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Abstract. The present study aimed to investigate the
expression of microRNAs (miRNAs/miRs) and inflamma-
tory factors in patients with immunoglobulin-sensitive and
IVIG-insensitive incomplete Kawasaki disease (KD). One
hundred and eighty-five patients with incomplete KD were
included as the study group (KD group), and 182 patients
with respiratory infection as the control group. Neutrophil
to lymphocyte ratio (NLR), C-reactive protein (CRP) levels,
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), white blood cell count (WBC), hemoglobin
level (Hb), platelet count (PLT) and T cell subsets (CD3*, CD3*
CD4*) were compared. Patients in the KD group received
aspirin (30 mg/kg orally daily) and gamma globulin (IVIG,
1 g/kg intravenously daily). According to the sensitivity to
IVIG, patients were divided into IVIG-sensitive group and
IVIG-insensitive KD group. The relative expression levels of
miRNA-21, miRNA-145, miRNA-155 and miRNA-199b-5p in
the serum were detected by RT-qPCR. Serum TNF-a, IL-6
and IL-1f levels were assessed using ELISA. Before treatment,
the neutrophil to lymphocyte ratio (NLR), levels C-reactive
protein, and leukocytes in the KD group were significantly
higher compared with the control group (P<0.05). After medical
intervention, the relative expression of miRNA-21, miRNA-145
and miRNA-155 in the serum of patients in IVIG-sensitive and
IVIG-insensitive KD groups were increased when compared
with these levels in the control group (P<0.05). Meanwhile,
the relative expression of miRNA-199b-5p was decreased
(P<0.05). Compared with the IVIG-sensitive KD group, the
relative expression levels of miRNA-145 and miRNA-155 were
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increased in the serum of patients in the IVIG-insensitive KD
group (P<0.05). Compared with the control group, the levels
of TNF-a, IL-6 and IL-1f3 were increased in the serum of
patients in the IVIG-sensitive and IVIG-insensitive KD groups
(P<0.05). Compared with the IVIG-sensitive KD group, the
serum levels of TNF-a and IL-6 were increased in patients of
the IVIG-insensitive KD group (P<0.05). Except for NLR and
CRP, there were differences in the expression of peripheral
blood miRNA-145, miRNA-155 and serum TNF-a and 1L-6
in patients with immunoglobulin-sensitive and -insensitive
incomplete KD.

Introduction

Kawasaki disease (KD) is an acute febrile rash disease in
children, which is a type of non-specific vasculitis. The main
cause of the disease is systemic inflammatory response (1).
Arteries, veins and capillaries may be involved. Arteries are
the most vulnerable, which is currently the leading cause of
acquired heart disease in children (2,3). KD can be divided into
complete KD and incomplete KD. Incomplete KD has fewer
types of symptoms than complete KD. However, the diagnosis
and treatment of patients with incomplete symptoms are often
delayed, and patients with incomplete KD have a similar
risk of coronary artery abnormalities as those with complete
KD (4,5). Therefore, improving the rate of a correct diagnosis
and timely treatment is valuable to reduce the incidence of KD
and its risk of coronary artery damage. KD in children under
1 year of age is difficult to be diagnosed. Infants show less
classic clinical features; thus it is difficult to meet the typical
KD diagnostic criteria (6), which increases the possibility of
misdiagnosis. At present, apart from clinical manifestations,
the diagnosis of KD also depends on the support of labora-
tory tests. KD biomarkers may facilitate the early diagnosis
of KD (7). Typical KD biomarkers include N-terminal brain
natriuretic peptide, neutrophil to lymphocyte ratio (NLR),
C-reactive protein (CRP), D-dimer (DD), tumor necrosis
factor-o. (TNF-a) and interleukin-6 (IL-6) (8-11). However,
it is still unknown whether the above-mentioned biomarkers
can be used as judgment criteria for gamma globulin
(IVIG)-sensitive and -insensitive incomplete KD. miRNAs
are a type of non-coding single-strand RNA molecules
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approximately 22 nucleotides long. They can bind to target
mRNAs and participate in post-transcriptional gene expression
regulation. A variety of miRNAs are related to inflammatory
cell differentiation and development, regulation of inflamma-
tory factors, and vascular inflammatory damage (12). Studies
have shown that miRNA-21, miRNA-145, miRNA-155 and
miRNA-199b-5p are closely related to the occurrence and
development of KD (13-15). However, there are few studies
concerning the expression of the above-mentioned miRNAs in
patients with IVIG-sensitive and -insensitive incomplete KD.
Therefore, the present study provides a basis for the clinical
diagnosis of incomplete KD, and for drug selection and prog-
nostic evaluation of these patients.

