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T cell activation profiles in Kawasaki syndrome
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Introduction

Summary

Superantigens (SAgs) are potent stimulators of T cells bearing specific VB T
cell receptors (TCR) and may play a role in the pathogenesis of Kawasaki
syndrome (KS), although despite 15 years of intense study this area remains
controversial. Because SAgs can cause VP restricted T cell activation in the
absence of VP skewing the aims of this study were to describe a flow cytomet-
ric protocol to study both CD4 and CD8 VP repertoires, and CD69 expression
across the CD4 and CD8 VP repertoire in children with KS. Sixteen children
with KS were studied. There was no significant increase in overall peripheral
blood CD4 or CD8 T cell activation as determined by CD69 expression.
However, VP restricted CD4 and/or CD8 activation was observed in eight of
11 (72%) of the KS patients, a finding not observed in healthy controls.
Thirteen of 16 (81%) of the KS patients had evidence of either VB skewing
(particularly CD4 VP2 and VPB5-1) and/or VP restricted activation. Three
patients had VP restricted activation in the absence of skewing. We suggest
that these preliminary observations highlight the many layers of complexity
when considering T cell activation in KS, which could explain some of the
conflicting studies regarding peripheral blood T cell activation and VP
skewing. It is likely that in order to move forward with this debate a combi-
nation of detailed microbiological, immunological and molecular techniques
applied to individual patients will be required ultimately to prove or refute the
SAg hypothesis of KS.
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vasculitis relates to KS, but at the same time this hypothesis
has provided the most controversy [5,6]. SAgs are a class of

Kawasaki syndrome (KS) is associated with the development
of systemic vasculitis complicated by coronary and periph-
eral arterial aneurysms, and myocardial infarction in some
patients [1]. It has superseded rheumatic fever, in that KS is
now the most common cause of acquired heart disease in
children in the United Kingdom and the United States [1,2].
It is generally accepted that an as yet undefined infectious
trigger in a genetically predisposed individual results in the
disease. Despite intensive research into the illness the cause
remains unknown, and although there have been significant
improvements in diagnosis and treatment of children with
the disease there are still a number of important unanswered
questions regarding aetiopathogenesis.

Superantigens (SAgs) are one of the environmental factors
that have been proposed to modulate a number of autoim-
mune diseases, including vasculitis [3,4]. The most compel-
ling evidence for involvement of SAg in the pathogenesis of

immunostimulatory proteins of bacterial or viral origin with
the ability to activate large fractions (5-30%) of the T cell
population, and are responsible for human toxic shock syn-
drome and some forms of gastroenteritis [7,8].

There are similarities between the clinical and immuno-
logical features of KS and the superantigen toxin-mediated
staphylococcal and streptococcal toxic shock syndromes, and
scarlet fever [9—13]. Although there is evidence supporting a
role for superantigens (SAgs) in KS, so far this has been
conflicting. Several key observations in patients with KS
would be consistent with the SAg hypothesis and include:
percentage skewing of the peripheral blood T cell V reper-
toire during the acute and subacute phases of the disease,
particularly of T cells expressing VB2 [3,9,10,13-16];
increased carriage of toxic shock syndrome toxin 1 (TSST-1)
producing Staphylococcus aureus, and Streptococcal pyro-
genic exotoxin types B and C (SPEB/ SPEC) producing
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group A Streptococci in patients with KS [17]; and most
recently seroconversion of immunoglobulin M (IgM) anti-
bodies against SAgs of Staph. aureus and S. pyogenes during
the course of KS [18].

Another important observation is that T cells infiltrating
the walls of coronary arterial aneurysms and the intestinal
mucosa of patients with KS show a skewed T cell VP reper-
toire, with increased numbers of cells expressing V{32
[13,19], again compatible with a SAg-driven process result-
ing in sequestration of activated T cells into lesional vascular
tissue.

