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Abstract

Background: Kawasaki disease (KD) is an acute
systemic vasculitis of infancy and early childhood
that is characterized by endothelial cell damage as-
sociated with T-cell activation. Lymphocytes infil-
trating damaged tissues might be responsible for the
disease through secretion of cytokines, such as tu-
mor necrosis factor (TNF)-«, that could cause fever,
as well as endothelial tissue damage. Debate is
growing about the nature of antigen responsible for
T-cell activation in KD. Bacillus Calmette Guerin
(BCG) and purified protein derivative (PPD) hyper-
responsiveness was observed in KD patients and
this phenomenon was hypothetically ascribed to
cross-reactivity between mycobacterial Heat Shock
Protein (HSP) 65 and human homologue HSP63.

Materials and Methods: CD4" and CD8" T-cell
clones were obtained from peripheral blood of KD
patients in acute phase, or control subjects. The
clones were tested for reactivity toward HSP65 and
derived peptides. Both proliferation and cytokine
production were analyzed.

Results: A significant fraction of CD4 and CD8
T-cell clones from KD patients recognized an epitope
from HSP65, spanning amino acids 65-85. T-cell
clones cross-reacted with the corresponding 90-110
peptide sequence of human HSP-63.

Conclusions: Cross-reactivity between specific epi-
topes of mycobacterial and human HSP could play a
role in the development of the tissue-damage char-
acteristic of KD.

Introduction

Kawasaki disease (KD) is an acute systemic
vasculitis of infancy and early childhood that is
characterized by prolonged fever, conjunctivi-
tis, inflammation of the oropharynx, rash, ery-
thematous induration of the distal extremities,
and cervical lymphadenopathy (1). Coronary
artery abnormalities can develop in up to 25%
of untreated patients (2). The introduction
of high-dose intravenous immune globulin
(IVIG) in combination with aspirin treatment,
within the first 10 days after the onset of fever,
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has significantly reduced the prevalence of
coronary artery abnormalities in KD (3). Early
recognition and prompt treatment is, there-
fore, critical to achieve successful outcomes.
Unfortunately the current definition of KD is
based on diagnostic criteria that use clinical
features which overlap with other illnesses.
This creates diagnostic dilemmas in atypical
cases, which do not completely fulfil the diag-
nostic criteria of XD, but are associated with
the development of coronary artery abnormali-
ties (4).

Numerous reports have documented that
acute KD is associated with increased immune
activation. Studies of tissues from children dying
of acute KD have revealed marked generalized
vascular inflammation of small and medium-
sized blood vessels, particularly the coronary
arteries (5,6). The initial vascular lesion in KD
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is associated with endothelial cell activation
and up-regulation of cytokine-induced leukocyte-
adhesion molecules, accompanied by the infil-
tration of neutrophils and mononuclear cells.
The mononuclear cell infiltrate consists of both
activated CD4" and CD8" T cells, as well as
monocyte/macrophages. This state of immune
activation is accompanied by elevated levels of
interleukin (IL)-18 (7) and tumor necrosis fac-
tor (TNF)-«a (8). Successful treatment of KD pa-
tients with IVIG plus aspirin is associated with
a reduction in their elevated cytokine produc-
tion and endothelial cell activation (9).

It has been hypothesized that the activation
of T cells and monocyte/macrophages found in
acute KD is a feature of diseases caused by bac-
terial toxins that act as superantigens (10).
Staphylococcal enterotoxin, toxic shock syn-
drome toxin-1 (TSST-1), could be responsible
for this immune activation binding directly to a
particular T cell receptor (TCR) Vg like VB2 or
VB8.1, whose percentages are increased during
acute KD and return to normal levels after
treatment with IVIG plus aspirin (11).