Patients and methods

Patient information. One hundred and eighty-five patients
with incomplete KD were collected as the KD group. They
were admitted to Xuzhou Children's Hospital Affiliated to
Xuzhou Medical University from March 2016 to December
2018. There were 92 males and 93 females, with a mean
age of 4.3+3.1 years. According to the American Heart
Association (AHA), inclusion criteria were as follows: Patients
aged 2 months to 12 years, with fever that lasts for at least
5 days without any other explanation (>38°C). Patients had at
least 2 symptoms, including: polymorphous rash (rash in any
form), bilateral bulbar conjunctival injection without exudate,
erythema of the oral mucosa (including lips, pharynx or
tongue), changes in peripheral limbs (including erythema on
the palms or soles and/or swelling of the hands or feet) and
cervical lymphadenopathy (at least the diameter of 1 lymph
node <1.5 cm) (4,16). Exclusion criteria: Patients with severe
hematological diseases; patients with combined liver and
kidney dysfunction; patients allergic to treatment drugs. One
hundred and eighty-two patients with respiratory infections
were taken as the control group. They had a mean age of
4.2+3.0) years, and included 90 males and 92 females. Inclusion
criteria consisted of patients with respiratory infections aged
2 months to 11 years. Exclusion criteria included patients with
severe blood system diseases; patients with combined liver
and kidney dysfunction; patients with previous history of KD.
The study was approved by the Ethics Committee of Xuzhou
Children's Hospital. Signed written informed consents were
obtained from the patients and/or guardians.

All patients in the KD group received aspirin (30 mg/kg
orally daily) and gamma globulin (IVIG, 1 g/kg intravenously
daily). The patients were divided into the IVIG-sensitive KD
group (n=104) and IVIG-insensitive KD group (n=81). The
criteria for the IVIG-insensitive KD group included patients
for whom the first treatment of IVIG was ineffective, the
body temperature remained over 38°C after 48 h, or the body
temperature rose again within 2-7 days after administration,
and who had at least 1 symptom in the inclusion criteria of
incomplete KD as mentioned above.

Methods

Neutrophil to lymphocyte ratio (NLR) and C-reactive protein
(CRP) testing. Five milliliters of fasting venous blood was
collected from the control group, IVIG-sensitive KD group

and IVIG-insensitive KD group in the morning. The Siemens
BN-II automatic protein analyzer was used to determine CRP
before treatment and 2 days after IVIG was administered.
The blood cell meter was used to determine the neutrophil
to lymphocyte ratio (NLR), C-reactive protein (CRP) levels,
white blood cell count (WBC), hemoglobin level (Hb), platelet
count (PLT) levels before treatment and 2 days after IVIG
was used. Au5400 automatic biochemical analyzer (Beckman
Coulter, Inc.) was used to test the indicators of liver function
[alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST)] in patients before treatment. Beckman Coulter
FC500 flow cytometer (Beckman Coulter, Inc.) was used to
test treatment pre-T cell subset index (CD3*, CD3*CD4).

miRNA relative expression levels. Peripheral blood
mononuclear cells were obtained from the control group,
IVIG-sensitive KD group and IVIG-insensitive KD group,
and a certain amount of cell lysate was added. Total RNA
extraction kit was used to extract total RNA according to
the TRIzol method. RevertAid™ H Minus First Strand
cDNA Synthesis Kit (Fermentas) was used to prepare the
mRNA reverse transcription system to synthesize cDNA by
reverse transcription. The primer sequences of miRNA-21,
miRNA-145, miRNA-155, and miRNA-199b-5p are as previ-
ously documented (17-20).

The reaction conditions of PCR consisted of pre-denatur-
ation at 94°C for 3 min, for a total of 40 cycles (at 94°C for
30 sec at 60°C for 30 sec, and at 72°C for 45 sec). Each samples
was set up with 3 parallel duplicate wells. U6 was taken as
an internal reference, and 2249 (21) was used to calculate the
relative expression of miRNA-21, miRNA-145, miRNA-155,
and miRNA-199b-5p in peripheral blood. The primers are
documented in Table I.

Inflammatory factor expression. The fasting venous blood
of the study subjects in the above three groups was collected
from 9:00-10:00 Beijing time in the morning. After centrifu-
gation, the samples were marked with the date, group and
name. They were tested in strict accordance with the
instructions contained in the TNF-a, IL-6 and IL-1§ kits
(Shanghai Yubo Biological Technology Co., Ltd., product
nos. YBC102g, YBAO790v01 and YBAO56Bo01). The blank
holes were adjusted to zero, the absorbance (OD value) of each
well samples was tested sequentially at 450 nm wavelength.
The concentration of the standard was taken as the abscissa,
and the OD value as the ordinate to draw the standard curve.
According to the OD value of samples, the corresponding
concentration was determined from the standard curve,
and then timed by the dilution factor to obtain the values of
TNF-a, IL-6 and IL-1p.