SAgs are capable of inducing endothelial activation and
injury. We have shown previously that Class II major histo-
compatibilty complex (MHC)-positive endothelial cells
operate as competent superantigen-presenting cells for CD4
and CD8 lymphocytes in vitro [7]. Dual signalling between
endothelial cells and T cells results in VB-restricted activa-
tion and adherence to endothelium, resulting in endothelial
cell activation and injury. Thus SAgs could result mechanis-
tically in severe endothelial and wvascular injury, and
could account in part for the vascular injury associated
with superantigen-mediated diseases such as toxic shock
syndrome. Vascular sequestration of VB-restricted activated
T cells by this mechanism could explain why T cell activation
in the peripheral blood of children with KS during the acute
phase is relatively low, whereas lesional KS tissue has high
numbers of CD3 positive T cells expressing a restricted VB T
cell receptor pattern, particularly high numbers of CD3V[32
cells [13,19]. Moreover, the finding of high surface expres-
sion of MHC class II on endothelial cells from a fatal case of
KS could be compatible with this proposed model of SAg-
induced vascular injury [20].

However, there are a number of studies that contest the
SAg hypothesis in KS, including the observation that periph-
eral blood VB T cell receptor skewing has been an inconsis-
tent observation [21-24]. Furthermore, Rowley et al.
reported three fatal cases of KD and observed IgA plasma cell
infiltration into the vascular wall during the acute phase of
the illness. By examining the clonality of this IgA response
using reverse trranscription—polymerase chain reaction
(RT-PCR) in lesional vascular tissue they observed that the
IgA response was oligoclonal, suggesting a conventional Ag,
possibly intracellular, rather than a SAg-driven process [25].
These observations led the authors of these studies to suggest
that there is a common infectious aetiology for KS, perhaps
viral, and they suggest that this may cast doubt on the SAg
hypothesis in KS.

If SAgs are involved in the pathogenesis of KS, why is the
classical immunological footprint of Vf T cell receptor
skewing in peripheral blood not seen in all cases? Before the
SAg hypothesis is discounted on this basis it is important to
consider that SAgs cause sequential activation, then expan-
sion and subsequent deletion of T cells expressing specific
VP subunits of the T cell receptor [26]. Thus, depending on
the timing of blood sampling in relation to disease onset, and

factors including the persistence of concomitant infection at
the time of KS, it could be possible to have SAg-induced V3
restricted T cell activation in the absence of percentage
skewing of the VP repertoire. Indeed, no study to date has
examined peripheral blood for specific VB T cell activation
as opposed to percentage skewing in patients with KS, an
approach that has been applied in the past to other infectious
diseases [27,28].

We hypothesized that if SAgs are involved in KS then we
may be able to detect V3 restricted T cell activation with or
without VP skewing. The aims of this study were therefore to
assess T cell activation profiles in more detail in patients with
KS using a flow cytometric protocol which examined both
CD4 and CD8 V[ restricted activation in addition to V3
skewing.

Materials and methods

KS patients

KS patients were enrolled prospectively from multiple dis-
trict general hospitals in the Greater London area from Sep-
tember 2001-August 2003, co-ordinated by the London
Kawasaki disease research group and with multi-regional
clinical ethics approval. Informed consent was obtained
from the parents of all children studied. Sixteen patients with
complete KS were studied. There were nine males and seven
females, mean age 2-7years (range 0-25-6-9 years). All
patients had complete KS as defined by presence of fever for
5 or more days plus four of five of the following criteria:
bilateral non-purulent injection; oral mucosal changes
(strawberry tongue and/or red cracked lips); cervical lym-
phadenopathy (greater than or equal to 1-5 cm), polymor-
phous rash; and typical changes of the hands or feet
(indurative oedema, palmar/plantar erythema or peeling).

