KD, Kawasaki disease; CAL, coronary arterial lesions; Hgb, the mean hemoglobin concentration normalized for age;

CRP, C-reactive protein; ND, no data.

study are shown in 7ible 1.

Isolation of PBMCs

Whole blood (2 mL) was collected from each volunteer
who agreed to participate in this experiment. The blood
samples were stored in K3 EDTA vacutainer tubes (Greiner
VACUETTE, Frickenhausen, Germany). Plasma was
obtained from all blood samples within 4 h after collection.
Then, Ficoll lymphocyte separation solution (TBD Science,
Inc., Tianjin, China) was used to separate PBMCs through
a gradient centrifugation. The isolated PBMCs were
cultured or placed in 1.5-mL tubes and stored at -80 °C
until further use. The PBMCs used for cell culture were
counted and then added to RPMI-1640 medium (Gibco,
USA) supplemented with 10% fetal bovine serum (FBS;
Gibco, Grand Island, NY, USA) and 200 U/mL penicillin-
streptomycin (Gibco, USA).

Human coronary endothelial cell culture

HCAECs were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). The cells were
cultured in endothelial cell medium (ScienCell, San Diego,
CA, USA) supplemented with 1% endothelial cell growth
supplement (ECGS), 5% (v/v) FBS, and 1% penicillin-
streptomycin.
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Establisbment of co-culture model

With regard to the co-culture system, Transwell cell culture
inserts (Corning, NY, USA) with 0.4-um pore size and 12-
well plates were used. This type of insert could prevent
the migration of cells from the top chamber to the bottom
one. Briefly, HCAECs (1x10’ cells/well) were seeded in
12-well plates, and then incubated at 37 °C and 5% CO,
for 6 h to reach adhesion. Next, PBMCs (2x10° cells/well)
in 500 pL complete media were seeded into the upper
chamber of the Transwell inserts for each of the 12 wells
containing HCAECs. The cells were co-cultured in a 5%
CO, incubator at 37 °C for 48 h.

Western blot analysis

After co-culturing for 48 h, the cells were washed three
times with cold PBS. To extract proteins, HCAECs were
harvested and lysed in RIPA cell lysis buffer (Beyotime,
Haimen, China) pre-chilled at 4 °C. Bradford method
(Sangon Biotech, Shanghai, China) was employed to
measure the concentration of total protein in the lysates.
Approximately 20 pg lysate protein was loaded into each
well in 12.5% sodium dodecyl sulfate-poly acrylamide
gels, and then separated by electrophoresis at 100 V. Next,
the proteins were transferred onto polyvinylidene fluoride
membranes (PVDE, 0.22 um; Bio-Rad, CA, USA). After
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blocking with 5% nonfat milk solution on a shaker at room
temperature for 2 h, the membranes were incubated with a
primary antibody against light chain 3 II/T (LC3 II/T) (1:1,000;
Cat: 4108; Cell Signaling Technology (CST), Danvers,
MA, USA) at 4 °C with gentle shaking for 14-16 h. After
washing with PBS, the membranes were incubated with a
secondary antibody (1:5,000; Cat: 7074; CST, USA) at room
temperature for 1 h. Protein bands were detected using
an electrochemiluminescence (ECL) reagent (EpiZyme,
Shanghai, China) for development, and then visualized on
an Image Quant LAS 4000 imaging system. The blots were
also probed against GAPDH (1:5,000; Cat: ab9485; Abcam,
Cambridge, MA, USA), which was used as an internal

loading control.

Immunocytochemistry

HCAECs were seeded in confocal microscopy plates
(diameter: 35 mm; glass bottom diameter: 20 mm) at a
density of 5x10° cells per well and cultivated as described
above. Meanwhile, PBMCs were grown in the upper
chamber of the Transwell insert (PET 0.4 pm, available
for 6-well plate). After 48 h of co-cultivation with
PBMCs, HCAECs were immediately fixed with cold
4% paraformaldehyde for 30 min, washed with PBS
(5 min x3), permeabilized with 0.5% Triton X-100, and
blocked with 1% bovine serum albumin (BSA) for 30 min.
Subsequently, the cells were incubated overnight with
anti-LC3 1I/I antibody (1:200; Cat: 4108; CST, USA) at
a dilution of 200 times in 0.5% BSA. After three times of
gentle washing with PBS, the cells were incubated with
Alexa Fluor 594-conjugated goat anti-rabbit IgG antibody
(1:200; Cat: A-11012; Invitrogen, Carlsbad, CA, USA).
Nouclei were identified by DAPI staining. Olympus FV1000
(IX81) confocal microscope (Tokyo, Japan) was used to
capture the fluorescent images.