Statistical processing. All data were analyzed using SPSS
20.0 software (IBM Corp.). Measurement data are expressed
as mean + standard deviation (SD). The data of experimental
indicators in each group conformed to the normal distribution
and the variances are equal. The comparison between multiple
groups was conducted using one-way analysis of variance
(ANOVA), followed by the Student-Newmnan-Keuls test. The
sample comparison between two groups was conducted using
the independent sample t-test (unpaired). Receiver operating
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Table I. Primer sequences of miRNA-21, miRNA-145, miRNA-155 and miRNA-199b-5p.

Name Upstream Downstream (Refs.)
miRNA-21 5'-ACACTCCAGCTGGGTAGCTTATCAGACTGATG-3' 5'-CTCAACTGGTGTCGTGGA-3' an
miRNA-145 5-GTCCAGTTTTCCCAGGAATCCCT-3' 5-TCCAGTCCTATTGAATGTGGGA-3" (18)
miRNA-155 5'-TTAATGCTAATCGTGACT-3' 5'-ACCTGAGAGTAGACCAGA-3' 19)
miRNA-199b-5p 5'-CAGCCCAGTGTTTAGACTATC-3' 5'-CAGTGCAGGGTCCGAGGT-3' (20)
U6 5'-CTCGCTTCGGCAGCACATATACT-3' 5'-ACGCTTCACGAATTTGCGTGTC-3"' (20)
Table II. Comparison of the related indicators before treatment in patients in the control and KD groups.

Basic indicators KD group (N=185) Control group (N=182) t P-value
NLR 591+1.24 1.01+0.81 44.888 <0.001
CRP (mg/1) 78.07+59.03 19.22+28.83 12.165 <0.001
ALT (U/D) 41.21+70.04 39.71£14 .44 0.285 0.776
AST (U/1) 39.08+67.54 38.61+16.64 0.092 0.927
WBC (x10%/1) 17.61+£3.85 10.21+£2.64 21.504 <0.001
Hb (g/1) 102.26+10.85 104.08+10.65 1.621 0.106
PLT (x10°/1) 397.61+47.85 405.01+87.65 1.002 0317
CD3* (%) 64.51£9.25 65.31+£7.45 0913 0.362
CD3*CD4* (%) 42.71+8.95 41.69+8.79 1.101 0.271

Data are expressed as the mean + SD. KD, Kawasaki disease; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; WBC, white blood cells; Hb, hemoglobin level; PLT, platelet count.

characteristic (ROC) curve was used to determine the best
predictive value. P<0.05 was considered as indicative of a
statistically significant result.

Results

General results. There was no significant difference in age
and sex between the two groups (P>0.05; P>0.05). Before
treatment, the levels of NLR, C-reactive protein (CRP), and
white blood cells (WBC) in the KD group were significantly
higher compared with the control group, and the differences
were statistically significant (P<0.05, P<0.05, P<0.05). There
were no changes in alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), hemoglobin (Hb), platelets
(PLT), CD3* and CD3*CD4" in patients of the KD group; the
differences were not statistically significant (P>0.05, P>0.05,
P>0.05, P>0.05, P>0.05, P> 0.05). The results are shown in
Table I1.

Comparison of the levels of NLR and CRP in IVIG-sensitive
and IVIG-insensitive KC groups. The results showed that the
levels of NLR and CRP of patients in the IVIG-insensitive
KD group were higher than those in the IVIG-sensitive
KD group before IVIG treatment, and the differences were
statistically significant (P<0.05, P<0.05). Compared with the
IVIG-sensitive KD group, the levels of NLR and CRP in the
IVIG-insensitive KD group were increased after IVIG treat-
ment, and the difference was statistically significant (P<0.05,
P<0.05) (Fig. 1).

