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Delayed apoptosis of circulating neutrophils in Kawasaki disease
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SUMMARY

Circulating polymorphonuclear neutrophils (PMNs) are known to increase in number and are
functionally activated in the acute phase of Kawasaki disease (KD). In the present study, we
investigated whether the apoptosis of PMNs is deregulated in KD. When the isolated PMNs were
cultured in vitro, the proportions of spontaneous apoptotic PMNs (annexin V™ cells and cells with
fragmented DNA) were found to be significantly lower (P < 0-01) in the patients with KD (n = 25)
than in the patients with a bacterial infection (n = 20) or a viral infection (n = 20), or in healthy
children (n = 20). The proportion of circulating Fas-positive PMNs was also significantly lower
(P < 0-01) in the acute KD patients than in the other groups. In the acute phase of KD, the proportion of
spontaneous apoptotic PMNs showed a significant positive correlation (P < 0-01) with the proportions
of circulating Fas-positive PMNs. Furthermore, the agonistic anti-Fas MoAb (CH-11) induced a
significant increase in the proportion of apoptotic PMNss in the patients with a viral infection and healthy
children, but not in either the patients with KD or the patients with a bacterial infection. In the
intracellular expression of anti- and pro-apoptotic proteins, the Al/Bax ratio was significantly higher in
acute KD than in the other groups. These findings indicate that PMN apoptosis is inhibited during the
acute phase of KD and also suggest that both the resistance against the Fas-mediated death signal and the
down-regulation of the mitochondrial apoptotic signalling pathway due to an altered balance of Bcl-2
protein expression are responsible for the delayed PMN apoptosis.
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INTRODUCTION and enzymes [12,13]. Since the prolonged survival of activated
PMNs may accelerate tissue damage, PMN apoptosis appears to
represent a suitable mechanism for limiting the autotoxic potential
of PMNs and thereby resolving inflammation [14]. In clinical
studies, spontaneous PMN apoptosis is reported to be inhibited in
systemic inflammatory response syndrome (SIRS) [15,16], severe
sepsis [17] and acute respiratory distress syndrome [18], thus
suggesting that delayed PMN apoptosis may be involved in the
pathogenesis of these diseases.

Kawasaki disease (KD) is an acute febrile illness characterized
by multi-systemic vasculitis and is seen mainly in infants and
young children [19]. This disease has a worldwide distribution and
is generally self-limiting. Although treatment with a combination
of aspirin and intravenous immunoglobulin is generally effective,
from 5 to 15% of the patients develop coronary artery lesions that
may lead to myocardial infarction [20]. The immune system
shows marked activation during the acute phase of KD, thus
suggesting that the increased production of cytokines leads to the
activation and damage of endothelial cells [21]. Although KD is
believed widely to be caused by an infectious agent, its aetiology

Human polymorphonuclear neutrophils (PMNs) are constitutively
programmed to undergo apoptosis, and their life-span is short:
peripheral PMNs have a circulatory half-life of 6-10 h in vivo,
and about half of isolated PMNs die within the first 24 h ex vivo
[1-3]. Fas antigen is constitutively expressed on the surfaces of
PMNs [4,5], while FasL is not, based on the findings of recent
studies [6,7]. An anti-Fas monoclonal antibody (MoAb) is
reported to accelerate the apoptotic PMN death [4], and the Fas
system is considered to play an important role in the regulation of
spontaneous PMN apoptosis [5]. As an alternative pathway, the
process of apoptosis is regulated by different members of Bcl-2
family protein [8]. The balance of expression between pro-
apoptotic protein (Bax) and antiapoptotic proteins (Al and Bcl-
X1 ) determines the fate of the PMNs [9-11]. Although PMNs
have been shown to play an important role in acute inflammation
as the host defence, the abnormal activation of PMNSs can lead to
host tissue injury by secreting a large number of toxic mediators
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remains unclear. Toxic neutrophils, morphologically characterized
by cytoplasmic vacuolization and toxic granulation with leuko-
cytosis and a shift to the left, are present in the acute phase of KD
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Table 1. Patient characteristics and laboratory findings

Group Acute KD Conv. KD BI VI HC
Median age 26 months 25 months 27 months 25 months

