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Extracellular products of 12 strains of Streptococcus mutans and 5 additional
species of oral bacteria were analyzed for their ability to inhibit proliferation of
fibroblastoid cells (HeLa and AV3) and blast transformation of human peripheral
blood lymphocytes obtained from normal individuals. Products from S. mutans
strains AHT and BHT, Streptococcus intermedius, and Actinomyces viscosus
inhibited [3H]thymidine uptake by fibroblastoid cells and phytohemagglutinin-
stimulated lymphocytes. Products from S. mutans E49, Streptococcus salivarius,
and Actinomyces naeslundii inhibited blast transformation of human lympho-
cytes but did not significantly inhibit the growth of fibroblastoid cells. Prepara-
tions from S. intermedius gave the greatest inhibitory activity against both target
cell types; initial characterization of this preparation suggested a single factor
active in both assays, in that the heat lability and Sephadex G-200 elution profile
were similar for the inhibitory activity seen with the two cell types. The molecular
weight of the inhibitor, estimated by gel filtration on Sephadex G-200 and Ultragel
AcA34, was approximately 160,000. The results strongly suggest that oral bacteria
produce heat-labile substances that interfere with fibroblast proliferation and
alter the lymphocytic immunological response.

The pathogenesis of dental disease of the soft
tissue is poorly understood. Gingivitis, the clin-
ical manifestation following the accumulation of
bacterial plaque in the gingival crevice area (21,
31), usually progresses to periodontal disease,
and thus it is reasonable to conclude that dental
plaque contains the primary factor(s) responsi-
ble for the initiation of periodontal disease.
Many studies (8, 28, 29) have been concerned

with the detection and quantitation of a wide
variety of microorganisms contained in the de-
bris from the human gingival crevice, but only
recently have investigations focused on the
host's immune response to plaque material. Con-
siderable evidence is accumulating that plaque
microorganisms and/or their products initiate
periodontal inflammation by altering the im-
mune response of the host (3). Although the
precise role of humoral (antibody-mediated) im-
munity in the pathogenesis of periodontal dis-
ease is obscure, serum antibodies against oral
bacteria have been detected in patients with
periodontal disease (4, 6, 18, 22, 30). More re-
cently, the importance of cell-mediated immu-
nity in periodontal disease has been suggested
(10, 23). Ivanyi and Lehner (12, 13), Baker et al.
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(1), Horton et al. (9), and Gaumer et al. (7) have
reported the presence of bacterial factors capa-
ble of transforming lymphocytes and, presum-
ably, enhancing antibody production. These
substances have been demonstrated in sonically
treated material (11, 12, 14, 15, 25, 27), extracts
(1, 7, 17), and heated culture fluids (24) from
oral bacteria as well as sonically treated material
or extracts of dental plaque (9, 13, 17, 26) and
saliva (9). Correlation of the lymphocyte re-
sponse to the crude extracts and the presence,
absence, or severity of periodontal disease re-
mains questionable.

It is reasonable to assume a priori that extra-
cellular products of oral bacteria may be in-
volved in the pathogenesis of periodontal dis-
ease, since bacteria are rarely, if ever, found
within gingival tissues. These products might
also be assumed to interfere with the function of
fibroblasts, since early loss of collagen in perio-
dontal disease may be directly related to the
ability of fibroblasts to produce or catabolize
collagen. We have found that extracellular prod-
ucts from cultured oral bacteria are capable of
inhibiting both proliferation of human fibroblas-
toid cell lines and blast transformation of stim-
ulated human peripheral lymphocytes from nor-
mal individuals, suggesting that such products
may be implicated in the pathology of periodon-
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tal disease and/or may interfere with the im-
mune defense of the host against the invading
microorganisms.

MATERIALS AND METHODS

Organisms and media. Actinomyces sp. were fur-
nished by John K. Dyer, Department of Oral Biology,
University of Nebraska, Lincoln, and Streptococcus
sanguis 10556 was obtained from the American Type
Culture Collection. All other strains were the gift of
Robert H. Staat, Department of Oral Biology, Univer-
sity of Louisville, Louisville, Ky. The microorganisms
were grown anaerobically in tryptone-glucose agar
consisting of 20 g of tryptone, 5 g of glucose, 4 g of
K2HPO4, 1 g of KH2PO4, 2 g of NaCl, 250 mg of
MgSO4 7H20, 17 mg of MnSO4, and 15 g of agar
dissolved in 1 liter of distilled water. In each case, the
organisms were grown at 370C for 24 h.

