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Mononuclear cell subsets and coronary artery

lesions in Kawasaki disease

Susumu Furukawa, Tomoyo Matsubara, Keijiro Yabuta

Abstract
The peripheral blood mononuclear celi subsets
in patients with Kawasaki disease and coronary
artery lesions were investigated. Of the
106 patients 14 had lesions. Patients with
Kawasaki disease and coronary artery lesions
were found to have increased counts of
CD14+ macrophages/monocytes compared
with those of patients with Kawasaki disease
without lesions. The absolute counts ofCD14+
macrophages/monocytes form an important
parameter to determine the severity ofvascular
damage during acute Kawasaki disease.

The immunological abnormalities observed in
patients with Kawasaki disease are related to
hyperreactive responses in immunocompetent
cells because of the increased cytokine produc-
tion`-3 and expression of activated antigens on

their cell surface.4 5 Several studies have reported
on numerical changes of immunocompetent
cells in patients with Kawasaki disease.6 How-
ever, there have been no reports concerning
changes in patients with Kawasaki disease and
coronary artery lesions as there are few patients
with these lesions and Kawasaki disease. We
investigated the peripheral blood mononuclear
cell subsets in patients with Kawasaki disease
and coronary artery lesions and compared the
subsets counts with those of patients without
lesions.

Department of
Paediatrics,
Juntendo University
School of Medicine,
Tokyo, Japan
Susumu Furukawa
Tomoyo Matsubara
Keijiro Yabuta
Correspondence and reprint
requests to:
Dr Susumu Furukawa,
Department of Paediatrics,
Juntendo University
School of Medicine,
2-1-1 Hongo, Bunkyo-ku,
Tokyo 113, Japan.
Accepted 14 January 1992

Patients and methods
Inclusion in this study depended on patients
meeting the diagnostic criteria for Kawasaki
disease. Sixty five boys and 41 girls were

included; they were aged 1-68 months (mean 22
months). The day of onset of fever was recog-
nised as the first day of illness. Blood samples
were taken for analysis of peripheral blood
mononuclear cell subsets between the third to
the ninth days after onset of illness (mean (SD)
5-8 (1 6) days) before treatment by intravenous
gammaglobulin and aspirin or aspirin alone.
Patients received aspirin 30 mg/kg/day in three
divided doses up until the 30th day after
the onset of fever. Of the 106 patients with
Kawasaki disease, 60 received the same course

of aspirin and in addition received an infusion of
intravenous gammaglobulin (Venilon, Teijin
Limited, Tokyo) in a 5% solution at a daily
dosage of 200 mg/kg for five consecutive days.
Sixty seven of the 106 patients with Kawasaki
disease were sampled for peripheral blood
mononuclear cell subsets on the ninth to 15th
days (mean (SD), 11-5 (2-0) days) of illness,

after treatment by intravenous gammaglobulin
or during treatment by aspirin alone. Thirty six
of the 67 patients with Kawasaki disease received
aspirin and an infusion of intravenous gamma-
globulin and the others received aspirin alone.
In addition, 68 patients were examined for
peripheral blood mononuclear cell subsets on
the 20th to the 68th days (mean (SD) 33-9 (19 9)
days) of illness during the convalescent stage.
Two dimensional echocardiography was used to
detect the presence of coronary artery lesions
twice a week after admission. In accordance
with the cardiovascular lesion diagnostic criteria
in Kawasaki disease of the Research Committee
on Kawasaki Disease coronary arteries with
diameters of 4 mm or greater were regarded as
exhibiting lesions.7 The control subjects were
22 healthy children aged 4-67 months (mean 26
months).

Using a method previously described,4 5 the
percentage of the peripheral blood mononuclear
cell subsets among mononuclear cells was
assayed. The percentages of mononuclear cell
subsets were assayed with a fluorescence acti-
vated cell sorter (FACS IV, Becton Dickson
Immunocytometry Systems). For fluorescence
procedures fluorescein isothiocyanate con-
jugated monoclonal antibodies used were as
follows: CD3/Leu 4, CD4/Leu 3a, CD8/Leu 2a,
CD57/Leu 7 (a natural killer cell and a part of T
cell markers), CD19/Leu 12, or CD14/Leu M3
(Becton Dickinson Monoclonal Center). The
mononuclear cell population was gated accord-
ing to orthogonal scatter and forward scatter.
Next, to exclude macrophages/monocytes from
the analysis, the lymphocyte population was
gated according to orthogonal scatter and
forward scatter. From the ratio of peripheral
blood mononuclear cells to white cell counts,
the absolute counts of mononuclear cell subsets
were calculated. Statistical analyses were per-
formed using the Student's t test.