Echocardiography was undertaken in all cases by a paedi-
atric cardiologist as part of routine clinical care. Coronary
artery lesions (CALs) were defined as coronary artery inter-
nal diameter > 2 standard deviations (s.d.) above the mean
for age adjusted body surface area (BSA) [2]. Coronary
artery ectasia was defined as internal vessel diameter > 2 s.d.
but <4 mm absolute diameter [2]. Coronary aneurysms
were defined as internal diameters > 4 mm with giant aneu-
rysms defined as internal diameter > 8 mm.

All patients had blood sampled prior to treatment with
intravenous immunoglobulin (IVIG 2 g/kg over 12 h) and
aspirin. Patients were sampled on median day 10 of illness
(range 6-22 days), with the first day of fever defining day 1 of
illness. Five of 16 had coronary artery aneurysms (31%); one
had coronary and axillary artery aneurysms. Two of 16 were
IVIG resistant and required a second dose of IVIG.

Healthy controls and other childhood controls

A total of 31 healthy control children were included in the
study. Twenty of these controls were described previously in
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Table 1. Demographics of the control children.

T cells in KS

Control group used for study Number of controls studied Mean age (years) (range) Sex (M/F)
Total controls 31 8:58 (0-5-19) 17M/14F
CD4 and CD8 Vf repertoire 30 8-8 (0-5-19) 16M/14F
CD4 and CD8 CD69 expression 11 43 (1-9) 6M/5F
CD4 and CD8 differential V3 CD69 expression 6 32 (1-5) 4M/2F

F, female; M, male.

our paper examining Vf repertoires in children with vascu-
litis [3]. Of the 11 additional controls included in this study,
there was insufficient blood available to undertake all aspects
of T cell analysis described: hence 11 of the healthy control
children were used to compare overall CD4 or CD8 CD69
expression. Ten of these 11 controls had VP repertoire
studies undertaken and were added to the previous 20 chil-
dren we had described. Six of these 11 controls had both V[
repertoire and Vf-restricted activation assessed. The demo-
graphics of the overall control group and subgroups are
summarized in Table 1.

In addition to the six healthy control children, four disease
controls of median age 11 years (range 1-12 years) with
sepsis (n = 2); enteropathy (n =1), and eczema (n=1) were
also assessed for VP restricted activation and VP skewing.

Preparation of peripheral blood mononuclear cells
(PBMC) for flow cytometry

Blood (5-10 ml) was collected into sterile universal bottles
containing 40 ul of preservative-free heparin (1000 U/ml).
PBMCs were separated from whole blood by Lymphoprep™
(Nycomed, Roskilde, Denmark) centrifugation, and either
prepared directly for flow cytometry or frozen suspended in
fetal calf serum with 10% dimethyl sulphoxide (Sigma,
St Louis, MO, USA). PBMCs were plated onto U-bottomed
96-well plates at a concentration of 1-2 x 10° cells per ml,
and incubated for 30 min at 4°C using fluorochrome-
conjugated monoclonal antibodies to CD3 (phycoerythrin,
mouse [gGl, 1 : 20 dilution; Becton Dickinson, San Jose, CA,
USA), CD4 (Quantum Red™, mouse IgGl, 1 : 20 dilution;
Sigma) or CD8 (Quantum Red™, mouse IgG2a, 1 : 20 dilu-
tion; Sigma), and the following different T cell VP families
[all fluorescein isothiocyanate (FITC) conjugated, 1:10
dilution; Immunotech Marseille, France]: VB1 (rat IgGl;
clone BL37-2), VB2 (mouse IgGl; clone MPB2D5), V(33
(mouse IgM; clone CH92), VB5-1 (mouse IgG2a; clone
IMMU157), V(38-1 and 8-2 (mouse I1gG2a; clone 56C5) and
VB12 (mouse IgG2a; clone VER2-32-1. All antibody dilutions
were made with 0-01 M phosphate-buffered saline (PBS)
with 0-1% sodium azide and checked by plotting a dilution
curve, the relevant dilution for each antibody corresponding
to the shoulder of the curve. Each antibody was checked
against an appropriate isotype-control antibody, as per the
manufacturer’s recommendation. Following incubation for
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30 min, PBMCs were washed three times with 0-01 M PBS
with 0-1% sodium azide.

