




BACTEROIDES LPS INDUCE IL-1-IL-6 IN FIBROBLASTS
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FIG. 1. Induction of TAF in human gingival fibroblast cultures
by various LPS. Confluent monolayer cultures of GF-2 cells were
incubated with LPS specimens at 10 ,ug/ml for 24 h. TAF activities
in diluted (1:8) CF and CA specimens were measured in terms of a
comitogenic effect on thymocytes (1.5 x 106/200 ,ul per culture) from
C3H/HeJ mice in the presence of PHA at 1 ,ug/ml. The amounts of
radioactivity incorporated in control cultures with medium alone
and with PHA alone were 250 + 16 and 2,383 + 39 dpm, respec-
tively. Differences between the control (PHA-alone) and test groups
were significant at P < 0.01 (**) by t test.

in eliciting TAF in fibroblast cultures. Thus, we used mainly
B. intermedius LPS as the stimulant in the following studies.
Figure 2 shows a representative example of the dose-re-
sponse relationship for TAF-inducing activity of B. interme-
dius LPS. At a concentration of 0.01 ,ug/ml, LPS still
exhibited CF TAF activity, and the activity increased lin-
early and was dependent on the increase in the LPS dose up
to a concentration of 100 ,ug/ml. However, the activity
obtained at an LPS concentration of 1,000 ,ug/ml declined
sharply, probably because of toxic effects of the high con-
centration of B. intermedius LPS in the CF specimen on
thymocytes. By contrast, the minimum concentration of B.
intermedius LPS to induce CA TAF was higher (.10 ,ug/ml)
than that required to induce CF TAF. Therefore, LPS
concentrations of 10 to 100 ,ug/ml were used in the following
experiments. It must be noted here that all of the LPS at
concentrations possibly present in the CF specimens of the
fibroblast cultures exhibited only marginal TAF activities
(stimulation index, <1.5) under the assay conditions used
(data not shown). We then examined the influence of the
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FIG. 2. Representative dose-response patterns of CF and CA
TAF induced by B. intermedius LPS in human gingival fibroblast
cultures. GF-2 cells were incubated with 0.01 to 1,000 jig of B.
intermedius LPS per ml for 24 h. TAF activity was measured as

described in the legend to Fig. 1. The amounts of radioactivity
incorporated in control cultures with medium alone and with PHA
alone were 98 + 9 and 1,198 + 92 dpm, respectively. Differences
from the control (PHA alone) were significant at P < 0.01 (**).
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FIG. 3. Induction of IL-6 in human gingival fibroblast cultures by
various LPS. Confluent monolayers of GF-4 cells were incubated
with 1, 10, or 100 ,ug of LPS specimens per ml for 24 h. A series of
diluted CF specimens were examined for growth-enhancing activity
on MH60.BSF2 cells. IL-6 activity was calculated on the basis of a
standard curve of rHuIL-6. The standard error of the [3H]thymidine
incorporated by MH60.BSF2 cells in each triplicate culture was less
than 10% of the respective mean value.

time of fibroblast culture incubation with B. intermedius LPS
on TAF production. Significant TAF activity was detected
from 8 to 48 h of incubation (data not shown), and 24 h of
cultivation was chosen for the following experiments.
Human gingival fibroblasts (GF-1 to GF-4) isolated from

four patients and human SF-TY skin fibroblasts were incu-
bated with B. intermedius LPS at 0.1 to 100 ,ug/ml. All of the
fibroblasts examined responded to the LPS and generated
CF and CA TAF, although some fluctuation in the levels of
TAF synthesized was noted (data not shown).

Productivity of IL-2 and IL-6 in fibroblast cultures. Neither
CF nor CA specimens from fibroblast cultures that had been
stimulated with B. intermedius LPS (0.1 to 100 jig/ml)
promoted growth of IL-2-dependent CTLL-2 cells (data not
shown), which suggests that the fibroblasts did not produce
IL-2. On the other hand, the CF specimens prepared under
the conditions described in the legend to Fig. 1 exhibited
significant growth-enhancing activity on MH60.BSF2 cells,
i.e., IL-6 activity (Fig. 3). In particular, LPS from Bacteroi-
des species induced pronounced IL-6 activity. LPS from A.
actinomycetemcomitans also induced strong IL-6 activity,
while LPS from members of the family Enterobacteriaceae
induced only weak IL-6 production. It must be noted here
that these LPS did not induce MH60.BSF2 cell proliferation
and IL-6 induction by LPS specimens did not necessarily
correlate with TAF-inducing ability (Fig. 1 and 3). The IL-6
activity demonstrated in CA specimens was less than 5% of
that of the corresponding CF specimens.

