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During an etiological study of Kawasaki disease (mucocutaneous lymph node syndrome [MCLSJ), we found
that dominant viridans streptococcal strains on tooth surfaces and in the throat of both MCLS patients and
non-MCLS control children formed erythrogenic and biologically active, extracellular products. In this study,
we demonstrated that erythrogenic culture supernatant concentrates of representative strains (two Streptococ-
cus mitis and two Streptococcus oralis), when injected intravenously, induced serum tumor necrosis factor
alpha, interleukin-6 (IL-6), and gamma interferon in muramyldipeptide- or Propionibacterium acnes-primed
C3HI/HeN mice. The concentrates also induced tumor necrosis factor alpha, IL-6, and thymocyte-activating
factor (essentially IL-1) in murine peritoneal macrophage, human monocyte, and human whole-blood cultures.
An erythrogenic, heat-labile extracellular protein fraction (F-1) that was concentrated from the culture
supernatants of a representative S. mitis strain exhibited the above-mentioned cytokine-inducing activity. This
partially purified F-1 fraction also induced thymocyte-activating factor and IL-6 in human umbilical vascular
endothelial cell and gingival fibroblast cultures.

Beta-hemolytic Streptococcus pyogenes produces extra-
cellular, biologically active proteins, such as the erythro-
genic, pyrogenic, and superantigenic exotoxins SPE-A, -B,
and -C (1, 7, 10). However, little is known about the
exotoxin of the viridans group streptococci, which are
dominant in the oral cavity, except for a preliminary report
on a heat-labile permeability factor produced by Streptococ-
cus sanguis (23).
We have been studying the etiology of Kawasaki disease

(mucocutaneous lymph node syndrome [MCLS]) on the
basis of the working hypothesis that oral or throat bacteria,
which have the potency to produce exotoxins capable of
stimulating immunocompetent cells to produce inflammatory
cytokines, may be involved in its pathogenesis. This was in
view of the fact that many investigators have demonstrated
important roles of cytokines in the manifestation of clinical
and pathological signs and laboratory abnormalities charac-
teristic of MCLS (4, 13-16, 18, 22).
Ohkuni et al. (21) showed by means of DNA-DNA homol-

ogy that the dominant bacterial species isolated from the
tooth surfaces or throat of both MCLS patients and age-
matched non-MCLS control or healthy children were Strep-
tococcus mitis and Streptococcus oralis (beta-hemolytic S.
pyogenes was not isolated from either MCLS or non-MCLS
control children). Most of these viridans streptococci pro-
duced extracellular factors that increased capillary perme-
ability at the early stage of the reaction and then redness
with swelling and bleeding in the later stages in rabbit skin.

In this study, we examined the cytokine-inducing activity
of concentrated and partially purified culture supematants
from four representative viridans streptococci isolated from

* Corresponding author.

the tooth surfaces of MCLS and non-MCLS control chil-
dren.

MATERIALS AND METHODS

Preparation of erythrogenic toxin fractions. Two S. mitis
and two S. oralis strains were selected, on the basis of a pilot
study, as representatives of clinical isolates from MCLS and
control children (Table 1). These four strains were grown in
4% NZ-Amine A medium (Humko Sheffield Chemical,
Lyndhurst, N.J.) supplemented with 0.2% glucose at 35°C
for 48 h. Culture supernatants were passed through a Milli-
pore filter (pore size, 0.45 jim). In one representative exper-
iment, the filtrate (4.3 liters; pH 5.7) was diluted with 15
liters of distilled water, and the pH was adjusted to 4.6. The
diluted culture supernatant was mixed with 280 g (wet
weight) of SP-Sephadex C-25 (Pharmacia, Uppsala, Sweden)
preequilibrated with 0.01 M citrate-phosphate buffer (CPB)
(pH 4.6) and agitated at 20°C for 3 h. The resin washed with
CPB was poured into a column (5.0 by 9.0 cm), and
ion-exchange chromatography was carried out by gradient
elution with 0.01 M CPB (pH 4.6) (1.5 liters) and 0.05 M CPB
(pH 6.7) (1.5 liters) at a flow rate of 100 ml/h. Coincident with
an abrupt increase in the pH of the eluate, the fraction that
absorbed UV at 280 nm was eluted as a peak (Fig. 1A).
UV-absorbing material was similarly eluted during ion-
exchange chromatography of noninoculated NZ-Amine A
medium, but at a far lower concentration (Fig. 1B). Each of
the pooled peak UV-absorbing fractions from the test culture
supernatants and the noninoculated medium was concen-
trated by dialysis against Aquacide II A (a sodium salt of
carboxymethyl cellulose [molecular weight, 500,000; Calbi-
ochem Corp., La Jolla, Calif.) and passed through a Milli-
pore filter (0.45-,im-pore size). The degrees of concentration
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TABLE 1. Background of test streptococcal strains

Strain SubjeSource Species, as determined by
Age Sex Diagnosis

18 1 yr 3 mo Male MCLS (fourth day) Tooth surface S. oralis
27 1 yr 9 mo Male Upper respiratory infection Tooth surface S. oralis
82 3 mo Male MCLS (sixth day) Tooth surface S. mitis
108 1 yr 3 mo Male Aseptic meningitis Tooth surface S. mitis

a See reference 21.

