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Identification of a novel anti-heat shock cognate 71 kDa
protein antibody in patients with Kawasaki disease
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Abstract. Kawasaki disease (KD) is an idiopathic form of
acute systemic vasculitis, which clinically mimics febrile
diseases. Although it has been hypothesized that immune
system malfunction is associated with KD, its etiology
remains unclear. The aim of the present study was to identify
a KD-associated antibody. Immunoproteomic methods were
used to identify KD-associated antigens that could be recog-
nized in the sera of patients with KD. HeLa cells were used as
an antigen source and KD sera were used as probe antibodies
to determine the binding of the antibodies using an indirect
immunofluorescence assay. Western blotting was performed
to identify KD-associated antigens in HeLLa whole cell lysates.
Eight out of 12 serum samples obtained from patients with
KD demonstrated immunoreactive bands at ~70 kDa, which
was later determined to be heat shock cognate 71 kDa protein
(HSP7C) by mass spectrometry. The diagnostic value of
serum anti-HSP7C antibodies for KD was assessed using
ELISA. Using a cut-off value of 0.267, anti-HSP7C antibodies
were observed to be present in the sera of 60.00% (30/50) of
patients with KD, in 21.05% (8/38) of non-KD febrile controls,
and in 5.26% (2/38) of healthy controls. High serum levels of
anti-HSP7C antibodies were detected in the peripheral circu-
lation of patients with KD. To the best of our knowledge, the
present study is the first to observe the high expression levels
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of anti-HSP7C antibodies in patients with KD. Therefore,
anti-HSP7C antibodies may be used as a diagnostic marker to
detect KD.

Introduction

Kawasaki disease (KD), also known as mucocutaneous lymph
node syndrome, is an idiopathic acute vasculitis condition,
which primarily occurs in infants and younger children, and
clinically mimics febrile diseases (1). At present, the differ-
ential diagnosis of KD and other febrile diseases is primarily
dependent on clinical symptoms, such as persistent fever for
>5 days, skin rashes, purulent lymphadenitis and enlargement
of lymph nodes of the neck, conjunctival hyperemia, diffuse
hyperemia of the oral mucosa, palmoplantar erythema, and
edema of the hands and feet (2). These clinical symptoms lack
the required specificity to accurately differentiate KD from
febrile diseases, often resulting in the misdiagnosis of KD.
Thus, 15-25% of patients with KD are incorrectly diagnosed
and receive inadequate treatment during the window of oppor-
tunity for successful treatment; consequently, the disease may
progress to different degrees of coronary artery damage, and
may even result in acquired heart disease (3). Notably, KD
is becoming one of the primary causes of pediatric acquired
heart disease (4,5). Therefore, there is an urgent requirement
to identify novel differential diagnostic markers of KD.

It has previously been demonstrated that KD may be
associated with certain immune factors, and the occurrence
of KD may be associated with susceptibility genes and
associated infections (6). Notably, these susceptibility genes
may serve an important role in the onset and development of
KD due to an imbalance in the immune system induced by
subsequent infections (7). In the earlier phases of KD, the pres-
ence of cytokines and chemokines, which are associated with
the innate immune response, are part of the defense against
foreign pathogens (8), and infiltration of immunoglobulin
(Ig)A antibodies and microtubule organization activate the
lymphocyte immune response to specific antigens (9). In our
previous study, it was demonstrated that there was a quantity
of autoantibodies present in the peripheral circulation of
patients with KD, including anti-phosphoglycerate kinase 1
(PGK1) antibodies in the serum of patients (10). The aim of
the present study was to identify specific diagnostic markers
present in the serum of patients with KD, which may be used
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for differentiating KD from other diseases during the earlier
stages. Immunoproteomic methods were used to identify
KD-associated markers and investigate their diagnostic value.

