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Abstract We sought to determine the effects of treatment
with intravenous immunoglobulin (IVIG) and aspirin on
the functions of endothelial progenitor cells (EPCs) in
patients with Kawasaki disease (KD) as well as its rela-
tionship with concentrations of tumor necrosis factor-o
(TNF-) and high-sensitivity C-reactive protein (hs-CRP).
Ten KD patients in the acute phase of their disease were
recruited. We investigated EPC functions in children with
KD before and after treatment with IVIG and aspirin.
In vitro assays were used to measure the functions,
including proliferation, adhesion, and migration activities,
of EPCs. Plasma levels of TNF-o and hs-CRP were also
assessed. All of the data were assessed before and at 7 days
after treatment initiation. EPC functions after 7 days of
treatment with IVIG and aspirin were significantly
improved than they were before treatment with IVIG and
aspirin. Treatment with IVIG and aspirin significantly
decreased TNF-o and hs-CRP concentrations. There was a
significant linear regression relationship between decreased
plasma TNF-u« levels, hs-CRP levels, and increased func-
tions of circulating EPCs. The results of our study indicate
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that the functions of circulating EPCs improved after
treatment with IVIG and aspirin, which may be related to
decreased concentrations of TNF-« and hs-CRP.
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Introduction

Kawasaki disease (KD) is a systemic vasculitis disease that
mainly damages moderate- and small-sized blood vessels,
especially in coronary arteries [4, 14, 15]. Until now, the
exact mechanisms of coronary artery injury have not been
completely clear. However, injury of the coronary artery in
patients with KD may be attributed to the immune system
disorder, the excess secretion of mediators of inflammation
and cytokines, and the insufficiency of vascular repair [5, 10,
16, 17, 30]. Endothelial progenitor cells (EPCs) are clusters
of stem cells that can differentiate into competent and
mature endothelial cells [2]. Data have shown that EPCs
represent the reparation factor of the vascular wall and are
closely related to cardiovascular well being [3, 12, 28].
Our previous data showed that EPC functions in acute-
phase KD patients were significantly impaired, perhaps
delaying the reparation process of coronary arteries [30].
Intravenous immunoglobulin (IVIG), together with aspirin,
is a world-wide accepted method to treat KD and can
effectively prevent injury of the coronary arteries [25].
However, there has been no report about the effects of
treatment with IVIG and aspirin on EPC function in KD
patients. It has been proven that concentrations of tumor
necrosis factor-o (TNF-o) and high-sensitivity C-reactive
protein (hs-CRP) are significantly increased in acute-phase
KD patients [1, 19, 23]. The results of several studies have
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indicated that high concentrations of TNF-o and hs-CRP
may impair EPC structure and function [7, 8, 31]. There-
fore, the present study was designed to investigate changes
in EPC function before and after treatment with IVIG and
aspirin as well as its relationship with concentrations of
TNF-« and hs-CRP. To our knowledge, our study is the first
to propose that treatment with IVIG and aspirin may
decrease coronary artery injury by improving EPC function.

Materials and Methods
Patients and Blood Collection

We studied 10 patients with KD (age 5 months to 3 years
[median 20 months]; male-to-female ratio of 7:3).
Informed consent was obtained from the parents of all
patients. All patients were hospitalized at our hospital from
July 2008 to March 2010. The patients were enrolled
within 7 days of the onset of illness, with day 1 being
defined as the first day of fever. All patients fulfilled the
diagnostic criteria for KD as established by the Japanese
Kawasaki Disease Research Committee and were consid-
ered typical cases. The initial course of treatment with
IVIG and aspirin was started on days 5 to 7. All patients
were scheduled to receive 2g/kg IVIG for 1 day. Aspirin
(50 mg/kg/day) was also administered during the acute
phase and was gradually decreased to 5 mg/kg/day within 2
weeks after fever ceased. Blood samples were collected
before and at 7 days after treatment initiation. The study
protocol was approved by the Ethics Committee of our
hospital.