Neutralization assays using specific antisera. To identify the
active entities ofTAF in fibroblast cultures, neutralization of
TAF activity was attempted by using authentic antisera to
rHuIL-la, rHuIL-1p, and rHuIL-6. Anti-rHuIL-1l and anti-
rHuIL-6 each partially inhibited CF TAF activity derived
from fibroblasts stimulated with B. intermedius LPS (Fig. 4),
but a mixture of the two antisera did not inhibit CF TAF
completely (data not shown). On the other hand, CA TAF
from the same fibroblast cultures was scarcely inhibited by
antisera to rHuIL-13 and rHuIL-6 (Fig. 4). However, anti-
rHuIL-la almost completely inhibited CA TAF but scarcely
inhibited CF TAF activity. The membrane-bound TAF ac-
tivity on Formalin-fixed fibroblasts stimulated with B. inter-
medius LPS or rHuTNF was also inhibited markedly by
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FIG. 4. Inhibitory effect of antisera to rHuIL-la, rHuIL-1f, and
rHuIL-6 on fibroblast-derived TAF activity. CF and CA TAF
specimens prepared from GF-2 cells stimulated with 100 ,ug of B.
intermedius LPS per ml were preincubated with rabbit anti-
rHuIL-la serum (diluted 100-fold), anti-rHuIL-lp serum (diluted
200-fold), or goat anti-rHuIL-6 serum (diluted 1,000-fold) at 37°C for
1 h. The TAF activities of the treated specimens were then mea-
sured as described in the legend to Fig. 1. The amounts of radioac-
tivity incorporated in the control cultures with medium alone and
PHA alone were 233 + 22 and 761 ± 61 dpm, respectively.
Differences from the respective controls (nontreated specimens)
were significant at P < 0.01 (**) and P < 0.05 (*).
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anti-rHuIL-lot (data not shown). In this experiment, TAF
activities on fixed fibroblasts, irrespective of stimulation of
the cells or lack thereof, were inhibited to similar levels. The
levels were still higher than the level of the PHA-alone
control (data not shown).
rHuIL-6 exhibited very weak TAF activity, even when

500 U/ml was used, while it enhanced the TAF activity of
rHuIL-lp significantly (Fig. 5). The TAF activity induced by
rHuIL-l, plus rHuIL-6 was completely inhibited by anti-
rHuIL-lp (Fig. SA). By contrast, TAF activity was reduced
to the level induced by rHuIL-l,B alone by treatment with
anti-rHuIL-6 (Fig. SB).

Addition of a monoclonal antibody to MuIL-2R to the
thymocyte assay system almost completely abrogated the
fibroblast-derived CF and CA TAF activities (Table 1).
Under the same experimental conditions, the TAF activities
of rHuIL-6, rHuIL-la, and rHuIL-lp were also inhibited
similarly.

Effects of IFNs on TAF production by fibroblasts. No
significant TAF activity was induced in CF and CA speci-
mens when human GF-4 gingival fibroblast cells were treated
with nHuIFN-ao, nHuIFN-,, or nHuIFN-y for 24 h (Fig. 6).
Furthermore, combined stimulation of GF-4 cells with
nHuIFN-a, nHuIFN-P, or nHuIFN--y and B. intermedius
LPS did not modulate TAF production by fibroblasts in-
duced by B. intermedius LPS alone (Fig. 6). However,
fibroblasts that had been primed with 100 to 1,000 U of
nHuIFN-P or nHuIFN--y per ml produced significantly
higher CA TAF activity upon stimulation with B. interme-
dius LPS, while nHuIFN-a showed no priming effect under
these experimental conditions (Fig. 7). rHuTNF also in-
duced CA TAF in fibroblast cultures, while priming of the
fibroblasts with nHuIFN-a, nHuIFN-,B, or nHuIFN-y did
not modulate TAF production in fibroblasts in response to
rHuTNF (data not shown). The active entity of CA TAF
produced by fibroblasts in response to these stimuli was
revealed to be rIL-la, since only anti-rHuIL-la abrogated
TAF activity completely (Fig. 8).