Materials and methods

Patients. The present study was approved by the Medical
Ethics Committee of Beijing Children's Hospital
(approval no. 2012-23), and written informed consent for
treatment and clinical examinations was obtained from all
guardians of the children recruited. A total of 126 subjects
collected from Beijing Children's Hospital participated in
the present study, including 50 patients with KD, 38 non-KD
febrile controls (FCs) and 38 age-matched healthy controls
(HCs). Serum samples were collected between November 2013
and June 2016 at Beijing Children's Hospital; serum samples
were collected by centrifugation (8,000 x g for 5 min at 4°C)
of =1 ml blood samples. The clinicopathological character-
istics of patients with KD, and FCs and HCs are presented
in Table SI, and the comparisons of clinicopathological
characteristics of patients with KD, and FCs and HCs are
presented in Table I. Diagnostic criteria met the fifth edition
of the Research Committee of KD diagnostic criteria (11); the
FC group consisted of patients with fever for >3 days that clini-
cally mimicked KD.

Cell culture and indirect immunofluorescence assays.
HeLa cells (National Infrastructure of Cell Line Resource)
were plated on a sterile glass slide to generate HeLa cell
chips, and were cultured in high-glucose DMEM (HyClone;
GE Healthcare Life Sciences), supplemented with 10% FBS
(Hangzhou Sijiging Biological Engineering Materials Co.,
Ltd. in a 37°C incubator containing 5% CO,. The slides
were fixed with 4% paraformaldehyde for 10 min at room
temperature, permeabilized with 0.2% Triton X-100 for
10 min at room temperature and blocked with 5% goat serum
(Hangzhou Sijiging Biological Engineering Materials Co.,
Ltd.) for 2 h at 37°C. Subsequently, slides were incubated
with serum (diluted 1:20 in PBS) obtained from patients in
the KD, FC and HC groups, and incubated at 37°C for 1 h.
For the positive control, serum samples were replaced with
an anti-p-actin (ACTB) antibody (1:100; cat. no. 60008-1-Ig;
Wuhan Sanying Biotechnology); for the negative control,
serum samples were replaced with PBS. The HeLa cell chips
were washed with PBS-0.3% Tween-20 (PBST) three times,
then incubated with FITC-conjugated goat-anti human IgG
antibodies (1:100; cat. no. bs-0297G-FITC; BIOSS) at 37°C
for 1 h. Cell nuclei were counterstained with DAPI (Beyotime
Institute of Biotechnology) for 5 min at room temperature.
Images of cell chips were captured using an Olympus FV1000
confocal laser-scanning microscope (Olympus Corporation;
magnification, x40). Semi-quantitative analysis of the fluores-
cence intensity of the HeLa cell chips was conducted using
ImagelJ version 1.51n software (National Institutes of Health).
To obtain the average fluorescence density of each cell, the
fluorescence density of all the cells in the entire image were
analyzed.

Western blotting of HeLa cell extracts. Total protein
was extracted from HeLa cells using RIPA lysis buffer
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(Beyotime Institute of Biotechnology), containing 1 mM
phenylmethylsulfonyl fluoride and 1% protease inhibitors.
Total protein was quantified using the BCA Protein Assay
kit (cat. no. C05-02001; BIOSS) and proteins (30 ug/lane)
were separated by SDS-PAGE on a 12% gel. The separated
proteins were transferred onto PVDF membranes and subse-
quently blocked with 5% skimmed milk for 1 h at 37°C.
Serum samples from the KD, FC and HC groups (1:100) were
used as the probe antibodies and were incubated with the
PVDF membrane for 12 h at 4°C. After the incubation, the
PVDF membranes were washed with 0.3% PBST three times
(10 min/wash) and incubated with goat horseradish peroxi-
dase (HRP)-conjugated anti-human IgG secondary antibody
(1:10,000; cat. no. bs-0297G-HRP; BIOSS) at 37°C for 1 h.
Protein bands were visualized using an enhanced chemilumi-
nescence reagent (Applygen Technologies, Inc.) and recovered
for mass spectrometry.