Predictive value of NLR and CRP to the sensitivity of IVIG
of incomplete KD. Before IVIG treatment, the AUC indicated
that the predictive value of NLR for IVIG-insensitive patients
was 0.72 (95% CI, 0.64-0.80), the sensitivity was 0.74, and
the specificity was 0.67. AUC indicated that the predictive
value of CRP for IVIG-insensitive patients was 0.72 (95% CI,
0.64-0.79), the sensitivity was 0.77, and the specificity was
0.61. After IVIG treatment, AUC indicated that the predictive
value of NLR for IVIG-insensitive patients was 0.74 (95% CI,
0.68-0.81), the sensitivity was 0.64, and the specificity was
0.73. AUC indicated that the predictive value of CRP for
IVIG-insensitive patients was 0.82 (95% CI, 0.76-0.88), the
sensitivity was 0.68, and the specificity was 0.82 (Fig. 2).

miRNA relative expression. The results showed that compared
with the control group, the relative expression of miRNA-21,
miRNA-145 and miRNA-155 in the serum of patients in
the IVIG-sensitive and IVIG-insensitive KD groups was
increased, and the difference was statistically significant
(P<0.05, P<0.05, P<0.05, P<0.05). Meanwhile, the relative
expression of miRNA-199b-5p was decreased compared to
the control group, and the difference was statistically signifi-
cant (P<0.05). Compared with the IVIG-sensitive KD group,
the relative expression of miRNA-145 and miRNA-155 was
increased, and the difference was statistically significant
(P<0.05, P<0.05) (Fig. 3).

Inflammatory factor expression. The results showed that
compared with the control group, the levels of TNF-a, IL-6
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Figure 1. Comparison of the NLR and CRP level in the IVIG-sensitive and IVIG-insensitive groups. "P<0.05, compared with the IVIG-sensitive KD group
before treatment; “P<0.05 compared with the IVIG-sensitive KD group after treatment. KD, Kawasaki disease; IVIG, gamma globulin; NLR, neutrophil to
lymphocyte ratio; CRP, C-reactive protein.
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Figure 2. ROC curve of NLR and CRP prediction of IVIG sensitivity of incomplete KD before and after IVIG treatment. A: ROC curve of NLR before IVIG
treatment; B: ROC curve of CRP before IVIG treatment; C: ROC curve of NLR after IVIG treatment; D: ROC curve of CRP after IVIG treatment. ROC,

receiver operating curve; KD, Kawasaki disease; IVIG, gamma globulin; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein.

and IL-1f in the serum of patients in the IVIG-sensitive
and IVIG-insensitive KD group were increased, and the
differences were statistically significant (P<0.05, P<0.05,
P<0.05). Compared with the IVIG-sensitive KD group, the
levels of TNF-a and IL-6 in the serum of the patients in the
IVIG-insensitive KD group were increased, and the differ-
ences were statistically significant (P<0.05, P<0.05) (Fig. 4).

Predictive value of miRNA and inflammatory factors to IVIG
sensitivity. We predicted whether patients with incomplete KD
are sensitive to IVIG. The area under the ROC curve (AUC),
the sensitivity and the specificity of miRNA-145 were 0.86
(95% CI, 0.80-0.92), 0.81 and 0.81, respectively. The AUC,
the sensitivity and the specificity of miRNA-155 were 0.79
(95% CI,0.72-0.87),0.80 and 0.69, respectively. The AUC, the

sensitivity and the specificity of TNF-a were 0.87 (95% CI,
0.82-0.93), 0.80 and 0.85, respectively. The AUC, the sensi-
tivity and the specificity of IL-6 were 0.82 (95% CI, 0.75-0.89),
0.80 and 0.72, respectively. (Fig. 5).

Discussion

In most children with Kawasaki disease (KD), intravenous
IVIG and oral aspirin therapy can quickly reduce inflam-
matory factor levels, fever, and other clinical symptoms. But
approximately 15-20% of children receiving the initial gamma
globulin (IVIG) infusion show persistent or recurrent fever,
which is classified as IVIG-insensitive KD (11). Neutrophil
to lymphocyte ratio (NLR) and platelet to lymphocyte ratio
(PLR) are related to the onset of KD, which can be used as
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a basis for early diagnosis of KD. NLR is a predictive factor
of IVIG-insensitive KD (22). The present study demonstrated
that NLR and CRP were significantly increased in the KD
group compared with those in the control group, which was
statistically significant. The results were consistent with the
reports in the literature, indicating that NLR and CRP can be
used as reference indicators for the diagnosis of incomplete
KD. In addition, this study also found that before and after
IVIG treatment, the levels of NLR and CRP in patients in the
IVIG-insensitive KD group were significantly higher than
those in the IVIG-sensitive KD group. The results suggested
that NLR and CRP can also be used as indicators to predict
whether patients with incomplete KD are sensitive to IVIG,
to provide a basis for drug selection and prognosis evaluation.

IL-6 is an inflammatory cytokine produced in response to
the activation of monocytes and macrophages during the acute
phase of KD. It can stimulate other inflammatory markers,
for example, CRP. Higher levels of serum IL-6 and CRP are
related to coronary artery damage and insensitivity to IVIG.
Therefore, serum IL-6 can be used as a novel marker (23) to
predict coronary artery involvement and resistance to IVIG.