achieved were similar between the test and noninoculated
medium control specimens in terms of the ratios of the
volume of the starting medium to the volume of the final
concentrate, but the protein content of the control speci-
mens prepared from noninoculated medium was 3 to 5% of
that of test culture supernatant specimens.
The concentrated culture supematants of the four bacte-

rial strains were erythrogenic in rabbit skin. Intradermal
injection (0.1 ml containing 110 to 210 ,ug of protein) on the
delipidated back skin of Japanese domestic white rabbits
(male, weighing about 2.5 kg) caused increased capillary
permeability after 1 to 3 h. This was followed by redness,
swelling, and bleeding from a few hours to 4 days. The
reference fraction (containing 6 ,g of protein) prepared from
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noninoculated medium did not induce any notable skin
reactions. A colorimetric Limulus test (Endospecy test;
Seikagaku Co. Ltd., Tokyo, Japan) (20) showed that con-
tamination of the culture supernatant concentrates (the
starting material in the following fractionation experiments)
with extraneous, endotoxic lipopolysaccharide (LPS) was at
most 0.009% in terms of the reference Escherichia coli
(O111:B4) LPS equivalent content/protein content (weight
ratio).
The erythrogenic culture supernatant concentrate from

one of the four test strains (strain 108; Table 1) was further
fractionated. An erythrogenic concentrate derived from 15
liters of culture supernatant was desalted by chromatogra-
phy on SP-Sephadex C-25 and then eluted through a Sepha-
dex G-25 (Pharmacia) column (2.5 by 45 cm) preequilibrated
with 0.025 M Tris-acetic acid (pH 8.3) by use of the same
buffer. The eluate was applied to a chromatofocusing PBE94
(Pharmacia) column (1.0 by 67 cm) preequilibrated with
0.025 M Tris-acetic acid buffer and eluted with 600 ml of a
mixture of Polybuffer 96 (30%) and Polybuffer 74 (70%) (both
from Pharmacia) (pH 5.0) and then with a gradient of 0 to 1.0
M NaCl (400 ml). The pooled protein fractions obtained by
NaCl gradient elution were applied to a Sephacryl S-200
Superfine (Pharmacia) column (1.5 by 85 cm) and eluted with
0.1 M NH4HCO3 at a flow rate of 20 ml/h. Two peak
fractions were separated as shown in Fig. 2, and the frac-
tions near peaks F-1 and F-2 were pooled. The protein
contents of the pooled F-1 and F-2 specimens were 0.72 and
1.14 mg/ml, respectively.
Each of these pooled fractions was heated at 100°C for 3
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FIG. 1. Elution profiles of the culture supernatant of S. mitis 108
(A) and a noninoculated NZ-Amine A broth control (B) in SP-
Sephadex C-25 ion-exchange chromatography.

Fraction number ( 1.5 ml / tube)
FIG. 2. Gel filtration on a Sephacryl S-200 Superfine column.

Protein fractions were obtained from S. mitis 108 by NaCl gradient
elution on a chromatofocusing PBE94 column. Hatched areas were
pooled to form fractions F-1 and F-2.
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FIG. 3. SDS-PAGE profiles of fractions F-1 and F-2 from S. mitis 108. The fractions were mixed with an equal volume of sample buffer
with or without 2-mercaptoethanol and heated at 100°C for 3 min, and then 10-,ul aliquots (containing 3.6 and 5.7 pg of protein for F-1 and
F-2, respectively) were subjected to SDS-PAGE with 7.5 and 12.5% acrylamide gels (1.0-mm thick) and visualized with Coomassie brilliant
blue. Myosin (205 kDa), 13-galactosidase (116.5 kDa), bovine serum albumin (80 kDa), ovalbumin (49.5 kDa), carbonic anhydrase (32.5 kDa),
soybean trypsin inhibitor (27.5 kDa), and lysozyme (18.5 kDa) (Bio-Rad) were used as molecular mass markers.

min with or without 2-mercaptoethanol and resolved by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) on 7.5 and 12.5% acrylamide gels (12). As
shown in Fig. 3, the F-1 fraction showed several bands with
a molecular mass above 150 kDa and a broad major band that
was larger than 200 kDa. The F-2 fraction showed a profile
quite different from that of F-1. It consisted of several
components with molecular masses below 60 kDa. No
effects of 2-mercaptoethanol were noted in the SDS-PAGE
profile of either fraction. In conventional double immuno-
diffusion in an agar gel (Fig. 4), fraction F-1 showed one
clear and two faint precipitin bands in a reaction with a
rabbit antiserum raised against the concentrated culture
supernatant of strain 108, while fraction F-2 showed a single
distinct precipitin band. The culture concentrate used for
rabbit immunization showed three or four precipitin bands in
a reaction with the test antiserum. Fraction F-1 at a dose of
12 p,g of protein per site caused increased capillary perme-
ability, followed by redness with swelling and bleeding in the
rabbit skin. Fraction F-2 at a dose of 7 ,ug of protein per site
also caused increased capillary permeability but did not
induce redness with swelling and bleeding, like streptococcal
pyrogenic exotoxins did (Table 2).
To generally characterize the bioactive principle, fraction

