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ABSTRACT
Background. Microparticles (MPs) 
are increased in diseases character-
ised by endothelial injury. Kawasaki 
disease (KD) damages the endothelium 
provoking life-threatening involvement 
of coronary arteries. 
Objective. To compare KD MPs vs. 
controls.
Methods. Thirty KD and 20 controls 
were enrolled. MPs were stained with 
monoclonal antibodies against plate-
lets, endothelial cells (EC), monocytes, 
T and B cells, neutrophils, and quanti-
fied by FACS. 
Results. The total number of MPs 
was significantly increased in KD 
versus controls (193x105±0.6x105 
vs. 94x105±0.9x105 million/ml plas-
ma p=0.01) and vs. KD after IVIG 
therapy (132x105±0.4x105million/ml 
plasma p=0.01). EC and T cells 
were the major source of MPs in KD 
(72x105±1x105 vs. 3x105±0.9x105million/
ml plasma for T cells p=0.005; 
76x105±0.7x105 vs. 45x105±0.4x105 
million/ml plasma for EC p<0.02) fol-
lowed by MPs derived from platelets 
(13x105±0.3x105 vs. 3x105±0.9x105 

million/ml plasma p=0.028). Cell-de-
rived MPs B were 17x105±0.4x105 vs. 
20x105±0.8x105million/ml plasma in 
controls (p=0.7). No significant differ-
ences were observed in KD MPs de-
rived from monocytes and neutrophils. 
After IVIG administration, a significant 
decrease of MPs derived from plate-
lets (3x105±0.2x105 million/ml plasma 
p=0.03), EC (9x105±0.4x105 million/ml 
plasma p=0.01), T cells (72x105±1x105 

million/ml plasma p=0.02) and B cells 
(7x105±0.3x105 million/ml plasma 
p=0.02) was observed. 
Conclusion. The number of KD MPs 
is significantly increased and EC and 
T cells are the major source. MPs may 

develop from endothelial damage and 
cell activation. Their role as markers 
of disease activity or as contributors to 
endothelial derangement in KD has to 
be further investigated.

Introduction
Kawasaki disease (KD), an acute fe-
brile systemic vasculitis of small-me-
dium-sized vessels that mainly occurs 
in young children, damages the en-
dothelium provoking a life threatening 
involvement of coronary arteries (1-6). 
Following a complex immune response, 
a significant overproduction of different 
cytokines and activation of endothelial 
cells has been recognised (7-11). During 
the acute phase increased microvascular 
permeability, up-regulated expression of 
adhesion molecules on endothelial cells, 
infiltrating inflammatory cells, and en-
dothelial dysfunction are likely to con-
tribute to the pathogenesis of vasculitis 
and aneurysm development (12, 13). 
Recently, it has been shown that acti-
vated cells (as in vasculitis) and cells 
undergoing apoptosis release micro-
particles (MPs) (subcellular elements) 
responsible for intercellular communi-
cation and inflammation. MPs derive 
from loss of asymmetry of normal cell 
membrane phospholipids, resulting in 
an increase in phosphatidylserine on the 
outer leaflet of the bilipid membrane 
layer, membrane blebbing with MPs 
formation, and shedding by a process 
of exocytic budding. MPs include cyto-
plasmatic components and membrane-
derived elements such as negatively 
charged phospholipids or cell-surface 
receptors (14). Cellular MPs are a het-
erogeneous population, differing in cel-
lular origin, number, size (0.05–1μm), 
antigenic composition, and functional 
properties. MPs support coagulation by 
exposure of negatively charged phos-
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pholipids and sometimes tissue factor. 
MPs may transfer bioactive molecules 
to other cells or MPs, stimulate cells 
to produce cytokines, cell adhesion 
molecules, and modulate endothelium 
function (15, 16). The complement’s 
protein, C1q, bind to MPs activating the 
proinflammatory effect on the classical 
complement pathway (17). Eventually, 
MPs can both induce and amplify in-
flammation, thus enhancing tissue dam-
age in vasculitis.
The purpose of our study was to exam-
ine the number and profiles of circu-
lating MPs in patients with Kawasaki 
disease, and compare the number to 
healthy controls. 