Involvement of IFN-13 in production of CA TAF by fibro-
blasts stimulated with B. intermedius LPS. GF-4 cells were
stimulated with B. intermedius LPS or rHuTNF with or
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FIG. 5. Synergistic induction of TAF activity by rHuIL-11 and
rHuIL-6 and specific inhibition by antibodies. The TAF activities of
rHuIL-l1 (2.5 U/ml), rHuIL-6 (50 or 500 U/ml), and their mixtures
were measured as described in the legend to Fig. 1. Simultaneously,
test specimens were preincubated with rabbit anti-rHuL-1 (1:100)
(A) or goat anti-rHuIL-6 (1:1,000) (B) at 37°C for 1 h, and the TAF
activities of the treated specimens were compared with those of the
corresponding nontreated specimens. The amounts of radioactivity
incorporated in the control cultures with medium alone and PHA
alone were 271 + 25 and 1,675 + 110 dpm, respectively. Differences
from the negative (PHA-alone) and positive (nontreated-specimen)
controls were significant at P < 0.01 (** and + +) and P < 0.05 (*),

respectively.

without antiserum to nHuIFN-p. Anti-nHuIFN-,B inhibited
CA TAF production by fibroblasts stimulated with B. inter-
medius LPS in a dose-dependent manner, while the antise-
rum did not inhibit TAF activity induced by rHuTNF (Fig.
9). This suggested that stimulation by LPS induced IFN-P
endogenously within the fibroblasts, which in turn stimu-
lated synthesis of IL-la and other cytokines secondarily for
expression of TAF.

DISCUSSION
We have shown here that Bacteroides LPS stimulated

TAF production in human gingival fibroblast cultures extra-
cellularly and in a CA form (Fig. 1). CA TAF was suggested
to be membrane-associated IL-1. Le et al. (31) first reported
that human foreskin fibroblasts could produce membrane-
associated IL-1 in response to TNF. Kurt-Jones et al. (28)
also showed that TNF induced membrane IL-1 in human
dermal fibroblast cultures, while LPS from E. coli did not
induce IL-1 activity under the same conditions. In our study,
we confirmed that rHuTNF induced CA TAF or membrane
IL-la. We also showed that LPS from members of the family
Enterobacteriaceae scarcely induced TAF (Fig. 1), which
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Stimulation Index

Antiserum

* None
O Anti-HulL-6 1:1000

-1

y
s

-
s
r
n

INFECT. IMMUN.

2220 **
W.. 0

ffill".1 m
==3- M

fiififiW m

 on S
eptem

ber 17, 2019 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/


BACTEROIDES LPS INDUCE IL-1-IL-6 IN FIBROBLASTS

TABLE 1. Inhibition of fibroblast-derived TAF by monoclonal
antibody to MuIL-2R

Mean (-SE) radioactivity (dpm)'
Test material Without anti- With anti-
(concn [U/mi]) MuIL2R MuIL2R

MAb MAb

CF 1,831 ± 167 628 ± 33b
CA 1,951 ± 238 549 ± 69b
rHuIL-la (2.5) 3,965 ± 395 555 ± 52b
rHuIL-1i (2.5) 4,242 ± 444 563 ± 69b
rHuIL-6 (500) 2,009 ± 73 489 ± 59b
None 856 ± 79 549 ± 32c

a CF and CA specimens (diluted 1:8) from GF-2 fibroblasts stimulated with
B. intermedium LPS (100 iLg/ml) and reference cytokines were tested by TAF
assay with or without diluted (1:4) culture supematant of 7D4 cells releasing
monoclonal antibody to MuIL-2R. The amounts of [3H]thymidine radioactiv-
ity incorporated into murine thymocytes are shown.

b Inhibition caused by addition of antibody was significant at P < 0.01.
c Inhibition caused by addition of antibody was significant at P < 0.05.

confirms the finding by Kurt-Jones et al. (28). TAF-inducing
activity might be a property unique to Bacteroides LPS,
which have been reported to exhibit atypical biological
activities, unlike the classical LPS of members of the family
Enterobacteriaceae. These activities may be dependent
upon the unique chemical structure of Bacteroides LPS
(reviewed in reference 15). However, the moiety of Bac-
teroides LPS responsible for TAF-inducing activity in fibro-
blast cultures is unknown. We confirmed that E. coli LPS
induces IL-6 in fibroblast cultures, as reported by Helfgott et
al. (17). Furthermore, we found that LPS from oral Bacteroi-
des species and A. actinomycetemcomitans induced higher
IL-6 activities in gingival fibroblast cultures than did LPS
from other bacterial species, including members of the
family Enterobacteriaceae and F. nucleatum (Fig. 3), al-
though A. actinomycetemcomitans LPS is biologically and
immunochemically characteristic of members of the family
Enterobacteriaceae (37). This discrepancy remains to be
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FIG. 7. Priming effect of nHuIFN-a, nHuIFN-P, or nHuIFN--y
on TAF production by fibroblasts upon stimulation by B. interme-
dius LPS. GF-4 cells were primed with nHuIFN-a, nHuIFN-13, or
nHuIFN--y for 24 h, followed by stimulation with B. intermedius
LPS (100 ,ug/ml) for 24 h. TAF activities of CF and CA specimens
were measured as described in the legend to Fig. 1. The amounts of
radioactivity incorporated in the control cultures with medium alone
and PHA alone were 187 ± 6 and 1,496 ± 56 dpm, respectively.
Differences from the negative (PHA-alone) and positive (nonprimed
and LPS-stimulated) controls were significant at P < 0.01 (** and
++) and P < 0.05 (+), respectively.

elucidated. In this regard, the LPS used in this study did not
contain detectable amount of protein (8, 10, 14, 27, 37, 42).

