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Abstract. – OBJECTIVE: To study the effect

of 1,25(OH)2D3 on T lymphocytes in Kawasaki
disease and to further investigate its molecular
mechanism.
PATIENTS AND METHODS: A total of 30 child
patients was diagnosed as Kawasaki disease,
60 child patients were diagnosed as infectious
fever, and 60 normal children, were selected. 4
mL peripheral blood was collected before treatment. Peripheral blood mononuclear cells were
isolated and separated using the Facollin method and cultured. Flow cytometry was used to
identify T cells. The cell sections were prepared
for immunohistochemical staining. After T cells
in each group were treated with 1,25(OH)2D3, the
proteins were extracted for Western blotting.
RESULTS: Peripheral blood T cells were successfully isolated and cultured, and the maximal
atoxic concentration of 1,25(OH)2D3 on T cells
was 10-3 μmol/L. In T cells of child patients with
Kawasaki disease, signal transducer and activator of transcription 3 (STAT3) were continuously
activated, P53 apoptosis genes were inactivated, and nuclear factor κB (NF-κB) P65 pathway
and extracellular signal-regulated kinase (ERK)
pathway were activated. After the intervention
with 1,25(OH)2D3 in vitro, STAT3 and NF-κB P65
had no significant changes, the activation of
ERK1/2 signaling pathway was inhibited and the
P53 protein was activated.
CONCLUSIONS: Apoptotic T cells in peripheral blood in KD cannot initiate the normal apoptosis program, so they continue to proliferate and
differentiate, eventually leading to the increase
and abnormal activation of T cells and the immune imbalance in the body. 1,25(OH)2D3 can inhibit the excess hyperplasia of T cells through
adjusting partial signal transduction pathway.
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Introduction
Mucocutaneous lymph node syndrome, also
known as Kawasaki disease (KD), is a kind of
acute fever and rash disease in children, characterized by systemic vasculitis. The disease can
lead to severe cardiovascular diseases, such as
coronary aneurysm, coronary artery stenosis and
myocardial infarction, among which the occurrence rate of coronary aneurysm is about 13%. In
recent years, the incidence rate of KD has been on
the rise and KD has replaced rheumatism as the
main disease causing the acquired heart disease
in children, seriously threatening the life safety
of patients1,2. The pathogenesis and mechanism of
KD have not been clear yet. Recent studies have
shown that the significant systemic immune activation exists in KD in the acute phase; in particular, the abnormal activation of T cells plays an
important role in the pathogenesis3. Imbalance of
peripheral blood T cell subsets in the acute phase
and the increased CD4/CD8 ratio make the immune system in an activated state4. The increased
lymphokines secreted by CD4 promote B cells’
polyclonal activation, proliferation and differentiation into plasma cells, leading to the increased
serum immunoglobulins. These lymphokines and
activin can induce endothelial cells to express
and produce new antigens. However, the cause
and mechanism of the above immune disorders
remain unclear. 1,25(OH)2D3 is the active form
of vitamin D and belongs to the steroid hormone,
which binds to its receptor (vitamin D receptor,
VDR) to form the hormone-receptor complex,
and then binds to vitamin D response elements in
nuclei to play a biological role5,6. In recent years,
many studies have found that 1,25(OH)2D3 is not
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only the calcium-phosphorus regulator, but also
the T/B cell proliferation inhibitor. 1,25(OH)2D3
has effects on various immune cells, which can
inhibit the functions of dendritic cells and macrophages, restrain the synthesis of immunoglobulins and suppress the transcription of many
cytokines, such as IL-1, IL-2, IL -6, IL-12, tumor
necrosis factor-α(TNF-α) and TNF-γ7-9. Gregori
et al10 also found that 1,25(OH)2D3 can up-regulate the CD4+CD25+Treg and induce the immune tolerance. There are a variety of receptors on
the surface of immune cell membrane, and external informational molecules can specifically
bind to them, stimulating cells to produce a certain physiological response process, namely the
transmembrane signal transduction. The whole
process of signal transduction and regulation in
cell is complex, and different pathways interrelate
and constrain another, showing a network shape.
Therefore, four representative signaling pathways
were selected for study: extracellular signal kinase pathway that is closely related to cell proliferation and differentiation; cytokine-activated signal
transducer and activator of transcription (STAT)
pathway; nuclear factor κB (NF-κB) signaling pathway with wide regulatory effects; apoptotic-related P53 pathway. This experiment studied the
effect of 1,25(OH)2D3 on T lymphocytes in KD,
and further investigated the roles of the above
four important signaling pathways.

