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Peroxynitrite (ONOQO) is thought to be involved in the neurodegenerative process. To
sereen for neuroprotective compounds against ONOO—-induced cell death, we devel-
oped 96-well based assay procedures for measuring surviving cell numbers under oxi-
dative stress caused by 3-(4-morpholinyl) sydnonimine hydrochloride (SIN-1), a
generator of ONQOO-, and sodium N,N-dietyldithiocarbamate trihydrate (DDC), an
inhibitor of Cu/Zn superoxide (0,) dismutase. Using these procedures, we obtained a
microbial metabolite that rescued primary neuronal cells from SIN-1-induced dam-
age, but not from DDC-induced damage. By NMR analysis, the compound was identi-
fied as neoechinulin A, an antioxidant compound that suppresses lipid oxidation. We
found that the compound rescues neuronal cells such as primary neuronal cells and
differentiated PC12 cells from damage induced by extracellular ONOGO-. However,
non-neuronal cells, undifferentiated PC12 cells and cells of the fibroblast cell line 3Y1
were not rescued. Neoechinulin A has scavenging, neurotrophic factor-like and anti-
apoptotic activities. This compound specifically scavenges ONOO-, but not O, or
nitric oxide (NO). Similar to known neuroprotective substances such as nerve growth
factor and extracts of Gingko biloba leaves, necechinulin A inhibits the SIN-1-
induced activation of caspase-3-like proteases and increases NADH-dehydrogenase
activity. These results suggest that neoechinulin A might be useful for protecting
against neuronal cell death in neurodegenerative diseases.

Key words: free radical scavengers, necechinulin A, neuroprotective effect, oxidative

stress, peroxynitrite.

Peroxynitrite (ONOO) is produced from superoxide (O,)
and nitric oxide (NO) (1). O, is highly toxic to neurons as
it initiates the chain-reactive production of various reac-
tive oxygen species (ROS) during metabolism; protection
against Oy -induced toxicity is critical for neuronal sur-
vival (2, 3). NO has diverse physiological functions (4-7)
and is toxic to neuronal cells (8). NO reacts with O,"in a
diffusion-limited manner to form the more toxic oxidant
ONOO- (1), which induces the death of PC12 cells (9—-11)
and cortical neurons (12). In the central nervous system,
ONOO- can be generated by microglial cells activated by
pro-inflammatory cytokines or B-amyloid peptide and by
neurons (I13). ONOO- is far more selective than other
strong oxidant and preferentially reacts with thiols (14).
In addition, ONOO- also reacts with tyrosine to yield 3-
nitrotyrosine (15). Increasing levels of nitrotyrosine (16)
are associated with degenerating neurons in the Alzhe-
imer’s disease brain, suggesting pathogenic roles for
ONOO-.

SIN-1 (3-(4-morpholinyl) sydnonimine hydrochloride)
is a vasodilator that spontaneously releases O, and NO
into the medium, thereby producing ONOO- (17, 18). The
compound causes a concentration-dependent increase in
cortical cell injury (19). It has been reported that neuro-
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trophic factors such as nerve growth factor (NGF) (20),
and free radical scavengers such as uric acid (21) and
manganese (III) tetrakis (4-carboxyphenyl) porphyrin
(Mn-TBAP) (22), rescue neuronal cells from SIN-1-
induced damage. However, these compounds prevent
oxidative damage caused by various ROS as well as
ONOO- -induced damage.

Copper/zinc superoxide dismutase (Cuw/Zn-SOD) is
highly expressed in neurons (23). Thus, an SOD-inhibi-
tor, sodium N,N-dietyldithiocarbamate trihydrate (DDC)
elevates the amounts of intracellular O, and induces oxi-
dative damage through the chelathor of Cu?* in the active
site of Cuw/Zn-SOD (24, 25). To obtain compounds that
specifically protect neuronal cells against ONOO--
induced oxidative damage, we screened microbial metab-
olites that rescue primary neuronal cells from SIN-1-
induced injury, but not from DDC-induced injury. We
obtained a microbial metabolite that specifically protects
against ONOO—induced cell death. In this paper, we
describe the neuroprotective properties of this compound.

MATERIALS AND METHODS

Culture of Fungi and Extraction of Their Metabolite—
Fungi were isolated as described by Inoue et al. (26) and
incubated at room temperature for 21 d. Each culture
was filtered through cheesecloth to remove the myecelia,
and the components were extracted with CH,Cl,. The

© 2004 The Japanese Biochemical Society.
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organic extract was evaporated in vacuo to yield a crude
extract, which was subjected repeatedly to silica gel col-
umn chromatography using n-hexane—ethyl acetate as
the solvent.

Cell Culture and 96-Well Based Assay Procedures—
Primary neuronal cells were prepared from embryonic
17-d Wister rat brains as described by Suzumura et al.
(27). In brief, the meninges were removed and the brains
were dissociated by adding in Dulbecco’s modified Eagle’s
medium (DMEM) MIXTURE F-12 HAM (Sigma Aldrich
Fine Chemicals, St. Louis, MO, USA) containing 2.85 mg/
ml glucose, 5 uM HEPES, 25 pg/ml insulin, 2 uM proges-
terone, 0.1 mM putrescine, 0.03 pM sodium selenite, 0.1
mg/ml apo-transferrin, 100 U/ml penicillin and 100 pg/ml
streptomycin (DF medium).

For screening microbial metabolites, primary neuronal
cells were cultured on poly-D-lysine (PDL) coated 96-well
plastic plates (Becton Dickinson, NJ, USA) at an initial
density of 0.7 x 105 cells/em? in 2% fetal bovine serum
(FBS)-DF medium for 5 d at 37°C. The cultures were
treated with microbial metabolites for 24 h, and then, cell
death was induced by adding 1 mM SIN-1 (Dojindo,
Kumamoto Japan) or 4 pg/ml DDC (Wako, Osaka, Japan).
After 24 h, and live cells were counted using a Cell
Counting Kit-8 (Dojindo). The kit detects mitochondrial
NADH-dehydrogenase activity in live cells by measuring
the reduction of the tetrazolium monosodium salt, WST-
8. This is a modified MTT assay, and it is known that
the MTT assay is not influenced in the presence of vari-
ous oxidants. Cell number was also measured by the
CyQUANT Cell Proliferation Assay Kit (Molecular
Probes, Eugene, USA), which quantifies the amount of
DNA (28). The chemical structures of the compounds
obtained were determined by NMR analysis.