F-1 was first treated with KuttsuClean (Taiyo Fishery Co.,
Ltd., Tsukuba, Japan), which are affinity beads coated with
an endotoxin-binding cationic peptide (Tachyplesin) from
horseshoe crab, five times to remove any extraneous LPS.
An aliquot of KuttsuClean-treated F-1 was heated in 0.1 M
NH4HCO3 (pH 8.3) at 100°C for 30 min. Another was
digested with a protease attached to carboxymethyl cellulose
(P-0387; Sigma) at a concentration of 10 U/ml at 37°C
overnight. The ability of the heated or digested F-1 specimen

to induce tumor necrosis factor alpha (TNF-ot) production in
human peripheral blood cell cultures was determined in
comparison with that of nontreated F-1 as described below.
Other reagents and cell lines. N-Acetylmuramyl-L-alanyl-

D-isoglutamine, muramyl dipeptide (MDP), was a gift from
the Daiichi Pharmaceutical Co. Ltd., Tokyo, Japan. Forma-
lin-killed Propionibacterium acnes was supplied by the
Tokyo Institute for Immunopharmacology, Tokyo, Japan....

*. ; ;
-w. . ; 2sUi

. ;,se2X.

'- ..
.^ ..

FIG. 4. Conventional double immunodiffusion in an agar gel.
Wells: A, fraction F-1 (7 p.g of protein equivalents per well); B,
fraction F-2 (5 ,ug per well); C, erythrogenic concentrate of the
culture supernatant from S. mitis 108, with which a rabbit was

immunized (100 p,g per well); AS, antiserum (undiluted) from a

rabbit immunized with the above-mentioned concentrate.
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TABLE 2. Rabbit skin reactions caused by fractions F-1 and F-2 isolated from culture supernatants of S. mitis 108 compared with
reference specimens

Dimension of the reaction (diam, mm x mm) at the following time after intradermal injection:
Test specimen Dosea Reaction"

5min 15min 30min lh 3h 6h 24h

F-1 11.8 B 10 x 12 7 x 12 12 x 12 15 x 15 0 0 0
R 0 0 0 0 16 x 17 18 x 18 19 x 18

F-2 6.6 B 10 x 12 9 x 9 9 x 8 19 x 13 0 0 0
R 0 0 0 0 +C 0 0

0.1 M phosphate buffer B 10 x 8 6 x 4 0 0 0 0 0
R 0 0 0 0 0 0 0

SPE-Ad 10.0 B 7 x 5 + + - 0 0 0
R 0 0 0 0 0 0 0

SPE-Bd 10.9 B 16 x 14 10 x 16 12 x 12 12 x 12 0 0 0
R 0 0 0 0 + + 0

SPE-Cd 10.3 B 7 x 10 7 x 5 0 0 0 0
R 0 0 0 0 0 0 0

0.1 M phosphate buffer B 5 x 6 0 0 0 0 0 0
R 0 0 0 0 0 + 0

a Micrograms of protein per skin site.
bB, blueing (leakage of i.v.-injected Evans blue) due to increased capillary permeability; R, redness (with swelling and sometimes with bleeding).
c --, diameter of the reaction was less than 5 mm.
d Prepared as described previously (10, 11).

Ultrapurified LPS prepared from Salmonella abortus-equi
(5) was a gift from C. Galanos, Max-Planck-Institut fir
Immunbiologie, Freiburg, Germany. Phytohemagglutinin
(PHA; HA-16) was purchased from Wellcome Diagnostics,
Temple Hill, United Kingdom. Recombinant human TNF-a
(rHuTNF-a) (25) and recombinant human interleukin-6
(rHuIL-6) (8, 9) were gifts from the Dainippon Pharmaceu-
tical Co. Ltd., Osaka, Japan, and T. Hirano, Osaka Univer-
sity, Osaka, Japan, respectively. The anti-murine TNF-a
rabbit antibody was supplied by Suntory Inc., Osaka, Japan.
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium bro-
mide (MTT) was _purchased from Wako Pure Chemicals,
Osaka, Japan. [1 I]Deoxyuridine was obtained from Du-
pont, NEN Research Products, Boston, Mass.
Human endothelial cells isolated from umbilical blood

vessels were a gift from J. Mihara, Osaka University Faculty
of Dentistry. GF-5 human gingival fibroblast cells were
obtained as described previously (24). L929 cells (NCTC
clone 929; ATCC CCL-1) were purchased from Dainippon
Pharmaceutical Co. Interleukin-6 (IL-6)-dependent cell line
MH60,BSF2 (17) was a gift from T. Kishimoto, Osaka
University.

Cytokine induction in mice. To prepare test sera for TNF-a
and IL-6 assays, groups of three male C3HIHeN mice (7 to
12 weeks old; Clea Japan, Osaka) were primed by an
intravenous (i.v.) injection with MDP (100 ,ug in 0.2 ml of
physiological saline). Four hours thereafter, the mice were
given an i.v. injection of test specimens in 0.2 ml of saline.
After 90 min, the mice were bled from an axillary vein. For
the induction of gamma interferon (IFN-y), the mice were
primed by an intraperitoneal injection of formalin-killed P.
acnes whole cells (1.2 mg [dry weight] in 0.2 ml); 7 days
later, the mice received an i.v. injection of test specimens.
After 4 h, the mice were bled.