In addition, hyperreactivity to Bacillus Cal-
mette Guerin (BCG) (12) and purified protein
derivative (PPD) (13) has been reported in KD
patients that could be due to cross-reactivity
between mycobacterial heat shock protein
(HSP)65 and the human homologue HSP63
(14). A possible pathogenic role of HSP63 in
KD was enforced by the increased expression
of the human HSP63 gene in peripheral blood
of patients (15). To analyze the possible role of
HSP during the acute phase of KD, we deter-
mined at a clonal level the presence of T lym-
phocytes recognizing HSP65.

Materials and Methods
Patients and Controls

A total of 5 patients (3 males and 2 females,
aged from 3 months to 5 years, mean: 2 years
and 4 months) were diagnosed as having
Kawasaki disease, according to the 1984 re-
vised criteria (4). They had been hospitalized
within 7 days of the onset of fever. One patient
revealed meningitis diagnosed after prolonged
headache, computed tomography (CT) scan-
ning and mononuclear cells count in cere-
brospinal fluid (CSF).

Tuberculin-PPD skin test was considered
positive when the skin induration diameter
was >5 mm at 48-72 hr after injection of 1 U
of PPD (Statens Seruminstitut, Copenhagen,

Denmark). All the blood samples were col-
lected at the admission during the acute phase
of disease, before drug treatment, and 5-7
days after the tuberculin skin test had been
performed. Control samples were obtained
from age-matched children who had a posi-
tive tuberculin skin test.

Preparation of T-cell Clones

The previously described methodology (16)
was used with minor modifications. Briefly,
CD4 and CD8 T lymphocytes were isolated
from peripheral blood lymphocytes (PBL) or
CSF cells by immunomagnetic sorting (Mil-
tenyi Inc., Sunnyvale, CA) and cultured in
(RPMI) 1640 medium (Gibco, Grand Island,
NY) with 10% heat-inactivated pooled human
AB serum. Wells of U-bottomed 96-well plates
(Nunc, Roskilde, Denmark) were seeded with
10* T cells, supplemented with 2 X 10° allo-
geneic PBL (irradiated at 3,000 rads from a Ce-
sium source), 5 X 10* irradiated Epstein Barr
Virus (EBV)-induced autologous lymphoblas-
toid cells (BCL), 0.5 ug/ml leukoagglutinin
(Sigma, St. Louis, MO) and 200 U/ml human
recombinant IL-2 (Genzyme, Cambridge, MA)
in a total volume of 0.2 ml. After 21 days of cul-
ture, the cells were transferred to tissue culture
flasks and further expanded in the presence of
200 U/ml of IL-2. The cell lines were 92-98%
CD4" or CD8" by fluorescence-activated cell
sorting (FACS) analysis. Cloning at 0.3
cells/well in the medium, supplemented as in
the initial cell culture, yielded a 40-100% plat-
ing efficiency. The average frequency of posi-
tive wells was about 15%, which corresponded
to an estimated growth frequency of 60% un-
der limiting dilution conditions, following a
single-hit Poisson distribution (data not
shown). T-cell clones were used for the prolif-
eration assay at least 3 days after the last IL-2
addition. This cloning procedure, using phyto-
hemagglutinin (PHA) and allogeneic stimula-
tion, induced expansion of virtually all CD4
and CD8 T cells and did not introduce any bias
into the T-cell repertoire (17,18).

Antigens and Synthetic Peptides

PPD was obtained from Statens Seruminstitut,
Copenaghen, Denmark. The recombinant my-
cobacterial HSP65 (clone MA-5C) was a gen-
erous gift of Dr. J. van Embden (World Health
Organization Bank). Synthetic peptides span-
ning already reported immunodominant re-
gions of the mycobacterial HSP65 sequence
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were synthesized by g-fluorenylmethylcar-
bonil (Fmoc) technology using trialkoxy-
diphenyl-methylester resin and Castro’s re-
agent for coupling as described elsewhere
(19,20). After cleavage with trifluoroacetic acid
and deprotection, the peptides were purified by
reverse-phase high performance liquid chro-
matography (HPLC) in 0.1% trifluoroacetic
acid/acetonitrile, followed by gel filtration
through Sephadex G15 in 25% acetic acid in
water. Homogeneity and purity were confirmed
by analytical reverse phase HPLC, mass spec-
trometry, amino acid composition analysis, and
sequence fidelity by Edman degradation.