PC12 cells were incubated in 75-cm? tissue culture
flasks in DMEM (Nissui, Tokyo, Japan) supplemented
with 10% FBS, 5% horse serum (HS), 100 U/ml! penicillin,
and 100 pg/ml streptomycin. NGF-differentiated PC12
cells were treated with 100 ng/ml NGF for 5 d. Cells of
the rat fibroblast cell line 3Y1 were cultured in DMEM
containing 10% FBS, 100 U/ml penicillin, and 100 ug/ml
streptomycin.

To study the protective effects of microbial metabolites
and known scavengers on PC12 cells and 3Y1 cells, cells
were cultured at a initial density of 3.0 x 103 cells/em? in
DMEM supplemented with 10% FBS, 5% HS or DMEM
containing 10% FBS 5 d at 37°C. Cell death induced by
SIN-1 and cell viability were measured as described
above.

All cultures were maintained at 37°C in a humidified
COy-incubator.

Observation of Tyrosine Nitration by Immunofluores-
cence—Primary neuronal cells were cultured for 7 d on
PDL-coated 8-well culture slides (Becton Dickinson). The
cells were fixed with 4% paraformaldehyde in PBS (+)
(phosphate-buffered saline containing 0.9 mM Ca?* and
0.5 mM Mg?*) for 1 h, washed three times with PBS (+),
and incubated with 10% FBS-PBS (+) at 4°C for 1 h.
Next, they were incubated with an anti-nitrotyrosine
antibody 1AE (Upstate, VA, USA) in 10% FBS-PBS (+) at
4°C for 1 h. After two washes with PBS (+), the cells were
incubated with fluorescein isothiocyanate (FITC)-conju-
gated goat anti-mouse IgG (H&L) (ICN Pharmaceuticals,

K. Maruyama et al.

Inc. Morgan, Irvine, CA, USA) in 10% FBS-PBS (+) for 1
h. Cell nuclei were stained with 10 pg/ml of 4',6-diamid-
ino-2-phenylindole (DAPI) (Sigma Aldrich Fine Chemi-
cals) at 37°C for 30 min. The cells were then washed with
PBS (+), and the nuclear DNA was observed under a flu-
orescence microscope IX70 (OLYMPUS, Tokyo, Japan).

Measurement of Scavenging Activity—We measured
ONOO- and O, scavenging activities using the chemilu-
minescent procedure described by Radi et al. (29) and
Beauchamp and Fridovich (30), respectively. In brief, 400
mM 5-amino-2,3-dihydro-1,4-phthalazinedione (luminol)
(Sigma Aldrich Fine Chemicals) was diluted with 5 mM
NaHCO,, pH 10.5 (Wako) in Hank’s balanced salt solu-
tion (HBSS) (Invitrogen Corp, Carlsbad, CA, USA) (solu-
tion A). Test compounds were diluted with HBSS (pH 7.0)
(solution B). Solutions A and B and 0.5 mM SIN-1 diluted
with HBSS (pH 7) were mixed, and then ONOO~ was
measured using a chemiluminometer (MicroLumat
LB96V; Berthold Technology, Bad Wildbad, Germany) for
20 min. O,~ was generated by the xanthine-xanthine oxi-
dase system following the modified method of Beau-
champ and Fridovich (30). Specimens in Tris-HCI buffer
were added to the wells of 96-well plates, each well con-
taining 10 U/ml xanthine oxidase and 2 uM 2-methyl-6-
{(p-methoxyphenyl)-3,7-dihydriimidazo-{1,2-a]lpyrazin-3-
one (MCLA; Tokyo Kasei Co. Ltd, Tokyo, Japan). To
generate Oy, 30 pM xanthine was added to each well.
Chemiluminescence intensity was measured with a
chemiluminometer for 10 min. NO scavenging activity
was measured by the fluorometric method of Kojima et
al. (31). The fluorometric detection of NO was carried out
using the NO indicator (NONOate; Dojindo) and
diaminofluorescein-2 (DAF-2; Daiichi Pure Chemicals
Co. Ltd, Tokyo, Japan). The fluorescence from DAF-2T
the reaction product of DAF-2 with NO, was measured as
the fluorescence intensity of DAF-2T using a microplate
fluorescence reader (Packard Instrument Co., Meriden,
USA) (Ex = 490 nm and Em = 520 nm). Mn-TBAP
(Dojindo), a scavenger of ONOO- and O, , and 2-(4-
carboxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl 3-
oxide (C-PTIO, Dojindo), a scavenger for NO, were used
as controls.

Caspase Activity Assay—We measured caspase-3 activ-
ity according to Zhou et al. (32). After exposure to ONOO-,
cells were incubated in 50 mM Tris-HCI buffer (pH7.4)
containing 4 mM DTT (Sigma Aldrich Fine Chemicals), 2
mM EDTA, 10% glycerol, 0.1% Triton X-100 and 20 pM
Ac-Asp-Glu-Val-Asp-7-amido-4-methylcoumarine (Sigma
Aldrich Fine Chemicals), a fluorogenic substrate for cas-
pase-3. The activity of caspase-3-like proteases was
determined by measuring the fluorescence intensity of
the cleaved substrate in a microplate fluorescence reader
(Packard Instrument Co., Meriden, USA) (Ex = 360 nm
and Em = 460 nm).

RESULTS

Screening of Microbial Metabolites That Prevent SIN-
I-Induced Neuronal Cell Death—We screened two hun-
dred microbial metabolites and obtained one compound
that rescued primary neuronal cells from SIN-1-induced
death. This compound was identified as neoechinulin A
by NMR analysis. In the presence of SIN-1, the viability
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Fig. 1. Dose-dependent effects of neoechinulin A on neuronal
cells. Primary neuronal cells were seeded at a density of 1.4 x 10°
cells/cm?. After 5 d, cells were incubated with neoechinulin A for 24
h, and treated with 1 mM SIN-1 or 4 pg/ml DDC for 24 h. Cell via-
bility was measured using a Cell Counting Kit-8 (means + SD, n =
4)."p < 0.05, "p < 0.01.

of primary neuronal cells was less than 15%. Treatment
with 200 uM neoechinulin A increased cell viability to
more than 60%, while such treatment provided no protec-
tion against cell death induced by DDC (Fig. 1). This indi-
cates that neoechinulin A protects primary neuronal cells
against ONOO~-induced death, but not against O,
induced death.

