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Evidence for a superantigen mediated process in
Kawasaki disease

Nigel Curtis, Richard Zheng, Jonathan R Lamb, Michael Levin

Abstract
The clinical, pathological, and immuno-
logical similarities between Kawasaki
disease and the staphylococcal and strepto-
coccal toxic shock syndromes suggest that
a superantigen toxin maybe involved in the
pathogenesis of the disease. The VP reper-
toire ofperipheral blood mononuclear cells
from 21 children with Kawasaki disease,
28 children with other illnesses, and 22
healthy controls were examined using
monoclonal antibodies to VP2, 5, 8, 12, and
19. The mean percentage ofV,2 expressing
T cells in the patients with Kawasaki
disease was increased when compared
with healthy controls or children with
other illnesses. The mean percentages of
VP5, 8, 12, and 19 expressing T cells were
also increased in the patients with
Kawasaki disease compared with healthy
controls, but were not increased when
compared with children with other ill-
nesses. The selective use of V12 supports
the hypothesis that a superantigen is
involved in the pathogenesis of Kawasaki
disease.
(Arch Dis Child 1995; 72: 308-31 1)
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In the 25 years since the first description of
Kawasaki disease in Japan,' the disorder has
become recognised world wide as an important
disease of infancy and early childhood. In the
UK the minimum estimate of the incidence of
the disease is 34/100 000 children under 5
years,2 which is similar to that in the US3 but
less than 10% of that in Japan (172/100 000
children under 5).4 Although in most cases the
disease is a self limiting febrile exanthematous
illness, coronary artery abnormalities due to an
inflammatory arteritis develop in 15-30% of
patients.5 6 Myocardial infarction or aneurysm
rupture account for death in l-3% of
cases.2 7

The epidemiological features of the disorder
clearly suggest an infectious aetiology: the dis-
order affects a defined age group of children
with a peak at 1 year4 8; epidemics and cluster-
ing of cases are commonly observed9; and
wave-like spread from one part of the country
to another has been reported.10 Secondary
cases are rare, but do occur in family members
with an 8-9% incidence in siblings under 2
years."1 These epidemiological features are
most consistent with an infectious agent that is
widely distributed in the population, to which
most older children and adults are immune,

and which causes disease expression in only a
small percentage of susceptible individuals.
A variety of different organisms have been

suggested as the cause, including mite associ-
ated bacteria,'2 rickettsia,13 the anaerobic
organism Propionibacterium acnes,14 several
viruses including parvovirus B19,15 and retro-
viruses.'6 17 Promising initial reports implicat-
ing each of these organisms have not been
confirmed on subsequent studies.
There are striking similarities between

Kawasaki disease, and the staphylococcal and
streptococcal toxic shock syndromes18-20 and
scarlet fever. Each of these diseases is associ-
ated with high fever, an erythematous rash with
desquamation in the convalescent phase,
mucous membrane and conjunctival inflamma-
tion, and an intense acute phase response. The
staphylococcal and streptococcal toxin dis-
orders are now known to be caused by a family
of protein toxins which have considerable

Figure 1 (A) T cell stimulation by a conventional
antigen. (B) T cell stimulation by a superantigen.
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homology and a common mode of action. The
ability of these proteins to cause intense T cell
activation has led to their classification as
superantigens.21 22
A conventional antigen is first processed by

an antigen presenting cell (APC) and then
presented as a peptide on the APC surface in
association with a major histocompatibility
complex (MHC) class II molecule (fig 1A).
This complex is recognised by the few (about 1
in 106) T cells which bear specific receptors for
this antigen. This highly specific interaction
involves the variable (V), joining (J), and diver-
sity (D) portions of both the ot and 3 chains of
the T cell receptor (TCR).

In contrast to conventional antigens, super-
antigens are able to stimulate a vast number of
T cells by directly binding class II molecules on
APCs and the TCR (fig 1B). This interaction is
restricted only by the specificity of the variable
region of the ,B chain (V,B) of the TCR. Any
given superantigen stimulates a specific set of
VP families; for example, staphylococcal toxic
shock syndrome is caused by toxic shock syn-
drome toxin which stimulates all T cells bearing
VP2. As there are only a limited number ofVP
families, a superantigen may stimulate a large
proportion of all T cells. This intense T cell pro-
liferation and consequent immune activation,
including cytokine release, may be central to the
pathogenesis of toxic shock syndrome.