Transmission electron microscopy (I'EM)

Whole blood (2 mL) was collected using the anticoagulant
blood tubes without EDTA, followed by PBMC isolation.
After washing with PBS and centrifugation at 1,000 rpm,
PBMCs were deposited at the bottom of the 1.5-mL EP
tube to form a mass. Then, 2.5% glutaraldehyde (pH 7.4)
was added and fixed at 4 °C for 24 h. The fixed cells were
embedded in agarose with low melting point. After washing
three times with 0.1 M phosphate buffer (pH 7.2), the
cells were fixed in 1% osmic acid at 4 °C for 2 h, followed
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by gradient dehydration with a graded series of ethanol.
Subsequently, the samples were embedded in Epon-Araldite
resin for penetration, and then placed in a model for
polymerization. Later, the ultrathin sections were collected
for microstructure analysis. After counterstaining with
3% uranyl acetate and 2.7% lead citrate, the sections were
examined using a HT7800 TEM.

ELISA analysis

After 48 h of co-cultivation, HCAECs were lysed
by repeated freezing and thawing, PBS rinsing, and
ultrasonication. The protein concentration was measured
with Bradford method. The supernatant was obtained to
determine the levels of tumor necrosis factor o (TNF-a),
interleukin 6 (IL-6), interleukin 8 (IL-8), intercellular
adhesion molecule 1 (ICAM-1), and vascular cell adhesion
molecule 1 (VCAM-1). For each experimental group, the
cells were seeded in five independent wells, and the assay
was performed in triplicate. ELISA kits (Dakewe Biotech
Co., Ltd., Shenzhen, China) were used in accordance with
the manufacturer’s instructions. The optical density (OD)

was measured at 450 nm using a microplate reader (Thermo
Scientific, USA).

Statistical analysis

Each experiment was repeated three or more times.
Statistical analyses were performed with SPSS 21.0.
GraphPad Prism 7 was used to construct the figures. All
data were expressed as mean = standard error of the mean
(SEM). To compare the differences between groups, one-
way analysis of variance (ANOVA) and Student’s ¢-tests
were used as appropriate. P<0.05 was considered statistically
significant.

Results
PBMC autophagy is significantly induced in KD patients

Eleven blood samples were collected from six KD patients
and five healthy controls in the first 15 days. The samples
were collected from each patient at three different phases,
including acute, subacute, and convalescent phases. To assess
autophagy in the PBMCs of KD patients, we evaluated LC3
protein levels and examined autophagy-related changes
via TEM analysis. Since the formation of LC3 II from the
cytosolic LC3 I is recognized as a key readout for mature
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Figure 1 Autophagy is induced in the PBMCs of KD patients. (A) Representative blots of PBMCs in KD patients at acute, subacute

and convalescent phases (control: n=5, KD: n=6). All samples were subjected to immunoblot analysis with specific antibodies against
LC3 II/I and GAPDH. (B) Western blots of PBMCs in KD, fever and control groups (n=24 per group). All samples were subjected to
immunoblot analysis with specific antibodies against LC3 II/I and GAPDH. (C,D) The expression levels of LC3 in (A,B) were quantified
by densitometry, and the level of LC3 II/I was analyzed. (E) TEM examination of PBMCs in KD, fever and control groups. The arrowhead
indicates the autophagosome. *, P<0.05; ***, P<0.001; ns, P>0.05. KD, Kawasaki disease; PBMC, peripheral blood mononuclear cell; LC3,

light chain 3.

autophagosome formation, we determined the levels of
these proteins by Western blotting. The results revealed that
KD patients at acute phase exhibited higher proportions of
LC3 II and LC3 I than those at subacute and convalescent
phases (Figure 14,1B). Subsequently, we isolated PBMCs
from 24 patients with acute KD, and compared the levels
of LC3 with healthy controls and common fever patients.
The results showed that the ratio of LC3 II/I in acute KD
patients was significantly increased compared with other
groups (Figure 1C,1D). From the TEM images, we observed
autophagosomes and mitochondrial vacuoles in the PBMCs
of acute KD patients. However, these alterations were not

© Translational Pediatrics. All rights reserved.

observed in both control and fever groups (Figure 1E).
Collectively, these results indicate that autophagy is induced
in the PBMCs of KD patients.