T-cell Clones Proliferation Assay

CD4" and CD8™" T-cell clones were cultured in
triplicate at 5 X 10*/well with 2.5 X 10°/well
irradiated EBV-transformed autologous B lym-
phoblastoid cells (BCL) as antigen presenting
cells (APC) and antigen concentrations ranging
from 0.1 to 10 ug/ml or synthetic peptides at
the concentration 50 wg/ml. Preliminary analy-
sis showed that peptides gave optimal prolifer-
ation at 50 wg/ml and, therefore, only results
obtained using this antigen dose are presented.
Proliferation was set up in a final volume of
0.2 ml in 96 flat-bottomed microtitre plates
(Nunc, Copenaghen, Denmark), at 37°C in the
presence of 5% CO,. Three days later, 37 kBq
(1 wCi)/well [H] thymidine (Amersham,
Buckinghamshire, U.K.) was added and the
cultures were harvested 18 hr later. The radio-
active incorporation was determined by standard
liquid scintillation counting. Results are ex-
pressed as Stimulation Index (SI), i.e. mean
counts per minute (cpm) in the presence of
antigen divided by mean cpm in the absence
of antigen. Responses to PPD or individual
peptides were considered positive if the ST was
>3, Standard deviation (SD) values of mean
radioactive counts usually did not exceed 10%
of the mean cpm values.

Lymphokine ELISA Assay

Triplicate cultures of cloned T cells at 5 X 10%/
well with 2.5 X 10° irradiated autologous
BCL/well as antigen presenting cells were
stimulated with 0.1 to 10 ug/ml of HSP65 or
PPD, or with 50 pug/ml of HSP65-derived syn-
thetic peptides. Cultures in a final volume of
0.2 ml in flat-bottomed 96-well microtitre plates
(Nunc), were incubated at 37°C in the presence
of 5% CO, for 24-48 hr. Culture supernatants

were harvested and tested for IL-2 or TNF-«
content by two-monoclonal antibodies (mAbs)
sandwich ELISA (Pharmingen, San Diego,
CA), according to manufacturer’s recommenda-
tions. Sensitivity of assays was 30 pg/ml for
both IL-2 and TNF-a.

Statistics

The double-Student’s t-test was used to ana-
lyze statistical significance between control
and experimental groups. Values of p > 0.05
were considered nonsignificant.

Results

Increased Frequency of PPD- and HSP65-specific
T-cell Clones in KD Patients

CD4" and CD8" T-cell clones were obtained
from peripheral blood of KD patients in acute
phase and the percentage of clones recognizing
PPD and HSP65 was assessed in a proliferative
assay. Table 1 shows that a very large fraction
of both CD4 and CD8 T-cell clones from KD
patients vigorously proliferated to PPD and
HSP65 in vitro, with 44% of the CD4 and 34%
of the CD8 clones specifically recognizing
HSP65. Note from Table 1 that the number of
clones recognizing HSP65 was virtually identi-
cal to that of clones recognizing the whole PPD
antigen, thus, suggesting that recognition of
HSP65 primarily was responsible for PPD
recognition. Proliferation of five typical CD4
and CD8 T-cell clones from KD patients to
HSP65 is shown in Figure 1. Of interest,
HSP65 was recognized by only 9% CD4 and
7% CD8 PPD-specific T-cell clones obtained
from five different control individuals with a
positive PPD skin test.