3Y1 cells, a fibroblast cell line, were not rescued from
SIN-1-induced death by neoechinulin A. To determine
the protective specificity of neoechinulin A, its effect on
NGF-differentiated and undifferentiated PC12 cells was
examined. Neoechinulin A rescued. only differentiated
PC12 cells (Fig. 2), suggesting that protective properties
of the compound are specific to neuronal cells. Differenti-
ated PC12 cells were also dose-dependently rescued by
neoechinulin A (¥Fig. 3.). The results, shown in the
Figures 2 and 3, were confirmed using another cell count-

1407

120 = D neechinutin A (-)
. B noocchinuiina )

5
i

w
2

(% of control)

NGF-differentiated PC12 celis  undifferentiated PC12 cells 3V cells

Primary neuronal cetls

Fig. 2. Preventive effect of neoechinulin A against SIN-1
injury. Primary neuronal cells (1.4 x 105 cells/cm?), PC12 cells (3.0
x 103 cells/cm?) and 3Y1 cells (3.0 x 10° cells/em?) were cultured on
PDL-coated 96-well plates for 5 d. After treatment with or without
200 pM neoechinulin A for 24 h, cells were cultured in the presence
of 1 mM SIN-1 for 24 h. Cell viability was determined using a Cell
Counting Kit-8.
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Fig. 3. Dose-dependent effects of neoechinulin A on differen-
tiated PC12 cells. PC12 cells were seeded at a density of 3.0 x 103
cells/em? and treated with 100 ng/ml NGF for days. Differentiated
PC12 cells were incubated with neoechinulin A for 24 h, and treated
with 1 mM SIN-1 for 24 h. Cell viability was measured using a Cel}
Counting Kit-8. (means + SD, n = 4) "p < 0.01.

ing kit, the CYQUANT Cell proliferation kit (data not
shown).

Ability of Neoechinulin A to Scavenge ROS Produced
by SIN-1—To study the scavenging activity of neoechinu-
lin A, we examined the nitration of tyrosine residues in
SIN-1-exposed cells by immunostaining with monoclonal
anti-nitrotyrosine antibody 1AE. Tyrosine nitration was
almost completely inhibited by neoechinulin A (Fig. 4),
suggesting that neoechinulin A has ONOO- scavenging
activity. This activity was confirmed by the chemilumi-
nescence procedure. The ONCOO- scavenging activity of
neoechinulin A is comparable to the activities of Mn-
TBAP and C-PTIO (Fig. 5A). Scavenging either O, or NO
also prevents the generation of ONOO~ from SIN-1. Mn-
TBAP and SOD scavenge about 100% and 75%, respec-
tively of Oy, while neoechinulin A does not scavenge O,~
(Fig. 5B). The fluorometric procedure using DAF-2
revealed that C-PTIO scavenges about 60% of NO, while
neoechinulin A does not eliminate NO (Table 1). These
results indicate that neoechinulin A specifically scav-
enges ONOO-, but not Oy~ and NO.

Neuroprotective Effects of Neoechinulin A in SIN-1-
Induced Oxidative Stress—It has been reported that var-
ious substances, such as anti-apoptotic compounds and
neurotrophic factors, have neuroprotective activities (33,
34). We confirmed the neuroprotective effect of the scav-
engers, C-PTIO and uric acid (Fig. 6A). To examine the
activities of neoechinulin A other than scavenging activ-
ity, differentiated PC12 cells were pretreated with
neoechinulin A, C-PTIO and uric acid for 24 h, and then,
after removal of the compounds, with SIN-1 for 24 h.
Under these conditions, the scavengers did not rescue dif-
ferentiated PC12 cells. As shown in Fig. 6B, neoechinulin
A still had a neuroprotective effect. This result suggests
that neoechinulin A activities other than its scavenging
activity.

Figure 3 shows that the viability of neoechinulin A-
treated cells was increased by 120%. In this study, live
cells were counted with a cell counting kit that measures
NADH-dehydrogenase activity as described in “MATERI-
ALS AND METHODS.” Several researchers have reported
that NGF and bFGF increase the mitochondrial NADH-
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With ncoechinulin A

Anti-nitrotyrosine
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dehydrogenase activity of PC12 cells (35, 36). These facts
suggest that neoechinulin A activates this enzyme in
PC12 cells. To examine this possibility, we investigated
the effect of neoechinulin A on NADH-dehydrogenase in
differentiated PC12 cells in the absence of SIN-1. NADH-
dehydrogenase activity was normalized to the number of
cells as measured with the assay kit that counts cell
number based on quantification of genomic DNA. A sig-
nificant increase in NADH-dehydrogenase activity was
observed after the addition of neoechinulin A (Fig. 7).

ONOO- activates caspase-3 (37, 38). Thus, we exam-
ined the effect of neoechinulin A on the SIN-l1-induced
activation of caspase-3-like proteases in differentiated
PC12 cells. The activation was suppressed by about 65%
by 200 pM neoechinulin A. On the other hand, neo-
echinulin A did not influence the caspase-3-ike protease
activity of 3Y1 cells (Fig. 8). These results indicate that
neoechinulin A has neurotrophic factor-like and anti-
apoptotic activities.

DISCUSSION

Neoechinulin A is a known metabolite of A. rubber and A.
amstelodami (26). Yagi et al. (39) reported neoechinulin A
to be an antioxidant compound that suppresses lipid per-
oxidation in dried bonito flakes, Katsuobushi. However,
additional properties of the compound were not investi-
gated. In this paper, we show that neoechinulin A has
scavenging, neurotrophic factor-like and anti-apoptotic
activities. The results shown in Fig. 5 and Table 1 indi-
cate that the compond scavenges only ONOO- released

Table 1. NO generation in the presence of scavengers.

Compounds Generation of NO (% of control)
None 100

Neoechinulin A 100+ 3

C-PTIO 411

SOD 108+5

Without ncoechinulin A

K. Maruyama et al.

Fig. 4. Prevention of ONOO--
induced tyrosine nitration by
neoechinulin A, Primary neuro-
nal cells were incubated with 0.25
mM SIN-1 for 2 h with or without
200 1M neoechinulin A, and stained
with an anti-nitrotyrosine antibody
1AE and DAPI as described in
“MATERIALS AND METHODS.” Bar =
50 pm