HCAEC autopbagy is triggered by the PBMCs of acute KD
patients in the co-culture model

After co-culturing of HCAECs with PBMCs for 48 h,
HCAEC morphology did not change significantly among
the three groups (Figure 2A4). However, the ratio of LC3
II/I in endothelial cells co-incubated with PBMCs from
KD patients was significantly higher compared with the
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Figure 2 HCAECs autophagy is triggered by PBMCs of acute KD patients in the co-culture model. (A) HCAECs did not change their
shape after co-culturing with the PBMCs of KD patients for 48 h (scale bar, 500 pm). (B) HCAECs incubated with PBMCs from acute KD,
fever and control groups (n=3 per group) for 48 h, and then subjected to immunoblot analysis with specific antibodies against LC3 II/I and
GAPDH. (C) The expression levels of LC3 were quantified by densitometry via Image J, and the level of LC3 II/I was analyzed. (D) The
distribution of LC3 in HCAEC:s after co-incubation with PBMCs from acute KD, fever and control groups for 48 h, which was detected by

immunofluorescence (x600). All experiments were repeated three times independently. **, P<0.01; ns, P>0.05. HCAEC, human coronary
endothelial cell; KD, Kawasaki disease; PBMC, peripheral blood mononuclear cell; LC3, light chain 3.

fever and control groups, as revealed by Western blotting
(Figure 2B,2C). Moreover, we observed evident changes
in LC3 levels using the immunofluorescence method.
The expression level of LC3 was significantly increased in
HCAECs co-incubated with PBMCs from KD patients
compared with the other two groups (Figure 2D). These
results indicate that the PBMCs of KD patients can enhance

© Translational Pediatrics. All rights reserved.

autophagy flux in HCAECs.

Co-cultured with PBMCs of KD patients promote the
secretion of chemokines and inflammatory cytokines in
HCAECs

It is well known that endothelial cells secrete cytokines
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Figure 3 The PBMCs of acute KD patients promote the secretion of inflammatory cytokines and chemokines in HCAECs. (A-C)
Expression levels of TNF-o, IL-6 and IL-8 in HCAEC:s after co-culture. (D,E). Expression levels of ICAM and VCAM in HCAEC:s after
co-culture. All experiments were repeated three times independently. *, P<0.05; **, P<0.01; ***, P<0.001; ns, P>0.05. KD, Kawasaki disease;

PBMC, peripheral blood mononuclear cell; HCAEC, human coronary endothelial cell; TNF-o, tumor necrosis factor o; IL-6, interleukin 6;

1L-8, interleukin 8; ICAM, intercellular cell adhesion molecule; VCAM, vascular cell adhesion molecule.

(e.g., chemokines, TNF-o, IL-6 and IL-8), and these
inflammatory-related factors are significantly increased in
the plasma of KD patients. Therefore, we lysed HCAECs
that were co-cultured with PBMCs for 48 h via ultrasonic
disruption in order to determine the concentration of these
inflammatory-related factors in our co-culture system.
The levels of TNF-a and IL-6 in HCAECs co-incubated
with PBMCs from KD patients were significantly higher
than those in the control and fever groups (Figure 34,3B).
In addition, the level of IL-8 in endothelial cells co-
cultured with PBMCs from KD patients was significantly
higher than that in the control group, while there was no
significant difference when compared with that in the fever
group (Figure 3C). Activation of endothelial cells plays an
important role in the development of KD. Therefore, we
examined the expression levels of ICAM and VCAM in
co-cultured endothelial cells. As expected, HCAECs co-
cultured with PBMCs from KD patients show an increased
expression level of ICAM-1 and VCAM-1 compared with
the other two groups (Figure 3D,3E).

© Translational Pediatrics. All rights reserved.