(range) (8 months—2 years) (3 months—4 years) (6 months—5 years) (3 months—6 years)
Number 25 20 20 20
(male/female) (18/7) (13/7) (10/10) (17/3)

CRP (mg/dl) 112 = 1-6% <03 12:3 + 1.8% <03 <03
Leucocytes (/ul) 14464 * 854* 8887 + 1996 16050 = 2117* 8115 = 806 8350 + 657
Neutrophils (PMNs) (/ul) 10491 = 708* 3910 = 1638 11478 = 1684* 5213 £ 727 4138 *= 383
Immature PMNs (/ul) 2811 * 482* 164 + 258 3225 + 539* 317 = 156 111 =91
Monocytes (/ul) 704 £ 134 478 = 190 1053 + 267 324 = 124 407 * 38

KD, Kawasaki disease; BI, bacterial infection; VI, viral infection; HC, healthy controls; CRP, C-reactive protein; conv., convalescent. * P<<0.01 vs.
conv. KD, VI and HC.
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Fig. 1. Serial changes of apoptotic PMNs measured by annexin V and propidium iodide (PI). (a) After isolated PMNs were cultured in vitro
with FBS for 24 and 48 h, the spontaneous apoptotic PMNs (annexin V*PI" and annexin V*PI™ cells) were analysed by a dot-plot using a
flow cytometer. The numbers in the quadrants of each plot indicate the percentage of positive cells. (b) The mean percentage of annexin
V*PI", annexin V'PI™ and annexin V- PI™ cells in each group was demonstrated in bar graphs. [J, Annexin V™ PI' cells; N, annexin vVt Pr
cells; M, annexin V™ PI™ cells. (c) The percentage of annexin V* cells (y-axis) in 24-h culture was plotted according to the days (x-axis)
after the onset of fever, in patients with acute KD (@), acute BI (A) and acute VI(A).
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[22,23]. PMNs also secrete a large amount of autotoxic mediators
such as reactive oxygen species (ROS) [24] and elastase [25]
during the acute phase of KD, thus suggesting that such activated
PMN:ss contribute to the pathogenesis of KD vasculitis. The aim of
the present study is to investigate whether the apoptotic potential
of PMNs changes in the acute phase of KD and, if so, to determine
the mechanism of the deregulated signal transduction in the Fas-
and Bcl-2 protein family dependent pathways.

MATERIALS AND METHODS

Patients

The patients and healthy controls enrolled in this study were
classified into four groups consisting of patients with KD, patients
with bacterial infection (BI), patients with viral infection (VI) and
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healthy controls (HC). The patient profiles are shown in Table 1.
The patients were hospitalized at the National Defense Medical
College Hospital between January 1999 and August 2000.
Twenty-five KD patients were enrolled within 7 days of the onset
of illness, with day 1 defined as the first day of fever, and all
patients met the diagnostic criteria for KD established by the
Japanese Kawasaki Disease Research Committee [26]. No
bacterial species were identified in blood cultures from the KD
patients. All patients were scheduled to receive both aspirin
(30 mg/kg/day) and intravenous immunoglobulin (IVIG, 1 g/kg or
2 g/kg). No patients with KD had a coronary aneurysm. Serial
blood samples were obtained from all KD patients in the acute
phase (before IVIG therapy, days 3—7) and in the convalescent
phase (days 21-36), when the C-reactive protein (CRP) of each
patient was < 0-3 mg/dL. The BI group included 20 children: 14
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Fig. 2. Serial changes in the PMNs with fragmented DNA (a) and viable
PMNs (b). (a) After the isolated PMNs were cultured in vitro for 24 and
48 h, the proportion of PMNs with fragmented DNA was measured using a
flow cytometric analysis. (b) The proportion of viable PMNs were
measured using trypan blue in a total of 200 cells.*P < 0-01 vs.
convalescent KD, acute BI, acute VI and HC. @, Acute KD; O,
convalescent KD; A, acute BI; A, acute VI; [J, HC.