A) 1201

Peroxinitrite (% of control)

control neoechinulin A PTIO  Mn-TBAP  SOD

B) 120

Super oxide (% of control)
[=a)
<
T

control  neoechinulin A Mn-TBAP SOD

Fig. 5. Scavenging activity of neoechinulin A. (A) Measure-
ment of ONOO- by luminol-dependent chemiluminescence. Luminol
was diluted to 400 mM with 5 mM NaHCO;, (pH 10.5) and the sam-
ples were diluted with HBSS, pH 7, prior to the measurement of
chemiluminescence. Just before measurement, 0.5 mM SIN-1
diluted with HBSS, pH7, was added, and the amount of ONOO- was
measured by a chemiluminometer for 20 min. (B) Measurement of
0, by luminol-dependent chemiluminescence. Samples in 100 pl of
Tris-HC1 buffer, pH 7.4, containing 10 U/ml xanthine oxidase were
incubated in a 96-well plate, and 1 uM of MCLA (50 pl) were added.
Xanthine (30 1M, 50 pl) was added to generate O,~, and the amount
of ONOO~ was measured by a chemiluminometer for 20 min.
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Fig. 6. Neuroprotective effect of neoechinulin A and scaven-
gers. PC12 cells were seeded at a density of 3.0 x 10° cells/cm? and
treated with 100 ng/ml NGF for 5 d. Cell viability was measured
using a Cell Counting Kit-8. (A) Cells were Incubated with scaven-

from SIN-1. In addition, neoechinulin A specifically pro-
tects neuronal cells against SIN-1-induced cell death
(Fig. 2). Thus, neoechinulin A is very useful for investiga-
tions of ONOO--induced neuronal cell death.

ONOO-is a powerful oxidant and cytotoxin whose pro-
duction has been associated with conditions that result in
damage to neurons. The appearance of nitrotyrosine
immunoreactivity in postmortem brain from individuals
with Parkinson’s disease and other neurodegenerative
conditions (40-42) also serves as indirect evidence of
ONOO- production. It is well known that extracts of
Gingko biloba leaves (EGb 761) rescue neuronal cells
against ROS-induced cell death (43, 44). EGb 761
includes two major groups of constituents, flavonoids and
terpenoids, that are involved in scavenging and anti-
apototic activities. It has been reported that EGb 761
increases the level of mRNA for the mtDNA-encoded sub-
unit 1 of NADH-dehydrogenase (45) and suppresses the
activation of caspase-3 caused by various apoptosis
inducers (46). In the case of neoechinulin A, one com-

250 sk

g
:

150+

NADH-dehydrogenase activity / cell (% of control)

6.25 12.5 25 30 100
neoechinulin A (M)

Fig. 7. Effect of neoechinulin A on the NADH-dehydrogenase
activity of PC12 cells. PC12 cells were seeded at a density of 3.0 x
103 cells/em? and treated with 100 ng/ml NGF for 5 d. The indicated
concentration of neoechinulin A was added to each well and the rel-
ative NADH-dehydrogenase activity per cell was determined as
described in “MATERIALS AND METHODS” {(means + SD, n = 4). 'p <
0.05, *'p < 0.01.
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gers for 24 h, and treated with 1 mM SIN-1 for 24 h. (B) Cells were
incubated with neoechinulin A for 24 h. The neoechinulin A was
removed and the cells were treated with 1 mM SIN-1 for 24 h.
(means + SD, n = 4) 'p < 0.05, “p < 0.01.

pound has scavenging, neurotrophic factor-like and anti-
apoptotic activities. It should be noted that neoechinulin
A scavenges ONOO-, but not NO, because NO has vari-
ous physiological functions (4-7). Therefore, neoechinu-
lin A may be useful for protection against ONOO-
induced neuronal cell death in neurodegenerative
diseases.
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Fig. 8. Effect of neoechinulin A on caspase-3 like protease
activity. PC12 cells (A) and 3Y1 cells (B) were seeded at a density
of 3.0 x 10° cells/cm?, PC12 cells were treated with 100 ng/ml NGF.
Five days later, the cells were incubated with neoechinulin A for 24
h. After removal of the neoechinulin A, 0.5 mM SIN-1 was added.
After 3 h, caspase activity was measured as described in “MATERI-
ALS AND METHODS” (means + SD, n = 4). "p < 0.01.
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Original Article

Neutrophilic involvement in the damage to coronary arteries in acute
stage of Kawasaki disease

Abstract

KEI TAKAHASHI, TOSHIAKI OHARASEK]I, SHIRO NAOE, MEGUMI WAKAYAMA AND
YUKI YOKOUCHI

Department of Pathology, Ohashi Hospital, Toho University School of Medicine, Tokyo, Japan

Background: There has been no morphological evidence that polymorphonuclear leukocytes (PMNL)
infiltrate the coronary arterial lesions of acute Kawasaki disease (KD) patients, although clinical data indicate
the activation of PMINL.

Methods: The experimental materials consisted of eight autopsy patients who died during the acute phase of
KD. Duration of the illness ranged from 6 to 32 days. The tissues were fixed and embedded in paraffin.
Hematoxylin and eosin, elastica van Gieson and azan-Mallory stainings were performed for routine
histological examination. In addition, antibodies to CD3, CD20, CD68 and neutrophil elastase were used for
immunohistochemistry to identify infiltrating cells in arterial lestons.

Results: The inflammatory cells that appeared in the coronary arterial lesions were mainly composed of
macrophages in all patients. In addition, numerous neutrophils were also identified in the coronary arterial
lesions of the patients who died 10 days after the onset of KD. Neutrophilic infiltration reached a peak earlier
than the peaks of CD68+ macrophages, CD3+ T lymphocytes and CD20+ B lymphocytes.

Conclusions: These results suggest that neutrophils are involved in the damage occurring to coronary arteries
in the early stage of KD. Vasodilation might occur as a result of injury to vascular walls caused by

neutrophils, as well as macrophages.

Key words

Kawasaki disease (KD) is an acute febrile illness that
manifests mainly in infancy and early childhood." The most
important complication is coronary arteritis leading to
formation of an aneurysm.’ Although clinical and epidemio-
logical data support an infectious cause of KD, the cause and
pathogenesis of this disease remain unclear. Conventional
therapy for KD includes high-dose i.v. immunoglobulin (IVIG)
and aspirin. The mortality rate, as well as the incidence of
coronary artery abnormalities, has decreased since IVIG
therapy was started.” Therapy with IVIG is obviously effective
for KD patients, but this therapy cannot completely prevent
the formation of coronary artery aneurysms. The management
of KD patients who are non-responsive to 1VIG remains
controversial.