Flow cytometric protocol for analysis of Vp repertoires
VP restricted activation

Three-colour flow cytometry was performed on a fluores-
cence activated cel sorter (FACScalibur) flow cytometer
(Becton Dickinson) with optimal compensation set for
green, orange and far-red fluorescence. T cells were identi-
fied by double-gating for forward- and light-scatter charac-
teristics of live cells in a lymphocyte gate checked with CD3
staining. The CD4* or CD8" populations and the percentage
of cells bearing different V3 gene products were calculated
subsequently using quadrants set on dot-plots, with markers
for positivity defined using isotype-control antibodies. Cells
double-positive for CD4 or CD8 and the corresponding V3
family were then gated and a histogram of CD69 surface
staining expressed both as median fluorescence index (MFI)
and percentage positivity based on a marker constructed
using an isotype control antibody, as per the manufacturer’s
recommendations. In this way it was possible to derive both
the percentage of each V[ family studied within the CD4 or
CD8 T cells, as well as the differential CD69 expression
across the VP families studied. A total of 20 000-40 000
gated lymphocyte events were stored for each V3 family. We
validated this flow cytometry protocol by incubating PBMCs
in vitro for 4h with either TSST-1 10 ng/ml or SEB
100 ng/ml and confirming the expected pattern of V[
restricted CD69 expression (VP2 for TSST-1; VB3 and V12
for SEB) in the absence of V3 skewing, as described previ-
ously by our group [7]. Figure 1 illustrates this gating pro-
tocol using PBMCs from a healthy adult control patient with
or without incubation with SEB 100 ng/ml for 4 h in vitro
(data for CD4 VB3 only shown), and Fig. 2 demonstrates
representative results from two of the KS patients using this
protocol. The response of healthy adult PBMCs (n = 3) to
4-h in vitro stimulation with conventional antigen (tetanus
toxoid) did not cause detectable V[-restricted activation
using this flow cytometric protocol (data not shown).

Statistics

Assessment of skewing of the T cell V[ repertoire in the KS
patients was performed by comparison of mean percentages
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Fig. 1. Flow cytometric protocol for the (@)

(b)

assessment of V3 restricted CD 69 expression. 1023
(a) A forward- (FSC) and side-scatter (SSC)
plot was used to define the lymphocyte gate
(checked by back-gating on CD3; data not
shown) region 1 (R1). (b) A dot-plot gated on
R1 was then used to plot CD4 or CD8 against
VB 1,2, 3,51, 8 or 12 (data for CD4 V33 only [
shown). Region 2 (R2, in this example CD4 F

LI B e e e B e

SSC

VPB3) was then gated and a histogram plotted E
(c) gated on R1 and R2 of CD69 expression. In L

104

CD4 QR

this experiment, the CD4VP3 response to 4 h 0
incubation in vitro with the superantigen 0
Staphylococcal enterotoxin B (100 ng/ml)
resulted in an increase in CD69 expression from
a median fluorescence index (MFI) of 4-6 (grey 4
fill) to an MFI of 68 (or a percentage increase

in CD69 high cells of 1-4% to 25%). Using this

flow cytometric approach it was thus possible

to derive both the percentage of each VP family

within the CD4 or CD8 T cell subpopulation,

and the CD69 expression across the CD4 and

102 10%  10*
VB3 FITC

Control CD69 MFI 4.6; 1-4% CD69 high
SEB at 4 hours: CD69 MFI68; 25% CD69 high
|
|

D ™M om0l

Cd8 VP repertoire. Abbreviations: QR, quantum 0 5
red; PE, phycoerythrin; FITC, fluorescein 10
isothiocyanate.