Cell Culture and EPC Characterization

The procedure was performed as in our previous study
[29, 30]. Peripheral blood mononuclear cells were isolated
using Ficoll density gradient centrifugation and suspended
in a 25-cm” cell culture bottle coated with fibronectin
(Hematological Technologies) using endothelial cell basal
medium-2 (Clonetics, San Diego, CA) supplemented with
EGM-2 MV (Clonetics) and incubated at 37°C in a
humidified environment with 5% carbon dioxide (CO»,).
The culture medium was replaced every 4 days. To
determine the EPC phenotype, the attached induced cells
were incubated with 1,10-dioctadecyl-3,3,30,30-tetra-
methylindo-carbocyanine perchlorate—labeled acetylated
LDL (Dil-acLDL; 10 pg/ml; Molecular Probes) at 37°C for
1 h. Then the cells were fixed with 4% paraformaldehyde
for 30 minutes at 37°C and incubated with FITC-labeled
Ulex europeus agglutinin (FITC-lectin, 10 pg/ml; Sigma)
for 4 h at 37°C. After being stained, the cells were
observed with a phase-contrast fluorescent microscope
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(Olympus). Cells showing double-positive fluorescence of
Dil-acLDL and FITC-lectin were identified as differenti-
ating EPCs.

EPC Function Assay: Proliferation Adhesion
and Migration Activity

The following procedure was also performed as in our
previous study [29, 30]. EPCs were digested with 0.25%
trypsin and then cultured in serum-free medium in a
96-well culture plate (200 pl/well). After being cultured for
24 h, EPCs were supplemented with 10 pl 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (5 g/l;
Fluka) and incubated for another 4 h. The supernatant was
discarded by aspiration, and the EPC preparation was
shaken with 200 pl dimethylsulfoxide for 10 minutes
before optical density was measured at 490 nm.

EPCs (2.5 x 10%well) were seeded onto 24-well plates
precoated with fibronectin and incubated for 30 minutes at
37°C with 5% CO,. After washing three times with phos-
phate-buffered saline (PBS), attached cells were counted.
Adhesion activity was evaluated as the mean number of
attached cells in 5 high power fields (200 x )/well.

EPC migrations were evaluated with a modified Boyden
chamber method. EPC suspension (2.5 x 10* cells/well)
was placed in the upper chamber with endothelial basal
medium (EBM), and the chamber was placed in a 24-well
culture dish containing EBM and 50 ng/ml VEGF (Hema-
tological Technologies, Essex Junction). The chamber was
incubated for 24 h, and the lower side of the filter was
washed with PBS and fixed with 2% paraformaldehyde. For
quantification, cell nuclei were stained with 4’,6-diamidino-
2-phenylindole. Cells migrating into the lower chamber
were counted manually in three random microscopic fields.

Plasma TNF-a and hs-CRP Detection

Blood samples were separated at 4°C and stored at —20°C.
hs-CRP was measured at 550 nm with the use of the
Particle-Enhanced Immunoturbidimetric Assay (Orion
Diagnostica) and performed by a specialist who was blin-
ded to the study assignment.

Plasma levels of TNF-a were measured by enzyme-
linked immunosorbent assay (R&D Systems) according to
the manufacturer’s instructions. Results were compared
with standard curves. Measurements were performed in
duplicate.

Statistical Analysis
Results are presented as means £ SDs and were analyzed

with SPSS software (version 13.0). Statistical signifi-
cance was evaluated by paired Student ¢ test. Bivariate
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correlations were calculated according to Pearson, and
P < 0.05 was considered significant.

Results

EPC Function Before and After Treatment with IVIG
and Aspirin

Figure 1 shows that the in vitro-cultured EPCs were
characterized by double staining with Dil-acLDL and
FITC-lectin. Figure 2 shows the change in EPC function.
The EPC migratory response increased significantly after
treatment with IVIG and aspirin (5.50 £ 1.80 vs. 7.90 £
2.23 cells/high power field [P < 0.01]). Similarly, the
proliferative and adhesive activities also improved (0.38 £
0.08 vs. 0.50 £ 0.08 [P <0.01] and 6.50 £ 1.65 vs.
10.7 £ 1.89 cells/high power field [P < 0.05]).

