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SUMMARY

 

Kawasaki disease (KD) is an acute febrile illness of early childhood caused by vasculitis. Whether or not
peripheral blood T cells are activated in acute KD remains uncertain, as some reports have presented
evidence of peripheral blood T cell activation, whereas others suggest that the level of peripheral blood
T cell activation is low during acute KD. Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4,
CD152) is a surface molecule of activated T cells. We therefore investigated intracellular CTLA-4
expression in the peripheral blood T cells of patients with acute KD as a marker of T cell activation. We
collected blood samples from 20 patients with KD and six with Epstein–Barr virus infectious mononu-
cleosis (EBV-IM) who were admitted to our hospital, as well as 13 healthy children. We determined the
intracellular expression of CTLA-4 in T cells by flow cytometry. We demonstrated that the intracellular
expression of CTLA-4 is up-regulated in peripheral blood CD3

 

+

 

 T cells, CD4

 

+

 

 T cells and CD8

 

+

 

 T cells
at the early part of the acute stage in KD. However, the mean percentages of intracellular T cells
expressing CTLA-4 in EBV-IM patients were about fourfold higher than those in T cells from patients
with acute KD. Our results suggested that the level of activation of peripheral blood T cells is very low
during acute KD.
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INTRODUCTION

 

Kawasaki disease (KD) is an acute febrile illness that occurs in
young children [1]. Activated T cells expressing HLA-DR antigen
infiltrate skin lesions of patients with KD [2] and coronary vascu-
lar lesions have also been found at autopsy [3]. However, whether
or not peripheral blood T cells are activated in patients with acute
KD remains uncertain, as some investigators have evidence of sig-
nificant activation [4,5], whereas others suggest low levels [6–9].
Conflicting data have been reported regarding T cell activation in
peripheral blood during acute KD.

Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4,
CD152) is a surface molecule of activated T cells with sequence
homology to CD28 [10]. While CD28 is an important co-stimula-
tor of T cell activation, the essential inhibitory function of CTLA-
4 is to maintain homeostasis of the immune system [11]. After
activation 

 

in vitro

 

, CTLA-4 is expressed transiently on both CD4

 

+

 

and CD8

 

+

 

 T cells [12]. Surface CTLA-4 is rapidly internalized

intracellularly through endocytosis, which may explain its low lev-
els of expression on the cell surface [13]. The intracellular expres-
sion of CTLA-4 in T cells is a good marker of transient T cell
activation 

 

in vivo

 

, because CTLA-4 accumulates in the cytoplasm.
To clarify the activation of peripheral blood T cells, we compared
CTLA-4 expression in these cells during acute KD with that dur-
ing acute Epstein–Barr virus (EBV) infectious mononucleosis
(IM), in which peripheral blood CD4

 

+

 

 and CD8

 

+

 

 T cells are acti-
vated significantly [8,14].

 

MATERIALS AND METHODS

 

Subjects

 

We studied 20 patients with KD and 6 with EBV-IM, who were
admitted to our hospital between August 1999 and April 2001.
Thirteen healthy children were also studied as normal controls.
All of them were Japanese. Informed consent for participation
was obtained from the subjects’ parents.

 

Kawasaki disease

 

The patients who met the diagnostic criteria for KD [1] comprised
12 boys and eight girls (0·3–7 years of age; mean, 2·6 years). All
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Fig. 1.

 

Typical dot plot of intracellular expression in CD3

 

+

 

 T (a), CD4

 

+

 

 T (b) and CD8

 

+

 

 T cells (c) from a 1·9-year-old boy with KD.
Percentages are of cells expressing CTLA-4 among CD3

 

+

 

 T, CD4

 

+

 

 T and CD8

 

+

 

 T cells. Upper right quadrant, CTLA-4 positive cells. CTLA-
4 expression was increased in all CD3

 

+

 

 T, CD4

 

+

 

 T and CD8

 

+

 

 T cells during the acute stage (day 5), compared with the convalescent stage
(day 26).
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received intravenous gammaglobulin (i.v.GG; Polyglobin-N,
Bayer Co., Osaka, Japan), 1 g/kg/day, for 2 days and oral aspirin
(30 mg/kg/day). The onset of illness was defined as the day on
which fever appeared. Blood samples were obtained prior to
treatment on illness day 2–6 (mean, 4·4), after i.v.GG treatment
on illness day 7–13 (mean, 9·4) during the acute stage, and on ill-
ness day 19–150 (mean, 51·1) during the convalescent stage. None
of the patients had coronary artery lesions (CAL) and none had a
second course of i.v.GG.

 

EBV-IM

 

This study included four boys and two girls (1·2–11 years of age;
mean, 5 years). The diagnosis was based on clinical presentation
of a sore throat, fever and bilateral cervical lymphadnopathy
accompanied by atypical lymphocytes in the peripheral blood. All
patients were positive for IgM and IgG antibodies to EBV capsid

antigen, and negative for antibodies to EBV nuclear antigen dur-
ing the acute stage. The day of onset of fever was considered the
first day of illness. Blood samples were taken at the acute stage
(mean 

 

±

 

 s.d., 9·0 

 

±

 

 4·4 days) and during the convalescent stage
(46·6 

 

±

 

 23·0 days). No patients required steroid therapy.