Neutralization assays using authentic antisera to rHuIL-
la, rHuIL-1p, and rHuIL-6 have demonstrated that CF and
CA TAF are ascribed mainly to IL-13-IL-6 and IL-la,
respectively (Fig. 4). Experiments using recombinant cytok-
ines showed that IL-6 itself exhibited no significant TAF
activity, even at high concentrations (up to 500 U/ml) (Fig.
5). This concentration had the same IL-6 activity as an
undiluted CF specimen of fibroblast cultures stimulated by
B. intermedius LPS at 100 jtg/ml. rHuIL-6, however, aug-
mented the TAF activity ofrHuIL-lp (Fig. 5). In this regard,
the TAF activity induced by rHuIL-l plus rHuIL-6 was
completely inhibited by anti-rHuIL-l but only partially by
anti-rHuIL-6 (Fig. 5). These findings, together with the
results of neutralization assays, suggested that CF TAF was
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effects of nHuIFN-a, nHuIFN-P, and
nHuIFN-y on TAF production by fibroblasts in response to B.
intermedius LPS. GF-4 cells were stimulated with B. intermedius
LPS (100 ,ug/ml) together with nHuIFN-a, nHuIFN-P, or nHuIFN--y
for 24 h. TAF activities of CF and CA specimens were measured as
described in the legend to Fig. 1. The amounts of radioactivity
incorporated in the control cultures with medium alone and PHA
alone were 127 4 and 997 37 dpm, respectively. Differences
from the control (PHA alone) were significant at P < 0.01 (**) and
P < 0.05 (*).
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FIG. 8. Inhibitory effects of antisera to rHuIL-la, rHuIL-l,
and rHuIL-6 on fibroblast-derived TAF activity. CF and CA TAF
specimens prepared from GF-4 cells that had been stimulated with
rHuTNF (1,000 U/ml), nHuIFN-P (1,999 U/ml) (followed by B.
intermedius LPS at 100 F±g/ml), or rHuIFN--y (1,000 U/ml) (followed
by B. intermedius LPS at 1,000 ,ug/ml). The specimens were treated
with antisera, and TAF activity was measured as described in the
legend to Fig. 4. The amounts of radioactivity incorporated in the
control cultures with medium alone and PHA alone were 212 ± 17
and 1,999 ± 8 dpm, respectively. Differences from the respective
controls (nontreated specimens) were significant at P < 0.01 (**).
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FIG. 9. Involvement of endogenous IFN-P in TAF production
by fibroblasts stimulated with B. intermedius LPS. GF-4 cells were

stimulated with B. intermedius LPS (100 Fig/ml) or rHuTNF (1,000
U/ml) for 24 h with or without antiserum to nHuIFN-,B (diluted
1:1,000 or 1:200). CA TAF, i.e., IL-la, was then measured as

described in the legend to Fig. 1. The amounts of radioactivity
incorporated in the control cultures with medium alone and PHA
alone were 409 ± 30 and 580 ± 40 dpm, respectively. Differences
from the respective controls (without the antibody) were significant
at P < 0.01 (**).

attributed mainly to IL-1B and that the IL-6 in the CF
specimen only augmented the TAF activity of IL-1p. It
should be noted here that unknown factors other than IL-lp
and IL-6 might be involved in CF TAF, because treatment
with anti-rHuIL-l,B and anti-rHuIL-6 did not completely
neutralize the TAF activity of the CF specimen (Fig. 4).
Le et al. (30) reported that HuIL-6 exhibited TAF activity.