Plasma TNF-a and hs-CRP Levels Before and After
Treatment With IVIG and Aspirin

Figure 3 shows that TNF-o and hs-CRP levels (48.40 £
7.42 vs. 32.00 £ 6.41 pg/l [P < 0.05] and 84.10 & 24.26
vs. 13.40 £ 3.03 mg/l [P < 0.05]) decreased significantly
after treatment with IVIG and aspirin.

Association Between EPC Functions and Plasma
TNF-o and hs-CRP Levels

There was a significantly linear regression relationship
between decreased plasma TNF-o levels and increased
EPC functions (Fig. 4). Similarly, decreased plasma
hs-CRP concentration was also related with increased EPC
functions (Fig. 5).

Fig. 1 Identification of EPCs stained by Dil-acLDL and FITC-
Lectin. Magnification x 100
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Fig. 2 The proliferative, adhesive, and migratory activities of
cultured EPCs before and after 7 days of treatment with IVIG and
aspirin. Data are given as means £ SDs. *P < 0.05 vs. before IVIG
and aspirin treatment. HPF high power field

Discussion

The present study investigated the functions of in vitro-
cultured EPCs collected from KD patients before and after
treatment with IVIG and aspirin. Our major findings were
that EPC functions significantly improved after 7 days of
treatment with IVIG and aspirin in KD patients and that
concentrations of TNF-« and hs-CRP were statistically
decreased after 7 days of treatment with IVIG and aspirin
compared levels before treatment onset. Meanwhile, we
found that improved EPC functions related positively to
decreased plasma TNF-o and hs-CRP levels in our study.
The present study indicates that treatment with IVIG and
aspirin may effectively enhance EPC functions and that the
mechanisms underlying the process may be related to
decreased plasma TNF-o and hs-CRP levels. Enhanced
EPC function may accelerate the repair of vascular injury,
which probably promotes a positive prognosis for KD
patients.

Coronary artery injury associated with KD may be the
major cause of acquired heart disease in children [6].
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Fig. 3 Plasma TNF-o and hs-CRP concentrations before and after 7
days treatment with IVIG and aspirin. Data are given as means SDs.
*P < 0.05 vs. before treatment with IVIG and aspirin

Furthermore, coronary artery aneurysm (CAA) may be the
most serious complications in KD patients and may lead to
death [6]. Some of our KD patients presented with ische-
mic heart disease because of coronary artery stenosis or
calcification. Persistent CAA correlates with impaired
functions of endothelial cells and smooth muscle cells of
coronary arteries [9, 24]. Even if the CAA disappears, the
morphology of the vascular wall and the functions of
vascular cells remain to be abnormal. Data have shown that
adult patients with a history of KD had systemic vascular
endothelial dysfunction and that a history of KD could
possibly be one of the risk factors for early onset of
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atherosclerosis [9, 22]. Therefore, preventing and healing
coronary artery injury is important in KD patients.

Data have shown that EPCs play a pivotal role in
maintaining a normal state of the vascular wall [2, 3, 11,
12]. In humans, the numbers and functions of EPCs are
positively associated with endothelial function [12].
In animal research, it has been proven that enhanced
levels of peripheral circulating EPCs were attributed to
improved rate of re-endothelialization and inhibition of
neointimal formation in arteries denuded by balloon
injury [11, 27]. Moreover, increased EPC levels were
associated with a decreased risk of death from cardio-
vascular disease [28]. The previously mentioned data
indicated that the level of peripheral circulating EPCs in
patients with heart disease may affect cardiovascular
outcomes in the future. We postulated that the circulating
level of EPCs in KD patients may also influence future
cardiovascular health.