In view of the clinical and pathological simi-
larities between Kawasaki disease and the dis-
orders caused by the superantigen toxins, we
postulated,23 as have others,2425 that Kawasaki
disease might be caused by a superantigen
toxin produced by micro-organisms present in
the respiratory or gastrointestinal tract of
affected patients. In order to investigate this
hypothesis we studied the pattern of VP
receptor usage in patients with Kawasaki
disease and controls and here present evidence
which supports the possibility of a super-
antigen mediated process.

healthy adult laboratory or clinical personnel.
The study was approved by the St Mary's

Hospital ethics committee.

ANALYSIS OF V13 RECEPTOR USAGE
The proportion of peripheral blood mononu-
clear cells (PBMCs) expressing particular T
cell receptor VP chain families was studied
using available monoclonal antibodies against
V12, 5, 8, 12, and 19. PBMCs were isolated by
gradient centrifugation on Ficoll-Hypaque
(Pharmacia), and the cells washed in phos-
phate buffered saline. The cells were blocked
with 10% normal mouse serum (Sigma) for
one hour at 4°C, and incubated with fluoro-
scein isothiocyanate (FITC) conjugated
monoclonal antibodies against V12, 8, 19
(Immunotech), VP5, 12 (T Cell Diagnostics),
CD3 (Immunotech) or non-specific FITC
conjugated IgG (Immunotech and T Cell
Diagnostics), at the manufacturer's recom-
mended concentration for half an hour at 40C.
The cells were then washed three times and the
proportion of cells expressing each of the VP3
families analysed by flow cytometry using an
Epics-Profile II counter (Coulter Electronics).
The results for each VP family were expressed
as a proportion of the total CD3 positive cells.
To validate the method for detecting

changes in the proportion of cells expressing
individual VP families, PBMCs from five
healthy adult donors were cultured at a density
of 2X 106/ml in RPMI medium (Gibco) and
10% fetal calfserum (Gibco) in the presence or
absence of 10 ,ug/ml anti-CD3, 0 01 ,ug/ml
purified toxic shock syndrome toxin (Sigma) or
0 01 ,ug/ml purified staphylococcal enterotoxin
B (Sigma). The cells were cultured at 370C
and were stimulated with interleukin-2 (IL-2)
(Lymphocult T; 10% vol/vol, Biotest Folex)
on day 3 and day 7. The cells were harvested
on day 8 and the proportion of each of the VP
families analysed as described above.

Patients and methods
PATIENTS
We studied 21 children fulfilling the diagnostic
criteria for Kawasaki disease26 who presented
to the infectious diseases unit at St Mary's
Hospital, or to collaborating centres in
England. Patients who had less than four of the
diagnostic criteria for Kawasaki disease were
included in the study if they had coronary
artery dilatation or aneurysms. Patients were
excluded if they had evidence of shock or if
group A streptococcus was isolated or detected
serologically, unless they had evidence of
coronary artery aneurysms. Venous blood was
collected from the patients into one tenth
volume trisodium citrate as soon as possible
after admission. Blood samples were also
obtained where possible during the convales-
cent phase of the illness.
Twenty eight other children were studied,

who were admitted to St Mary's Hospital
with a range of childhood illnesses, includ-
ing both bacterial and viral infections.
Samples were also obtained from 22

STATISTICS
The differences in the proportion of each
VP family in the patients with Kawasaki disease
and the controls were compared using the
Mann-Whitney U test.
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Figure 2 Changes in V,82 expression induced by in vitro
stimulation with toxic shock syndrome toxin (TSST) or
staphylococcal enterotoxin B (SEB). The mean percentage
of V,82 expressing PBMCs was significantly increased after
stimulation with TSST when compared with uncultured
(p<O0O1) or unstimulated PBMCs (p<0 05), or those
stimulated with anti-CD3 (p<O0O1) or SEB (p<0-05).
Each point represents an individual experiment. Crosses
represent means with SEM indicated by bars.