for each V[ family with 30 healthy control children (includ-
ing our previously published normative data in 20 healthy
control children [3]) using non-paired t-tests having con-
firmed normality of the data. For comparison, T cell V3
skewing was also assessed using previously published arbi-
trarily defined definitions of T cell VP expansions and dele-
tions, with the proportion of children in each group having
an expansion or deletion compared using the two-sample
test of proportion. Thus, a VP expansion was defined as a
value more than the control group mean plus 2 s.d for an
individual V3 family, and a deletion was a value less than the
control group mean minus 2 s.d. [3]. VB-restricted activa-
tion of a particular VB-family was defined when the CD69
MFI was greater than five times the median of healthy
control values.

Statistical significance was defined at P <0-05, and is
implied in the results wherever differences are highlighted.
Error bars in figures are standard error of the mean (s.e.m.).
All statistics were performed using Microsoft Excel 2003 and
spss version 14-0 for Windows.

Results

CD4 and CD8 CD69 expression

Peripheral blood T cell (CD4 or CD8) CD69 expression was
not increased significantly in the KS patients (n = 16) com-
pared with healthy control children (n=11) in agreement
with previous reports [29-32] (Fig. 3).

10! 102 108 10*

CD69 PE

Skewing of the CD4 and CD8 T cell VP repertoire

There was significantly increased mean CD4 V(2 (P = 0-027)
and CD4 VB5-1 (P =0:05) in the 16 KS patients compared to
30 healthy paediatric controls (20 of whom we have
described previously [3]) (Fig. 4). Figure 2a demonstrates
the skewed V repertoire in patient 13. CD4V(33 was lower in
the KS patients, although this did not reach statistical sig-
nificance (P = 0-055). There were no significant differences
in the CD8 VP repertoires between the KS patients and
controls. V skewing affected predominantly the CD4 popu-
lation of lymphocytes. Ten of 16 KS patients had CD4V[3
expansions or deletions compared with six of 30 healthy
controls (P < 0-01). Two of 16 of the KS patients had a CD8
VB expansion or deletion compared with five of 30 of the
controls [P = not significant (n.s.)]. Table 2 summarizes the
expansions and deletions of the VP family in individual
patients.

CD4 and CD8 V-restricted CD69 expression

Eight of 11 (72%) of the KS patients had V3 restricted acti-
vation (defined as greater than a fivefold shift in CD69
median fluorescence) versus none of six controls (P < 0-01).
VB-specific activation affected both the CD4 and CD8 lym-
phocyte populations. This was not linked obviously to age,
day of illness or to the presence or absence of CALs. Table 2
details the CD4 and CD8 V[ families affected in indivi-
dual patients. CD69 expression was increased on CD4
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T cells in KS
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Fig. 2. VP repertoire skewing and V3 restricted 5r
CD69 expression in KS patients. (a) shows the 0 _l_l .
CD4 VP repertoire from patient 13 sampled on 1
day 21 of the illness with expansion of CD4
VB2 (solid arrow). (b) shows the CD4 V3
repertoire from patient 9 sampled on day 11 of ) 50 -
the illness. While there was a decrease in CD4
VP2 (dotted arrow) in this patient this did not 40 +
fall below 2 standard deviations of the control — 30
mean and hence was not classified as a major E
deletion. Further examination of the pattern of 20 |
CD4 VB restricted CD69 expression, (c),
revealed up-regulated CD69 CD4 VP12 (solid 10
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median fluorescence index defining V3
restricted CD69 expression.

lymphocytes in the following V[ families: VB12 (three of
11 patients), VB2 (two of 11 patients) and VB8 (two of
11 patients) and VB3 (one of 11 patients). CD69 expression
was increased on CD8 lymphocytes in VP12 (three of
11 patients), VB8 (two of 11 patients), VB2 (one of
11 patients) and VB5-1 (one of 11 patients). Three of 11
patients demonstrated V[ specific activation in the absence
of skewing (patients 7,9 and 14; Table 2), affecting CD4 V33,
8 and 12 and CD8 V12 (patient 7); CD4 VP12 (patient 9,
Fig. 2b and ¢); and CD4 and CD8 V[32 (patient 14).

|

VP restricted activation was not observed in any of the
four disease control children studied (data not shown).