microbiologically documented and six clinically documented. Six
had a urinary tract infection with Escherichia coli, three had
pneumonia with Streptococcus pneumoniae, three had pneumonia
with Haemophilus influenzae and two had enterocolitis with
Salmonella (09). These organisms were isolated from urine,
pharyngeal mucus and stool cultures. Six patients had pneumonia
with high CRP levels of more than 8-:0 mg/dL, although the
causative microorganisms were not identified. The VI group
included 10 patients consisting of five with an upper respiratory
infection, 20 with bronchitis and five with enterocolitis. Although
no viral culture was carried out, the CRP levels were less than

0-3 mg/dL in all patients in this group. The HC group consisted of
20 healthy children serving as controls. They had neither any
underlying diseases nor were receiving any medications. Informed
consent was obtained from the parents of all children, and the
protocol was approved by the institutional review board.

Reagents

The following reagents were prepared: propidium iodide (PI) from
Molecular Probe, Eugene, OR, USA; Triton X-100, trypan blue,
ethidium bromide and bovine serum albumin (BSA) from the
Sigma Chemical Co., St Louis, MO, USA; annexin V-FITC kit,
PE-conjugated anti-Fas MoAb (clone UB2), blocking anti-Fas
MoAb (clone ZB4) from Immunotech Co., Marseille, France;
agonistic anti-Fas MoAb (clone CH-11), anti-Bax MoAb (clone
4F11) from MBL Medical and Biological Laboratories Co.,
Nagoya, Japan; anti-Al polyclonal antibody (goat IgG) from
Santa Cruz Biotechnology, Santa Cruz, CA, USA.

Sample preparations and culture of PMNs

Peripheral blood PMNs were immediately isolated by density
gradient centrifugation using a one-step Polymorph (Accurate
Chemical and Scientific Corp, Westbury, NY, USA) and washed
with PBS containing 1% BSA. Contaminated erythrocytes were
removed by hypotonic lysis. The PMNs were then washed twice
with PBS. The purity of the PMNs was more than 95%, as
assessed by a flow cytometer using forward and side scatter. The
viability of the PMNs were more than 98%, as evaluated by trypan
blue dye exclusion. The cells were then resuspended in RPMI-
1640 containing 10% fetal bovine serum (FBS) at a concentration
of 1 x 10%ml and were cultured at 37°C in a 5% CO, atmosphere
for 24 and 48 h.

To investigate the effect of anti-Fas MoAb on PMN apoptosis,
an agonistic anti-Fas MoAb (CH-11, 500 ng/ml) or a blocking
anti-Fas MoAb (ZB4, 500 ng/ml) was added to the culture
medium, followed by incubation for 24-48 h. When both
antibodies were added to the same culture medium, the ZB4
was added 1 h before the addition of the CH-11.

Analysis of apoptotic cells by a flow cytometer

After culturing PMNs for 24 and 48 h, the cells were suspended in
the binding buffer (10 mm HEPES, 140 mm NaCl, 2 mm CaCl,,
PH 7-4), followed by the staining of both Annexin V-FITC and PI.
After a 10-min incubation at 4°C, the cells were analysed using the
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA,
USA). After setting the gate around the PMN population, the data
were analysed by CellQuest software (Becton Dickinson). The
results were presented as two-colour fluorescent diagrams of
PMN:s stained with antiannexin V-FITC and PI.

We also measured the proportion of PMNs with fragmented
DNA. After the PMNs were treated with 0-1% Triton-X 100/PBS
and RNase, the cells were then stained with PI for 1 h at 4°C.
Apoptotic PMNs were was quantified by the flow cytometric
determination of the proportion of cells with hypodiploid DNA
(sub-G; cells), as described previously by others [27].

Morphological assessment of apoptotic PMNs

Small aliquots of each sample (100 wl) were removed and spun in
a cytospin, followed by staining with May—Giemsa. The smears
were examined by oil immersion light microscopy at a final
magnification of 400 x 0. The apoptotic PMNs were detected as

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 126:355-364
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Fig. 3. Microscopic findings of apoptotic PMNSs. After the isolated PMNs were cultured in vitro for 24 h, the morphological changes of PMNs
were observed under a microscope: 0-h (A) and 24-h (B) cultures of PMNs from a healthy child (HC), and 0-h (C) and 24-h (D) cultures of
PMNs from an acute KD patient. The arrowheads indicate the apoptotic PMNs with chromatin condensation and fragmented nuclei.

cells showing features associated with chromatin condensation
and fragmented nuclei.