Cytokine induction in murine peritoneal macrophage cul-
tures. C3H/HeN mice were injected intraperitoneally with

1.5 ml of thioglycolate medium (Nissui Pharmaceuticals,
Tokyo, Japan), and peritoneal exudate cells were collected
from the mice 5 days after the irritative injection. The cells,
105 per 0.1 ml of RPMI 1640 medium (Nissui Pharmaceuti-
cals) supplemented with 5% fetal calf serum (FCS; GIBCO
Laboratories, Grand Island, N.Y.) per well of flat-bottom
microculture plates (type 25860; Corning Glass Works,
Corning, N.Y.), were incubated in a CO2 incubator at 37°C
for 2 h. Monolayer cultures were washed three times with
RPMI 1640 medium to remove nonadherent cells. The cul-
ture supernatant was then replaced with fresh RPMI 1640
medium with or without test material, and the samples were
cultured in triplicate for 24 h. The plates were centrifuged at
800 x g for 10 min. The triplicate supernatants for each test
point were pooled as cell-free specimens to determine the
levels of TNF-a, IL-6, and cell-free thymocyte-activating
factor (TAF) activities. Residual macrophages grown as a
monolayer, on the other hand, were washed carefully but
vigorously three times with RPMI 1640 medium. Fresh
medium (100 pl) was added to each well, and the cells were
disrupted by freezing (-80°C) and thawing (25°C) three
times. The triplicate suspensions were pooled as cell-asso-
ciated specimens for the TAF assay.

Cytokine induction in human monocyte cultures. Human
mononuclear cells were obtained from the heparinized pe-
ripheral blood of a healthy male adult volunteer by Ficoll-
Hypaque centrifugation. The cells were incubated at a
density of 5 x 15 cells per 0.1 ml of RPMI 1640 medium
supplemented with 5% FCS in microculture plate wells for 2
h and then washed with RPMI 1640 medium to remove
nonadherent cells. Procedures similar to those described for
the murine macrophage cultures resulted in cell-free speci-
mens for TNF-a, IL-6, and cell-free TAF measurements.
Cell-associated specimens could not be prepared for this
assay, because human monocytes easily detached from the
culture plates during washing.
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Cytokine induction in human peripheral whole-blood cul-
tures. Heparinized peripheral blood (25 p1) was directly
(without fractionation) incubated with test specimens in
RPMI 1640 medium (100 pl) for 24 h. Triplicate culture
supematants were pooled as cell-free specimens for TNF-a,
IL-6, IFN-y, and TAF assays.

Cytokine induction in HUVEC and fibroblast cultures.
Cell-free fractions were prepared from human umbilical
vascular endothelial cell (HUVEC) and fibroblast cultures
by the same procedures, except for the culture media.
HUVECs were grown in medium 199 (GIBCO) containing
heparin sodium salt (0.1 mg/ml; Nakarai Chemicals, Kyoto,
Japan) and endothelial cell growth supplement (Sigma).
Fibroblasts were cultured in a-MEM (Flow Laboratories,
McLean, Va.). Suspensions (5 x 104/100 pl) of HUVECs
and fibroblasts in their respective media supplemented with
10% FCS were seeded in microculture plate wells. After 2
days at 37°C in a CO2 incubator, monolayers were washed
with media three times, and then test stimulants in 100 pl of
their respective media containing 1% FCS were added.
Incubation proceeded for a further 24 h. Triplicate culture
supernatants were pooled as cell-free specimens for TAF,
IL-6, and TNF-a assays.
TNF-a assay. TNF-a activity in test sera and cell-free

specimens of the cell cultures was determined by measuring
cytotoxic activity against L929 cells. These cells were cul-
tured for 24 h at a density of 5 x 104 cells per 100 pl of RPMI
1640 medium containing 10% FCS per well and then incu-
bated with 2.0 ,ug of actinomycin D (A-1410; Sigma) per ml
(final concentration after the addition of a test specimen).
Diluted test sera or cell-free specimens (25 IlI) were added to
the wells. After a further 24 h of incubation, the supernatant
containing detached dead cells was discarded, and the
remaining viable cells were fixed and stained with 2%
formaldehyde containing 0.2% crystal violet. The intensity
of staining was measured with a microplate reader (Well-
reader SK601; Seikagaku Co.) at an optical density of 595
nm. The dilution of test specimens that caused 50% cytotox-
icity against L929 cells was determined on the basis of a
titration curve. TNF-a activity in a test specimen was
calculated as nanograms per milliliter on the basis of the
ratio of a 50% cytotoxic dose of the test specimen to that of
standard rHuTNF-a. Thus, strictly speaking, the values
given for murine sera and macrophage culture specimens are
the values for rHuTNF-a. To confirm that the cytocidal
activity of test specimens for L929 cells was due to TNF-a,
a neutralization test was performed with representative test
murine sera and an anti-murine TNF-a rabbit antibody.