3-methyladenine (3-MA) inhibits the secretion of
chemokines and inflammatory cytokines in HCAECs
co-cultured with PBMCs from KD patients

Finally, to verify the role of autophagy in our co-culture
system, we co-cultured HCAECs with PBMCs from five
patients with acute KD and investigated the effects of
3-MA on cytokine secretion. The PBMCs of each patient
were divided into two groups, and two identical co-culture
systems were constructed, in one of which the HCAECs
were pretreated with 3-MA (5 mM) for 1 h. After 48 h
of co-cultivation, the adherent HCAECs were collected
from the lower wells. The levels of TNF-a, IL-6, and IL.-8
in 3-MA-pretreated HCAECs were significantly lower
than those in the untreated group, indicating that 3-MA
could inhibit the secretion of inflammatory cytokines in
HCAECs co-cultured with PBMCs from acute KD patients
(Figure 44-4C). With regard to endothelial cell activation,
the increased expression levels of ICAM-1 and VCAM-2 in
HCAECs were also suppressed by 3-MA treatment when

Transl Pediatr 2021;10(12):3140-3150 | https://dx.doi.org/10.21037/tp-21-344



Translational Pediatrics, Vol 10, No 12 December 2021

15000 - —_— 15000 -
|
£ .
S, 10000 \ E 10000 -
Q (=2}
f ¢
Z 5000 4 = 5000
z 2

0 T T

‘*

3147

‘a

5000 -

4000 -

3000 -

IL-8, pg/mL

2000 -

1000

Acute-KD Acute-KD + 3MA

D

400000 -

*

=

300000 -

200000 -

ICAM, pg/mL

100000

Acute-KD Acute-KD + 3MA

0 T T
Acute-KD Acute-KD + 3MA

T 0 T T
Acute-KD Acute-KD + 3MA

VCAM, ng/mL
n
o
1

10 A

0 T T
Acute-KD Acute-KD + 3MA

Figure 4 3-MA inhibits the expression of inflammatory cytokines in HCAECs during co-cultivation. (A-C) 3-MA decreases the expression
levels of TNF-a, IL-6 and IL-8 in HCAECs during co-cultivation. (D,E) 3-MA reduces the expression levels of ICAM and VCAM in
HCAECs during co-cultivation. All experiments were repeated three times independently. *, P<0.05; ns, P>0.05. 3-MA, 3-methyladenine;

HCAEC, human coronary endothelial cell; TNF-o, tumor necrosis factor o; IL-6, interleukin 6; IL-8, interleukin 8; ICAM, intercellular cell

adhesion molecule; VCAM, vascular cell adhesion molecule.

compared to the untreated cells (Figure 4D,4E).

Discussion

In a normal heart, autophagy is a dynamic process at the
subcellular level. From a physiological viewpoint, autophagy
can remove aging-related compounds, damaged substrates
or excess substances in cells through lysosomes. There
are three principal forms of autophagy: microautophagy,
chaperone-mediated autophagy, and macroautophagy. Both
redox-active protein aggregates and cytoplasmic bacteria
can be eliminated via autophagy, indicating that exogenous
as well as endogenous substances can be degraded (21).
Autophagosomes form a bilayer membrane structure that
engulfs isolated cellular contents, which is then combined
with lysosomes to complete the process of autophagy (22).
LC3 family proteins are key components for autophagosome
formation. An increased proportion of LC3 II or an
accumulation of autophagosome is indicative of the induced
autophagy flux (23). This basic autophagy maintains the
physiological balance of the heart. However, the role of
autophagy in cardiovascular disease and inflammation
is quite complex. A previous study has shown that

© Translational Pediatrics. All rights reserved.

although autophagy is capable of preventing spontaneous/
endogenous inflammation, its persistent dysregulation can
induce pathological changes and ultimately lead to tissue
damage (24). Therefore, we evaluated autophagy by gauging
the ratio of LC3 II/I.

KD-induced cardiac and vascular inflammation can
activate macrophages, neutrophils and monocytes, which
further invade vascular endothelium and last for several
days (25,26). Thus, it is of great clinical value to explore
the molecular mechanisms underlying the inflammatory
injury of vascular endothelial cells from the perspective
of peripheral blood cells. The co-culture system can serve
as a novel model to investigate the effect of PBMCs on
endothelial cells. In this study, we found that PBMC
autophagy was increased in KD patients at the acute phase,
which was different from the autophagy of leukocytes
dominated by neutrophils as reported previously (27).
This implies that PBMCs and neutrophils play differential
roles in KD. Previous studies have shown that infection is
indeed involved in the pathogenesis of KD (28,29). A novel
RNA virus, which was detected in the bronchial epithelial
cells and other cells of patients, could be linked to the
onset of KD (3,30-32). Rowley proposed that an unknown
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virus could infect the respiratory tract of individuals with
a certain genetic background, which then entered the
bloodstream through macrophages and invaded coronary
vessels (29). These findings reveal that peripheral blood
cells have a new way to participate in vascular endothelial
cell injury.