Materials and methods
Patients
Thirty consecutive children (19 
males, 11 females; median age 17.2±9 
months) with the diagnosis of KD ac-
cording to CDC (Centre for Diseases 
Controls) criteria were enrolled in the 
study. Twenty-three of them had typi-
cal KD while 7 had incomplete disease. 
Patients with incomplete KD had high 
fever lasting more than 5 days and lab-
oratory findings consistent with severe 
systemic inflammation, but were lack-
ing sufficient clinical manifestations to 
fulfil the diagnostic criteria (18, 19). 
All patients were given intravenous 
immunoglobulin (IVIG) 2g/kg within 
ten days from the onset of fever, and 
aspirin (80mg/kg daily divided into 
three doses) in the acute phase of the 
disease. Once the fever dropped, the 
aspirin was reduced to one single daily 
dose of 3–5mg/kg for 8 weeks in ab-
sence of coronary artery damage de-
tected by echocardiography. In patients 
with coronary artery abnormalities (ei-
ther aneurysms or dilatations) aspirin 
was increased to normalisation. Three 
patients, all with complete KD, re-
ceived a second cycle of IVIG (2g/kg) 
since they did  not respond to the first 
administration. 
Blood samples were taken in the morn-
ing by antecubital vein during routine 
tests and then stored at -80°C before 
MPs were studied. Blood samples were 
collected in each patient at baseline, 
before IVIG administration, and at 1-
month follow-up.

Demographic data (date of birth, age 
at onset, gender, and ancestry), clinical 
signs and symptoms at onset, and labo-
ratory variables (erythrocyte sedimen-
tation rate, ESR), C reactive protein 
(CRP), haemoglobin (Hb), total platelet 
count (PTL), alanine aminotransferase 
(ALT), aspartate aminotransferase 
(AST), sodium (Na), and albumin were 
recorded at admission. Each patient was 
evaluated by the cardiologist (EKG, 
2D-echocardiography) at admission, 
at 1, 3, and 6 weeks, and at 6 and 12 
months from the onset of fever. Three 
children developed coronary artery an-
eurysms (CAA) at 10, 15 and 20 days 
respectively from the disease onset 
while 1 out of 30 patients had coronary 
dilatations. In two patients coronary 
brightness was observed and in two pa-
tients pericardial effusion occured.
Aneurysms were defined in the pres-
ence of coronary artery diameter 
>3mm in children younger than 5 years 
and >4mm in children older than 5 
years or if the internal diameter of a 
segment measured ≥1.5 times that of 
an adjacent segment, according to the 
Japanese Ministry of Health. Because 
the use of these criteria may result in 
both underdiagnosis and underestima-
tion of the true prevalence of the true 
presence of coronary dilation, coro-
nary measurements were also adjusted 
for body surface area according to De 
Zorzi et al. (19). 
Twenty sex- and age-matched healthy 
subjects recruited among children at-
tending the outpatient clinic for mus-
culoskeletal pain without inflammation 
were studied as controls. Both KD pa-
tients and controls were Caucasians, 
and all of Italian ancestry. All patients 
and controls were white. The institu-
tional Ethics Committee of A. Meyer 
Hospital approved the study, and par-
ents of all the children involved in this 
study gave informed consent.

Methods
Isolation of microparticles 
by differential centrifugation
Blood was obtained using a 19-gauge 
needle and collected into citrated tubes. 
Immediately after blood was obtained, 
plasma was centrifuged at 1,500g for 
10 minutes, and the supernatant was 

collected and divided into plasma al-
iquots that were stored in liquid nitro-
gen until they were used for analysis. 
The method for the isolation of MPs 
by differential centrifugation has been 
established previously for various cell 
types (20). Four millilitres of plasma 
was centrifuged at 1,500g for 5 minutes 
to remove suspended cells. Afterwards, 
the cell-free supernatants were centri-
fuged at 100,000g for 20 minutes using 
a Centrikon T-1065 centrifuge with a 
TST28.38 head (Kotron Instruments, 
Munich, Germany) and 16x76mm cen-
trifugation tubes (Beckman instruments, 
Fullerton, CA, USA). The supernatant 
was removed and the pellet was washed 
twice with 10ml apop buffer (5mM 
KCl, 1mM MgCl2 and 136mM NaCl, 
pH 7.4). The MPs were then quantified 
and characterised by flow cytometry. 