Patients and Methods
Patients
General information: KD group: 30 child patients diagnosed as KD in 2016-2017 from Linyi
Central Hospital (in line with the diagnostic criteria of MCLS of Japan in 2002); infectious fever
group: 60 child patients diagnosed as infectious
fever in our hospital; normal group: 60 normal
healthy children. Sample collection: 4 mL peripheral blood was collected before treatment. This
study was approved by the Ethics Committee of
Linyi Central Hospital. Signed written informed
consents were obtained from all participants before the study.
T cell Isolation and Culture
Peripheral blood mononuclear cells were isolated and extracted using the Facollin method. Facollin solution with the volume as twice as blood
was added and the blood was also slowly added
without damaging the interface between Facollin

solution and blood. The mixed solution was centrifuged for 15 min, and the intermediate floccules were collected. After floccules were washed,
2 mL red blood cell lysis buffer was added in a
dark place for 15 min, followed by centrifuge at
1000 rpm. The supernatant was removed and the
cells were mixed uniformly using the T cell column-passing solution. The cell suspension was
prepared and the T cell column was placed. 2 mL
column-passing solution was added to wash the
column and the cell suspension was then added
for incubation at room temperature for 15 min.
Then, 8 mL column-passing solution was added to
wash the column and the solution was collected,
followed by centrifugation at 800 rpm to collect
cells. Cells were cultured using RPMI-1640 and
stimulated using 10 μg/mL phytohemagglutinin
(PHA); the solution was replaced every other day.
Detection of Cell Viability via Methyl
Thiazolyltetrazolium (MTT)
Cells were inoculated onto the 96-well plate
(106 cells per well) and 20 μL MTT (5 mg/dL) was
added to each well for incubation for 4 h. After
centrifugation, the culture solution was abandoned and 150 μL dimethylsulfoxide was added to
each well, followed by vibration for 10 min and
crystal dissolution. OD values at 490 nm were
measured for three times and the average was taken. OD value of test well= OD value per well OD value of blank well.
Identification of T Cells via Flow Cytometry
T cells were collected and centrifuged at 1000
rpm for 5 min, and the supernatant was abandoned. Cells were dispersed using the vibrator and
resuspended with 100 μL phosphate buffer saline
(PBS). 2×106 cells were collected from each sample and centrifuged at 1000 rpm for 5 min. Next,
20 μL antibody was added for action for 30 min
at room temperature in a dark place. Cells were
centrifuged at 1000 rpm for 5 min, the supernatant was abandoned, and the constant volume was
set with PBS to 500 μL, followed by detection on
the machine.
Protein Preparation
Cell culture solution was centrifuged, the supernatant was abandoned and cells were collected.
The cell precipitates were washed with PBS twice
and cell lysis buffer was added. Then, the cells
were incubated on ice for 15 min and centrifuged
at 12000 rpm for 10 min. The protein in supernatant was taken and the protein concentration
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Figure 1. Culture and identification of T Lymphocyte. (A) Representative pictures of T cells culture. (B) Survival rate of T
cell via MTT at different concentrations of PHA. (C) Identification of T cells via flow cytometry. (D) OD values of T cell via
MTT at different concentrations of 1,25(OH)2D3. (E) Western blots analysis reveals the expression of VDR of T cells.