 

Healthy controls

 

We tested samples from 13 healthy controls consisting of seven
boys and six girls (0·8–6 years of age; mean, 3·3 years) in parallel
with the samples from the patients.

 

Measurement of intracellular CTLA-4

 

We detected intracellular CTLA-4 expression in CD3

 

+

 

 T, CD4

 

+

 

 T
and CD8

 

+

 

 T cells by flow cytometry. Whole blood (100 

 

m

 

l) was
stained with peridinin chlorophyll protein (PerCP)-conjugated
anti-CD3 monoclonal antibodies (moAb) (Becton-Dickinson,
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Table 1.

 

Intracellular CTLA-4 expression in T cells obtained from patients with KD and EBV-IM and control subjects

 

n

 

CD152

 

+

 

 CD3

 

+

 

 T cells CD152

 

+

 

 CD4

 

+

 

 T cells CD152

 

+

 

 CD8

 

+

 

 T cells

Kawasaki disease (KD)
Acute stage

Before i.v.GG treatment 20 7·4 

 

± 

 

3·7* 4·8 

 

± 

 

3·6* 6·4 

 

± 

 

7·2*
After i.v.GG treatment 6 4·6 

 

± 

 

4·0 2·9 

 

± 

 

2·3 1·9 

 

± 

 

2·8
Convalescent stage 20 1·9 

 

± 

 

1·4 1·3 

 

± 

 

0·9 0·7 

 

± 

 

0·6

Epstein–Barr virus infectious mononucleosis (EBV-IM)
Acute stage 6 32·6 

 

± 

 

18·4** 22·5 

 

± 

 

14·0** 29·9 

 

± 

 

26·4**
Convalescent stage 6 3·2 

 

± 

 

1·7 2·2 

 

± 

 

1·0 1·6 

 

± 

 

1·9
Controls 13 2·4 

 

± 

 

1·0 1·0 

 

± 

 

0·6 1·2 

 

± 

 

0·9

Values are expressed as means 

 

±

 

 s.d. *Significant at 

 

P

 

 

 

<

 

 0·01 

 

versus

 

 convalescent stage and control subjects. **Significant at 

 

P

 

 

 

<

 

 0·01 

 

versus

 

 convalescent
stage of IM, acute stage of KD and control subjects. CTLA-4: cytotoxic T lymphocyte-associated antigen 4, CD152. i.v.GG: intravenous gammaglobulin.

 

Mountain View, CA, USA) and fluorescein isothiocyanate
(FITC)-conjugated anti-CD4 moAb (Becton Dickinson) or anti-
CD8 moAb (Becton Dickinson). Erythrocytes were incubated
with 2 ml of lysing solution (Becton Dickinson) for 10 min. After
washing with phosphate-buffered saline containing 0·5% bovine
serum albumin and 0·1% NaN

 

3

 

 (washing buffer) leucocytes were
suspended in FACS Permeabilizing Solution (Becton Dickinson)
for 10 min. The cells were stained with phycoerythrin (PE)-
conjugated anti-CD152 (CTLA-4) moAb (Pharmingen) for
30 min, rinsed with washing buffer and resuspended in 1%
paraformaldehyde. Stained cells were analysed using a FACScan
flow cytometer (Becton Dickinson) equipped with a 15-mW
argon ion laser, and a filter set for FITC (530 nm), PE (585 nm)
and PerCP (677 nm). Intracellular CTLA-4 was examined in
CD3

 

+

 

 T, CD4

 

+

 

 T and CD8

 

+

 

 T cells that were identified and
selected by gating. The intracellular expression of CTLA-4 was
analysed by PE staining, and the number of cells that were posi-
tive for CTLA-4 was expressed as a percentage of CD3

 

+

 

 T cells,
CD4

 

+

 

 T or CD8

 

+

 

 T cells. FASTIMMUNE IgG1 PE served as an
isotype control (Becton Dickinson).

 

Statistical analysis

 

Data were analysed statistically using the Mann–Whitney 

 

U

 

-test,
the paired Wilcoxon signed-rank test for comparison of means
and Spearman’s correlation coefficient by rank test.

 

RESULTS

 

Figure 1 shows flow cytometric results typical of peripheral blood
lymphocytes from a 1·9-year-old boy with KD during the acute
(day 5) and convalescent (day 26) stages. The level of CTLA-4
expression in this KD patient increased in CD3

 

+

 

 T, CD4

 

+

 

 T and
CD8

 

+

 

 T cells during the acute stage. The percentages of intracel-
lular CTLA-4 positive CD3

 

+

 

, CD4

 

+

 

 and CD8

 

+

 

 T cells in all KD
patients were significantly higher than those during the convales-
cent stage (

 

P

 

 

 

<

 

 0·01, respectively), and were significantly higher
than the levels in healthy children (

 

P

 

 

 

<

 

 0·01, respectively)
(Table 1). The percentages of CTLA-4 positive T cells decreased
to within normal range after I.V.GG treatment.