In-gel digestion, mass spectrometry and protein identification.
In-gel digestion and mass spectrometry were performed as
previously described (12). Briefly, gel pieces containing the
target protein band were excised from the SDS-PAGE gels,
washed with a mixture of 25 mM NH,HCO, and 50% aceto-
nitrile for 30 min at 25°C, dehydrated at 8,000 x g for 15 min
at 4°C using vacuum centrifugation, then washed with 25 mM
NH,HCO,; and 10 mM dithiothreitol for 2 h at 37°C. After
cooling to room temperature, the gel pieces were washed with
25 mM NH,HCO; containing 55 mM iodoacetamide for 45 min
at 25°C in the dark. The target gel pieces were subsequently
washed with 50% acetonitrile in 25 mM NH,HCO; for 10 min
at 25°C and dehydrated in a vacuum concentrator at 8,000 x g
for 15 min at 4°C. The dehydrated gel pieces were digested
with trypsin and 20 gl 0.05 M NH,HCO; (Sigma-Aldrich;
Merck KGaA) at 37°C for 12 h. Finally, peptide fragments of
target proteins were sequenced using an LC-MALDI-TOF/TOF
mass spectrometer (Applied Biosystems; Thermo Fisher
Scientific, Inc.); commercial sequencing services were
provided by the Institute of Microbiology, Chinese Academy
of Sciences. Data were analyzed using the Mascot Server
bioinformatics database search engine (Matrix Science, Inc.).
Protein scores >56 were considered significant. Since HeLa
cells are a human cell line, the search species was selected
as Homo sapiens in the Mascot database. A further selection
criterion was that the protein molecular weight was ~70 kDa.

ELISA. Heat shock cognate 71 kDa protein (HSP7C;
cat. no. 11329-HO7E; Sino Biological, Inc.) was diluted in
carbonate-bicarbonate buffer (0.05 M; pH 9.6) to a final
concentration of 500 ng/ml and used to coat the wells of a
96-well microplate at 4°C overnight. Subsequently, the wells
were blocked with 10% goat serum at 37°C for 2 h. Serum
samples (100 pl) obtained from the KD (n=50), FC (n=38) and
HC (n=38) groups were diluted 1:100 in 0.1% PBST and added
to the microplate as probe antibodies, and incubated at 37°C
for 2 h. Wells were then rinsed five times with 0.3% PBST,
and subsequently a goat HRP-conjugated anti-human IgG
secondary antibody (1:10,000) was added and incubated at 37°C
for 1 h. Wells were rinsed, and 100 pl tetramethylbenzidine
was added and incubated for 5 min at 25°C. The reaction was
terminated with 50 ul 2 M H,SO,. The optical density (OD)
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Table I. Clinicopathological variables of patients with KD, and FCs and HCs.

P-value
Variable KD (n=50) FC (n=38) HC (n=38) KD vs. FC KD vs. HC
Sex (female/male) 22/28 16/22 10/28 0.8589 0.0876
Age (years)" 2.5+22 2.7+19 3.3+1.8 0.8467 0.1734
Coronary artery lesions (-/+) 11/39
Neutrophil granulocyte %* 52.6+23.3 47.5+204 0.2852
C-reactive protein (mg/1)* 55.8+53.8 27.7+£28.4 0.0022
Erythrocyte sedimentation rate (mm/h)* 61.5+£30.0 36.2+23.6 <0.0001
White blood cell (10%/1) 11.1+4.8 10.8+4 .4 0.7679
Red blood cell (10"/1)* 4.0+0.3 43+0.5 0.0074
Hemoglobin (g/1)* 104.8+10.2 110.4£14.0 0.0310
Blood platelets (10°/1)* 397.9+144 4 386.4+218.2 0.7787

“Data are presented as the mean + SD. FC, non-KD febrile control; HC, healthy control; KD, Kawasaki disease.

value of each well was detected using a microplate reader at
a detection wavelength of 450 nm and a reference wavelength
of 620 nm.