Labelling of microparticles and 
flow cytometry analysis (FACS)
For the differentiation and quantifica-
tion of MPs derived from platelets, 
erythrocytes, granulocytes, monocytes, 
T cells, B cells and endothelial cells by 
fluorescence-activated cell sorting, MPs 
were resuspended in apop buffer con-
taining 2.5mM CaCl2 and 1% micro-
particle-free Foetal Calf Serum (FCS) 
to a final volume of 500μl as previously 
described (20). MPs were incubated for 
20 minutes at room temperature in the 
dark with CD42 antibodies for the de-
tection of platelet derived MPs, anti-
human CD235 antibodies for erythro-
cytes, anti human CD66b antibodies for 
neutrophils, anti-human CD14 antibod-
ies for monocytes, anti-human CD3 an-
tibodies for T cells, anti-human CD19 
antibodies for B cells (all antibodies 
from Becton Dickinson, Basel, Switzer-
land) or anti-human CD144 antibodies 
for endothelial cells (Serotec, Dussel-
dorf, Germany), all of which were la-
belled with fluoresceine isothiocyanate 
in the concentrations recommended by 
the manufacturer. Unbound antibod-
ies were removed with two washes at 
100,000g for 20 minutes. Staining with 
isotype-matched irrelevant antibodies 
at the same concentration and under 
the same conditions were used as con-
trols. After the final washing step, MPs 
were resuspended in 500μl apop buffer, 
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2.5mM CaCl2 and 1% microparticle-
free FCS. MPs were counted by meas-
uring for 1 minute at the “high-flow” 
modus at the FACS Calibur flow cyto-
metre (Becton Dickinson, Mansfield, 
MA), and the data were evaluated with 
CellQuest software (Becton Dickinson 
Immunocytometry System, San Jose, 
CA). The total number of MPs was cal-
culated by multiplying the ratio of total 
volume by the measured volume. To 
calculate the number of MPs per milli-
litre of plasma, the total number of MPs 
was divided by 4.

Statistical analysis
Results are expressed as the mean±SEM, 
unless indicated otherwise. Differences 
in MPs count were tested between pa-
tient groups that were classified by the 
presence or absence of various categor-
ical parameters, to assess the associa-
tion of the disease parameters with MPs 
count. The Mann Witney test was used 
to compare KD patients versus con-
trols, and the Wilcoxon Signed Rank 
test to compare KD patients before and 
after IVIG therapy. To assess the cor-
relation of continuous variables with 
MPs counts, Spearman´s rank correla-
tion coefficients were calculated. Mul-
tivariate linear regression models were 
applied in a stepwise forward and step-
wise backward manner to determine 
an optimal combination of variables to 
predict the MPs count. Since case num-
bers were low relative to the examined 
parameters, an inclusion criterion of 
p≤0.1 was used in the stepwise forward 
procedure. In the stepwise backward 
procedure, any inclusion criterion of 
p≤0.05 was applied. The model was 
calculated including a constant term. 

P-values <0.05 were considered statis-
tically significant. 

Results
At baseline, the median number of 
MPs was significantly higher in KD 
than in controls (193x105±0.6x105 vs. 
94x105±0.9x 105; p=0.01). At 1 month 
from IVIG administration, MPs were 
significantly reduced in comparison to 
baseline (132x105±0.4x105; p=0.01).
The median number of MPs derived 
from the different blood cell lines is 
summarised in Table I. 
During the acute phase of the disease, 
plasma CD42-positive MPs (plate-
let-derived) were markedly elevated 
in KD (13x105±0.3x105million/ml 
of plasma) when compared to con-
trols (3x105±0.9x105 million/ml of 
plasma) and after 1 month from IVIG 
therapy, were significantly reduced 
(3x105±0.2x105million/ml of plasma). 
Therefore, there was a significant differ-
ence between the amount of CD42-posi-
tive MPs in the acute phase of KD and in 
controls (p=0.028); the same result was 
detected considering KD patients before 
and after IVIG therapy (p=0.03).
CD144-positive microparticles (endo-
thelial cells-derived) were significantly 
higher in KD comparison to controls 
(76x105±0.7x105 million/ml plasma 
vs. 45x105±0.4x105 million/ml plasma; 
p<0.02) and were significantly reduced 
after 1 month from IVIG treatment 
(9x105±0.4x105 million/ml plasma vs. 
76x105±0.7x105 million/ml plasma; 
p=0.01).
The number of MPs derived from red 
cells CD235 (erythrocytes-derived) 
was substantially higher in KD before 
IVIG administration in comparison to 