Analysis of the Fas expression on the surface of PMNs by flow
cytometer

The freshly isolated PMNs were stained with PE-conjugated anti-
Fas MoAb (clone UB2) and isotype control MoAb for 30 min at
4°C. The cells were then analysed using a flow cytometer. The
positive cells were defined as cells which had more than a 95%
fluorescence intensity in the isotype control MoAb.

Intracellular expression of Al and Bax in PMNs

The freshly isolated PMNs were treated with 2% paraformalde-
hyde/PBS, followed by treatment with 0-05% Triton-X 100/PBS.
After blocking the cells with 5% BSA/PBS, the cells were
incubated with anti-A1 polyconal antibody or anti-Bax MoAb for
30 min at 4°C. The cells were then stained with FITC-conjugated
rabbit antigoat antibody or FITC-conjugated goat antimouse
antibody for 30 min at 4°C. Finally, the cells were analysed with a
flow cytometer.

Statistical analysis

All data are expressed as mean =*s.e., and differences were
analysed using the Mann—Whitney test. Correlations between the
proportions of spontaneous apoptotic PMNs and the peripheral
PMN count or the proportions of circulating Fas-positive PMN
were assessed using Spearman’s rank correlation coefficient. A P-
value < 0-05 was considered to be significant.

RESULTS

Laboratory findings

The laboratory findings of four groups (KD, BI, VI and HC) are
demonstrated in Table 1. The mean levels of CRP and the mean
counts of leucocytes, PMNs and immature cells (band cells plus
myelocytes) were significantly higher in the patients with acute
KD and BI than in the patients with convalescent KD, acute VI
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Fig. 4. Serial changes of annexin V* cells in normal PMNs cultured with
acute KD serum. After isolated PMNs from healthy children and KD
patients were cultured in vitro with acute KD serum or FBS for 24 and
48 h, the spontaneous apoptotic PMNs (annexin V'PI' cells) were
analysed using a flow cytometer. The data were expressed as the mean of
samples =* s.e. from five experiments. ®, Acute KD PMNs + FBS; O, HC
PMNs + acute KD serum; [J, HC PMNs + FBS.

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 126:355-364



HC Acute KD Conv. KD
200 200 200
160 71% 160 42% 160 76%
@ @ 2
@ €120 € 120 €120
£ 5 5 5
3 80F [\ 3 80 3 80
40 40 40 /
0 0 0
100 101 102 103 104 100 101 102 103 104 100 101 102 103 104
FL2-H FL2-H FL2-H
(b)
80
T
I R R
60
=
r 0
S — T
g aof
b
w
&
20
Acute KD Conv. KD Acute BI Acute VI HC

Fig. 5. Fas expression on the surfaces of PMNs. (a) After PMNs were
isolated, the cell surface expression of Fas on PMNs was immediately
measured by a flow cytometer using the anti-Fas MoAb (shaded
histograms) or isotype-matched MoAb (solid lines) in a healthy child
(HC) and the acute and convalescent (conv.) phase of a KD patient. (b)
The mean percentage of Fas-positive (Fas™) PMNs in each group was
plotted in bar graphs. *P < 0-01 vs. convalescent KD, acute BI, acute VI
and HC.
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and HC. There were no significant differences in the laboratory
data between the acute KD and BI.

Spontaneous apoptosis of PMNs

After the isolated PMNs were cultured in vitro for 24 and 48 h, the
spontaneous apoptotic PMNs were analysed using a flow
cytometer. Figure la demonstrates the dot-plot diagrams for
representative cases. In the 24-h culture, the percentages (%) of
annexin V-positive Pl-negative (annexin V*PI™, early apoptotic)
cells increased in the HC and a patient with convalescent KD
(> 40%), in comparison to the patients with acute KD (13%). In
the 48-h culture, the percentage of double-positive (annexin
V*PI™, late apoptotic) cells increased in the HC and a patient with
convalescent KD (> 60%), in comparison to the patients with
acute KD (18%).