Statistical analysis. SPSS version 17.0 software (SPSS,
Chicago, IL) and GraphPad Prism version 7.0 software
(GraphPad Software Inc.) were used to perform statistical
analysis. Continuous data are presented as the mean + SD and
experiments were repeated two times. To compare clinicopath-
ological variables when the variances between the two groups
were equal, a Student's t-test was used; a Cox-Cochran test was
used for unequal variances; and a y” test was used to analyze
categorical data. When three groups were compared, one-way
ANOVA followed by the Sidak's multiple comparison test
was conducted. To determine statistical differences between
the three groups analyzed by ELISA, a Kruskal-Wallis test
followed by a Dunn's post hoc multiple comparisons test was
used. The receiver operating characteristic (ROC) analysis
was performed using MedCalc version 9.2.0.1 software
(MedCalc Software) and OD values corresponding to the
highest Youden index were used as the cut-off values (13).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Antigens in HeLa cells can be recognized by KD serum. HeLLa
cell chips were produced and used for the indirect immunofluo-
rescence assay, in which serum samples containing the probe
antibodies were incubated with the cell chips, and anti-ACTB
antibody was used as the positive control. Significantly increased
fluorescence intensities were observed in the cells incubated
with sera from the KD group compared with sera from the FC
and HC groups (Fig. 1; P<0.05). These results suggested that
certain antigens in the HeLa cells could be probed using anti-
bodies present in the serum of patients with KD.

Identification of a novel antibody present in the serum of
patients with KD. Whole extracts of HeLa cells were used as

human antigen sources, and western blotting was performed to
identify target antigens of antibodies present in the serum of
patients with KD. As aresult, eight out of 12 KD serum samples
probed an antigen with a molecular weight of ~70 kDa, which
was absent from cells incubated with serum from the FC and
HC groups (Fig. 2A-C). The results suggested that this 70-kDa
protein reacted with antibodies present in the serum samples
of patients with KD. The protein band at 70 kDa was isolated
from the gels and identified using mass spectrometry (Fig. 2D).
The amino acid sequence of the target protein shared 19%
protein sequence coverage with HSP7C, whose gene name is
HSPAS (Fig. 2D and E); and HSP7C demonstrated the highest
score of 96 in the Mascot database. Therefore, further verifica-
tion was performed to confirm the presence of anti-HSP7C
antibodies in the serum of patients with KD.

Anti-HSP7C antibodies are present in the serum of patients
with KD. A total of 126 serum samples from the KD,
FC and HC groups were used to investigate the presence
of anti-HSP7C antibodies in the peripheral blood using
ELISA. The OD values of the KD, FC and HC group were
0.285+0.096, 0.233+0.087 and 0.189+0.049, respectively
(data not shown). The performance of the clinical differential
diagnosis value of HSP7C was analyzed using a ROC curve,
and the cut-off OD value was used as the corresponding maxi-
mization of the Youden index. Serum levels of anti-HSP7C
antibodies could differentiate patients with KD from patients
in the FC group, with an area under the curve (AUC) of 0.691
(95% CI, 0.584-0.785; P=0.0006), with 60.00% sensitivity
and 78.95% specificity (Fig. 3A). When the cut-off OD value
was set as 0.267, which corresponded to the highest Youden
index value (KD vs. FC), the positive ratio of anti-HSP7C
antibodies in the KD, FC and HC groups were 60.00 (30/50),
21.05 (8/38) and 5.26% (2/38), respectively (Fig. 3C). Serum
levels of anti-HSP7C antibodies could also differentiate
the KD group from the HC group with an AUC of 0.848
(95% CI, 0.756-0.916; P=0.0001), with 60.00% sensitivity and
97.37% specificity (Fig. 3B). Further analysis demonstrated
that the expression levels of anti-HSP7C antibodies in the
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Figure 1. Indirect immunofluorescence assay with HeLa cell chips. Serum samples containing the probe antibodies were incubated with the cell chips,
which were visualized using an Olympus FV1000 confocal laser-scanning microscope at x40 magnification. (A) KD serum exhibited significantly higher
immunoreactivity with proteins from HeLa cells compared with (B) FC and (C) HC serum. (D) Positive control (serum samples replaced with anti-ACTB
antibody) and (E) blank control (serum samples replaced with PBS) groups. (F) Semi-quantitative analysis of the fluorescence intensity of KD, FC, and HC.
Positive recognition of proteins in the HeLa cells by antibodies in the serum appear green, and the nucleus is stained blue. ACTB, B-actin; FC, febrile control;
HC, healthy control; KD, Kawasaki disease.
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Figure 2. Detection and identification of HSP7C. HeLa cell lysates were used as the source of antigens, incubated with antibodies from the serum samples
and analyzed using western blotting. (A) Positive ~70-kDa bands were present in 8/12 of the cell lysates treated with serum samples from patients with KD.
(B and C) The 70-kDa band was not present in the (B) FC and (C) HC groups. (D and E) The amino acid sequence of the 70-kDa target band was identified as
HSP7C using mass spectrometry. FC, febrile control; HC, healthy control; HSP7C, heat shock cognate 71 kDa protein; KD, Kawasaki disease.