IL-2 and TNF-a Levels in T-cell Clones
from KD Patients

To analyze the functional activity of HSP65-
specific T-cell clones, a total of 38 CD4" and 28
CD8" T-cell clones from all five KD patients
were tested for IL-2 and TNF-a production. Cy-
tokines production by a typical CD4" and a
typical CD8" T-cell clone are shown in Figure 2.
Both CD4 and CD8 clones produced IL-2 (Fig.
2A) and TNF-a (Fig. 2B) in response to HSP65
stimulation in vitro. However, a comparison of
the cytokine levels showed that CD4 clones
produced much more IL-2 than did CDS8
clones; whereas, the reciprocal pattern was
found for TNF-a production.
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Table 1. Frequency of T-cell clones
proliferating to PPD and mycobacterial HSP65

Number (%)
of Clones
Reactive to

KD Patients

(n = 5) PPD HSP65
#1 CD4 7/18 (39) 7/18 (39)
CcD8 5/21 (24) 5/21 (24)
#2 CD4 11/21 (53) 10/21 (48)
CcD8 6/16 (38) 5/16 (31)
#3  CD4 9/16 (56) 9/16 (56)
CD8 8/15 (53) 7/15 (47)
#4 CDA4 5/14 (36) 5/14 (36)
CD38 5/13 (39) 5/13 (39)
#5 CDA4 7/17 (42) 7/17 (42)
CD38 6/16 (38) 6/16 (38)
Total CD4 39/86 (45) 38/86 (44)
Total CD8 30/81 (37) 28/81 (34)

Healthy Controls (n = 5)

Total CD4
Total CD8

10/110 (9)
5/75 (7)

Results represented in bold are statistically significant,
compared with controls (p < 0.001). Proliferating clones
were derived from different limiting dilution plates of
different patients or controls. Only PPD-specific T-cell
clones from controls subjects were tested for HSP65 reac-
tivity in vitro. PPD, purified protein derivative; HSP65,
heat shock protein 65.

Proliferative Responses of KD- or Controls-derived
T-cell Clones to Peptides from HSP65

The fine epitope specificity of HSP65-specific
CD4 and CD8 T-cell clones was investigated
using peptides corresponding to known im-
munodominant regions of this protein. Figure 3
shows the proliferative response of CD4 and
CD8 T-cell clones to different epitopes of
HSP65. Peptide 65-85 was recognized by 35
out of 38 HSP65-specific CD4 clones and by 24
out of 28 HSP65-specific CD8 clones. Peptides
198-217, 277-293, 283-298, and 422-436 were
not recognized at all by either CD4 and CD8
clones from KD patients. Using truncated vari-
ants of the 65-85 peptide, we found that CD8
T-cell clones did not recognize peptides span-
ning aminoacids 70-85 and 69-85, thus, indi-
cating that residues located at positions 65-70
were crucial for CD8 recognition (Fig. 3A).
Conversely, peptides 70-85 and 69-85 were

recognized by CD4 clones as efficiently as was
peptide 65-85, thus, indicating that CD4 clones
recognized a shorter peptide sequence located
at amino acids 70-85. Of note, the 65-85 peptide
was not recognized at all by HSP65-specific T-cell
clones from control individuals (Fig. 3B), which
most frequently recognized peptide 198-217.

These data were reinforced by IL-2 and
TNF-a measurement after stimulation with
HSP65 peptides. In fact, CD4 and CD8 T-cell
clones from KD patients produced IL-2 (Fig.
4A) and TNF-« (Fig. 4B) in response to the
65-85 peptide.

Frequency and Epitope-reactivity of T-cell Clones
from PBL and CSF

To investigate the possible pathogenic role of
HSP65-specific cells, we analyzed the fre-