Vb

Discussion

Since the early 1990s there have been conflicting results from
several studies describing T cell VP skewing in patients with
KS, other studies not confirming this observation. Thus the
SAg debate remains unresolved. The data presented in our
study suggest that the peripheral T cell response to SAgs is

(a) n.s. (b) n.s.
100 [ 100
o T
S 75+ S 75+
o o
© . 8
8 50t 8 50t
Fig. 3. CD4 (a) and CD8 (b) CD69 expression < ° 0
. . . . [m)] ° [m)]
in peripheral blood lymphocytes in Kawasaki O 25} ° O 251t .

. [ ] Y [ )
syndrome (KS) patients (n = 16) and healthy oo —'-.-0-:—
control (HC) children (1= 11); n.s.: 0L —ooave-  —segityee 0 L_—ooett e

KS HC KS HC

non-significant.
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Fig. 4. CD4 and CD8 V repertoire in g 6 g 4
Kawasaki syndrome patients (n = 16) and g ‘21 é]_’ 2
healthy control children (n = 30). *P = 0-027; 0 0
+P = 0-05 (non-paired t-tests). Error bars 1 2 5-1 8 12 1 2 3 51 8 12
represent standard error of the mean (s.e.m.). Vb Vb

more complex than merely the presence or absence of Vf3
skewing, and could begin to provide insight into this con-
tentious area.

In agreement with previous reports, we demonstrated
overall increased percentage CD4 V2 in KS patients. We
also documented VPB5-1 skewing (P=0:05) in the KS
patients (albeit to a lesser degree than V[32), to the best of our
knowledge a novel observation that will require further vali-
dation in a larger group of patients. Both these VP families
are known to be responsive to common staphylococcal and
streptococcal SAgs [17,33-35]. In a recent study Benseler
et al. demonstrated that, in contrast to the historical notion
that KS was excluded if infection was identified, approxi-
mately 33% of children with typical KS had an identifiable
infection at the time of diagnosis [36]. Moreover, the most
common infection in that study was group A Streptococcus,
which could be consistent with our observation of VB2 and
VB5-1 skewing in a proportion of our patients (Table 2).

Also shown in Table 2, however, we observed other CD4
and CD8 expansions or deletions within individual patients.
Our study, and previous studies, are unlikely to have been
powered to detect differences relating to multiple V3 families

and this could account partly for some of the conflicting
observations relating to previous reports.

In a limited number of patients (n = 11), we attempted to
define further the T cell activation profile in KS. We (and
others) have demonstrated that SAgs could produce V3
restricted activation of T cells in the absence of skewing,
suggesting that the absence of peripheral T cell VB skewing
may not preclude SAg involvement. To test this hypothesis in
KS we designed a flow cytometric protocol that would enable
analysis of VP skewing and V3 restricted activation in indi-
vidual KS patients (Fig. 1). This approach has not been
studied in KS, although preliminary work has been reported
relating to T cell responses to Shigella antigen [27], and to the
possible link between coxsackievirus B4 and type 1 diabetes
mellitus [28].

In keeping with previous reports we did not observe a
significant increase in overall CD4 or CD8 T cell activation
based on CD69 expression in the KS patients. However, a
more detailed analysis of the pattern of CD69 expression
across the CD4 and CD8 V3 repertoire revealed that in eight
of 11 patients there was evidence of V[ restricted activation
that was not apparent when considering only overall CD4 or

Table 2. VP skewing and V-restricted CD69 expression in Kawasaki syndrome (KS) patients. Individual KS patient T cell phenotype summarizing the
presence (VP family given) or absence (—) of expansions or deletions (skewing), and also V3 restricted CD4 and CD8 activation defined as greater than

five times increase in CD69 median fluorescence.