KD group were significantly increased compared with the clinicopathological characteristics of patients with KD was
levels in the serum from the FC and HC groups (Fig. 3C). The  analyzed (Table II). Patients with KD were divided into the
association between serum anti-HSP7C antibody levels and  following two subgroups: i) Lower serum expression levels
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Figure 3. Diagnostic value of serum anti-HSP7C antibodies for KD assessed using ELISA. (A) ROC curve analysis of anti-HSP7C antibody levels in KD and
FC groups with an AUC value of 0.691 (95% CI, 0.584-0.785; P=0.0006). (B) ROC curve analysis of anti-HSP7C antibody levels in the serum samples from
the KD and HC groups with an AUC value of 0.848. (95% CI, 0.756-0.916; P=0.0001). (C) Scatter plot demonstrating the difference in expression levels of
anti-HSP7C antibodies between the KD, FC and HC groups. The cut-off value was set at 0.267 (red dotted line; corresponding to the highest Youden index
of KD vs. FC; anti-HSP7C antibodies were detected in 30/50 KD samples (60.00%), 8/38 FC samples (21.05%) and 2/38 HC samples (5.26%). Levels of
anti-HSP7C antibody in the KD serum samples were significantly increased compared with in the samples serum from the FC (P=0.0081) and HC (P<0.0001)
groups. Box plots demonstrate the median and the interquartile range, and the complete range of the data. AUC, area under the curve; FC, febrile control; HC,
healthy control; HSP7C, heat shock cognate 71 kDa protein; KD, Kawasaki disease; OD, optical density; ROC, receiver operating characteristic.

of anti-HSP7C antibodies (ELISA cut-off value <0.267);
and ii) higher expression levels of anti-HSP7C antibodies
(ELISA cut-off value >0.267). As shown in Table II, there
was a significant difference (P=0.0094) in the number of
platelets (PLTs) between patients with lower antibody levels
(461.6x128.0x10°/1) compared with patients with higher anti-
body levels (355.5+140.8x10%1). In addition, serum PLT count
has previously been reported to be elevated in patients with
KD (14), and it has been suggested that serum PLT count in
patients with KD is closely associated with coronary artery
lesion (CAL) (15). In the present study, the blood PLT count in
patients with KD with and without CAL was 426.8+111.7x10%/1
and 389.8+152.6x10%/1, respectively; this finding was not
significantly different (data not shown).

Discussion
KD is an idiopathic form of acute systemic vasculitis, the

etiology and pathogenesis of which remain unclear. Previous
studies have noted that the pathology of KD is associated with

immune factors (16,17); in particular, the immune system of
patients with KD appears overactive, and neutrophils, CD8*
T cells, dendritic cells and monocytes have been reported to
contribute to arterial wall lesions in patients with KD. It has
also been reported that the etiology of KD may be associated
with bacterial infection caused by superantigens and abnormal
immune responses (18). Fujieda er al (19) described peroxire-
doxin 2 (PRDX?2) as an immune target of KD and high serum
levels of anti-PRDX?2 antibodies were detected in 43.3% of
patients with KD. Another study revealed that anti-4-trimeth-
ylaminobutyraldehyde dehydrogenase antibodies were also
significantly increased in the serum of patients with KD (20).
In our previous study, it was demonstrated that there was a
marked quantity of autoantibodies present in the peripheral
circulation of patients with KD; in 2018, we reported that serum
anti-PGK1 antibodies were detected in 46% of serum samples
obtained from patients with KD, in 13% of serum samples from
the FC group and 2.6% serum samples from the HC group (10).