controls (26x105±5x105 million/ml of 
plasma vs. 7x105±0.3x105 million/ml 
plasma; p<0.007) and were not changed 
by treatment (26x105±5x105 million/ml 
of plasma vs. 21x105±2x105 million/ml 
of plasma; p=0.2). 
CD3-positive MPs (T cells-derived) 
were significantly higher in KD than 
in controls (72x105±1x105 million/ml 
plasma vs. 3x105±0.9x105 million/ml 
plasma; p=0.005) and were significantly 
reduced after 1 month from IVIG ther-
apy (72x105±1x105 million/ml plasma 
vs. 43x105±1x105 million/ml plasma; 
p=0.02).
In KD, at baseline, plasma median value 
of CD19-positive MPs (B cells-derived) 
was 17x105±0.4x105 million/ml plasma 
and 7x105±0.3x105 million/ml plasma 
after IVIG therapy, while it resulted 
20x105±0.8x105 million/ml plasma in 
controls. No significant difference was 
found in KD before IVIG therapy and 
controls (p=0.7). A significant decrease 
in CD19-positive MPs after IVIG ther-
apy (p=0.02) was observed.
The median number of CD66-posi-
tive MPs (neutrophils-derived) was 
11x105±4x105 million/ml plasma in 
KD before IVIG, and 14x105±7x105 

million/ml plasma after IVIG therapy 
(10x105±4x105 million/ml in controls). 
No significant difference was found be-
tween children with acute KD and con-
trols (p=0.3), and KD children before 
and after IVIG therapy (p=0.3).
At baseline, the median number of 
CD14-positive MPs (monocytes-de-
rived) was 7x105±0.4x105 million/ml 
plasma (p=0.9), while after IVIG ther-
apy resulted 2x105±0.6x105 million/ml 
(6x105±4x105  million/ml in controls). 
No significant difference was found be-
tween children with acute KD and con-
trols (p=0.9), and KD children before 
and after IVIG therapy (p=0.45).
The correlation of concomitant diseas-
es with the increased numbers of MPs 
in KD patients was searched. All other 
established factors confounding clini-
cal parameters that could have influ-
enced the results, such as diabetes, hy-
percholesterolemia and hyperlipidemia 
were excluded. In Table II, the median 
values of acute-phase markers are re-
ported. The analysis of conventional 
acute-phase markers did not show any 

Table I. The median number ±DS of MPs derived from different blood cell lines in con-
trols, KD patients before IVIG therapy and KD patients after IVIG therapy.
 
 Controls KD before  KD after 
   IVIG  IVIG  
 x105/ml  x105/ml  x105/ml 
 plasma plasma p-value plasma p-value
  
CD 42 3±0.9 13±0.3 0.028 3±0.2 0.03
CD 144 45±0.4 76±0.7 0.02 9±0.4 0.01
CD 235 7±0.3 26±5 0.007 21±2 0.2
CD 3 3±0.9 72±1 0.005 43±1 0.02
CD 66 10±4 11±4 0.3 14±7 0.3
CD 19 20±0.8 17±0.4 0.7 7±0.3 0.02
CD 14 6±4 7±0.4 0.9 2±0.6 0.45
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correlation with the number of total 
MPs (R-squared=0.07). No significant 
association between the total number 
of MPs and coronary alterations, con-
giuntivitis, rash, mucositis, lymphoad-
enopathy, extremities changes, acute 
phase reactants elevation, white blood 
cells was observed through multivari-
ate analysis (Table III).
Univariate analysis performed between 
the MPs levels of various origin and 
coronary alterations prior IVIG showed 
a positive correlation for CD144, CD42, 
CD235, CD19, CD14 this results were 
unmodified after IVIG (Table IV).

Discussion
This is the first study showing that MPs 
derived from endothelial cells, plate-
lets, erythrocytes, and T cells are sig-
nificantly elevated in KD, and that MPs 
plasma levels are reduced by IVIG treat-
ment. Endothelium and T lymphocytes 
resulted the major source of MPs. En-
dothelial MPs are novel subcellular el-
ements that may contribute to heighten 
endothelial dysfunction by enhancing 
intercellular communication, transfer-
ring cytokine receptors among cells, ac-
tivating complement, promoting leuko-
cyte rolling, and stimulating the release 
of proinflammatory mediators (21). In 