Patient Clone
number Phenotype Number

#1 CD4 KD4.1
#2 CD4 KD4.13 W”
#3 CD4 KD4.12
#4 CD4 KD4.4 ]
#5 CD4 Kp4.s 777
[ A
cpm x 10° = SD
#1 CD8 KD8.10
# CD8 KD8.3 W“
#3 CD8 KD8.2
#4 CD8 KDS8.11
#5 CD8 KD8.21
0 20 40 60

cpm x 10° £ SD

Fig. 1. Proliferative response to HSP65 of
CD4" or CD8" T-cell clones obtained from
Kawasaki disease (KD) patients. Five representative
CD4" and CD8" T-cell clones obtained from Kawasaki
disease (KD) patients were stimulated in vitro with
heat shock protein (HSP) 65 (10 pg/ml, final concen-
tration) and autologous antigen presenting cells. cpm,
mean counts per minute; SD, standard deviation.
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Fig. 2. IL-2 and TNF-a production of CD4"
and CDS8"T cell clones from patients to HSP65.
One representative CD4" (M) and one representa-
tive CD8" (@) T-cell clone from Kawasaki disease
(KD) patients were stimulated with different

quency and epitope specificity of HSP65 T-cell
clones derived from the CSF of the one patient
with associated meningitis. Figure 5 shows that
39% of the CD4 and 41% of CD8 T-cell clones
from CSF recognized HSP65, indicating com-
partmentalization of HSP65-specific CD4, and
especially, of CD8 T cells at the site of disease.

The fine specificity of the HSP65-reactive
T-cell clones was then investigated using dif-
ferent HSP65 peptides. Both CD4 and CD8
T-cell clones from CSF recognized the 65-85
peptide. Moreover, CD8 T-cell clones did not
recognize peptides spanning 69-85 and 70-85
amino acids; whereas, CD4 T-cell clones recog-
nized a shorter sequence between residues
70-85. Upon stimulation in vitro with the
whole HSP65 protein or its 65-85 peptide, the
T-cell clones from KD patients produced dis-
crete amounts of IL-2 and TNF-a. From these
results we concluded that HSP65-specific CD4
and CD8 T-cell clones with identical epitope
specificity were compartmentalized at sites of
disease during the acute phase of KD.

Cross-reactivity of KD T-cell Clones Between Human
HSP63- and Mycobacterial HSP65-derived Peptide

Since homology between 65-85 amino acidic se-
quence of mycobacterial HSP65 and 90-110 se-
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HSP6S concentration (pg/ml)

amounts of recombinant heat shock protein (HSP)
65. (A) Interleukin (IL)-2 and (B) tumor necrosis
factor (TNF)-«a productions were quantified in
culture supernatants by ELISA, as described in
“Materials and Methods.” SD, standard deviation.

quence of human HSP63 (55%) (Table 2) was
found, we assessed if the same clones reacting to
the mycobacterial HSP65-derived 65-85 peptide
also recognized the 90-110 peptide of the homo-
logue human protein. As shown in Table 3, 75%
(21 out of 28) of CD8 and 60% (23 out of 38) of
CD4 T-cell clones from KD patients proliferating
to the 65-85 peptide of mycobacterial HSP65
also recognized peptide 90-110 of human
HSP63, indicating cross-reactivity between my-
cobacterial- and human-HSP at the clonal level
and suggesting a possible pathogenic role of
HSP-specific T cells in KD.

Discussion

Acute KD is characterized by a marked im-
mune activation. Several investigators have re-
ported increased numbers of activated T cells,
as identified by enhanced expression of human
leukocyte antigen (HLA)-DR molecules and
serum IL-2 receptor levels (21,22). Further-
more, acute KD is associated with increased
production of IL-18, TNF-¢, IL-2, IL-6, and
IFN-vy (23-25). The production of these cy-
tokines by T cells and monocytes is thought to
have an important role in the pathogenesis of
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Fig. 3. Frequency of HSP65-specific T-cell
clones proliferating to various peptides. CD4"
(M) and CD8" () T-cell clones were tested in
proliferative response to various peptides.

KD, especially in vascular endothelial cell in-
jury (26). It is widely believed that KD is
caused by an infectious agent, because it is self-
limiting, prone to strike young children, and
has epidemic outbreaks. The etiologic agent is
still unknown.