In the present study, a novel anti-HSP7C antibody in the
serum of patients with KD was successfully identified. One



1776

ZHOU et al: BIOMARKERS OF KAWASAKI DISEASE

Table II. Clinicopathological variables of patients with Kawasaki disease categorized according to the serum anti-HSP7C anti-

body expression status.

A, Laboratory variables

Serum anti-HSP7C antibody level

Variable Low (n=20) High (n=30) P-value
Sex (female/male) 9/11 13/17 0.9074
Age (years)® 2.6+£2.2 24423 0.7165
Neutrophil granulocyte %* 52.5+24.6 52.74£229 0.9658
C-reactive protein (mg/1)* 53.0+£60.5 57.7+49.8 0.7640
Erythrocyte sedimentation rate (mm/h)* 63.5+31.4 60.2+29.6 0.7118
White blood cell (10°/1)? 11.2+4 4 11.0+5.1 0.9037
Red blood cell (10'%/1)* 4.7+0.3 39+0.3 0.1268
Hemoglobin (g/1)* 107.3+£12.8 103.1+£7.7 0.2018
Blood platelet (10°/1)* 461.6+128.0 355.5+£140.8 0.0094
B, Clinical variables
Serum anti-HSP7C antibody level

Variable Low (n=20) High (n=30) P-value
Coronary artery lesions (-/+) 13/7 26/4 0.0700
Fever (-/+) 1/19 0/30 0.2160
Lymph nodes (-/+) 2/18 3/27 >0.9999
Bilateral conjunctival hyperemia (-/+) 1/19 1/29 0.7683
Lips red and chapped (-/+) 2/18 1/29 0.3308
Hard swelling of hands and feet (-/+) 5/15 8/22 0.8953
Torsal polymorphic erythema (-/+) 15/5 13/17 0.0271

*Data are presented as the mean + SD. FC, non-KD febrile control; HC, healthy control; high group, ELISA cut-off value >0.267; HSP7C, heat
shock cognate 71 kDa protein; KD, Kawasaki disease; low group, ELISA cut-off value <0.267.

interesting finding from the present study was that HeLa cells
could be used as a source of antigens for immune target iden-
tification. HSP7C proteins were identified by western blotting
and confirmed using mass spectrometry. The results of the
present study demonstrated that the serum of patients with KD
had a specific immune response to the HSP7C protein that was
significantly different compared with the FC and HC groups.
HSP7C is a member of a molecular chaperone family,
known as heat shock proteins, which are involved in various
cellular processes, including proteomic stress protection,
peptide folding and transport (21-24). Studies have reported
that heat shock proteins are closely associated with certain
diseases (25-27); for example, HSP60 is associated with coro-
nary heart disease (28),and HSP22 overexpression is associated
with the progression and prognosis of gastric cancer (29). It has
been hypothesized that the heat shock protein 65 from bacteria
stimulates the heat shock protein 63 antigen of the host to
participate in host immune system activation, T-cell activation,
the promotion of cytokine cascade amplification reactions,
the identification of host blood vessels and the induction of
systemic vascular damage (30). Therefore, the production of

high levels of anti-HSP7C antibodies in patients with KD may
be accompanied by abnormal activity of HSP7C.