An a
-- two0.*'tj

309

-0-
v

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.72.4.308 on 1 A

pril 1995. D
ow

nloaded from
 

http://adc.bmj.com/


Curtis, Zheng, Lamb, Levin

50

20 -

15 -

10 -

5-

25 -
VP 2

00

* .
0000 0:0 1

-o .00

*0 5 0

@00: 00

20 -

15 -

.000

00

00

@0
0*-0.00

@0000
00:

o- a',-
Healthy Acute Convalescent Other
controls illnesses

Kawasaki
disease

Figure 3 V,1(2 expressing T cells in patients with
Kawasaki disease and controls. The mean percentage of
V,82 expressing T cells was significantly increased in the
Kawasaki disease patients when compared with healthy
controls (p<0 01) or those with other illnesses (p<0 01).
Each point represents an individual patient. Crosses
represent means with SEM indicated by bars.
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Figure 4 V,B8 expressing T cells in patients with
Kawasaki disease and controls. The mean percentage of
V188 expressing T cells was significantly increased in the
Kawasaki disease patients when compared with healthy
controls (p<0 005) but was not significantly differentfrom
convalescent Kawasaki disease patients (p= 0 73) or those
with other illnesses (p= 067). Each point represents an
individual patient. Crosses represent means with SEM
indicated by bars.

Results
When normal PBMCs were stimulated with
toxic shock syndrome toxin there was a signifi-
cant rise in the proportion of V12 bearing T
cells (Fig 2). The proportion ofVP2 expressing
T cells in the peripheral blood of patients with
acute Kawasaki disease (mean (SEM) (12-5
(2-2)%) was significantly higher than that in
children with other illnesses (6-6 (0-8)%,
p<OO1) or healthy controls (7 0 (06%),
p<O-Ol). Although the VP32 expression in
patients with acute Kawasaki disease was
higher than that in patients convalescing
from the illness, this did not reach statistical
significance (8-3 (10)%, p=0-13) (fig 3).
The proportion of VP8 positive T cells in

the patients with Kawasaki disease was also

Mean (SEM) percentage ofCD3 positive PBMCs expressing each of the V18 families (V/3
2, 5, 8, 12, 19) studied; n=number ofpatientsfrom whom PBMCs were obtained in
sufficient numbers for analysis for each V/3 family

Kawasaki disease

Healthy controls Acute Convalescent Other illnesses

V12 7 0 (0-6) [n=22] 12-5 (22) [n=21] 8-3 (1-0) [n=9] 6-6 (0 8) [n=28]
V35 5-0 (0-5) [n=21] 18-4 (3 2) [n=20] 14-6 (2-9) [n=8] 15-5 (3 9) [n=24]
V38 10-0 (1-4) [n=22] 25-5 (4 6) [n=17] 29-2 (7 8) [n=9] 22-5 (3 2) [n=24]
VP12 5-8 (1-2) [n=20] 19-0 (4 0) [n=20] 20-1 (3 9) [n=9] 14-1 (3 6) [n=26]
Vfl9 5-1 (0 5) [n=22] 8-8 (0 9) [n=21] 5-5 (07) [n=9] 7-7 (1-6) [n=27]
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Figure 5 V,12 expressing T cells in patients with
Kawasaki disease at different stages of the illness. The
mean percentage of V132 expressing T cellsfrom Kawasaki
disease patients in the second week of the illness was higher
than thatfound in either thefirst (p<0 05) or third
(p= 005) week of the illness, orfrom Kawasaki disease
patients in late convalescence (p= 0-10). Each point
represents an individual patient. Blood was not available
from all patients at each time point and this graph
comprises datafrom 18 patients. Data are included only
where the exact date of onset ofdisease is known. Crosses
represent means with SEM indicated by bars.

significantly increased above that in healthy
controls (25-5 (4 6) v 100 (1-4)%, p<O0005),
but there was no significant difference
between those with Kawasaki disease and
children with other illnesses (22-5 (3-2)%,
p=O067) or the convalescent Kawasaki disease
patients (29-2 (7-8)O%, p=0 73) (fig 4).

