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SUMMARY

To investigate the regulation of Fcg receptor (FcgR) expression on circulating phagocytes in Kawasaki
disease (KD), we analysed the expressions of FcgRI, II and III on neutrophils and monocytes in 20
patients with KD, 10 with a bacterial infection (BI), 10 with a viral infection (VI), and 10 healthy
controls (HC) using flow cytometric analysis. The KD patients had a significantly higher level of FcgRI
expression on neutrophils, but not on monocytes, than the BI, VI and HC patients. FcgRII expression on
neutrophils was significantly higher in KD, BI and VI than HC, but there was no significant difference in
FcgRII expression among KD, BI and VI. FcgRIII expression on neutrophils in KD was significantly
lower than in VI and HC, but was higher on monocytes. A kinetic analysis of FcgR expression in KD
demonstrated the expression of FcgRI and II on neutrophils to decline, but no remarkable change was
observed in the monocytes, from the subacute phase through the convalescent phase. In addition,
FcgRIII expression on neutrophils increased, while FcgRIII expression on monocytes decreased during
the time course of KD. FcgR expression in the acute phase of KD is thus characterized by markedly
increased expression of FcgRI on neutrophils, followed by a subsequent decrease, and decreased
expression of FcgRIII on neutrophils and increased expression of FcgRIII on monocytes followed by a
reverse kinetics during the clinical course. These findings are thus considered to reflect the functional
up-regulation of neutrophils and monocytes in KD.
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INTRODUCTION

Phagocytes (neutrophils and monocytes/macrophages) play an
important role in the recognition and elimination of pathogens
which invade the human body. After an opsonin such as IgG
attaches to microorganisms and their particles in the serum, they
can be recognized by the receptors binding to the Fc domain of IgG
(FcgR) on their surfaces. A heterogeneous group of receptors
functions as a key molecule for phagocytosis, endocytosis, the
clearance of immune complexes, antibody-dependent cell-
mediated cytotoxicity (ADCC), and triggering of the release of
inflammatory mediators [1,2]. Three distinct classes of FcgR have
been reported on human leucocytes [1,2]. FcgRI (CD64) is
expressed constitutively and primarily on monocytes, and cyto-
kines such as interferon-gamma (IFN-g) and granulocyte colony-
stimulating factor (G-CSF) induce an expression of FcgRI on
neutrophils and also induce an increase in FcgRI expression on
monocytes [3,4]. FcgRII (CD32) is widely found on blood

leucocytes, including neutrophils and monocytes [1,2], and its
expression is not consistently modified by cytokines [5]. FcgRIII
(CD16) is expressed abundantly on neutrophils, but less densely on
monocytes [1,2]. FcgRIIIa, which is expressed on the subpopula-
tion of monocytes, is a transmembrane protein, while FcgRIIIb,
expressed on neutrophils and eosinophils, is linked to the outer
leaflet of the plasma membrane via a glycosylphosphatidylinositol
(GPI) anchor. IFN-g and G-CSF cause a decrease in FcgRIIIb
expression on neutrophils [5], mainly due to receptor shedding [6].
Although multiple biological functions can be triggered via these
three FcgRs, little has so far been elucidated on their exact
functional role.

Kawasaki disease (KD) is an acute type of systemic vasculitis
in children [7]. Immunological abnormalities during the acute
phase of KD are characterized by marked activation of the
immune system, including the functional activation of neutrophils
and monocytes and their excess production in such inflammatory
mediators as cytokines (IL-1, IFN-g and tumour necrosis factor-
alpha (TNF-a)), proteases (neutrophil elastase and myeloperox-
idase) and toxic oxygen radicals [8–11]. Although a strong
response via FcgR on phagocytes is expected in the acute phase
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of KD, there has so far been no report on the up- or down-
regulation of FcgR expression on their surfaces in this disease.
The aims of the present study were to investigate the expression of
FcgRI, II and III on circulating neutrophils and monocytes in
patients with KD, patients with other diseases (bacterial or viral
infection), and healthy children, and to investigate the kinetics of
FcgR expression during the clinical course of KD.