Results
During a 30 day period after the onset of the
disease, 14 patients were shown to have coronary
artery lesions. Eight of these 14 patients received
aspirin and an infusion of intravenous gamma-
globulin and the others received aspirin alone.

Table 1 shows the absolute counts of white
cells, mononuclear cells, lymphocytes, and
mononuclear cell subsets during the acute stage
before treatment and during the convalescent
stage of Kawasaki disease together with control
subjects. The absolute counts of CD14+ macro-
phages/monocytes and CD 19+ B cells found in
patients with Kawasaki disease were increased
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Mononuclear cell subsets and coronary artery lesions in Kawasaki disease

Table 1 Absolute counts ofwhite cells, mononuclear cells, lymphocytes, and mononuclear cell subsets dunng the acute stage
before treatment and during the convalescent stage ofKawasaki disease and ofcontrol subjects. All results for cell counts are
expressed as x 101/l and mean (SEM)

Acute stage Coronarv arterv lesions Convalescent Controls
stage subjects

(n= 106) With Without (n=68) (n=22)
(n= 14) (n = 92)

Mean(SD) day sample taken 5-8 (1-6) 6 1 (1-4) 5 7 (1-7) 33-9 (19 9)
after onset of fever

White cells 15-59 (0 47)' 16 94 (1-07) 15 38 (0-52) 8-56 (0-29) 8 41 (0-39)
Mononuclear cells 4 58 (0 21) 4-86 (0-79) 4-54 (0-21) 5 27 (0 20) 4-86 (0 25)
CD14+ macrophages/monocytes 0 52 (0 04)' 1 02 (0-15)' 0-45 (0-03) 0-25 (0 02) 0 18 (0 02)
Lymphocytes 4-06 (0 20) 3 85 (0-69) 4 09 (0 20) 4-89 (0-19) 4-68 (0-25)
Lymphocyte subsets:
CD3+ T cell 2-38 (0 14) 2 25 (0-43) 2-39 (0 14) 3 16 (0 14) 2-98 (0-24)
CD4+ Tcell 1 81 (0-1l)" 1 88 (0-41) 1 80 (0-12) 2-27 (0-11) 2-33 (0-19)
CD8+ Tcell 0-78 (0 04)' 0 81 (0-18) 0-78 (0-04) 1 14 (0-06) 0-94 (0-06)
CD57+ cell 0-24 (0-02)' 0 30 (0-09) 0 23 (0-02) 0 58 (0-07) 0 35 (0-06)
CD19+ B cell 1 23 (0-09)' 1 78 (0-48) 1 18 (0 09) 1 00 (0-06) 0-94 (0 10)

*Significant at p<005 v control subjects; *k* significant at p<001 v control subjects; significant at p<001 v Kawasaki disease
without lesions.

during the acute stage preceding treatment
compared with those found in control subjects
(p<0-01 and p<005, respectively). The
absolute counts of CD4+ and CD8+ T cells
and CD57+ cells found in patients with
Kawasaki disease decreased during the acute
stage preceding treatment compared with those
found in control subjects (p<005). These
increased absolute counts of CD14+ macro-

phages/monocytes and CD19+ B cells and
decreased absolute counts of CD4+ and CD8+
T cells, and CD57+ cells in patients with
Kawasaki disease were seen to be within the
normal range during the convalescent stage.
The absolute counts ofCD14+ macrophages/

monocytes in patients with coronary artery
lesions were higher than those of patients
without lesions during the acute stage before
treatment (p<0-01). There were no significant
differences in the absolute counts of CD3+.,
CD4+ and CD8+ T cells, CD57+ cells, and
CD19+ B cells in patients with Kawasaki
disease with and without lesions.

Eleven of the 14 patients with Kawasaki
disease and lesions were examined for peripheral
blood mononuclear cell subsets after treatment
by intravenous gammaglobulin (n=6) or during
treatment by aspirin alone (n= 5). Table 2
shows the absolute counts of white cells and
CD14+ marcophages/monocytes of patients
with and without lesions after treatment by
intravenous gammaglobulin or aspirin alone
during the acute stage. The absolute counts
of CD14+ macrophages/monocytes found in
patients with coronary artery lesions were high
during the acute stage after treatment by
intravenous gammaglobulin or aspirin alone

compared with those found in control subjects
(p<002). Patients with Kawasaki disease with-
out lesions, treated with aspirin alone, had high
absolute counts of CD14+ macrophages/mono-
cytes compared with control subjects and those
treated with intravenous gammaglobulin
(p<001). There was no significant difference
between the absolute counts of CD14+ macro-

phages/monocytes of patients without lesions
treated with intravenous gammaglobulin and of
control subjects.