Although the proportion of VP5, 12, and 19
expressing T cells in the patients with
Kawasaki disease were similarly increased
above that in healthy controls, there were no
significant differences between children with
Kawasaki disease and those with other illnesses
or the convalescent patients with the disease
(table).
When the percentage of VP2 positive cells

was assessed in relation to the timing of the
sample after onset of the disease, the maxi-
mum rise in VP2 expression was found to
occur in the second week of the illness (fig 5).

Discussion
These results show that patients with Kawasaki
disease have a selective increase in the propor-
tion of PBMCs expressing VP2. The expected
rise in the proportion of VP32 bearing T cells
was induced by in vitro stimulation of normal
PBMCs with toxic shock syndrome toxin, con-
firming the use of this method for detection of
changes in VP2 expression.
These findings are in accord with those

reported by Abe et al, who also showed selec-
tive VP2 expression in children with Kawasaki
disease, using a different methodology.24 In
their study VP expression was assessed after in
vitro cultivation of T cells in the presence of
anti-CD3 antibodies, and after stimulation
with IL-2. Monoclonal antibodies were used to
detect the expressed proteins, and the poly-
merase chain reaction to detect production of
VP segments at the RNA level. Our results
using direct staining of uncultured cells might
more accurately reflect the situation in vivo.

I The proportion ofT cells expressing V,B5, 8,
12, and 19 was found to be increased above
that in healthy controls. However, there were
no significant differences for these receptors
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when the patients with Kawasaki disease were
compared with children with other illnesses.

These findings are in contrast to those ofAbe
et al, who reported a selective increase in the
proportion ofV18 bearing T cells, in addition to
VP2 bearing T cells, in patients with Kawasaki
disease in North America. However, in their
study VP8 expressed in these patients, as
detected by monoclonal antibodies, was only
compared with that in healthy controls.24 27 The
increase in V[8 in patients observed in their
study may be the result of febrile controls not
being included in the comparison.
The finding of selective V,2 expression in

the study ofAbe et al and our own supports the
hypothesis that Kawasaki disease is caused by
a superantigen, similar to that responsible for
the staphylococcal and streptococcal toxin
diseases.24 27 The recent report by Leung et al
of the isolation of toxic shock syndrome toxin-
producing staphylococci or streptococcal pyro-
genic exotoxin-secreting streptococci from
children with Kawasaki disease is additional
support for this hypothesis.28

However, the data also raise important
questions. If Kawasaki disease is mediated by
toxins related to toxic shock syndrome toxin,
which selectively utilises V12, why is increased
V12 expression only detected in some of
the patients? Failure to detect increased V,B2
expression in all the patients may be related to
the timing of the sample in relation to the onset
of the disease. Our finding, that VP2 is most
consistently increased in patients studied in the
second week of the illness, suggests that detec-
tion of this phenomenon is critically dependent
on the timing of the investigation. A study by
Hibberd et al showed changes in VP expression
after tetanus immunisation in vivo followed a
similar time course with a peak at two to three
weeks followed by a decline and subsequent
late increase.29 However, other explanations
may be either that a single toxin may amplify
different VP receptor bearing T cells in geneti-
cally defined subgroups of patients, or alterna-
tively that more than one toxin may be
involved, which binds to and amplifies different
VP receptor bearing T cells. This possibility is
supported by our finding that sterile super-
natants from nose and throat cultures from
patients with Kawasaki disease contain several
different staphylococcal toxins,30 and the find-
ing ofLeung et al, that streptococcal exotoxins,
rather that toxic shock syndrome toxin, were
detected in some patients.

In conclusion, our data add to the growing
evidence supporting a role for superantigen
toxins in the aetiology of Kawasaki disease. A
clear understanding of this role will depend on
more detailed characterisation of these toxins.
Dr Nigel Curtis is a MRC research fellow; Dr Richard Zheng
was supported by the British Heart Foundation.
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