Evidences in the literature support the idea
that the immune system in KD is stimulated by
superantigens that directly bind major histo-
compatibility complex (MHC) class II mole-
cules to cause activation of macrophages and B
cells and selectively stimulates T cells express-
ing variable domains of the 8 chain of TCR, such
as VB2 and VB8.1. This possibility has been
supported by the reported increased frequencies
of VB2-bearing T cells in peripheral blood of
acute KD patients (11). Additionally, it is possi-
ble that HSP65 contributes to the abnormally
activated immune system of patients with acute
KD via a molecular mimicry between mycobac-
terial HSP65 and human HSP63 (27). This hy-
pothesis is suggested by the increased expres-

HSP6S peptides

Percentages of responsive clones for single epitope
are shown. KD, Kawasaki disease; HSP65, heat
shock protein 65.

sion of HSP63 mRNA in peripheral blood of KD
patients (15) and the presence of antibodies to
mycobacterial HSP65 and autoantibodies to
epitopes of human HSP63 cognate antigen (28).

Results reported in this paper clearly show
an increased frequency of PPD- and mycobac-
terial HSP65-specific CD4 and CD8 T-cell
clones in KD patients. These clones produce
cytokines, such as IL-2 and TNF-«, which
could play an important role in the pathogene-
sis of KD. Thus, TNF-a could be relevant to
endothelial tissue damage and fever that are
characteristic of KD. In fact, a correlation be-
tween fever and TNF-«a serum levels has been
detected in patients affected by KD (23).

The results of fine recognition of distinct
peptides of HSP65 by CD4 and CD8 T-cell
clones from KD patients are somehow surpris-
ing. Both CD4 and CD8 T-cell clones recognize
a peptide sequence located between amino
acids 65-85. This peptide is not recognized at
all by HSP65-specific CD4 and CD8 T-cell
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Fig. 4. IL-2 and TNF-«a production by T-cell
clones of KD patients in response to HSP65-
peptides. CD4" (M) and CD8" ([J) T-cell clones
from Kawasaki disease (KD) patients were tested for

40 - -

W
(=)
1

[\
(=]
L

% of total clones

10 -

HSPG65 peptides

their ability to produce cytokines in response to heat
shock protein (HSP)65-derived peptides. IL-2, inter-
leukin-2; TNF-«, tumor necrosis factor-a.

} S —— | —

PPD HSP65 65-85 69-85

-

422-436

»

70-85 198-217 277-293 283-291

|

+

Fig. 5. Pattern of reactivity of CD4" and CD8
T-cell clones obtained from CSF of a KD
patient. CD4" (H) and CD8 ([J) T-cell clones
obtained from cerebrospinal fluid (CSF) of a

>

HSP6S peptides

Kawasaki disease (KD) patient suffering of
meningitis were tested for their proliferative
responses to various antigens. Percentages of reactive
clones are shown. HSP65, heat shock protein 65.
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Table 2. Peptide sequences of mycobacterial HSP65 epitope and the corresponding human HSP63

epitope, as recognized by CD4" and CD8" T-cell clones

A Origin of HSP65 Peptide Amino Acid Sequence Map Position
Mycobacterium Tuberculosis YEKIGAELVKEVAKKTDDVAG 65-85
P1 antigen YKNIGAKLVQDVANNTNEEAG 90-110
[ T

4% - YIRIG RELVRENARKTODVAL - 85

C0d epifope

The sequences of mycobacterial HSP65 peptide 65-85 and of the corresponding human HSP63 90-110 peptide are shown.
Identical residues are underlined in bold (A). The deduced CD4 and CD8 minimal epitope sequences from the mycobacterial
HSP65 65-85 peptide also are shown. Identical residues with the corresponding human HSP63 90-110 peptide are

underlined in bold (B). HSP65, heat shock protein 65.

clones derived from control subjects, who oth-
erwise preferentially recognize peptide 198-217
of mycobacterial HSP65. The finding that none
of the T-cell clones from KD patients recognize
peptide 198-217 can be explained by the low
degree of homology (30%) between the 198-217
amino acidic sequence of mycobacterial HSP65
(ISGYFVTDPERQEAVLEDPY) and the corre-
sponding 224-243 sequence of human HSP63
(ISPYFINTSKGGKCEFQDAY). Therefore, if