IL-6 assay. The IL-6 activity of test sera and cell-free
specimens was determined by measuring the in vitro growth
of IL-6-dependent cell line MH60.BSF2 as described by
Matsuda et al. (17), with minor modifications, by use ofMTT
(19). In brief, MH60.BSF2 cells (104/100 pl of RPMI 1640
medium with 10% FCS per well) were cultured with serially
diluted test specimens (25 pl) for 48 h. During the last 4 h of
culturing, 100 ,g of MTI was added. The plates were
centrifuged at 800 x g for 10 min, and the supematants were
removed by gentle aspiration so as not to lose any cells. The
cells in the culture plates were solubilized with 100 IlI of
dimethyl sulfoxide, and the intensity of developing color was
measured with a microplate reader at an optical density of
595 nm. IL-6 activity in a test specimen was determined on
the basis of a comparison with the titration curve for
standard rHuIL-6 and expressed as units per milliliter.
IFN-y assay. IFN-y levels in murine sera and human

whole-blood cultures were determined by use of mouse and

human IFN-,y enzyme-linked immunosorbent assay kits
(Genzyme, Boston, Mass.) and expressed as nanograms per
milliliter.
TAF assay. TAF activity in test cell-free and cell-associ-

ated specimens was determined by the conventional comi-
togenic assay for IL-1 measurement with thymocytes from 2-
to 4-week-old C3HIHeJ mice, which were originally ob-
tained from Clea Japan and bred in the Animal Center of
Kagoshima University Dental School. In brief, thymocytes
(1.5 x 106/150 ,u of RPMI 1640 medium containing 10% FCS
in microculture plates) were cultured for 48 h with 25 RI each
of test specimen and PHA to yield an eightfold-diluted test
specimen and 1.0 ,ug of PHA per ml in the final culture.
During the final 6 h of incubation, cultures were pulsed with
18.5 kBq (0.5 p,Ci)/ml of [1"IJdeoxyuridine. The cells were
harvested and washed, and the incorporated radioactivity
was measured with a gamma counter (Auto Well Gamma
System ARC-300; Aloka Co., Tokyo, Japan). Assays were
performed in triplicate, and the results were expressed as the
stimulation index (SI), where SI = [1"I]deoxyuridine uptake
(counts per minute) in the presence of test stimulant and
PHAJ[1I]deoxyuridine uptake in medium (stimulated with
PHA alone).

Miscellaneous methods. All test specimens for cytokine
assays were stored at -80°C until use. In some assays, on
the basis of the mean ± standard error of the mean (SEM),
the statistical significance of the differences between each
test and its respective control was examined by Student's t
test. In other experiments, in which calculation of the SEM
was not practical, the range of fluctuations of induced
cytokine levels in triplicate assays was within 20% of the
respective mean.

RESULTS

Cytokine induction by concentrated erythrogenic culture
supernatants. (i) Serum cytokine induction in MDP-primed
mice. All four test preparations from viridans streptococcal
strains induced serum TNF and IL-6 in MDP-primed C3H/
HeN mice under our experimental conditions. The noninoc-
ulated culture medium, which was obtained by essentially
the same chromatography and concentration procedures as
the test culture supematants, was virtually inactive (Table
3). The levels of TNF induced in serum by the four test
preparations were essentially the same, while for IL-6 induc-
tion, the concentrate from strain 27 was more active. The
induced TNF was found to be of the alpha type, because the
cytotoxic activity of serum from the mouse that received the
representative preparation of S. mitis 108 (160 ,ug of protein)
for L929 cells was completely neutralized by incubation with
the anti-murine TNF-a antibody, as was that of serum from
the mouse injected with LPS of S. abortus-equi (0.8 p,g)
(data not shown).

(ii) Cytokine induction in murine peritoneal macrophage
cultures. The test preparations stimulated murine peritoneal
macrophage cultures to generate TNF-a and IL-6 activities
in supematants of cell cultures and cell-associated TAF
(Table 4). TAF activity was also found in cell-free speci-
mens, but at levels far lower than those of cell-associated
activity (data not shown). The control, i.e., the noninocu-
lated medium concentrate, exhibited only slight IL-6 activity
and cell-associated TAF induction at the lowest test dilution.

(iii) Cytokine induction in human monocyte cultures. Table
5 shows that the concentrated erythrogenic culture superna-
tants from four test viridans streptococcal strains induced
TNF-a, IL-6, and TAF (cell free) by stimulating human

INFECT. IMMUN.
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TABLE 3. Induction of serum TNF and IL-6 in MDP-primed
C3H/HeN mice by concentrated erythrogenic culture

supernatants from viridans streptococci0

Source of Dose (,g of TNF IL-6

concentrate

protein/mouse) (ng/ml) (U/ml)
(strain)

18 120 16 16 31 9"

27 110 46 9 375 t 145c
82 210 26 6 23 18
108 160 24 13 24 2"
Controle 6 <1 5 t 3

a Groups of three C3H/HeN mice were primed with an i.v. injection of
MDP (100 pg) and, 4 h later, given an i.v. injection of test materials (in 200 P1

of saline). TNF and IL-6 levels in sera collected 4 h later were determined as
described in the text. The results are means SEMs.

bSignificantly different from the control, as determined by Student's t test
(P ' 0.01).

c Significantly different from the control, as determined by Student's t test
(P c 0.05).

d The control specimen used here and in the experiments reported in Tables
4 to 6 was obtained from noninoculated culture medium by essentially the
same procedures as those described in the text for test culture supernatants.

peripheral blood monocyte cultures. There were no signifi-
cant differences among the potencies of the four strains. The
control, i.e., the noninoculated medium concentrate, exhib-
ited only slight IL-6 activity and cell-free TAF induction at
the lowest test dilution.