PATIENTS AND METHODS

Patients and sample preparations
The patients and healthy controls enrolled in this study were
classified into four groups consisting of patients with KD, bacterial
infection (BI), viral infection (VI), and healthy controls (HC). The
patient profiles and laboratory findings are shown in Table 1. The
patients were hospitalized at the National Defence Medical Col-
lege Hospital between March 1996 and July 1998. Twenty KD
patients were enrolled within 7 days of the onset of illness, with
day 1 defined as the first day of fever, and all 20 met the diagnostic
criteria for KD established by the Japanese Kawasaki Disease
Research Committee [12]. No bacterial species were identified in
blood cultures from the KD patients. All patients were scheduled to
receive both aspirin (30 mg/kg per day) and intravenous immuno-
globulin (IVIG, 1 g/kg or 2 g/kg). No patients had a coronary
aneurysm. Serial blood samples were obtained from all KD
patients in the acute phase (pre-IVIG, before IVIG therapy on
days 3–7; post-IVIG, within 24 h after completing IVIG therapy on
days 8–12), in the afebrile subacute phase (days 15–20), and in the
convalescent phase (days 21–30), when the C-reactive protein
(CRP) of each patient was< 0·3 mg/dl. The BI group included 10
children: five microbiologically documented and five clinically
documented. Four had a urinary tract infection withEscherichia
coli, one had meningitis and sepsis withHaemophilus influenzae.
These organisms were isolated from urine, spinal fluid and blood
cultures. Five patients had pneumonia with high CRP levels of
>5·0 mg/dl, although the causative microorganisms were not
identified. The VI group included 10 patients, consisting of four
with an upper respiratory infection, three with bronchitis, and one
each with enterocolitis, aseptic meningitis or croup. Although a
viral culture was not carried out, the CRP levels were< 0·3 mg/dl in
all patients in this group. The HC group consisted of 10 healthy

children serving as controls. They neither had any underlying
diseases nor were receiving any medications. Informed consent
was obtained from the parents of all children. Peripheral blood
neutrophils and mononuclear cells were immediately isolated by
density gradient centrifugation using a Mono-Poly Resolving
Medium (ICN Biochemicals, Costa Mesa, CA) and washed with
PBS containing 1% bovine serum albumin (BSA).

Monoclonal antibody and reagents
The FITC-conjugated anti-FcgRI MoAb (clone 22), PE-conjugated
anti-FcgRII MoAb (clone 2E1) and PE-conjugated anti-FcgRIII
MoAb (clone 3G8) were purchased from Immunotech (Marseille,
France). FITC- or PE-conjugated isotype-matched control MoAbs
(IgG1 and IgG2a) were purchased from Dako (Glostrup, Den-
mark).

Staining procedure and flow cytometric analysis
The cells (5×105/ml) were suspended in PBS containing 1% BSA
and incubated with FcgRI, FcgRII, FcgRIII or isotype MoAb at
48C for 30 min. All samples were analysed with a FACSCalibur
flow cytometer (Becton Dickinson, San Jose, CA). After setting the
gates around the neutrophil and monocyte populations, the data
were obtained using CellQuest software (Becton Dickinson). After
the fluorescence intensity in>95% of cells stained with isotype
MoAb was set at less than 10 arbitrary units, the mean fluorescence
intensity (MFI) of each type of FcgR was estimated.

Statistical analysis
All data are expressed as mean6 s.d. Differences in the MFI levels
of neutrophils and monocytes between the acute and convalescent
phases in the same group were assessed by the Wilcoxon signed
rank test. Intergroup differences were analysed by the Mann–
Whitney test.P <0·05 was considered significant.

RESULTS

FcgRI, II, III expression on neutrophils and monocytes
KD patients had a significantly higher MFI of FcgRI expression on
the neutrophils than the patients with BI, VI and HC (Table 2). The
MFI of FcgRI expression on the monocytes in KD, but not in BI
and VI, were significantly higher than that in HC. Although the
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Table 1. Patient characteristics and laboratory findings