The mean percentage of annexin V*PI*, annexin V*PI~ and
annexin V" PI" cells in each group is plotted in Fig. 1b. The mean
percentage of annexin V' PI™ cells in the 24-h culture and the mean
percentage of annexin V'PI" cells in the 48-h culture were
significantly lower (P < 0-01) in acute KD than in the other groups.
The mean percentage of annexin V* (annexin V*PI" plus annexin
V*PI7) cells in both the 24- and 48-h cultures was significantly lower
(P < 0-01) in acute KD than in the other groups.

The percentage of annexin V* PMNs in 24-h culture was plotted
on the days after the onset of fever in each patient with acute KD, BI
and VI (Fig. 1c). From days 3—4, the percentage of annexin V"
PMNs was lower than 50% in all acute KD (n = 12)and Bl (n = 4)
patients, except for one patient with VI. However, from days 5-6,
the percentage of annexin V" PMNs was still lower than 50% in all
KD patients (n = 10), while it was higher than 50% in all acute BI
patients (n = 12) and in 12 of 15 acute VI patients. Therefore, the
delayed apoptosis of PMNs might be a common phenomenon
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Fig. 6. Correlation between the proportion of Fas™ PMN and (a) the proportion of annexin V" PMNs and (b) the proportion of PMNs with
fragmented DNA in 24- and 48-h cultures in the acute phase of KD. Solid lines indicate the linear regression lines.
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Fig. 7. Effect of anti-Fas MoAb (CH-11 and ZB4) on PMN apoptosis. After the isolated PMNs were cultured with an agonistic (clone CH-
11) and/or a blocking (clone ZB4) anti-Fas MoAbs for 24 h, the percentage of annexin V™ cells was measured using a flow cytometer. The
control indicates the condition without either of the anti-Fas MoAbs (medium only). *P < 0-05 vs. control. [J, Control; B, CH-11; N, ZB4;

&, ZB4 + CH-11.

during the early stage (< day 4) of acute KD and BI. After day 5,
however, the rate of PMN apoptosis in KD may continue to be
delayed, while that in BI may recover to the normal range.

Furthermore, we measured the proportion of PMNs with
fragmented DNA using a flow cytometric analysis (Fig. 2a). The
mean percentage of PMNs with fragmented DNA in both the 24-
and 48-h cultures were significantly lower in the acute KD than
the convalescent KD, the acute BI, the acute VI and HC. When the
viability of PMNs was measured microscopically (Fig. 2b), the
percentage of viable PMNs was significantly higher in acute KD
than in the other groups. Based on the morphological findings, the
proportion of apoptotic PMNs was lower in acute KD than in HC,
when the cells were cultured for 24 h (Fig. 3).

To investigate whether serum factors in acute KD may affect
the PMN apoptosis, PMNs isolated from HC were incubated with
acute KD serum instead of FBS (Fig. 4). The results showed that
acute KD serum did not change the apoptotic rate of normal PMNs.

Fas expressions on PMNs
The cell surface expression of Fas on PMNs was analysed by a
flow cytometer, and the results for representative cases were
shown in Fig. 5a. The expression level of Fas increased in a
patient with acute KD in comparison with HC and a patient with
convalescent KD. The mean percentage of Fas-positive (Fas™)
PMNs was significantly lower (P < 0-01) in acute KD than in
convalescent KD, the acute BI and the acute VI and HC (Fig. 5b).
In addition, significant positive correlations (P < 0-01) were
observed between the percentage of Fas® PMNs and the
percentage of annexin V' PMNs or PMNs with fragmented
DNA at the incubation times of both 24 and 48 h in the acute
phase of KD (Fig. 6), but not in the acute BI, the acute VI and HC
(data not shown). Therefore, a reduced expression of Fas on the
peripheral PMNs may be associated with a decreased suscept-
ibility of PMNs toward spontaneous apoptosis during acute KD.