Bacterial products. For the analysis of extracel-
lular products, disks of sterile dialysis membranes
(12,000- to 14,000-molecular-weight cutoff) of the same
diameter as the petri dish (100 mm) were placed on
the agar surface of fresh plates. A sample (0.1 ml) of
a bacterial cell suspension (108 cells per ml) was spread
over the dialysis membrane with a cotton swab. The
plates were incubated at 370C under anaerobic con-
ditions. After 24 h of incubation, the dialysis mem-
branes were removed and washed with a minimal
volume of 0.05 M potassium phosphate buffer, pH 7.5.
The wash was clarified by centrifugation at 29,000 x
g for 15 min and concentrated about 10-fold by posi-
tive-pressure ultrafiltration, using an Amicon PM-10
filter. The final solution was designated "extracellular
products." Since concentrated washes of sterile disks
harvested from tryptone-glucose agar medium did not
result in detectable protein bands after electrophore-
sis, or biological activity, contamination from the me-
dium was considered negligible. No attempt was made
to solubilize proteins that were bound to cells or cel-
lular debris.

Characterization of inhibitory factor. Prepara-
tions of Streptococcus intermedius and Actinomyces
naeslundii were dialyzed against phosphate-buffered
saline overnight and applied to a chromatographic
column of (i) Sephadex G-200 (Pharmacia Fine Chem-
icals, Piscataway, N.J.) equilibrated with the same
buffer (0.15 by 60 cm; 2-ml fractions collected) or (ii)
LKB Ultragel AcA34 (LKB Produkter AB, Bromma,
Sweden) equilibrated with the same buffer (0.25 by 91
cm; 8.4-ml fractions collected).

Thin-layer sodium dodecyl sulfate-polyacrylamide
gel electrophoresis was carried out by the procedure
described by Karam and Bowles (16), and the gel was
stained with a 0.02% Coomassie brilliant blue solution.
Assay of fibroblast inhibitory factor. HeLa (es-

tablished from human carcinoma of the cervix) and
AV3 (established from human amnion) cell lines were
grown in monolayer culture. At confluency, 0.25%
trypsin-ethylenediaminetetraacetate (Grand Island
Biological Co., Grand Island, N.Y.) in sterile phos-
phate-buffered saline was added to the culture flask.
After detachment, the cells were centrifuged, washed
twice in Eagle minimal essential medium (MEM), and
resuspended in MEM with 10% fetal calf serum at a
final concentration of 104 cells per ml.
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Each well of a Falcon microtiter plate was seeded
with 100 pd of the suspension (104 cells), followed by
incubation for 2 to 4 h at 37°C to allow the cells to
attach. Then 100 ,ul of the bacterial product to be
tested, in twofold serial dilutions with MEM contain-
ing 20% fetal calf serum, was added to each well. the
plates were incubated for 5 days at 37°C in an air-CO2
(95%:5%) incubator and pulsed with 0.2 fCi of [:'H]-
thymidine (specific activity, 1.9 Ci/mmol; New Eng-
land Nuclear Corp., Boston, Mass.) for the last 18 h.
The supernatants were removed, and 0.2 ml of 0.25%
trypsin-ethylenediaminetetraacetate in sterile phos-
phate-buffered saline was added to each well. After
complete detachment from the bottom of the wells,
the cells were harvested onto glass fiber strips, using
a multiple automated sample harvester (Mash II; Mi-
crobiological Associates, Bethesda, Md.), dried, and
transferred to vials containing 2 ml of Omnifluor be-
fore counting in a beta scintillation counter (Packard
Tri-Carb, no. 3380). The formula used to calculate
percent inhibition (%I) was: %I = 100 x (counts per
minute, experiment/counts per minute, control) - 100.
Assay for inhibition of blast transformation.

Heparinized peripheral blood from healthy volunteer
blood donors was obtained through the courtesy of H.
L. Taylor (American Red Cross Transfusion Center of
the Lowcountry, Charleston, S.C.). Mononuclear cells
were separated on Ficoll-Isopaque gradients and
washed three times in MEM. The cells were resus-
pended at a final concentration of 2 x 10' cells per ml
in MEM with 10% fetal calf serum, and 100 pi of the
cell suspension was added to each well of a Falcon
microtiter plate. Controls with and without phytohe-
magglutinin (PHA) were placed in cultures simulta-
neously with test cells, which were stimulated with
PHA and to which the bacterial products to be tested
were added in twofold serial dilutions (in MEM with
20% fetal calf serum) to a final volume of 0.2 ml. The
cells were incubated at 37°C for 2 days before pulsing
overnight with [;H]thymidine as described above. The
lymphocytes were collected with the automatic har-
vester onto glass fiber strips and dried, and the radio-
activity was determined in a scintillation counter.
The formula used to calculate %I of lymphocyte

blast transformation was: %I = 100 x (counts per
minute, experiment - counts per minute, unstimu-
lated)/(counts per minute stimulated with PHA alone
- counts per minute, unstimulated controls) - 100. A
semilogarithmic relationship was found between dilu-
tion and %I. By applying the formula y = e7, with y =
log (dilution) and x = %I, each experiment was con-
verted to a linear regression curve of the form y = -ax
+ b. The regression coefficient was calculated and
considered as fitting the experimental results for val-
ues 1.10 < r < 0.90. From the experimental curve, the
dilution producing 25% inhibition was interpolated,
and the maximum inhibitory effect was extrapolated.