Table 3. Cross-reactivity between peptide
65-85 of mycobacterial HSP65 and peptide
90-110 of human HSP63 protein

Number (%) of HSP65
Clones Recognizing:

Mycobacterial
HSP65 Peptides CD4"' Clones CDS8" Clones

65-85 35/38 (92) 24/28 (86)
69-85 35/38 (92) 0/28 (0)
70-85 35/38 (92) 0/28 (0)
Human HSPé63 Peptide

90-110 23/38 (60%)  21/28 (75%)

Results indicate the number (%) of HSP65-specific T-cell
clones from KD patients, recognizing both mycobacterial
HSP65-derived peptides and human HSP63-derived
peptide. (See also the legend to Table 2). HSP65,

heat shock protein 65.

reactivity toward HSP is initiated by either my-
cobacterial or human HSP65 molecule, cross-
reactivity should involve more conserved re-
gions of the proteins. In any event, dominant
recognition of the 65-85 epitope region of the
HSP65 protein appears to be a feature unique
to KD patients. Moreover, compartmentaliza-
tion of CD4 and CD8 T-cell clones with the
same epitope specificity was found in one pa-
tient, strongly suggesting that HSP65-specific
CD4 and CD8 clones play a role in the patho-
genesis of KD.

These data are in agreement with previous
reports on the ability of HSP65 to activate both
CD4" and CD8" T cells (29). Thus, HSP65
would presumably be the cause of the immune
activation in KD. Additionally, it is important
to understand whether HSP65-specific T cells
emerge from bacterial or human HSP65 stimu-
lation. In the former, a critical role for bacteria
should be considered, while in the latter, an
autoimmune mechanism would play an im-
portant role in the pathogenesis of KD. This
last possibility is suggested by studies show-
ing that anti-HSP65 antibodies in sera of KD
patients recognized an epitope of both my-
cobacterial HSP65 and its human cognate (28).
Interestingly, the target epitopes shared only 2
out of 11 amino acids (i.e. less than 20%
homology).

Comparison of the amino acidic sequence
of the mycobacterial HSP65-derived 65-85
peptide and that of the corresponding 90-110
peptide of human HSPé63 (Table 2), reveals an
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high degree (55%) of homology, with 11 out of
20 amino acids shared between the two se-
quences. Hence, this finding suggests the pos-
sibility that primary exposure to bacterial
HSP65 induces immune activation and simul-
taneous autologous HSP63 expression, which
eventually may function as a target for CD4
and CD8 T cells. Our initial studies indeed
indicate that CD4 T-cell clones specific for the
65-85 peptide of mycobacterial HSP65 also
cross-recognize the 90-110 peptide of the hu-
man HSP63. Alternatively, we cannot actually
rule out the possibility that human HSP63 may
be primarily expressed as a consequence of en-
dothelial damage or endothelial cell activation.
Synthesis of HSP63 can be induced by various
cytokines including TNF-a (30), and HSP63 is
released into the circulation in response to
myocardial ischemia and myocardiocyte injury
(31). Thinking more generally, the finding
that humoral and cellular reactivity against
HSP65/63 has been described in another, more
frequent vascular disease, such as atherosclero-
sis (32), suggests the intriguing possibility that
diverse vascular diseases may share a common
pathogenetic mechanism involving immune
response against HSP65/63.

Taken all together, our results represent the
first evidence of the fine specificity of T cells in
KD and raise the possibility that T lymphocytes
reactive to an immunodominant region of
HSP65 may play an important role in the patho-
genesis of KD. Furthermore, these observations
could explain the cause of hyperreactivity to
BCG and PPD in KD patients in acute phase that
was attributed to cross-reactivity between my-
cobacterial HSP65 and its human homologue.
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