VP expansion

VP deletion VB-specific activation

Patient Day of
number Age (year) illness CD4 CD8 CD4 CD8 CD4 CD8 CAL
1 0-6 6 51,12 - - - - - -
2 25 14 - 1 - - - 8 -
3 0-8 22 2 - 3 - 2 - -
4 63 ? - - 3 - 8 5-1, 12 -
5 63 22 - - - - - - -
6 69 19 - - - - - - -
7 0-8 6 - - - - 3,8,12 12 -
8 1-1 10 - - 3 - - 8 -
9 6 11 - - - - 12 - +
10 2:0 7 5-1 - - - 12 12 -
11 1-8 21 - - 3 - n.d. n.d. -
12 55 ? 12 - - - n.d. n.d. -
13 25 21 2 8 - - n.d. n.d. +
14 0-25 6 - - - - 2 2 +
15 0-25 10 51 - - - n.d. n.d. +
16 0-25 10 2,51 - - - n.d. n.d. +

Eight of 11 of the KS patients had VP restricted activation versus none of six childhood controls (P < 0-01). This was not linked obviously to age,

day of illness or to the presence or absence of coronary artery lesions (CAL). CAL, coronary artery lesion; n.d., not done; present (+); absent ().
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CD8 CD69 expression. Overall, there was inconsistent
overlap between the specific VB family skewed and activated,
and in three patients (patients 7, 9 and 14) VP restricted
activation occurred in the absence of skewing. This finding
was not observed in healthy controls, or in our small number
of disease control children.

Varela-Calvino et al. have suggested that such V3-specific
C69 expression is also observed in a limited number of
patients with new-onset type 1 diabetes mellitus, and suggest
that this may not be due necessarily to a superantigenic effect
[28]. This preliminary finding, and the implication that con-
ventional antigens may cause V[ restricted activation and/or
skewing, if confirmed could have implications for our
understanding of the findings presented in our study, and
also could reconcile a number of seemingly conflicting
observations in KS patients: for example, the observation of
T cell VP skewing observed in many patients and the oligo-
clonal IgA responses in lesional KS tissue observed by
Rowley et al. [25].

In summary, the present study, based on a limited number
of KS patients, showed no significant increase in overall
peripheral blood CD4 or CD8 T cell activation. V3 skewing
was observed and affected predominantly CD4 lymphocytes.
VP restricted CD4 and/or CD8 activation was observed in
eight of 11 (72%) of the KS patients, a finding not observed
in any of the healthy controls. Overall, 13 of 16 (81%) of the
KS patients had evidence of either VB skewing and/or V3
restricted activation (Table 2). We suggest that while these
preliminary observations will require validation in a bigger
cohort of patients, these data do, however, highlight the
many layers of complexity when considering T cell activation
in KS which could explain some of the conflicting studies
regarding peripheral blood T cell activation and V3 skewing.
An important limitation of the present study was that, unfor-
tunately, we were unable (for logistical reasons) to study the
KS patients longitudinally from early disease onset (late pre-
sentation was relatively common), an approach we feel
would be important, as temporal changes of V3 T cell dis-
tributions in KS have been documented by others [10].

Thus, in order to prove or refute the SAg hypothesis we
suggest that detailed studies of individual patients may be
ultimately more informative than summated data from
cohorts of KS patients attempting to implicate any single SAg
or individual VB-responding family. For example, the combi-
nation of commensal culture including PCR to define SAg
production from any cultured organisms; IgM seroconver-
sion to SAgs; peripheral T cell VP skewing and/or activation;
and (where possible) targeted tissue biopsy to look for
lesional V infiltration in individual patients could provide a
more robust approach to solve the SAg debate once and for all.
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