Direct cytotoxicity of each preparation was assayed
by simple trypan blue exclusion tests. Lymphocyte
viability was consistently found to be greater than 90%
even after 5 days of incubation with the inhibitory
products.

RESULTS
The technique of growing microorganisms on
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dialysis membranes is commonly used as a

method of collecting extracellular products, and
the ability to separate the products from intra-
cellular constituents depends on the degree of
cell lysis. To confirm that microbial lysis was

minimal by this technique, we determined UV
absorption profiles of S. intermedius prepara-

tions after exhaustive dialysis against distilled
water. A single peak of absorbance occurred at
275 nm, with minimal absorbance at 256 nm,
suggesting insignificant nucleic acid contamina-
tion and therefore negligible cell lysis (Fig. 1).

Initially, the extracellular products from 12
strains of Streptococcus mutans and 5 additional
species of oral bacteria were tested for their
ability to inhibit [3H]thymidine uptake by estab-
lished human fibroblastoid cell lines. The prod-
ucts were diluted at least 1:40 in MEM to pre-

vent pH or salt effects from interfering with the
assay. In addition, all samples were diluted so

that 2 ,ug of protein was added to each well.
When the %I was not greater than 15, the results
were regarded as insignificant. Only four strains
of S. mutans, AHT, BHT, 10449, and IB, ap-

peared to produce factors that significantly in-
hibited fibroblast proliferation as measured by
[3H]thymidine uptake (Table 1). In no instance
did products from all strains belonging to a given
serotype (2) cause inhibition. The bacterium
isolated from human dental plaque and classified
by the Communicable Disease Center (Atlanta,
Ga.) as S. intermedius consistently gave the
highest %I. Actinomyces viscosus but not A.
naeslundii produced substances that inhibited
proliferation of fibroblasts. The results for AV3
and HeLa cell lines were similar (only those for
HeLa cells are shown in Table 1).

0 H
C

Wavelength .nmr

FIG. 1. Wavelength profile of the dialyzed prepa-
ration from S. intermedius at (A) 0.42, (B) 0.26, (C)
0.18, and (D) 0.10 mg ofprotein per ml.

TABLE 1. Inhibition of ['Hithymidine uptake by
fibroblastoid cell lines and PHA-stimulated
lymphocytes in the presence of extracellular

products from various oral bacteria"
Inhibition (%)

Bacterial strain Sero- PHA-stimu-
type' FCL (AV3) lated lym-

phocytes

S. mutans AHT a 24 22
S. mutans OMZ 61 a --
S. mutans E49 a - 42
S. mutans BHT b 72 45
S. mutans Fa-I b - 16
S. mutans 10449 c 17 -

S. mutans GS5 c -

S. mutans IB c 22
S. mutans SL1 d - -

S. mutans OMZ 176 d - -

S. mutans LM7 e - -

S. mutans B2 e - -

S. intermedius 84 85
S. salivarius - 38
S. sanguis 10556 -

A. naeslundii 12164 - 69
A. viscosus M100 19 32

" Assayed in the presence of 2 ,ug of protein per well
as described in Materials and Methods. FCL, Fibro-
blastoid cell line.

"See reference 2.
-, Not significant (inhibition < 15%).

Sonic extracts of oral bacteria and plaque have
been shown previously to stimulate [3H]thymi-
dine uptake by Ficoll-Isopaque-purified human
mononuclear cells under certain conditions. Us-
ing PHA-stimulated lymphocytes as targets,
identical samples of the same preparations used
in the previous experiment with fibroblasts were
added to microtiter wells containing mononu-
clear cells, and the %I of [;3H]thymidine incor-
poration after blast transformation was calcu-
lated (Table 1). Preparations from S. mutans
strains AHT, E49, BHT, and Fa-1 caused signif-
icant inhibition. Again, S. intermedius products
were the most effective, with a correlation coef-
ficient for linear regression of 0.988. From the
experimental curve (Fig. 2), 210 ng of the S.
intermedius product gave 25% inhibition, and
approximately 2 ,ug was calculated to give com-
plete inhibition of [3H]thymidine uptake by
PHA-stimulated lymphocytes. Both A. naeslun-
dii and A. viscosus were able to inhibit thymi-
dine uptake, as was S. salivarius. Of particular
interest was the observation that S. mutans E49,
S. salivarius, and A. naeslundii appeared to
elaborate substances that inhibited blast trans-
formation of peripheral lymphocytes but lacked
the ability to inhibit fibroblasts.