Anti-Fas MoAb-induced apoptosis of PMNs

After the PMNs were cultured with an agonistic (clone CH-11)
and a blocking (clone ZB4) anti-Fas MoAb for 24 h, the mean
percentage of apoptotic PMNs (annexin V™ cells) was measured

(Fig. 7). CH-11 induced a significant increase in the percentage of
annexin V™ PMNs in convalescent KD, acute VI and HC, but not
in acute KD or BI. Furthermore, ZB4 did not induce an increase in
the percentage of annexin V* PMNs but did block the CH-11-
induced apoptosis of PMNs. These findings indicate that the anti-
Fas MoAb-mediated apoptosis of PMNs is inhibited in the acute
phases of both KD and BIL

Al and Bax expressions and the Al/Bax ratio in PMNs

Figure 8a shows the immunofluorescence histograms demonstrat-
ing the Al and Bax expressions in the intracellular PMNs for
representative cases. The expression level of Al increased, while
the expression level of Bax decreased, in a patient with acute KD
in comparison to a HC and a patient with convalescent KD. The
mean fluorescence intensity (MFI) for Al and Bax expression and
the mean Al/Bax ratio in each group are plotted in Fig. 8b. The
MFI of Al was significantly higher (P < 0-01) in acute KD and
acute BI than in acute VI and HC. The MFI of Bax was
significantly lower (P < 0-01) in acute KD than either con-
valescent KD or acute BI. The A1/Bax ratio was also significantly
higher in acute KD than in the other groups. Therefore, these
findings demonstrate that the balance of Al/Bax expression
changed markedly during the acute phase of KD.

DISCUSSION

Laboratory findings during the acute phase of KD show a marked
increase in the peripheral PMN count, but a decrease in the
peripheral lymphocyte count [16]. The apoptosis of peripheral
lymphocytes is reported to be up-regulated in the acute phase of
KD, thus suggesting a decrease in the peripheral lymphocyte
levels [28]. PMN apoptosis is accelerated in the patients with
systemic lupus erythematosus (SLE) and neutropenia [29]. In
contrast, the present study revealed that the apoptosis of peripheral
PMNs was down-regulated persistently during the acute phase of
KD (days 3—6 after the onset of fever). It is likely that an increase
in number of immature PMNs in acute KD may be associated with
the delayed PMN apoptosis. However, the apoptotic rate of PMNs
in acute KD was significantly inhibited in comparison with that in

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 126:355-364
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Fig. 8. Intracellular expressions of Al and Bax and the A1/Bax ratio in PMNs. (a) After PMNs were isolated, the intracellular expressions of
Al/Bax were immediately measured by a flow cytometer using an anti-Al polyconal antibody and anti-Bax MoAb in a healthy child (HC)
and the acute and convalescent (conv.) phase of a KD patient. (b) The mean fluorescence intensity (MFI) of Al and Bax in each group was
plotted in bar graphs, and the ratio of Al/Bax was plotted in a polygonal line graph. *P < 0-01 vs. convalescent KD, acute VI and HC.
#kP < 0-01 vs. convalescent KD and BI. 1P < 0-01 vs. convalescent KD, acute BI, acute VI and HC. 1P < 0-01 vs. acute VI and HC. [J,

Al; B, Bax; @, Al/Bax ratio.

acute BI, especially after day 5, in spite of similar number of
immature PMNs in both acute KD and BI groups. Therefore,
different factor(s) may also contribute to the delayed apoptosis of
PMN:s in acute KD.

Many factors can affect PMN apoptosis [2,3]. Lipopolysac-
charide (LPS), bacteria-derived endotoxin, can induce either a
reduction of PMN apoptosis or an acceleration of lymphocyte
apoptosis [30,31], while viruses such as influenza [32], RS [33]
and EB [34] can induce an acceleration of PMN apoptosis.
Cytokines such as G-CSF, GM-CSF, IL-18, IL-6, IFN-y and
TNF-a can inhibit PMN apoptosis [3,35]. These cytokines are
also reported to increase in acute KD [21,36—38], thus suggesting
that cytokines are involved in the delayed PMN apoptosis in this
disease. PMN apoptosis is also delayed in the patients with SIRS

who have high levels of serum cytokines [12,13]. However, when
the PMNs from healthy children were incubated with acute KD
serum, the spontaneous apoptosis of PMNs was not delayed
(Fig. 4). Furthermore, supernatants from culture medium of acute
KD PMNs did not change the apoptotic rates of normal PMNs
(data not shown). Therefore, delayed PMN apoptosis cannot be
explained by the serum factors (e.g. cytokines) alone. Kim et al.
suggested that putative aetiological factors may activate T cells
during the early phase of KD, followed by the death of T cells
through an apoptotic process [28]. We therefore cannot rule out
the possibility that an aetiological agent may mediate the negative
signal of PMN apoptosis during the early phase after the onset of
KD.