Vascular endothelial cells play a central role in sustaining
the physiological functions of the cardiovascular system.
Clinical studies have confirmed that endothelial dysfunction
is a common risk factor in various cardiovascular
diseases (33). However, the role of autophagy in human
vascular endothelial cells has not been fully elucidated. A
channel was provided by the co-culture model of PBMCs
from KD patients and endothelial cells to examine the roles
of autophagy in KD. The smaller pore size of the Transwell
inserts membrane prevented the migration of PBMCs in the
upper layer and inhibited a direct cell-cell contact between
top and bottom layers. However, cytokine-mediated cell
communication is existed, and this may be the inducing
factor for endothelial cell inflammation. Different from
the autophagy inhibition of endothelial cells after TNF-a
stimulation for 2 h (34), we observed that PBMCs from KD
patients could induce endothelial cell autophagy in a co-
culture system for 48 h, and this inconsistency also reflected
the complexity of autophagy. Simultaneously, PBMCs from
KD patients induced an increase in the levels of ICAM,
VCAM, and pro-inflammatory factors (e.g., TNF-a, IL-6
and IL-8) in endothelial cells. This provides direct evidence
for the inflammatory injury of endothelial cells induced by
PBMC:s from KD patients.

Autophagy of endothelial cells that are induced by
different biological and chemical factors may lead to
different outcomes (20). Certain naturally occurring
compounds, such as analogs of resveratrol (34),
epigallocatechin gallate (35), and curcumin (36), have
shown to exhibit cardiovascular protective effects by
inducing autophagy. On the contrary, cigarette smoke-
induced autophagy appears to be damaging and promote
cell death (37). In the co-culture system, the outcome of
endothelial cells was changed by 3-MA, an autophagy
inhibitor, and the inflammatory injury of endothelial
cells induced by PBMCs was suppressed. This regulation
on inflammatory factor secretion differs from the basic
inhibitory effect on autophagy, suggesting that autophagy
may play a pro-inflammatory role when the inflammasome
is activated (38,39). Furthermore, we speculate that the
cytokines secreted by the PBMCs of KD patients can
induce excessive autophagy in endothelial cells, and
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are involved in the inflammatory damage of HCAEC
in the inflammatory damage of blood vessels. This also
corroborates that the systemic inflammatory response may
potentiate the inflammatory response in coronary lesions,
leading to endothelial dysfunction (40). Additionally, the
PBMC:s in the co-culture system may also be affected
by 3-MA. However, many studies have shown that the
loss of autophagy in T cells and B cells can promote an
inflammatory response in the body (41,42), which adds
complexity and confusion to the results of our study. In the
follow-up experiments, we will attempt to use the culture
supernatant of PBMCs from KD patients as a stimulant to
induce the inflammatory injury of vascular endothelial cells
in order to get more direct evidence.

There are several limitations to this study. First, the
amount of KD cases was small, and the evaluated time
points of cases were scarce. Second, we did not elucidate the
mechanisms underlying the relationship between autophagy
and vascular inflammation in KD patients, which needs to
be investigated in the follow-up study. Third, we neglected
the effects of autophagy on diverse phenomena and its
roles in different categories of KD such as complete and
incomplete KD, IVIG responding and non-responding,
or in the presence and absence of coronary artery
abnormalities. Further studies with larger sample sizes and
long-term follow-up periods are warranted to provide more
definitive evidence.

Conclusions

In summary, we found the autophagy flux was induced in
PBMCs of KD patients, and identified that the PBMCs
of acute KD patients could cause the inflammatory injury
of vascular endothelial cells by using the co-culture
method. Furthermore, such inflammatory injury could be
ameliorated by adding the 3-MA. These findings suggest
that autophagy occurs in the PBMCs of KD patients and
is associated with the inflammatory injury of vascular
endothelial cells, which provide a novel mechanism of
vascular injury in this disease and its potential therapeutic
target.
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