Since all preparations were extensively di-
alyzed against phosphate-buffered saline, it was
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FIG. 2. Inhibitory activity of various dilutions of a
crude preparation (1X00 pg ofprotein per ml) of extra-
cellular products from S. intermedius, assayed in
cultures of PHA-stimulated human peripheral blood
lymphocytes.

not likely that the inhibition of the label was

due to competition with cold thymidine. In ad-
dition, the effect of the preparation from S.
intermedius on lymphocytes and fibroblasts has
been subjected to morphological and cytofluo-
rographic analysis. The results (manuscript in
preparation) indicate the absence of blast trans-
formation and decreased DNA and RNA syn-

thesis in both fresh human peripheral blood
lymphocytes and cultured lymphocytes and fi-
broblasts.

Partial purification of the inhibitory factor(s)
was achieved by passage of a sample of the crude
preparation from S. intermedius through a

Sephadex G-200 column. The chromatographic
profile (Fig. 3) revealed a single peak of biologi-
cal activity when the fractions were assayed for
the capacity to inhibit [3H]thymidine incorpo-
ration by fibroblasts or PHA-stimulated lym-
phocytes. The molecular weight of this fraction
was estimated to be approximately 160,000 by
comparison with the elution profiles of proteins
of known molecular weight. In addition, gel fil-
tration of the crude preparation on Ultragel
AcA34 (Fig. 3) provided a similar estimate for
the molecular weight of the biological activity.
To assess purity, both the crude S. interme-

dius preparation and concentrated fractions
from Sephadex G-200 possessing biological ac-

tivity were subjected to sodium dodecyl sulfate-
polyacrylamide slab gel electrophoresis. The re-

sulting protein pattern (Fig. 4) revealed the pres-

ence of about 40 proteins in the crude prepara-

tion and approximately 25 proteins in the G-200
fraction that exhibited biological activity.
Samples of the crude preparation from S. in-

termedius were placed at various temperatures
for 10 min. All samples were cooled in an ice

bath, diluted appropriately, and assayed for re-
sidual biological activity. As is evident from Fig.
5, the inhibitory activities for fibroblasts and for
PHA-stimulated lymphocytes had similar heat
lability profiles, in that the activity was retained
after heating at 50'C for 10 min but was lost at
temperatures above 700C.

DISCUSSION
Because of the apparent absence of 260-nm-

absorbing material in preparations from S. in-
termedius obtained by the dialysis membrane
technique, it appears unlikely that the inhibition
seen in these studies was caused by intracellular
metabolites resulting from bacteriolysis. In ad-
dition, the well-defined elution pattern from gel
filtration chromatography suggests that the in-
hibitor from this organism probably is not cap-
sular material or endotoxin. It should be noted,
however, that cell surface material may have
been present in our preparations. Until the in-
hibitory factors have been purified and charac-
terized, we have tentatively called our prepara-
tions "microbial products" in that microbial lysis
was not evident, control preparations harvested
under identical conditions but lacking microor-
ganisms did not exhibit biological activity, and
a well-defined population of proteins existed.

Current understanding of the etiology of per-
iodontal disease strongly implies that oral bac-
teria and/or their "products" play a decisive role
in the pathology of the disease. Despite the
popularity of this statement, very little attention
has been devoted to preparations of bacterial
products as a source of material for use in ex-
periments designed to answer fundamental ques-
tions concerning periodontal disease. As is evi-
dent from this communication, products from
oral bacteria are easily obtained without dena-
turing treatments and possess interesting biolog-
ical properties.
The pathology of gingivitis suggests that den-

tal plaque contains substances which exert a
destructive effect directly on the gingival epithe-
hum (5). Extracts of human dental plaque pre-
vent the growth of several types of mammalian
cells in culture (19). More recently, Levine et al.
(20) partially characterized the substances into
two fractions: one was heat labile at 1000C and
had a monomeric molecular weight of 30,000,
and the second was not inactivated by boiling.
We report the existence of extracellular products
from several oral bacteria that can alter the
growth of HeLa and AV3 cells. The extracellular
product from one of the bacteria, S. intermedius,
was heat labile and had a molecular weight of
approximately 160,000. Whether our bacterial
products are similar to the cytotoxic substances
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FIG. 3. Fractionation of inhibitory activity from a crude preparation of S. intermedius on Sephadex G-200

and Ultragel AcA34. Absorbancy at 280 nm (0) was analyzed for each fraction, and a sample ofeach fraction
was diluted 1:10 in MEM, sterilized by membrane filtration (Millipore Corp.), and assayed for inhibitory
capacity against PHA-stimulated lymphocytes (x) as described in the text. When AV3 fibroblasts were used
as target cells, thepeak of inhibitory activity obtained from both chromatographic columns was indistinguish-
able from the profile for the activity assayed against stimulated lymphocytes.