Recently, an elastase inhibitor has been used in the
treatment of KD to inhibit polymorphonuclear leukocyte
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(PMNL)-elastase activity. Polymorphonucleocytosis in the
acute phase of KD suggests involvement of neutrophils in the
acute inflammatory process in vascular lesions. PMNL-
elastase is significantly elevated in the circulation during the
acute phase of KD.” The presence of toxic neutrophils is
useful as a predictor of coronary risk.® Activated PMNL
produce a variety of oxidants, proteases and inflammatory
cytokines, which may damage endothelial cells, resulting in
vascular lesions.”” However, there has been no morpho-
logical evidence that PMINL invade the walls of the coronary
arteries in the acute phase of KD. Therefore, the present
histopathological study was carried out fo investigate the
presence of PMNL in coronary arterial lesions of autopsy
cases in which the patients died during the acute phase of

KD.

Methods

Coronary arteries were obtained from eight autopsy patients
who died during the acute phase of KD, ranging from 6 to
32 days after the onset of illness. These patients included five
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Table 1 Patients who died of Kawasaki disease
Age Sex Time since onset Cause of death

ot KD (days)

5 years 2 months M 6 Myocarditis No coronary artery aneurysm
3 months M 10 Myocarditis No coronary artery aneurysm
| year 5 months M 17 Myocardial infarction
3 months F 17 Myocardial infarction Administered IVIG
8 months F 23 Cardiac tamponade Ruptured coronary artery aneurysm
4 months M 24 Cardiac tamponade Ruptured coronary artery aneurysm
3 months F 30 Myocardial infarction
2 months M 32 Myocardial infarction
IVIG, i.v. immunoglobulin; KD, Kawasaki disease.
Table 2 Antibodies and pretreatments used
Antibody to Clone Type Source Dilution Pretreatment
CD3 L26 Polyclonal Dako, Kyoto, Japan 1:100 0.05% pepsin. autoclaving
D20 KP1 Monoclonal Dako, Kyoto, Japan Prediluted Autoclaving
CD68 NP57 Monoclonal Dako, Kyoto, Japan Prediluted 0.05% pepsin
Neutrophil elastase Monoclonal Dako, Kyoto, Japan 1:50

male and three female subjects. Their ages at death ranged
from 2 months to 5 years. Only one patient had been given
IVIG (Table 1).

Light microscopic examination and immunohistochemistry

First, the tissues were fixed in 0% formalin and embedded
in paraffin. Hematoxylin and eosin staining (HE), elastica
van Gieson staining (EvG) and azan-Mallory staining were
performed for routine histological examination. Next, in order
to identify infiltrating cells in arterial lesions, immuno-
histochemical studies were performed on the paraffin sections
using the Simple Stain PO method. The primary antibodies
used are listed in Table 2. Endogenous peroxidase activity
was blocked with 0.3% H,O, in methanol for 30 min. For
some antibodies, antigen availability was enhanced by pre-
treatment with 0.05% pepsin digestion at 37°C for 30 min or
by autoclaving for 5 min in 10 mmol/L citrate buffer at pH 6.0.
After overnight incubation with primary antibodies at 4°C,
slides were incubated with Simple Stain PO solution (Nichirei,
Tokyo, Japan) for 30 min at room temperature. Reactions
were visualized with 3,3"-diaminobenzidine as the chromogen
with 0.005% H,0,, and specimens were counterstained with
Mayer's hematoxylin.

Quantitative evaluation of infiltrating cells in the vascular
lesions

Each sample was viewed at x40 high-power fields (HPF),
and the number of positive cells for each antibody was counted
in 10 randomly selected fields.

Resulis
Histological findings: case presentations
Case 1 (6th day)

In addition to endothelial cell swelling or detachment, scant
inflammatory cells consisting of CD3+ lymphocytes and
CD68+ macrophages/monocytes were observed in the slightly
thickened intima. Splitting of the internal elastic Jamina was
rarely seen, and there was no edema or inflammatory cell
infiltration in the media. In contrast, a small number of
CD68+ positive cells infiltrated the adventitia.

Case 2 (10th day)

Neither aneurysins nor dilations had developed in the
coronary arteries. Disruption of the internal elastic famina,
edematous dissociation of the media and inflammatory cells
were observed in all layers of the arterial walls. Although
CD68+ monocytes/macrophages were distributed in  all
layers, CD3+ or CD20+ lymphocytes were mainly found
in the thickened intima. Moreover, antineutrophil elastase
antibody-positive cells were predominantly seen in the
media, showing edematous dissociation (Fig. 1).

Cases 3, 4 (both 17th day)

Coronary artery aneurysms had developed in both patients.
The normal structures of the coronary arteries, such as the
media, internal and external elastic lamina, were completely
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Fig. 1 Coronary artery of the
patient who died 10 days after the
onset of Kawasaki disease (KD).
(a) HE and (b) EvG stains: panar-
teritis developed, but there was no
dilation of the coronary artery. (c)
Anti-neutrophil elastase antibody-
positive polymorphonuclear leuko-
cytes (PMNL) were predominantly
infiltrating the media showing
edematous dissociation. (d) CD68-
positive  monocytes/macrophages
were distributed in all layers. (e)
CD3 and (f) CD20: both CD3-
positive and CD20-positive lympho-
cytes were mainly infiltrating the
thickened intima.

N

destroyed by severe inflammatory cell infiltration. The pre-
dominant cells were CD3+, CD20+ or CD68+ mononuclear
leukocytes. Anti-neutrophil elastase antibody-positive PMNL
were decreased in number in comparison with that in case 2.

Cases 5, 6 (23rd day and 24th day)

Both patients had died of cardiac tamponade caused by rupture
of a coronary artery aneurysm. Proliferation of fibroblasts
and smooth muscle cells accompanied by CD68+ macrophages/
monocytes and CD3+ lymphocytes was observed in the
destroyed aneurysmal wall. However, the lesions contained
only a small number of cells positive for anti-neutrophil
elastase antibody and CD20 (Fig. 2).

Cases 7, 8 (30th day and 32nd day)

The degree of intflammatory cell infiltration was much milder
than in the former cases. Thickened intima, thinned media
and adventitia were diffusely replaced by fibrous connective
tissue. There was moderate infiltration by CD68+ large

mononuclear cells accompanted by a small number of CD3+
lymphocytes in the thickened intima.

Quantification of infiltrating cells in vascular lesions

CD68+ monocytes/macrophages were the most common cells
infiltrating the arterial lesions in all patients. The degree of
the infiltration was, however, most remarkable in the arterial
lesions of patients who died 17 days after the onset. In regard
to CD3+ lymphocyte, the cell infiltration in the lesions was
the most severe in a patient who died 17 days after the onset
of KD. Significant degree of CD20+ lymphocyte infiltration
was also seen in the lesions of the same patient who died
17 days after the onset. However, in another patient who died
on the 17th iliness day and patients who died after that, the
level of CD20+ lymphocyte infiltration in the arterial lesions
was very low. The number of anti-neutrophil elastase antibody-
positive PMNL was the highest in the lesions of the patient
who died 10 days after onset. Thereafter, these positivé cells
gradually became small in number (Fig. 3).