was measured using Bio Rad kit (Hercules, CA,
USA). VDR, STAT3, p-STAT3, NF-κB, P65, and
GAPDH were purchased from Abcam (Cambridge, MA, USA).
Western Blotting
Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was prepared, and
an appropriate amount of protein was taken for
electrophoretic separation, transferred to the nitrocellulose membrane and sealed using 50 g/L
skim milk powder. Next, the primary antibody
and secondary antibody were incubated successively, followed by color development via the chemical kit and semi-quantitative analysis of gray
value using Image Lab 3.0 software (Bio-Rad,
Hercules, CA, USA)
Statistical Analysis
All quantitative data were expressed as mean
± standard deviation. SPSS 19.0 software (IBM,
Armonk, NY, USA) was used for statistical analysis. Comparison between groups was done using
One-way ANOVA test followed by Post-Hoc Test
(Least Significant Difference). p-values < 0.05
were considered statistically significant.
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Results
Effective Concentration of PHA on
Peripheral Blood Mononuclear Cells
PHA was added in the in vitro culture of T cells. The required concentration of PHA in different
cells is not the same, and the too-high concentration will lead to cell death. The experimental results showed that cells died after 2 days of culture
without adding cells. When PHA concentration
was 50 μg/mL, the number of cells was decreased
sharply, and many cells died. When PHA concentration was 1 μg/mL-10 μg/mL, cells could proliferate. When PHA concentration was 10 μg/mL,
cells were gathered into the mass with obvious
proliferation, so it should be the optimal effective
concentration. When PHA concentration was 25
μg/mL, the cell death was greater than proliferation and the number of cells began to decrease.
MTT assay further confirmed that the optimal effective concentration of PHA on peripheral blood
mononuclear cells was 10 μg/ml (Figure 1 A-B).
T Cell Identification
T cells were isolated and obtained using the T
cell separation column (R&D, Minneapolis, MN,
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Figure 2. Effect of 1,25(OH)2D3 on STAT3 expression in peripheral blood T cells in KD. (A) Western blots analysis reveals
the expression of STAT3 and P-STAT3. (B) Semiquantitative analysis of the expression of STAT3 and P-STAT3. (C) Western
blots analysis reveals the expression of P-STAT3. (D) Semiquantitative analysis of the expression P-STAT3. *p<0.05 KD vs.
Infection, #p<0.05 KD vs. Ctr.

USA), and the expressions of CD4 and CD8 on
the cell surface were detected via flow cytometry.
It was found that the contents of CD4 and CD8
in cells extracted were up to 90%, proving that T
cells were successfully isolated (Figure 1 C).
Measurement of Peripheral Blood T Cell
Concentration via 1,25(OH)2D3
1,25(OH)2D3 was diluted into different concentrations (10 -1 μmol/L, 10 -2 μmol/L, 10 -3 μmol/L,
10 -5 μmol/L and 10 -7 μmol/L), and T cells were
added, respectively. After MTT staining for
cells, OD values were measured via microplate reader. The Figure was drawn based on the
above OD values. The results showed that the
maximal atoxic concentration of 1,25(OH)2D3
on T cells was 10 -3 μmol/L. Therefore, the
following experiments were performed from
3 concentration gradients: 10 -3 μmol/L, 10 -5
μmol/L and 10 -7 μmol/L (Figure 1 D).
Expression of VDR in T Cells
Western blotting was used to detect the expressions of VDR in T cells of KD group, infectious
fever group and normal group. The results showed
that the VDR expression in T cells in KD group
was significantly higher than that in infectious fever group and normal group (Figure 1E).

Effect of 1,25(OH)2D3 on STAT3
Expression in Peripheral Blood T Cells in KD
The expressions of total STAT3 protein in T
cells in KD group, infectious fever group and normal group, were consistent. The activated form
of STAT3, P-STAT3, was significantly expressed in T cells of child patients with KD, but not
expressed in T cells of normal children and child
patients with infectious fever. 1,25(OH)2D3 (10-3
μmol/L) was used to stimulate T cells for 24 h
to study the effect of 1,25(OH)2D3 on P-STAT3
expression in peripheral blood T cells in KD, and
the results showed that P-STAT3 expression in T
cells in child patients with KD did not change significantly (Figure 2).
Effect of 1,25(OH)2D3 on NF-κB
Expression in Peripheral Blood T Cells
in KD
The expressions of NF-κB protein in T cells
in KD group, infectious fever group and normal group, were consistent. 1,25(OH)2D3 (10 -3
μmol/L) was used to stimulate T cells for 24
h to study the effect of 1,25(OH)2D3 on NF-κB
expression in peripheral blood T cells in KD,
and the results showed that NF-κB expression
in T cells in child patients with KD did not
change significantly (Figure 3).
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Figure 3. Effect of 1,25(OH)2D3 on NF-κB expression in peripheral blood T cells in KD. (A) Western blots analysis reveals
the expression of NF-κB. (B) Semiquantitative analysis of the expression of NF-κB. (C) Western blots analysis reveals the
expression of NF-κB. (D) Semiquantitative analysis of the expression NF-κB.