Figure 2 shows obviously increased intracellular CTLA-4
expression in T cells from a 1·7-year-old boy with acute EBV-IM.
The percentages of intracellular CTLA-4 positive CD3

 

+

 

, CD4

 

+

 

and CD8

 

+

 

 T cells were significantly higher during the acute stage
of EBV-IM than during the convalescent stage (

 

P

 

 

 

<

 

 0·01, respec-
tively) and in controls (

 

P

 

 

 

<

 

 0·01, respectively) (Table 1). In addi-
tion, the mean percentages of intracellular CTLA-4 positive
CD3

 

+

 

, CD4

 

+

 

 and CD8

 

+

 

 T cells were increased significantly in
patients with acute EBV-IM than with acute KD (

 

P

 

 

 

<

 

 0·01,
respectively). The mean percentages of intracellular CTLA-4 pos-
itive CD3

 

+

 

, CD4

 

+

 

 and CD8

 

+

 

 T cells in EBV-IM were about four-
fold those in acute KD (Table 1).

 

DISCUSSION

 

In this study, flow cytometry demonstrated that intracellular
CTLA-4 expression is up-regulated in peripheral blood CD3

 

+

 

 T,
CD4

 

+

 

 T and CD8

 

+

 

 T cells at the acute stage of KD. After i.v.GG
treatment, levels of intracellular CTLA-4 expression decreased
rapidly to within the normal range. Thus, peripheral blood T cell
activation appeared to be maximal at the time of first sampling,
when the patients were diagnosed with KD. CTLA-4 is responsi-
ble for homeostasis of the immune system through regulatory T
cells. The expression of CTLA-4 on T cells depends on cell acti-
vation induced by CD28–B7 interaction. Our results suggest that
peripheral blood T cells are activated early in the acute stage of
KD. In addition, we found that the percentages of intracellular
CTLA-4 positive CD4

 

+

 

 and CD8

 

+

 

 T cells in EBV-IM patients are
increased during the acute stage, and that the mean percentage of
T cells expressing CTLA-4 in EBV-IM was approximately four-
fold that in acute KD patients. We reported that peripheral blood
CD4

 

+

 

 and CD8

 

+

 

 T cell counts are decreased [6] and that neither
CD4

 

+

 

 T nor CD8

 

+

 

 T cells express HLA-DR antigen during acute
KD, whereas the numbers of CD4

 

+

 

 T and CD8

 

+

 

 T cells expressing
HLA-DR were increased during acute EBV-IM [8]. Our pub-
lished and present findings indicate that CD4

 

+

 

 and CD8

 

+

 

 T cells in
the peripheral blood are less activated in KD than in EBV-IM at
the acute stage, suggesting a relatively low level of activation of
peripheral blood T cell during acute KD.

We have demonstrated recently a decrease in the number of T
cells producing interferon-gamma (Th1-type), but not in that of T
cells producing interleukin-4 (Th2-type), in the peripheral blood
of patients with acute KD, suggesting an imbalance of peripheral
blood T cell function during this stage [15]. We speculate that the
increased number of CD4

 

+

 

 T cells expressing CTLA-4 in this
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Fig. 2.

 

Typical dot plots of intracellular expression in CD3

 

+

 

 T (a), CD4

 

+

 

 T (b) and CD8

 

+

 

 T cells (c) from a 1·7-year-old boy with EBV-IM.
Percentages of cells expressing CTLA-4 cells among CD3

 

+

 

 T, CD4

 

+

 

 T and CD8

 

+

 

 T cells. Upper right quadrant, CTLA-4 positive cells.
CTLA-4 expression was increased in all CD3

 

+

 

 T, CD4

 

+

 

 T and CD8

 

+

 

 T cells during the acute stage (day 7), compared with the convalescent
stage (day 69).
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study consist of the Th-2 type, as the number of Th1-type T cells
was decreased during acute KD.

To the best of our knowledge, we are the first to analyse intra-
cellular CTLA-4 expression in T cells from KD patients. The
expression of CTLA-4 on CD4

 

+

 

 T cells is increased in patients
with malaria [16], human immunodeficiency virus infection [17]
and systemic lupus erythematosus [18]. Levels of CTLA-4 expres-
sion are remarkably increased in CD4

 

+

 

 T, but not in CD8

 

+

 

 T cells
from patients with these diseases. The slightly increased expres-
sion of CTLA-4 in peripheral blood CD8

 

+

 

 T cells in our study may
reflect an activated state in KD. Few investigators have examined
CD8

 

+

 

 T cells in KD. Macrophages and CD8

 

+

 

 T cells infiltrate cor-
onary artery aneurysms in acute KD [19], and clonal expansion of
peripheral blood CD8

 

+

 

 T cells occurs during the acute stage of KD

[20]. Further studies are required to clarify the importance of
CD8

 

+

 

 T cells in KD.
In conclusion, the findings of the present study support the

notion that peripheral blood T cells are activated at low levels
during acute KD.
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