308 K Takahashi et al.

Fig.2 (a) HE stain: ruptured
coronary artery aneurysm of the
patient who died 23 days after
the onset of Kawasaki disease
(KD). Normal arterial structure
was completely destroyed by
inflammatory cells, and mild
fibroblastic  proliferation  was
observed in the adventitia, (b)
Only a few antineutrophil elastase
antibody-positive cells infiitrated
the aneurysmal wall. (¢c) CD68-
positive cells in the lesion were
the main component of the infil-
trate. (d) CD3 and (e) CD20:
moderate and small numbers of
positive cells were distributed in
the vascular lesions, respectively.

Discussion

We found that the inflammatory cells that appeared in the
coronary arterial lesions of each of the KD patients were
mainly monocytes/macrophages. Neutrophil infiltration was
marked in the patients who died early after the onset of KD,
especially in the patient who died on the 10th day of the
disease. Neutrophil infiltration reached a peak earlier than
the infiltrations of CD68+ monocytes/macrophages, CD3+
lymphocytes and CD20+ lymphocytes. Several investigators
reported that neutrophils, lymphocytes and plasma cells as
well as macrophages appeared in vascular lesions in the acute
phase of KD.'"™'* Unfortunately, there have been no histo-
logical reports providing details of the serial changes of these
inflammatory cells in the vascular lesions of acute KD. As
to the reasons why special attention has not been directed to
these cells, KD arteritis 1s histologically characterized by

€

proliferative granulomatous inflammation accompanied by
large mononuclear cells without fibrinoid necrosis. This feature
is apparently different from many other types of necrotizing
vasculitis, such as classical polyarteritis nodosa, in which
significant neutrophilic infiltration with fibrinoid necrosis is
important for pathological diagnosis. With regard to another
reason, autopsy tissue samples fixed in formalin and embedded
in paraffin were inadequate for immunohistochemical exami-
nation because of loss of antigenicity. Recently, antibodies
that are applicable to those specimens have become commer-
cially available. Therefore, we tried to identify these inflam-
matory cells using this technique on autopsied materials.
Immunohistochemistry for elastase-producing cells was
performed to verify neutrophils more accurately and easily.
Neutrophils were confirmed by positive granules in the
cytoplasm for anti-neutrophil elastase antibody and by the
presence of a segmented nucleus stained with hematoxylin.
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We previously reported that the initial arterial change in
KD was edematous dissociation of the media, seen in patients
who died as early as 7 days after the onset of KD, and that
panarteritis was noted by the 9th day. Dissociation and
disruption of the internal elastic lamina could be seen along
with panarteritis by the 10th day, and typical inflammatory
aneurysms resulting from the mural damage were present
within the following 2 days.'*'¥ These observations suggest
that therapy to reduce arterial inflammation and to prevent
the development of coronary artery aneurysms should be
administered within the first 10 days after the onset of KD.

In the present study, numerous antineutrophil elastase-
positive PMNL appeared in the lesions showing edematous
dissociation of the media of the non-aneurysmal coronary
arteries of the patient who died 10 days after the onset of KD.
This finding suggests that neutrophils are strongly involved
in the damaged coronary artery at an early stage of KD. It has
been reported that serum levels of inflammatory cytokines
such as interleukin (IL)-1, IL-6, tumor necrosis factor

(TNF)-a and granulocyte colony-stimulating factor (G-CSF)
increase in patients in the acute phase of KD.™ Neutrophils
activated by these factors induce the endothelial cell or
vascular smooth muscle cell damage. As a result of injury to
the vascular walls, vessel dilation might occur. According
to this, the arterial lesion seen in this patient seems to
correspond to one in a pre-aneurysim stage. It is well known
that neutrophils as well as monocytes/macrophages play
important roles in the initial host defense mechanisms, but
they simultaneously cause tissue damage that is mediated by
enzymes secreted by the neutrophils. Proteases may be the
primary agents of neutrophil-mediated injury to the vasculay
walls. Takeshita er al. reported that lipopolysaccharide-bound
neutrophils released significant amounts of protease into the
circulation in all children with KD during the acute phase of
the disease.”

The mechanism by which high-dose immunoglobulin
ameliorates the vasculitis of KD remains obscure. The possi-
bilities include blockade of immunological activation of the

— 384 —



310 K Takahashi et al.

inflammatory response durected to vascular surfaces, 5
saturation of Fc receptors on endothelial cells or phagocytes,
or provision of a specific antibody to counteract an unidenti-
fied causal agent of KD.'3'* In contrast, Zaitsu er al. reported
that ulinastatin, a neutrophil-elastase inhibitor, suppressed
new induction of prostaglandin H2 synthase (PHS) mRNA in
PMNL. Consequently, immunoglobulin did not suppress new
induction of PHS-2 or inhibit TXB2 synthesis.!”” Thus, the
mechanism by which iflammation of arterial walls is

-~

reduced may be different between immunoglobulin and
neutrophil-elastase inhibitors. Okada eral. reported that
combination therapy using ulinastatin and immunoglobulin
was effective in preventing coronary artery complications in
KD.'® Our results indicate that the use of an elastase inhibitor
may become an additional or alternative therapeutic approach

o0

for KD patients from the histological viewpoint.
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Cytoplasmic Inclusion Bodies Are Detected

by Synthetic Antibody in Ciliated Bronchial
Epithelium during Acute Kawasaki Disease
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Background. In developed nations, Kawasaki disease (KD) is the most common cause of acquired heart
disease in children. An infectious etiology is likely but has not yet been identified. We have previously reported
that oligoclonal immunoglobulin A plasma cells infiltrate acute KD tissues and that synthetic KD antibodies detect
a distinctive spheroidal antigen in acute XD ciliated bronchial epithelium. ‘

Methods.  To further characterize the antigen in acute KD bronchi, we examined paraffin-embedded ciliated
bronchial epithelium using light microscopy (LM) and transmission electron microscopy (TEM).