Effect of 1,25(OH)2D3 on P53
Expression in Peripheral Blood T Cells
in KD
P53 protein was expressed in infectious fever group, but expressed weakly in KD group

and normal group, especially in KD group.
1,25(OH)2D3 was used to stimulate peripheral
blood T cells in KD for 2 h. The results showed
that P53 was expressed in T cells of child patients with KD (Figure 4).

Figure 4. Effect of 1,25(OH)2D3 on P53 expression in peripheral blood T cells in KD. (A) Western blots analysis reveals the
expression of P53. (B) Semiquantitative analysis of the expression of P53. (C) Western blots analysis reveals the expression of
P53. (D) Semiquantitative analysis of the expression P53. *p<0.05 KD vs. infection, #p<0.05 KD vs. Ctr, +p<0.05 before vs. after.
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Figure 5. Effect of 1,25(OH)2D3 on ERK expression in peripheral blood T cells in KD. (A) Western blots analysis reveals the
expression of ERK and P-ERK. (B) Semiquantitative analysis of the expression of ERK and P-ERK. (C) Western blots analysis
reveals the expression of P-ERK. (D) Semiquantitative analysis of the expression P-ERK. *p<0.05 KD vs. infection, #p<0.05
KD vs. Ctr, +p<0.05 before vs. after.

Effect of 1,25(OH)2D3 on ERK
Expression in Peripheral Blood T
Cells in KD
The expressions of total STAT3 protein in T
cells in KD group, infectious fever group and normal group were consistent. The activation level of
the activated form of ERK, P-ERK, was higher
in T cells of child patients with KD than that in
another 2 groups. 1,25(OH)2D3 was used to stimulate peripheral blood T cells in KD for 24 h, and
the results showed that the P-ERK expression in
T cells in child patients with KD was significantly
decreased (Figure 5).

Discussion
KD is a kind of vasculitis syndrome with unknown pathogenesis, accompanied by skin and
mucous membrane and lymph node damage,
which is common in children aged below 3 years old. Since the disease was discovered, people
have been studying its pathogenesis, but there is
no breakthrough so far. At present, there are two
hypotheses about its pathogenesis in China and
other countries. Some scholars believe that KD
is a kind of abnormal immune activation caused