in human dental plaque reported by Levine et
al. (20) must await further investigation. The
association of dental plaque with gingivitis leads
to the speculation that the cytotoxic factors from
plaque may be involved in the initial tissue
destruction that permits entry of high-molecu-
lar-weight substances into the adjacent gingival
connective tissue. These factors may also be
involved in the destruction of collagen by in-
hibiting the ability of fibroblasts to synthesize
the amount of collagen needed to balance the

rate of collagen turnover. A better understand-
ing of these factors will be necessary to evaluate
the biological events occurring in the disease
state.
Of equal interest is the observation that oral

bacteria produce extracellular substances that
inhibit blast transformation of peripheral lym-
phocytes from normal individuals. Several in-
vestigators have used a variety of crude micro-
bial or plaque extracts for lymphocyte prolifer-
ation assays and have reported a stimulatory

I
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lymphocytes from normal individuals. All of
these investigations have used extremely crude
preparations consisting of extracts of whole bac-
teria or dental plaque, and thus it is difficult to
determine the nature of the stimulus. It is of
interest that in our experiments preparations
from S. intermedius added to unstimulated lym-
phocytes did not cause increased cell prolifera-
tion. In addition, viability (determined with try-
pan blue, 0.1%) of stimulated or unstimulated
lymphocytes incubated with the crude prepara-
tion from S. intermedius was consistently above
90%.
The ability of extracellular products from oral

bacteria to inhibit blast transformation of PHA-
stimulated lymphocytes suggests that microor-
ganisms within the oral cavity are capable of
altering the host's immune response. In this
study, the alteration resulted in the ability of
normal human lymphocytes to incorporate
[3H]thymidine into cellular constituents as a
result of PHA stimulation. In the case of S.
intermedius, the extracellular products inhibited
fibroblast growth as well as blast transformation.
On the other hand, A. naeslundii produced sub-
stances that inhibited the lymphocyte response
to PHA but had a negligible effect on fibroblast
proliferation. The greatest inhibitory activity
against either fibroblastoid cell lines or periph-
eral lymphocytes was obtained from prepara-
tions of S. intermedius. Purification of the inhib-
itory substances from this microorganism is

100-

FIG. 4. Coomassie brilliant blue staining for pro-
tein after sodium dodecyl sulfate-polyacrylamide gel
electrophoresis of the crude preparation (A) and the
biologically active fraction from Sephadex G-200 (B,
C) from S. intermedius.

effect with peripheral lymphocytes from pa-

tients with gingivitis or mild periodontitis,
whereas no significant proliferative response was
observed with lymphocytes derived from pa-

tients with severe periodontal disease or normal
controls (1, 7, 9, 10, 12, 13, 25, 26). Kiger et al.
(17), however, reported the transformation of

c

0

-a
-c

0C
ZS

8o

60

40-

20-

r

x_ -_-x

lymphocytes

40 60

Temperature C

FIG. 5. Effect ofheat on biological activity ofsam-
ples from the crude S. intermedius preparation. Sam-
ples were heated at each temperature for 10 min,
cooled to 40C, and assayed for residual inhibitory
capacity against AV3 fibroblasts (0) and PHA-stim-
ulated lymphocytes (x).
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being pursued, and it is reasonable to assume
that both target cells are affected by the same
inhibitory substance, in that the biological activ-
ities could not be distinguished by gel filtration
or differential heat lability.
The evidence presented herein indicates that

a variety of oral bacteria are capable of elabo-
rating substances that inhibit the proliferation
of human fibroblastoid cell lines and stimulated
human lymphocytes. Initial characterization of
one of the inhibitors suggests that the factors
are heat labile and are relatively high-molecular-
weight material. These substances may be exo-
toxins that have not been described previously;
however, their biochemical characterization
must await further investigation. It is interesting
to speculate on their role in the healthy human
oral cavity, but this role, if any, and any possible
role in the pathogenesis of gingivitis or periodon-
tal disease remain conjectural.
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