TNF-a is an inflammatory cytokine, which plays an important
role in the defense against infection and immune response.
Compared with other cases without treatment or without IVIG,
TNF-a blockers have a beneficial effect on treatment resistance
after the start of KD treatment (11). The present study found
that compared with the control group, the levels of TNF-a
and IL-6 in the serum of patients with IVIG-sensitive and
IVIG-insensitive KD group were increased, which were basi-
cally consistent with those reported in the literature (22,23).
In addition, compared with the IVIG-sensitive KD group,
the levels of TNF-a and IL-6 in the serum of patients in the
IVIG-insensitive KD group were higher. In this study, the
levels of TNF-a and IL-6 in the three groups were consistent
with the trends of NLR and CRP levels. The results confirmed
that there may be a close positive correlation between incom-
plete KD and inflammation, but its mechanism needs to be
further studied.

Inflammatory response is a key mechanism of KD patho-
genesis, and miRNAs may be the main regulators of this
inflammatory response (24). Multiple studies (18-21) have
shown that compared with the control group, the expression
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Figure 5. ROC curve of miRNAs and inflammatory factors predicting the sensitivity of incomplete KD patients to IVIG. ROC, receiver operating curve; KD,
Kawasaki disease; IVIG, gamma globulin; TNF, tumor necrosis factor; IL, interleukin.

levels of serum miRNA-21, miRNA-145 and miRNA-155 in
KD are relatively increased. In comparison, the relative expres-
sion of miRNA-199b-5p is reduced. miRNA-199b-5p can be
used as an auxiliary indicator for KD diagnosis. The present
study found that compared with the control group, the relative
expression of serum miRNA-21, miRNA-145 and miRNA-155
of patients in the IVIG-sensitive and IVIG-insensitive KD
groups were all increased, while the relative expression of
miRNA-199b-5p was decreased. The results were basically
consistent with the reports in the literature. The difference is
that there was no reclassification of patient coronary artery
lesions, which is a deficiency of this study. In addition, the
present study also found that the relative expression levels of
miRNA-145 and miRNA-155 in the serum of patients with
IVIG-insensitive KD group were higher than those in the
IVIG-sensitive KD group; the difference was statistically
significant. The results suggest that the relative expression
levels of serum miRNA-145 and miRNA-155 can also be used
as indicators to predict whether patients with incomplete KD
are sensitive to IVIG. No similar report has been reported
at present. The sample size of the IVIG-sensitive KD group
(N=104) and the IVIG-insensitive KD group (N=81) in this
study was small. To further confirm whether miRNA-145 and
miRNA-155 can be sensitive indicators of IVIG, it is necessary
to further expand the sample size.

Studies have reported that plasma miRNA-155 can show
the calculation ability of atrial fibrillation recurrence after
cardioversion. It is positively correlated with serum B-type
natriuretic peptide (BNP), TNF-a, CRP and IL-6 (25). IL-6
can stimulate inflammation marker CRP. In addition, there
have been studies that have reported that miRNA-217 can regu-
late the Toll-like receptor 4/nuclear factor-xB (TLR4/NF-kB)
signaling transduction pathway, block inflammatory response,
and improve lung injury caused by lung tissue protection (26).
Lipopolysaccharide (LPS) of TLR4/NF-«kB signaling

pathway can increase the expression of TNF-a and IL-6 in
hippocampus tissue of rats, induce brain neuroinflammation,
and ultimately lead to cognitive memory impairment (27).
The above studies have shown that miRNAs can mediate the
TLR4/NF-kB signaling pathway and affect the expression
of inflammatory factors. In this study, it was found that the
relative expression of miRNAs and the levels of inflammatory
factors are consistent. Therefore, we speculated that changes
in serum-related miRNAs in patients with incomplete KD
may activate the TLR4/NF-«B signal transduction pathway,
promote inflammatory responses, leading to changes in the
inflammatory factors of IL-6 and TNF-a, and stimulating
the increase in NLR and CRP levels. Eventually they lead to
systemic inflammation, KD and related complications, which
needs to be further studied.

To summarize, the expression of miRNAs and inflam-
matory factors in serum of patients with IVIG-sensitive and
-insensitive incomplete KD differ. It is necessary to further
verify whether the levels of NLR, CRP, TNF-a and IL-6 and
the expression of miRNA-145 and miRNA-155 in serum can
be used as potential predictors of the sensitivity of patients
with incomplete KD to IVIG.
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