The sera of patients with KD were immunoreactive to the
HSP7C protein; therefore, autoimmunity to HSP7C in patients
with KD was investigated. The presence of the anti-HSP7C
antibody was analyzed using ELISA, and 60% of patients with
KD presented with upregulated serum levels of anti-HSP7C
antibodies, whereas only 21.05 and 5.26% of patients in the
FC and HC groups presented with upregulated levels of the
antibody, respectively. ROC analysis was performed to deter-
mine the classification ability of serum anti-HSP7C antibody
in the KD and FC groups. The AUC was 0.691, indicating that
serum anti-HSP7C could differentiate the KD group from the
FC group. The non-parametric analysis also demonstrated
significant differences in serum levels of anti-HSP7C antibody
between the KD and FC groups, with a P-value of 0.0081.
On the other hand, based on the scatter plot of anti-HSP7C
antibody titers, it was revealed that it was insufficient to use
anti-HSP7C antibody alone as a marker to differentiate KD
from FC, as some patients in the FC group also had positive
antibody levels. Although the positive ratio of the KD group
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anti-HSP7C antibody was as high as 60.00% (30/50), whereas
in the FC group, only 21.05% (8/38) individuals were positive.
The onset of KD is often accompanied by a prolonged increase
in body temperature. The clinical symptoms are similar to a
common fever (2,5); thus, patients with fever but without
KD (FC) were used as the disease control. It is reasonable to
assume that the expression of the corresponding antibody may
also be increased in patients with FC; however, the present study
reported that the expression levels of anti-HSP7C antibody
were not increased to the same degree as the patients with KD.
In clinical practice, patients are generally diagnosed through
a comprehensive analysis of multiple clinical indicators, such
as fever for >5 days, skin rashes, purulent lymphadenitis and
enlargement of lymph nodes of the neck, conjunctival hyper-
emia, diffuse hyperemia of the oral mucosa, palmoplantar
erythema, and edema of the hands and feet (31). Therefore, the
anti-HSP7C antibody may represent an additional diagnostic
marker for KD, which could be used in combination with the
other clinical indicators to improve the diagnosis of KD.

Clinicopathological variables were compared between
patients with higher and lower expression levels of anti-HSP7C
antibody. The presence of anti-HSP7C antibodies was associ-
ated with PLT counts and polymorphic erythema in patients
with KD. CAL is a complication of KD, and studies have
reported that the occurrence of CAL is closely associated with
the duration of fever in patients, which is accompanied by a
significant increase in C-reactive protein, PLT and erythrocyte
sedimentation rate counts (14,32). In the present study, the
PLT counts in patients with KD with and without CAL were
426.8+111.7x10%/1 and 389.8+152.6x10%/1, respectively. The
activation of platelet-derived growth factor, its receptor and
the downstream pathways have previously been observed to be
involved in the formation of CAL in patients with KD, whereas
intravenous immunoglobulin inhibited this activation (33).
In the present study, there was a significant difference in the
PLT counts between patients with lower levels of HSP7C
antibody (461.6+128.0x10%/1) and patients with higher levels
(355.5+140.8x10%/1). The PLT counts in patients with KD
exhibited the opposite trend compared with anti-HSP7C anti-
body levels.

To the best of our knowledge, the present study is the
first to demonstrate a potential involvement of anti-HSP7C
antibodies in patients with KD, suggesting that anti-HSP7C
antibodies may be used as an auxiliary diagnostic marker for
identifying and diagnosing patients with KD. However, the
present study has certain limitations and investigating the
presence of anti-HSP7C antibodies in patients with KD will
require further studies; for example, in this study, antibody
levels varied widely among patients with KD; therefore, it was
hypothesized that different subtypes of KD may exist. In the
future, a larger cohort and additional clinical data of patients
with KD will need to be collected to further analyze the
differences between patients with KD with increased levels of
anti-HSP7C antibody compared with other patients with KD,
in order to determine why the anti-HSP7C antibody is only
upregulated in a portion of patients with KD. Furthermore,
serum samples from the HC group should be collected for
KD-related blood tests to help further analyze the differences
in clinical indicators between patients with KD and HCs.
Studies should also investigate the mechanism underlying the

1777

production of anti-HSP7C antibodies in patients with KD and
determine whether patients with KD may exhibit any anti-
bodies against antigens from exogenous pathogens, as more
attention must be directed towards the antigens derived from
other species related to KD.
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