In the present study, we found that the functions of
circulating EPCs increased significantly in KD patients
after treatment with IVIG and aspirin. To investigate the
possible mechanism of this phenomenon, we measured
levels of plasma TNF-o and hs-CRP before and after
treatment with IVIG and aspirin. Data have shown that
TNF-« has negative effects on EPC function [31]. It has
also been reported that plasma hs-CRP is also negatively
associated with circulating EPC functions [7, 8]. We found
that the plasma concentrations of TNF-a and hs-CRP
decreased in KD patients after treatment with IVIG and
aspirin. Furthermore, a positive correlation was found
between enhanced EPC functions and decreased TNF-o
and hs-CRP concentrations in KD patients, which may
indicate that increased TNF-a and hs-CRP levels result in
impaired EPC functions in acute-phase of KD.

Several studies have shown that TNF-o may accelerate
coronary arterial injury through recruiting leukocyte
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Fig. 4 Linear regression relationship between decreased plasma TNF-« level and promoted functions of circulating EPCs in KD patient group.
A = absolute value of the change before and after IVIG and aspirin treatment
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Fig. 5 Linear regression relationship between decreased plasma NO level and promoted functions of circulating EPCs in KD patient group.
A = absolute value of the change before and after IVIG and aspirin treatment

aggregation, elastin degradation, and other inflammatory
injury [13, 18]. However, previous studies have focused on
the direct injury processes mediated by TNF-a in KD
patients. In the present study we are the first to suggest that
TNF-o may also accelerate the damage of coronary arteries
through impairing EPC functions, which are regarded as
reparative factors for maintaining vascular integrity.
Therefore, blocking TNF-o production and its downstream
reactions will effectively interrupt the injury process
mediated by TNF-o and may accelerate the recovery of
coronary arterial injury through improved EPC functions.
In vitro study simulating the pathogenesis of KD showed
that IVIG treatment significantly inhibited the production
of TNF-o [17]. We postulated that improved EPC functions
by decreasing TNF-o production may be attributed to the
beneficial effects of treatment with IVIG and aspirin in KD
patients.

hs-CRP has been widely used as a marker of indicating
inflammation reaction and tissue injury; nevertheless,
hs-CRP is a nonspecific marker. Its concentration increases
in several conditions, such as acute inflammation, surgical
trauma, microorganism infection, and autoimmune disease
[20]. Further studies have proven that hs-CRP can also
directly injure cells, including endothelial cells and endo-
thelial progenitor cells [7, 8, 21]. Decreased hs-CRP con-
centration in KD patients after treatment with IVIG and
aspirin may inhibit direct injury to cells and the vascular
wall, thereby protecting the reparative ability of EPCs.
Therefore, we consider that treatment with IVIG and
aspirin has two advantages in KD patients: to suppress
direct inflammatory injury and to recover reparative func-
tions, such as that of EPCs.

Limitations

It should be noted that the present study had the following
limitations. First, we proposed that decreased TNF-o and
hs-CRP concentrations contributed to improved EPC
functions after IVIG infusion. The definitive cause-and-
effect relation between them, however, requires further
studies. Second, our study cannot prove that enhanced EPC
functions directly participate in the reparative process of
coronary arteries after IVIG infusion or that such treatment
has long-term effects on the cardiovascular system in KD
patients. Third, several other agents, such as nitric oxide
(NO) and vascular endothelial growth factor (VEGF), play
a pivotal role in modulating EPC numbers and functions. In
the present study, we did not determine whether IVIG
infusion can change the production of NO and VEGF in
KD patients or its potential relationship with EPC function.

In conclusion, our study is the first to show that
EPC functions improved in KD patients after treatment
with IVIG and aspirin, which may be related to the ensu-
ing decreased TNF-alpha and hs-CRP concentrations.
Enhanced EPC levels perhaps contributed to the beneficial
effects of treatment with IVIG and aspirin in KD patients.
Accordingly, we postulate that some drugs, such as statins
and berberine [26, 29], which can mobilize EPCs from
bone marrow and enhance the functions of circulating
EPCs, will improve the prognosis for KD patients, espe-
cially those cases that are complicated with coronary
arterial injury.
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