(iv) Cytokine induction in human whole-blood cultures.
Separation of the monocyte fraction from peripheral blood
requires 10 to 20 ml of whole blood, but it is impractical to
collect this volume of blood from children of the age at which
MCLS is prevalent. We therefore examined whether cyto-
kine induction by test preparations could be assayed with

TABLE 4. Induction of cytokines in murine peritoneal
macrophage cultures by concentrated erythrogenic culture

supernatants from viridans streptococci

CF specimene CA
Source of Dose (mg of specimenb

concentrate Dotei(ml) Dilution TAF (SI,
(strain) protein/mi) TNFm IL-6 mean t

(ng/mi) (U/mi) SEM)C

18 1.2 1:20 0.70 2.0 40.8 1.9
1:100 0.25 3.3 39.0 2.4
1:500 <0.01 0.5 22.0 1.4

27 1.1 1:20 0.20 4.8 36.4 0.7
1:100 0.09 1.9 36.0 1.2
1:500 <0.01 0.4 9.0 2.6

82 2.1 1:20 0.62 4.8 57.0 0.7
1:100 0.51 4.2 43.1 1.9
1:500 0.02 3.1 39.7 1.5

108 1.6 1:20 0.62 4.8 57.0 0.7
1:100 0.51 4.2 43.1 1.9
1:500 0.02 3.1 39.7 1.5

Control 0.06 1:20 <0.01 0.5 7.4 0.9
1:100 <0.01 0.4 2.0 0.3
1:500 <0.01 0.4 1.0 0.2

a Cell culture supernatant.
b Suspension of disrupted adherent cells.
c All the test specimen SI values were significantly different from those for

the control at the corresponding dilution, as determined by Student's t test (P
s 0.01).

TABLE 5. Induction of cytokines in human monocyte cultures
by concentrated erythrogenic culture supernatants

from viridans streptococci

Source of TAF
concentrate Dose (mg of Dilution TNF-a IL 6 (SI, mean
(strain or protein/ml)' (ng/ml) (U/ml) SEM)b
LPS)

18 1.2 1:20 7.5 135 27.0 ± 3.1
1:100 6.6 75 15.9 ± 1.0
1:500 5.5 47 13.4 ± 1.5

27 1.1 1:20 13.2 150 14.3 ± 2.1
1:100 22.8 70 12.4 ± 0.7
1:500 13.2 45 13.7 ± 0.2

82 2.1 1:20 30.0 105 10.6 ± 1.4
1:100 14.4 85 11.6 ± 1.5
1:500 20.4 21 12.1 ± 1.1

108 1.6 1:20 10.8 80 20.1 ± 1.0
1:100 7.5 125 13.3 ± 0.2
1:500 7.2 46 12.0 ± 0.4

Control 0.06 1:20 3.1 18 5.9 ± 0.3
1:100 0.2 <1 0.8 ± 0.0
1:500 <0.1 <1 0.9 ± 0.2

LPS 10 14.4 30 12.2 ± 1.1
1 14.4 25 13.6 ± 1.5
0.1 20.4 20 8.1 ± 0.9

None <0.1 <1 1.0 ± 0.1

a The dose of LPS (from S. abortus-equi; see also Tables 6 to 8) was given
in micrograms per milliliter (net weight per milliliter).

b All the test specimen and reference LPS SI values were significantly
different from those for the noninoculated medium control at the correspond-
ing dilution and the cell culture medium (none) control, respectively, as
determined by Student's t test (P < 0.01).

peripheral whole blood without separating the mononuclear
cells. Definite induction of cell-free TNF-a, IL-6, and TAF
was noted for whole-blood cultures stimulated with all four
test preparations under assay conditions in which the control
prepared from noninoculated medium was scarcely induced
(Table 6). The same individual donated the blood for the
assays presented in Tables 5 and 6, and there were no
essential differences in the IL-6 responses to test prepara-
tions between the cultured fractionated monocytes and
whole blood, although the former showed higher levels of
TNF-a and TAF induction than the latter, probably reflect-
ing differences in the density of target cells.

Cytokine induction by partially purified fractions F-1 and
F-2. (i) Cytokine induction in primed mice. As shown in Table
7, the erythrogenic F-1 fraction induced high levels of serum
TNF-a and IFN--y in MDP- and P. acnes-primed C3H/HeN
mice, respectively. The potency of F-1 in TNF-a and IFN-y
induction was not very different from that of LPS in terms of
the levels of cytokines induced, though the test dose of F-1
was more than 10 times higher than that of LPS. Fraction
F-2, which increased the capillary permeability of rabbit skin
but was devoid of erythrogenicity, was only weakly active in
the TNF-a and IFN-y assays. Both fraction F-1 and fraction
F-2 induced much less IL-6 than reference LPS.