Group KD BI VI HC

Median age 27 months 20 months 23 months 13 months
(range) (4 months to 6 years) (4 months to 7 years) (10 months to 6 years) (4 months to 3 years)
Number 20 10 10 10
(Male/female) (9/11) (5/5) (5/5) (5/5)
CRP (mg/dl) 6·96 3·8*† 10·56 3·7*† < 0·3 < 0·3
Leucocytes (/ml) 15 6756 4450 17 3256 5742 13 3606 2672 11 2666 4101
Neutrophils(/ml) 11 0946 4025 11 2866 3821 77256 3747 68316 3197
Immature neutrophils 26·86 19·9† 20·66 22·6† 11·46 11·3† 0·06 0·0
/neutrophils (%)
Monocytes (/ml) 9876 486 11956 1420 10426 761 9246 428

KD, Kawasaki disease; BI, bacterial infection; VI, viral infection; HC, healthy controls; CRP, C-reactive protein.
*P<0·05versusVI; †P<0·05versusHC.



MFI of FcgRII on the neutrophils were significantly higher in KD,
BI and VI than in HC, there was no significant difference in FcgRII
expression on either neutrophils or monocytes among KD, BI and
VI. The MFI of FcgRIII expression on neutrophils in KD was
significantly lower than in VI and HC, and that on the neutrophils
in BI was significantly lower than only in HC. On the other hand,
the MFI of FcgRIII expression on monocytes was significantly
higher in KD and BI than in VI and HC.

Kinetic analysis of FcgRI, II and III expression on neutrophils
and monocytes in the clinical course of KD
Figure 1 demonstrates the time course of each FcgR expression on
neutrophils and monocytes in KD. FcgRI and FcgRII expression
on neutrophils decreased from the subacute though the convales-
cent phase. On the other hand, FcgRI and FcgRII expression on
monocytes did not show any significant change. FcgRIII expres-
sion on neutrophils increased from the subacute phase through the
convalescent phase, while FcgRIII expression on monocytes
declined during the time course of KD.

DISCUSSION

In the present study, we demonstrate that FcgRI expression on
neutrophils was significantly higher in the acute phase of KD than
in BI, VI and HC, and that FcgRIII expression on neutrophils in
KD was significantly lower, but higher on monocytes, than in VI
and HC. Furthermore, in the clinical course of KD FcgRI and II
expression on neutrophils and FcgRIII expression on monocytes in
the acute phase declined from the subacute phase through the
convalescent phase, whereas FcgRIII expression on neutrophils
showed an increase during the time course.

Neutrophils and monocytes/macrophages play an important
role in the host defence against infection due to microorganisms.
Once IgG or immune complexes bind to the FcgR on their surfaces
in circulation, biological responses via the receptor are triggered,
thus contributing to the activation of the immune system [1,2]. The
cause of KD is still unknown, but the acute phase of KD is
characterized by marked activation of the immune system [8–
11]. According to our expectations, FcgR expression showed
dynamic changes for KD in the present study. The expression
patterns in KD also mimicked those in BI rather than VI.
Furthermore, FcgRI expression on neutrophils in KD increased
significantly more than in any other group, including BI. Takata

et al. reported serum IFN-g levels in patients with KD to be
significantly higher than in those with BI [13]. Since IFN-g is
the representative cytokine which strongly induces FcgRI expres-
sion on neutrophils [1–4], the marked up-regulation of FcgRI
expression in KD may be at least partly explained by the elevated
level of IFN-g in serum. On the other hand, we and others reported
that activated neutrophils in the acute phase of KD secreted an
excess of enzymes such as proteases compared with sepsis [10] and
an increased release of toxic oxygen radicals [11], thus suggesting
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Table 2. FcgR expression on neutrophils and monocytes

KD BI VI HC
Group (n¼ 20) (n¼ 10) (n¼ 10) (n¼ 10)

Neutrophils
FcgRI 27·56 13·1†‡ 12·36 4·4‡ 10·26 6·6 5·26 1·9
FcgRII 63·26 24·8‡ 63·36 37·5‡ 58·36 40·5‡ 32·36 9·4
FcgRIII 118·96 42·2†‡ 201·66 121·8‡ 337·46 256·2 596·66 234·6
Monocytes
FcgRI 67·66 13·6‡ 59·46 17·9 55·36 15·1 43·86 6·0
FcgRII 99·36 21·7 104·56 15·6 132·76 62·0 107·16 36·6
FcgRIII 12·76 6·1†‡ 12·56 6·5†‡ 8·16 2·6 8·16 1·6

KD, Kawasaki disease; BI, bacterial infection; VI, viral infection; HC, healthy controls.
*P<0·05versusBI; †P<0·05versusVI; ‡P<0·05versusHC.
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Fig. 1. Serial changes of FcgRI, II and III expressions on neutrophils and
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the presence of neutrophil-mediated endothelial injury. Therefore,
FcgRI may possibly be a key receptor which induces biological
responses in neutrophils during the acute phase of KD.