by bacterial or viral superantigens11, while some
propose that the pathogenesis of KD may be related to the heat shock protein 65 in bacteria12. Both
hypotheses have one thing in common: the abnormal activation of T cells in child patients with
KD is the key to vascular injury. The mechanism
leading to its imbalance has been a research hotspot in recent years. T lymphocytes are developed from the lymphoid stem cells in bone marrow
in thymus gland, and the mature T cells settle in
peripheral immune organs through the blood circulation and lymphatic transport recycle through
the lymphatic vessels, blood circulation and tissue fluid, and play an immune function. T cells
belong to small lymphocytes and apoptosis will
occur after 24 h in vitro, and death and cracking
into pieces after 72 h. Therefore, it is needed to
add PHA, concanavalin A (Con A) or CD3 monoclonal antibody in the in vitro culture of T cells to
stimulate the cell proliferation and avoid its apoptosis13,14. PHA is the most widely used and it is the
stimulant of human lymphocyte mitosis, and the
resulting proliferation of lymphocytes belongs to
the non-specific transformation. Although T cells have different identification processes for the
specific and non-specific antigens, the induced
division and proliferation processes are identical
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after being activated. T cell separation column
was used to isolate T cells with the purity of up
to 90%. Before separation, PHA was used to stimulate and culture peripheral blood mononuclear cells. The experiment proved that the optimal
concentration of PHA was 10 μg/mL. The cells
stimulated by PHA can be cultured for about 1
month, or cell apoptosis or death will occur in 48
h. On this basis, we successfully performed the
subsequent experiments. It was found in this work
that 1,25(OH)2D3 receptor VDR was expressed in
nuclei of T cells, and the VDR expression in T
cells of child patients with KD was significantly
higher than that in child patients with infectious
fever and normal children, which might be closely related to the abnormal activation of T cells
in child patients with KD. Child patients with infectious fever are often accompanied by the increased T cells, so the VDR expression in T cells
of child patients with infectious fever is significantly higher than that in normal children. The
experimental results also suggest that VDR is
weakly expressed in T cells of normal children,
which may be related to the slight activation of
VDR when T cells were stimulated using PHA in
the experiment. This is consistent with the report
of Bhalla et al15 that VDR is not expressed in the
resting T cells, but can be activated by PHA. It
was also found that P-STAT3 was expressed in
peripheral blood T cells in KD but not expressed
in T cells of normal children, because T cells in
child patients with KD were activated and many
cytokines were released. However, at the same
time, the experimental results also suggest that
P-STAT3 is not expressed in child patients with
infectious fever. Various investigations in China
and other countries have confirmed that STAT3 is
transiently activated in many diseases, but continuously activated in blood cells of some diseases,
such as myeloid leukemia and rheumatoid disease16-19. Krause et al20 revealed that STAT3 is in an
activated state in the synovial membrane of patients with rheumatoid arthritis, synovial fibroblasts are reproduced, and anti-apoptosis and other
aspects are enhanced, while inhibiting STAT3
transcription factor will lead to apoptosis of synovial fibroblasts. Therefore, we suggest that the abnormal activation of T cells in child patients with
KD is closely related to the continuous activation
of STAT3 signaling pathway, and the activation
of STAT3 pathway inhibits the apoptosis of T cells. STAT3 pathway was not activated after T cells
were cultured with 1,25(OH)2D3, so we think that
1,25(OH)2D3 does not participate in the regulation
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of STAT3. At the same time, P53 protein was not
expressed in T cells of child patients with KD,
further confirming that the T cell apoptosis in
child patients with KD is inhibited, because only
DNA damage with sufficient intensity can activate P53. At this time, P53 also loses the function
of repairing damaged DNA and can only induce
the cell growth cycle inhibition or apoptosis, which also partially prevents the DNA mutation. The
experimental results showed that T cell apoptosis
in child patients with KD was inhibited, and after
culture with 1,25(OH)2D3, P53 pathway was activated and the apoptosis was initiated. Also, the
activation of NF-κB showed that the anti-apoptotic ability of T cells in child patients with KD
is enhanced21,22. NF-κB plays a key regulatory
role in cytokine-induced gene expression, participating in a variety of biological processes, such
as immune response, lymphocyte differentiation
and growth, and playing an important role in T
cell activation, especially the anti-apoptotic effect. At present, it is speculated that the anti-apoptotic mechanism of NF-κB is as follows: NF-κB
is dissociated from inhibitory molecule IκB when
cells receive the apoptotic stimulation, IκB is degraded and NF-κB enters the nuclei and activates
apoptotic genes and other target genes. Wang et
al23 found that in the common forms of NF-κB,
P65 subunit mainly has the anti-apoptotic ability. Therefore, NF-κB P65 protein was selected as
the research object. The continuous activation of
NF-κB P65 in T cells in child patients with KD
showed that the pathway was playing an anti-apoptotic role, and there was no significant change
in NF-κB after intervention with 1,25(OH)2D3.
The experimental data also showed that the activation level of ERK in T cells of child patients
with KD was higher than that in another 2 groups,
suggesting the T cell growth and proliferation.
ERK kinase family is a member of MAPK,
mainly two subtypes, 44 KD and 42 KD, namely
ERK1 and ERK2. This kind of kinase is activated
by Raf-MEK-ERK cascade signaling to exhibit its
activity in the phosphorylated form. The activated ERK can be transferred to the nucleus, activating the transcriptional regulator to initiate gene
transcription and leading to cell proliferation24,25.
The expression of activated P-ERK1/2 protein
was decreased and the cell proliferation was inhibited after intervention with 1,25(OH)2D3. The
above experimental findings were summarized
and analyzed: the continuous activation of STAT3
in T cells of child patients with KD inhibited the
cell apoptosis. At the same time, the inactivation
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of P53 apoptotic gene and anti-apoptotic effect
of NF-κB P65 realize the survival of T cells, and
the activation of ERK pathway enhanced the cell
growth, proliferation and differentiation, while
the activation of ERK1/2 signaling pathway was
inhibited, P53 protein was activated and the proliferation of T cells was regulated after the in vitro
intervention with 1,25(OH)2D3.

Conclusions
We suggest that the molecular mechanism of
abnormal activation of T cells in child patients
with KD may be as follows: apoptotic T cells in
peripheral blood in KD cannot initiate the normal
apoptosis program, so they continue to proliferate and differentiate, eventually leading to the increase and abnormal activation of T cells and the
immune imbalance in the body. 1,25(OH)2D3 can
inhibit the excess hyperplasia of T cells through
adjusting partial signal transduction pathway.
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