(ii) Cytokine induction in human whole-blood cultures.
Fraction F-1 definitely induced TNF-a, IL-6, IFN-y, and
TAF in supernatants of human whole-blood cultures (Table
8). The potency of fraction F-2 in inducing cytokines other
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TABLE 6. Induction of cytokines in human whole-blood cultures
by concentrated erythrogenic culture supernatants from

viridans streptococci

Source of
concentrate Dose (mg of Dilution TNF-a IL-6 TAF
(strain or protein/ml)a (ng/ml) (U/ml) (SEM)b
LPS)±SE)

18 1.2 1:20 1.4 106 7.1 ± 0.5
1:100 0.6 133 12.3 ± 0.4
1:500 <0.07 69 2.4 ± 0.4

27 1.1 1:20 8.7 125 8.0 + 0.3
1:100 2.7 135 10.2 ± 0.7
1:500 <0.07 73 3.7 ± 0.4

82 2.1 1:20 4.2 156 7.9 + 0.4
1:100 1.3 94 11.1 ± 0.4
1:500 <0.07 39 3.3 ± 0.2

108 1.6 1:20 1.5 138 4.6 + 0.3
1:100 1.3 150 7.9 ± 0.4
1:500 <0.07 94 6.4 ± 0.2

Control 0.06 1:20 <0.07 12 1.6 ± 0.1
1:100 <0.07 0.09 0.9 ± 0.0
1:500 <0.07 0.08 1.0 ± 0.1

LPS 10 2.1 136 9.5 ± 0.6
1 1.5 125 11.0 ± 1.1
0.1 1.9 98 10.0 ± 0.4

None <0.07 <0.05 1.0 ± 0.1
a See Table 5, footnote a.
b See Table 5, footnote b.

than TAF seemed to be generally lower than that of fraction
F-1 in these assays. No difference was noted for cell-free
TAF induction between these two test fractions.
Treatment of fraction F-1 with KuttsuClean to exclude the

possible involvement of extraneous endotoxin did not affect
the TNF-ao-inducing ability of the fraction in human whole-
blood cultures (Table 9). Heating at 100°C for 30 min and
protease treatment, on the other hand, almost completely
abolished the TNF-ot-inducing activity of fraction F-1, indi-
cating that the active component is a heat-labile protein.

(iii) Cytokine induction in HUVEC and human gingival
fibroblast cultures. As shown in Fig. 5, fraction F-1 induced
significant TAF activity in culture supematants of HUVEC
and human gingival fibroblast cultures, whereas fraction F-2
was scarcely active. The potency of fraction F-1 in HUVEC
was comparable to that of S. abortus-equi LPS with regard

TABLE 7. Induction of serum cytokines in MDP- and P. acnes-

primed C3HIHeN mice by partially purified fractions
F-1 and F-2 from S. mitis 108

Cytokine level (mean + SEM) in
mice primed with:

Fraction DoseMD

or LPS (og)a MDP P.
TNF-a IL-6 (IFN--y, ng/ml)
(ng/ml) (U/ml)

F-1 10 305 57 9.3 + 0.4 71.0 45.1
F-2 10 11 + 4.1 7.1 0.6 6.1 1.3
LPS 0.8 629 + 51 2,584 + 451 120.7 + 9.7

a Protein for F-1 and F-2; net weight for LPS.

TABLE 8. Induction of cytokines in human whole-blood cultures
by fractions F-1 and F-2 from S. mitis 108

Fraction Dose TNF-a IL-6 IFN--y TAF
or LPS (,±g/ml)a (ng/ml) (U/ml) (ng/ml) (SI, mean + SEM)b

F-1 5 11.0 156.3 1.0 18.6 ± 3.2
1 2.0 18.8 6.2 20.5 + 0.4
0.2 0.5 13.8 4.3 20.0 + 0.7

F-2 5 0.2 6.9 0.8 12.5 + 0.7
1 0.2 4.6 0.5 20.2 ± 2.7
0.2 0.01 2.6 1.0 11.4 + 0.8

LPS 10 2.5 27.5 NTC 22.2 + 1.5
1 1.6 25.0 NT 24.0 ± 1.3
0.1 1.7 53.8 NT 22.4 + 2.9
0.01 0.5 14.4 NT 23.4 ± 2.9
0.001 0.6 12.5 NT 22.4 + 2.9
0.0001 0.6 11.9 NT 25.3 ± 2.8

None <0.01 0.7 0.5 1.0 ± 0.1
a Protein for F-1 and F-2; net weight for LPS.
b All the test specimen and reference LPS SI values were significantly

different from those for the cell culture medium (none) control, as determined
by Student's t test (P < 0.01).

c NT, not tested.

to the extent of TAF induction. Figure 6 shows that both
fraction F-1 and fraction F-2 significantly stimulated both
HUVEC and fibroblast cultures to produce IL-6. Fraction
F-2 seemed to be more active than fraction F-1 in this assay.