Results.  The spheroids observed by immunohistochemistry (IHC) are visualized as inclusion bodies with
hematoxylin-eosin and nucleic acid stains and in methylene blue/azure 11/basic fuchsin trichrome=stained plastic
sections, suggesting the presence of both protein and nucleic acid. The structures visualized by LM correspond to
homogeneous electron-dense perinuclear inclusion bodies (up to 1.4 microns in diameter) in ciliated bronchial
epithelium from 4 patients with acute KD examined by TEM. Inclusion bodies were not present in control bronchial
epithelium or in nonciliated cells. )

Conclusions.  The antigen detected in acute KD ciliated bronchial epithelium by IHC with synthetic KD
antibodies resides in cytoplasmic inclusion bodies that are consistent with aggregates of viral proteins and associated
nucleic acid and may derive from the etiologic agent of KD.

Kawasaki disease (KD) is an acute systemic inflam- death [1]. In developed nations, KD has replaced acute

matory illness of early childhood that particularly af- rheumatic fever as the most common cause of acquired

fects medium-sized arteries, such as the coronary ar-
teries, and that can result in myocardial infarction,

coronary artery aneurysms that rupture, and sudden
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heart disease in children [2]. Although the etiology 1s
unknown, clinical and epidemiologic data support in-
fection with a ubiquitous microbial agent. This theory
predicts that most individuals are asymptomatically in-
fected with the agent during childhood and that only
a very small subset of genetically predisposed individ-
uals develop clinical features of KD. In this model, the
rarity of KD in infants <3 months old is explained by
protective, passive maternal antibodies. The rarity of
KD in adults is consistent with widespread immunity.
Attempts to identify the etiologic agent of KD by tra-
ditional methods have not been successful.

Our laboratory has taken an immunologic approach
to the investigation of the etiology of KD. We have dis-
covered that IgA plasma cells infiltrate coronary arteries
[3} and other inflamed tissues during acute KD [4] and

that, compared with control subjects, peribronchial IgA

Inclusion Bodies during Acute KID » JID 2005:192 (15 November) « 1757



plasma cells are significantly increased in the upper respiratory
tracts of patients with acute KD, which is similar to findings in
children with fatal viral respiratory infections [4]. We have also
reported that macrophages and CD8 T lymphocytes are prom-
inent in the inflammatory infiltrate [5]. These immunologic find-
ings suggest the presence of an intracellular pathogen with a
respiratory portal of entry.

IgA genes in arteries from patients with acute fatal KD are
oligoclonal, that is, are antigen driven [6]. We previously made
oligoclonal KD antibodies in vitro and performed immuno-
histochemical experiments on formalin-fixed, paraffin-embed-
ded tissues from patients with acute KD and from control sub-
jects, and we reported that synthetic KD antibody A identified
antigen in acute KD, but not in control, bronchial epithelium
as well as in a subset of macrophages in inflamed acute KD
tissues, such as the coronary.arteries {7]. Antigen was localized
to distinctive perinuclear, primarily apical intracytoplasmic
“spheroidal bodies” in acute KD ciliated bronchial epithelium
by use of synthetic KD antibody A. To further characterize this
antigen in acute KD bronchi, we here examine ciliated bronchial
epithelium from patients with acute KD by light microscopy
(LM) and transmission electron microscopy (TEM).

PATIENTS, MATERIALS, AND METHODS

Patients and specimens. Formalin-fixed, paraffin-embedded
lung tissues from patients with fatal acute KD were studied by
TEM, because fresh tissue from KD fatalities has been virtual-
ly unavailable. Autopsy revealed that patients 1-5 and 7 had
coronary artery aneurysms and that patients 8 and 9 had cor-
onary arteritis without aneurysms. Patient 6 had leukemia and
developed classic clinical symptoms of acute KD. He developed
fatal candidal sepsis 10 days after the onset of KDj; autopsy did
not reveal evidence of coronary arteritis (table 1). Patients 1,
5, and 7 were included in our previous immunchistochemical
study using synthetic KD antibody A [7], as is noted in table
1. Control tissues included formalin-fixed, paraffin-embedded

lung tissue from a 3-month-old infant with respiratory syncy-
tial virus (RSV) infection and from a 12-month-old infant with
rotavirus infection. We also studied glutaraldehyde-fixed lung
tissue from a I-month-old infant with congenital heart disease
and bronchopneumonia and compared the results with those
for formalin-fixed, paraffin-embedded lung tissue from the
same patient. The present study was approved by the Institu-
tional Review Board of Children’s Memorial Hospital.
Synthetic KD antibodies.
made as described elsewhere [7]. Immunohistochemistry (IHC)

Synthetic KD antibodies were

was performed with synthetic antibodies A and J. Antibody J,
made from heavy chain 11-5 {6] and light chain 9-8 {7], was
prepared after our initial synthetic antibody study and dem-
onstrates strong binding to acute KD ciliated bronchial epi-
thelium. Control synthetic antibody I, made from heavy chain
4-2 [6] and light chain 9-8 (7], does not demonstrate binding
to acute KD or control ciliated bronchial epithelium.

IHC. Formalin-fixed, paraffin-embedded tissue sections
were deparaffinized by use of xylene, rehydrated, and heated
in 10 mmol/L sodium citrate buffer (pH 6.0), to enhance an-
tigen retrieval, as described elsewhere [7]. Sections were in-
cubated with 10-50 pg/mL biotinylated synthetic antibody A,
], or 1, and color was developed by use of the Vectastain Elite
ABC Kit (Vector)., Diaminobenzidine tetrahydrochloride was
used as a reaction product, to generate a brown stain. Sec-
tions were lightly counterstained with hematoxylin. We re-
corded positive results when strong brown staining of intra-
cytoplasmic bodies was observed in ciliated bronchial epithe-
lial cells. )

Hematoxylin-eosin (HE), Feulgen, methyl green pyronin
(MGP), and Fontana stains. Standard HE, Feulgen, MGP, and
Fontana staining was also performed on formalin-fixed, paraffin-
embedded lung tissue.

TEM. TEM was performed in 2 different laboratories. At
Loyola University, resin blocks were made from tissue sections

from patients 1, 3, and 4 after IHC with synthetic antibody, to

Table 1. Patients with Kawasaki disease (KD) included in the present study.
Included

in previous Duration of Year
Patient (sex, age) study® [7] Ethnicity  iliness before death Treatment Cause of death of death
1 (M, 4 months) Yes (KD7) White 3 weeks IVGG, aspirin Myocarditis 2000
2 (M, 7 months) No White 4 weeks Aspirin Myocardial infarction 1982
3 (M, 9 months) No Unknown 8 weeks Prednisone Myocardial infarction 1978
4 (M, 9 months) No Japanese 18 days IVGG, aspirin Myocardial infarction 1991
5 {M, 6 months) Yes (KD1) White 5 weeks IVHC Myocardial infarction 1974
6 (M, 6 years) No Japanese 10 days None Leukemia, candidal sepsis 1981
7 (F, 10 months) Yes (KD13}  Black 5 weeks Aspirin Mpyocardial infarction 1984
8 (M, 5 years) No Japanese 6 days Aspirin Myocarditis 1970
9 (F 19 months) No Japanese 29 days Aspirin Interstitial pneumonia 1979

NOTE.