addition, endothelial cells derived MPs 
participate in spreading and amplifying 
procoagulant cellular response, like tis-
sue factor antigen exposure by mono-
cytic cells (22). According to recent 
data endothelium is the primary target 
of KD (23), and therefore MPs could 
be a marker of monitoring KD vascular 
injury. Our data also suggest that MPs 
might be a sign of response to therapy 
as shown by their reduction after IVIG 
administration.
In adults, the increase of endothelial 
cells derived MPs in atherosclerosis, 
multiple sclerosis, and systemic lupus 
erythematosus has been reported as 
an apoptosis or endothelium activa-
tion outcome (24-26). In another study, 
markedly elevated endothelial cells de-
rived MPs supported the diagnosis of 
Churg-Strauss vasculitis-induced car-
diomyopathy (27)
In our study, the paediatric population 
not charged with other factors involved 
in endothelial damage (as smoking) is 
ideal to investigate the endothelium. 
Recently, there ha been increasing evi-
dence that KD may predispose to sub-
clinical premature atherosclerosis in 
adulthood (28). Moreover, an adverse 
cardiovascular risk profile (low HDL 
and apo-A1 but high apo-B1 levels), and 
increased peripheral arterial stiffness af-
ter resolution of the acute inflammation 
has been recognised in KD children, es-
pecially in those with coronary damage 
(29). Given that MPs have been recently 
isolated in atherosclerotic plaques and 
in view of their functional properties, 
they could have a role in the develop-
ment of early atherosclerosis (30). 
Recent studies have outlined the key 
role of MPs, in particular platelet de-
rived MPs, in promoting coagulation 
since they provide a negatively charged 
surface to bind clotting factors. Plate-

let derived MPs bind to subendothelial 
matrix and act as a substrate for further 
platelet binding, promoting platelet ad-
hesion to the site of endothelial injury. 
Platelet derived MPs also influence  
endothelial cell function and promote 
monocyte-endothelial interactions dur-
ing inflammation (31). 
In KD, prothrombotic profile induced 
by endothelial sufferance along with 
increased circulating platelet derived 
MPs may promote coagulation. 
After IVIG therapy, levels of platelets 
derived MPs significantly decrease. No 
correlation between the median MPs 
number and markers of acute-phase, 
like ESR and CRP values was detected. 
Similarly, no correlation was found be-
tween circulating MPs and coronary 
damage. These negative data could be 
due to the small number of children en-
rolled in the study and to the small co-
hort of children studied, in particular to 
the small number of children who de-
veloped coronary artery involvement. 
Conversely, in another study (32) a sig-
nificant positive correlation between 
endothelial cells derived MPs and the 
Birmingham Vasculitis Activity Score 
(BVAS), and the acute phase param-
eters was found in patients with sys-
temic vasculitis (32, 33). It is difficult 
to explain the difference of the results, 
though the enrolled population includ-
ed adults with different endothelial risk 
factors, like smoking and drinking.
In conclusion, our study shows that cir-
culating levels of MPs, in particular en-
dothelial cells, platelet and T cells de-
rived MPs, are significantly increased 
in the acute phase of KD, before IVIG 
therapy and reduced at one month from 
IVIG administration. Thus, MPs could 
contribute to the pathogenesis of vessel 
damage amplifying inflammation. In 
the future, larger cohorts of KD patients 

Table IV. Results of univariate analysis be-
tween the MPs levels of various origin and 
coronary alterations before and after IVIG.

MPs R-squared R-squared
 Prior IVIG Post IVIG

CD42 0.05 0.07
CD144 0.01 0.004
CD235 0.002 0.002
CD3 0.05 0.05
CD66 0.15 0.15
CD19 0.03 0.03
CD14 0.01 0.01

Table III. Results of multivariate analysis 
with the total number of MPs.

Variables R-squared
Coronary alterations 0.41
Acute phase reactants elevation 0.05
Congiuntivitis 0.35
Rash 0.39
Mucositis 0.39
Lymphoadenopathy 0.40
Extremities changes 0.42
White blood cells 0.43

Table II. Laboratory values.

Variable Values Day

Age of onset (months) 17.24±14.8 
Day of fever (days) 8.6±4.54 
Erythrocyte sedimentation  rate (mm/hr) 76±27.9 5.4±2.7
C-reactive protein (mg/dl) 9.3±5.7 5.9±3.1
Platelets  (per mm3) 492.4±176.3 5.8±2.9
Haemoglobin (g/dl) 10.2±1.6 6.1±2.8
Sodium (mEq/L) 133±4.6 5.5±3.8
Fibrinogen (mg/dl) 837±233 5.7±3.2
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need to be studied in order to provide 
MPs as useful biomarkers of inflamma-
tion and vascular injury in the KD. 
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