Although FcgRII expression on neutrophils showed a signifi-
cant increase in KD, BI and VI compared with HC, no significant
difference was observed in FcgRII expression on both neutrophils
and monocytes among these three groups in the present study.
Leino et al. reported that BI was characterized by increased levels
of both FcgRI and FcgRII on neutrophils, while VI was character-
ized by an increased FcgRI expression with a normal or decreased
level of FcgRII in adult febrile patients, thus indicating that FcgRII
expression in BI was distinct from that in VI [14]. These dis-
crepancies might be caused by the differences in the age and
number of patients enrolled, MoAbs used, and a variety of
diseases included in the VI group between our and their studies.
Reportedly, the expression of FcgRII is not affected by
cytokines [1,2]. However, as previously pointed out by other
investigators [1,14], either unknown cytokines or some hormones
may also help to enhance FcgRII expression. In any case, since
the number of BI and VI groups in the present study was not
large and the clinical characterization of each set of patients was
not uniform, the comparison of FcgR expression between KD
and other infectious diseases in children should be further
investigated.

The present kinetics of FcgRIII expression on neutrophils
contrasted with that on monocytes in KD and BI. Furthermore,
FcgRIII expression on neutrophils appeared to be slightly lower in
KD than in BI in the acute phase. The decreased expression of
FcgRIII on neutrophils may indicate the shedding of these mole-
cules as a result of their activation [5,6]. The increased expression
of FcgRIII on monocytes may indicate their maturation, because
the circulating CD16 (FcgRIII)þ monocytes seen in sepsis are
reported to be considered as circulating macrophages [15,16].
Therefore, either neutrophils with a decreased expression of
FcgRIII or monocytes with an increased expression of FcgRIII
seen in the present study may reflect their functional activation. A
reduced expression of FcgRIII on neutrophils was also found in
advanced AIDS with a bacterial infection [17] and severe trauma
[18]. There have so far been no reports in which FcgRIII
expression on both neutrophils and monocytes was
simultaneously evaluated. In the present study, FcgRIII
expression showed the reciprocal kinetics between neutrophils
and monocytes during the clinical course of KD, thus reflecting
the inflammatory process in the disease with an activated immune
system.

Although therapy with IVIG has a marked effect on KD
patients [19,20], its mechanism of action remains obscure. As
one possible mechanism, infused IVIG is thought to bind to FcgR
on phagocytes, thus resulting in the down-regulation of the
immune system, including the secretion of cytokines [20], and
thereby causing an alteration in FcgR-mediated phagocytosis [21].
Since the present kinetic analysis of FcgR in KD demonstrated that
the expression of FcgRI and II on neutrophils and FcgRIII on
monocytes decreased from the pre-IVIG through the post-IVIG,
the infused IVIG might therefore partially block these FcgRs.
However, it is difficult to prove that the infused IVIG blocks FcgR
on circulating neutrophils and monocytesin vivo. IVIG also rapidly
suppresses marked immune activation in KD, probably due to the
neutralization by immunoglobulin of a causative microbial toxin or
due to a significant increase in the number of suppressor T cells and
a decrease in helper T cells [20,22,23]. It is therefore likely that

IVIG down-regulates FcgR expression via an indirect mechanism
of immune suppression.

In conclusion, FcgRI expression on neutrophils was markedly
up-regulated in the acute phase of KD, and thereafter decreased
from the subacute through the convalescent phase. FcgRIII expres-
sion on neutrophils was down-regulated, while that on monocytes
was up-regulated in the acute phase of KD, followed by a reversal
in the kinetics during the time course of KD. These findings
indicate that the expression of FcgR on circulating phagocytes
may thus be an inflammatory marker of KD, a systemic disease
which activates the immune system.
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