VGG, intravenous gammaglobulin: IVHC, intravenous hydrocortisone.

? Shown in parentheses are the patient identification nos. from the previous study.
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allow for accurate localization of bronchi containing the sphe-
roidal bodies within the lung section. Tissue sections were treat-
ed with osmium tetroxide, dehydrated in graded ethanol, and
transitioned through propylene oxide into increasing concen-
trations of epoxy resin. A prepolymerized blank epoxy block
was positioned over the area of interest, and the slide was placed
into a 60°C oven overnight. The block was snapped off the
glass slide after brief contact with dry ice or quick immersion
in liquid nitrogen, or both. The block was aligned and thin-
sectioned immediately at 80 nm by use of a diamond knife.
Sections were picked up on fine bar grids and stained with
uranyl acetate and lead citrate, and the grids were viewed on
a Hitachi H600 transmission electron microscope at 75 kV.
At George Washington University, pieces of formalin-fixed,
paraffin-embedded lung tissue (patient 2) were excised directly
from areas of a tissue block containing bronchi that were pos-
itive by IHC. The paraffin-embedded tissue was placed on fil-
ter paper and warmed to 60°C for 5 min, to remove excess
paraffin. To remove the remaining paraffin, the tissue was pro-
cessed through xylene and decreasing ethanol concentrations
and was brought to aqueous PBS neutral buffer. The tissue was
then postfixed in osmium tetroxide, processed through graded
ethanol and propylene oxide, and embedded in Spurr’s epoxy.
Semithin (1 micron) plastic sections were cut by use of a glass
knife and were stained with the methylene blue/azure Il/basic
fuchsin trichrome stain for plastic-section LM. The blocks se-
lected for TEM were thinned by use of a diamond knife, stained
with uranyl acetate and lead citrate, and examined on a LEO
EM10 transmission electron microscope operating at 60 kV.

RESULTS

We noted remarkable similarity between the LM appearance of
the KD structures observed by IHC with synthetic KD antibody
and intracytoplasmic inclusion bodies of various RNA viruses,
such as members of the Paramyxoviridae family [8]. We used
LM stains and TEM to determine whether intracytoplasmic
inclusion bodies were present in acute KD bronchial epitheli-
um and to determine whether, in addition to protein, nucleic
acid was a component of the bodies (table 2).

IHC. Dark brown-staining (mostly supranuclear) intracyto-
plasmic bodies were observed in ciliated epithelial cells of me-
dium-sized bronchi from patients 1-6, 8, and 9 (figures 1 and
2) with synthetic antibodies A and J; these were not observed
with control synthetic antibody I. Large bronchi (completely en-
cased by cartilage) and small, nonciliated bronchi generally did
not stain with synthetic antibodies A or J. All tissues that were
positive with synthetic antibody A were also positive with syn-
thetic antibody J and had the same pattern of staining, although
antibody ] generally resulted in stronger staining than did an-
tibody A. Ciliated bronchial epithelium from patient 7 did not
stain with synthetic antibody A or J, nor did bronchial epitheli-

um from the control subjects. Nonciliated goblet cells (in the
same acute KD bronchi in which positive ciliated cells were
present) were also negative, as were control bronchi. Although
most IHC-positive bronchi showed no evidence of cellular cy-
totoxicity {7], some bronchi (from patients 4 and 8) did dem-
onstrate acute bronchitis and even necrotizing bronchitis (fig-
ure 2). For patient 4, the preserved epithelial cells in damaged
bronchi contained antigen (figure 2).

HE. Relatively subtle, round to oval intracytoplasmic peri-
nuclear inclusion bodies could be observed in medium-sized
bronchi from patients 1, 2, 4-6, 8, and 9 when stained with
HE and examined by LM (figure 1). The inclusion bodies often
were amphophilic (staining with both eosin and hematoxylin),
suggesting that they contained both protein and nucleic acid.
No inclusion bodies were observed for patients 3 and 7 or in
control bronchial epithelium.

Fontana stains for lipofuscin.  Close analysis of HE-stained
sections of bronchial epithelium from several patients with
acute KD (patients 4-6) revealed the presence of irregular,
golden yellow, granular supranuclear pigment resembling
classic lipofuscin in ciliated bronchial epithelial cells (figure
1). Furthermore, in addition to the typical spheroidal bodies,
IHC revealed pleomorphic, supranuclear, dark brown—staining
material with synthetic antibodies A and ] (figures 1 and 2)
but not with control synthetic antibody I, suggesting that the
antibody was also staining lipofuscin bodies. Therefore, we also
performed Fontana staining for lipofuscin. For patients 3, 5,
and 6, typical black, supranuclear, granular, lipofuscin staining
of the ciliated epithelial cells was observed. However, the level
of Fontana staining was much less than the amount of golden
yellow granular pigment observed by HE staining and the ple-
omorphic material stained by IHC. This indicated that the
Fontana stain was staining only a relatively small portion of
what appeared to be classic lipofuscin in HE sections and sug-
gested that the material that resembled lipofuscin but that was
not detected by Fontana stain was KD antigen revealed by IHC.
Fontana staining was negative for patients 4 and 7 and in con-
trol bronchial epithelium.

Feulgen and MGP stains.

cells that can serve as an internal control, the color balance of

On the basis of staining of other

both the Feulgen and MGP stains appeared to be suboptimal.
Nevertheless, the stains clearly delineated the inclusion bodies,
indicating that they likely contained nucleic acid. However, be-
cause of the suboptimal staining, it was not possible to deter-
mine whether the nucleic acid was RNA or DNA. This could
have resulted from prolonged initial formalin fixation and/or
fixation under acid conditions.

Semithin plastic sections. Perinuclear inclusion bodies were
observed in semithin plastic sections from the only patient (pa-
tient 2) for whom tissue was retrieved from a paraffin block for
TEM. They appeared dark blue with the methylene blue/azure

Inclusion Bodies during Acute KD » JID 2005:192 (15 November) « 1759
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