The peripheral PMNs are terminally differentiated cells which

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 126:355-364
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are destined to undergo rapid cell death via apoptosis [9-11].
After the transendothelial migration of PMNs into an inflamma-
tory focus the spontaneous apoptosis of PMNs is delayed, thus
indicating the appropriate adaptive response of the host against
injury and infection [39]. However, once PMNs ingest bacteria,
the cells die immediately due to apoptosis and are subsequently
recognized and ingested by the surrounding mononuclear
phagocytes [1,40]. On the other hand, the excessively activated
PMNs, which have a prolonged life-span in such uncontrolled
inflammatory syndromes as ARDS and SIRS, may induce tissue
injury by releasing toxic mediators into the surrounding micro-
environment [3,7,13—18]. PMN apoptosis may thus play an
important role in the normal resolution of inflammation by
limiting the autotoxic potential of these cells [3,41]. It has been
noted recently that the neutrophil-mediated injury of endothelial
cells was mediated mainly by protease, especially elastase [42]. A
large amount of elastase and ROS secreted by the activated PMNs
is suggested to be involved in the endothelial cell injury and
vascular damage in KD [24,25]. As a result, the prolonged life-
span of activated PMNs is suggested to contribute to the
pathogenesis of KD vasculitis by secreting an excessive amount
of these toxic mediators during the acute phase of KD.
Furthermore, the use of PMN apoptosis-inducing drugs may also
be a new therapeutic strategy for KD in the future.

The Fas system is believed to play a fundamental role in the
regulation of spontaneous apoptosis [4—6]. SLE patients with an
accelerated apoptosis of PMNs are reported to have an increased
expression of Fas on their surfaces [29]. In contrast, the present
study revealed that the reduced apoptosis of PMNs observed in
KD patients was associated with a decreased expression of Fas.
The decreased expression of Fas also showed a positive
correlation with the percentage of spontaneous apoptotic PMNs.
A low expression of Fas on the surface of PMNs is therefore
linked with the delayed apoptosis in KD. Furthermore, the anti-
Fas MoAb(CH-11)-induced apoptosis of PMNs was inhibited,
thus suggesting that the resistance against Fas signal transduction
in PMN apoptosis is present during the acute phase of KD.
However, since anti-Fas MoAb-induced apoptosis was also
inhibited in acute BI, the involvement of an additional pathway
is suggested in the delayed PMN apoptosis in KD.

Many Bcl-2 family proteins are predominantly located in the
outer mitochondrial membrane, and the relatively abundant
expression of pro-and anti-apoptotic proteins determines the
susceptibility to cell death [43]. Al, an anti-apoptotic protein, is
known to play an important role in the maintenance of the life
span of PMNSs [9,11]. On the other hand, the expression of Bax, a
pro-apoptotic protein, in PMNs is down-regulated in the GM-
CSF-induced prevention of apoptosis [10]. In the present study,
we therefore measured the expression levels of Al and Bax and
the A1l/Bax ratio in each group. These results indicate that the A1/
Bax ratio in acute KD increased significantly in comparison to the
other groups, thus suggesting that an altered balance between the
antiand pro-apoptotic proteins in the Bcl-2 family may be
involved in the delayed apoptosis of PMNs in patients with this
disease.

In summary, the apoptosis of circulating PMNs is inhibited in
the acute phase of KD, and the delayed apoptosis of PMNs may be
associated with the increased number of peripheral PMNs and the
decreased expression of Fas on their surfaces. Furthermore, we
demonstrated that the PMNs in the acute KD are resistant to death
signal transduction via Fas receptor and the increase in the Al/

Bax expression in Bcl-2 family proteins may help to prevent
mitochondrial-dependent apoptosis. These findings may provide
us with new insight into the pathogenesis of KD.
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