Discussion
Treatment with intravenous gammaglobulin has
been reported to be effective in reducing the
incidence of coronary artery lesions in Kawasaki
disease.8 Before the routine application of this
treatment lesions developed in approximately
15% of patients with Kawasaki disease,9 while
recently its incidence has decreased. Our study
represents the first report on the determination
of the numerical changes of immunocompetent
cells in patients with Kawasaki disease and
coronary artery lesions. Although several studies
have been reported on the numerical changes of
immunocompetent cells in patients with acute
Kawasaki disease, those previous reports were
based on the analysis of peripheral blood
lymphocyte subsets.6 Here we analysed the
peripheral blood mononuclear cell subsets
including macrophages/monocytes in patients
with Kawasaki disease with and without lesions.
The purpose of this study was to compare

peripheral blood mononuclear cell subsets in
patients with Kawasaki disease with and without
coronary artery lesions, although we did not

Table 2 Absolute counts of white cells and CD14+ macrophageslmonocvtes of patients with Kawasaki disease with and
without coronary artery lesions after treatment by intravenous gammaglobulin (IVGG) or aspirin alone during the acute stage

No of Mean (SD) Mean (SEM) Mean (SEM)
patients dav of onset vhilte cells CD14+ macrophagesl

of fever (X 10ll) monocvtes ( x 101l/)

With coronary artery lesions 11 11-5 (2-8) 14 34 (2 30) 0 66 (0 16)
Treated with aspirin 5 11-2 (3 0) 11 01 (1-82) 0-51 (0-20)
Treated with IVGG 6 11-7 (2-5) 16 73 (3-95) 0-79 (0-25)

Without coronary artery lesions
Treated with aspirin 26 11-5 (1-6) 10 72 (0-61) 0-35 (0-04)'
Treated with IVGG 30 11 7 (2-1) 10 37 (0-75)- 0-23 (0-02)

*Significant at p<005 v control subjects (table 1); **significant at p<0-02 v, control subjects (table 1); * tsignificant at p<001 v
control subjects (table 1) and at p<005 v treated with IVGG.
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include febrile controls in the present study.
Patients with Kawasaki disease and lesions were
found to have increased counts of CD14+
macrophages/monocytes compared with those
of patients without lesions during the acute
stage before and after treatment by intravenous
gammaglobulin or aspirin alone. The absolute
counts of CD14+ macrophages/monocytes in
patients without lesions after treatment by
intravenous gammaglobulin were lower than
those in similar cases treated by aspirin alone.
This result supports our previous finding that
intravenous gammaglobulin treatment was
effective for Kawasaki disease by reducing
peripheral blood macrophages/monocytes.'0
However, the absolute counts of CD14+
macrophages/monocytes found in patients with
lesions were high during the acute stage after
treatment by intravenous gammaglobulin com-
pared with those found in control subjects. Our
patients received intravenous gammaglobulin at
a daily dosage of 200 mg/kg for five consecutive
days as the Research Committee on Kawasaki
Disease recommends a total dose of 1-0 g/kg."
Our results suggest that immunological acti-
vation in these patients persists after treatment
with intravenous gammaglobulin and that
higher doses may be needed. Further studies
are needed in this area.
The macrophage/monocyte has been recog-

nised as a tumour necrosis factor-a (TNF-a),
interleukin-I (IL-1), and interleukin-6 (IL-6)
producing cell in inflammatory and immuno-
logical reactions. It has been reported that the
increased serum concentrations of TNF-a2 and
IL-63 and secretion of IL-1 from mononuclear
cells' are more evident in patients with Kawasaki
disease and coronary artery lesions than in
patients without lesions during the acute stage.
Our results suggest that the absolute counts of
CD14+ macrophages/monocytes, together with
these cytokines, form an important parameter
to determine the severity of vascular damage

during acute Kawasaki disease. Our results
further suggest that the main characteristics of
the pathogenesis of Kawasaki disease are
increased numbers of peripheral blood macro-
phages/monocytes with the secretion of mono-
kines by these activated cells. These immune
responses develop more vigorously in patients
with Kawasaki disease and coronary artery
lesions.
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