DISCUSSION

The present study revealed that culture supernatant con-
centrates from two S. mitis and two S. oralis strains and a
heat-labile, extracellular protein produced by a representa-
tive of these strains induced various inflammatory cytokines

TABLE 9. Abolition of TNF-a-inducing activity in human whole-
blood cultures by heating and protease

digestion of fraction F-1

Treatment of Dose TNF-a
fraction F-1 (.Lg of protein/ml) (ng/ml)

None 5 54.2
1 14.2
0.2 5.8

KuttsuCleana 5 54.0
1 13.0
0.2 4.2

KuttsuClean + heating" 5 6.6
1 5.0
0.2 <0.1

KuttsuClean + protease digestionc 5 <0.1
1 2.0
0.2 <0.1

Medium alone 0 <0.1

a A stock solution of fraction F-1 in 0.1 M ammonium bicarbonate buffer
(pH 8.3) was treated with KuttsuClean five times to exhaust possible LPS
contamination.

b KuttsuClean-treated F-1 was boiled for 30 min at 100'C.
c KuttsuClean-treated F-1 was digested with protease fixed on carboxyl-

methyl cellulose.
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FIG. 5. Induction of TAF activity in HUVEC (A) and human
gingival fibroblast (B) cultures by fractions F-1 and F-2 from S. mitis
108. Confluent cell monolayers were stimulated with test materials
for 24 h. Triplicate culture supernatants were pooled, and their TAF
activity was determined as described in the text. LPS was highly
purified LPS from S. abortus-equi. **, Significantly different from
the control (PHA alone), as determined by Student's t test (P <

0.01).

after administration to primed mice and by stimulating
murine peritoneal macrophage, human peripheral mononu-
clear cell, IHUVEC, and fibroblast cultures. This is the first
report to describe an extracellular cytokine inducer(s) of
viridans streptococci, although for beta-hemolytic strepto-
cocci there are reports that TNF and IL-1 were induced by
SPE-A and streptolysin 0 (2, 6). On the other hand, Fuji-
maki et al. (3), who have focused upon fraction F-2, dem-
onstrated that it functioned as a superantigen for human T

Test material (g/ml)
[A]

F-iF 2 _

.2

LPS
IU

0 5

IL-6 activity (U/mi)

10

Test material (g/mi)

F-i

1-.. __~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 5

IL-6 activity (U/mi)

10

FIG. 6. Induction of IL-6 activity in HUVEC (A) and human
gingival fibroblast (B) cultures by fractions F-1 and F-2 from S. mitis
108. The IL-6 activity in the cell-free specimens assayed for TAF as
described in the legend to Fig. 5 was determined as described in the
text.

cells, by selectively activating T cells bearing V,B1, VP2,
V,B5.1, amd V35.2, particularly VP2.
The viridans streptococcal extracellular proteins capable

of inducing various cytokines, like other biological response
modifiers of bacterial origin, may have both beneficial and
harmful effects on the host. This is especially true with
viridans streptococcal products, since viridans streptococci
are one of the dominant normal flora of the human oral and
intestinal cavities. If the host has normal susceptibility,
cytokine-inducing fraction F-1 (and superantigenic fraction
F-2) may serve as useful immunomodulators. However, if
the host is in a hypereactive state, either through innate or
acquired causes, these products might trigger pathological
processes that culminate in the manifestation of clinical signs
in some diseases.
Several reports have suggested that inflammatory cyto-

kines, such as TNF-a, IL-1, IL-6, and IFN-y, are associated
with the pathogenesis of MCLS (4, 13-16, 18, 22). Our
findings suggest that cytokine production induced by extra-
cellular proteins of oral viridans group streptococci may be
involved in the development of MCLS. However, none of
the present data support our hypothesis on the pathological
roles of oral viridans streptococci and their exotoxins in
MCLS. Particularly the finding (21) that there were no
differences in the rates of recovery of toxicogenic viridans
streptococci between MCLS and age-matched control chil-
dren raises various issues. To examine the possibility that,
despite these findings, these streptococci and their bioactive
extracellular products have anything to do with MCLS, a
clinical study is under way to determine whether are there
any significant differences in susceptibility to the toxic and
immunobiologically active components produced by viri-
dans streptococci between MCLS and control children.
These include, for example, the cytokine levels generated in
peripheral whole-blood cultures for MCLS and control chil-
dren in response to fractions F-1 and F-2.

Analysis by SDS-PAGE and double immunodiffusion re-
vealed that fraction F-1 is not homogeneous. Consequently,
little is known about the chemical and physicochemical
properties of the bioactive component in fraction F-1, except
that it is a heat-labile, protease-sensitive extracellular pro-
tein with a molecular mass above 150 kDa. The possibility
that the observed bioactivity of fraction F-1 was influenced
by contamination with extraneous LPS could be excluded,
since there was no reduction in the TNF-aL-inducing ability
of fraction F-1 by treatment with KuttsuClean. Further
studies are required to isolate, purify, and characterize the
bioactive component.
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