This activity was evident in the presence of the higher
concentrations of PHA, while the activity became less
marked at lower PHA concentrations. In addition, the max-
imum TAF activity induced by IL-6 was usually obtained in
smaller populations of thymocytes (usually 1 x 105 to 5 x
105 cells per well) than those used under the assay conditions
(1.5 x 106 cells per well) used in this study. Therefore, it
might be reasonable that HuIL-6 exhibited only marginal
TAF activity in our assay system. By contrast, synergistic
TAF activity of IL-6 and IL-1 was clearly demonstrated
(Fig. 5). In this regard, Le et al. (30) reported that HuIL-6
exhibited TAF activity through IL-2-dependent and -inde-
pendent pathways. In our assays, however, test specimens
including rHuIL-6 exhibited TAF activity via IL-2R, since
the monoclonal antibody to MuIL-2R almost completely
abrogated the activity of fibroblast-derived TAF (Table 1).
Ample evidence indicates that IFNs modulate production

of IL-1 in the supernatants of stimulated human peripheral
monocytes (1, 11, 22). Furthermore, Miossec and Ziff (36)
showed that HuIFN--y enhanced IL-1 production by human
endothelial cells stimulated with LPS. In this study, we
discovered that HuIFN-P and HuIFN--y prime human fibro-
blasts to enhance production of CA IL-la by stimulation of
LPS (Fig. 7). In addition, IFN-1 appears to be involved in
IL-la production by fibroblasts stimulated with B. interme-
dius LPS (Fig. 9). These findings suggest the presence of
autocrine and paracrine regulatory mechanisms of mem-
brane-associated IL-1 production by fibroblasts.
Both IL-1 and IL-6 are known to mediate local inflamma-

tory reactions (3, 5, 26). Furthermore, IL-1 has been shown
to stimulate fibroblasts to produce IL-1 itself (34) and other
cytokines, such as colony-stimulating factors (7), IL-6 (43),
and neutrophil-activating protein-IL-8 (29). As mentioned
above, IL-1 also promotes proliferation of fibroblasts and

generation of various matrices and enzymes by fibroblasts.
IL-6, on the other hand, might be involved in the develop-
ment of B-cell lesions through induction of final maturation
of B cells (26). Collectively, fibroblasts may play important
roles in the initiation, development, and healing of local
inflammation through production of these cytokines. Black-
pigmented oral Bacteroides species are predominant in the
subgingival dental plaque of patients with adult periodontitis
(6, 41, 44). Thus, LPS from these bacterial species can
stimulate gingival fibroblasts and various inflammatory-im-
munocompetent cells, which in turn induce inflammation-
mediating cytokines, finally resulting in establishment of
chronic, localized inflammatory lesions.

ACKNOWLEDGMENTS

We thank T. Fujiwara (Osaka University Faculty of Dentistry)
and T. Nishihara (N.I.H.-Tokyo) for kindly providing several LPS
preparations from Bacteroides species and A. actinomycetemcomi-
tans. We are also grateful to H. Yamauchi, C. Adachi, and I.
Nakagawa (Osaka University Faculty of Dentistry) for assistance
during this study.

REFERENCES
1. Arenzana-Seisdedos, F., J. L. Virelizier, and W. Fiers. 1985.

Interferons as macrophage-activating factors. III. Preferential
effects of interferon--y on the interleukin 1 secretory potential of
fresh or aged human monocytes. J. Immunol. 134:2444-2448.

2. Bartold, P. M. 1988. The effect of interleukin lp on proteogly-
cans synthesized by human gingival fibroblasts in vitro. Con-
nect. Tissue Res. 17:287-304.

3. Bendtzen, K. 1988. Interleukin 1, interleukin 6 and tumor
necrosis factor in infection, inflammation and immunity. Immu-
nol. Lett. 19:183-192.

4. Dayer, J.-M., C. Zavadil-Grob, C. Ucla, and B. Mach. 1984.
Induction of human interleukin 1 mRNA measured by collage-
nase- and prostaglandin E2-stimulating activity in rheumatoid
synovial cells. Eur. J. Immunol. 14:898-901.

5. Dinarello, C. A. 1989. Interleukin-1 and its biologically related
cytokines. Adv. Immunol. 44:153-205.

6. Dzink, J. L., S. S. Socransky, and A. D. Haffajee. 1988. The
predominant cultivable microbiota of active and inactive lesions
of destructive periodontal diseases. J. Clin. Periodontol. 15:
316-323.

7. Fibbe, W. E., J. Van Damme, A. Billiau, N. Duinkerken, E.
Lurvink, P. Ralph, B. W. Altrock, K. Kaushansky, R. Willemze,
and J. H. F. Falkenburg. 1988. Human fibroblasts produce
granulocyte-CSF, macrophage-CSF, and granulocyte-macro-
phage-CSF following stimulation by interleukin-1 and
poly(rI) poly(rC). Blood 72:860-866.

8. Fujiwara, T., T. Nishihara, T. Koga, and S. Hamada. 1988.
Serological properties and immunobiological activities of lipo-
polysaccharides from black-pigmented and related oral Bac-
teroides species. J. Gen. Microbiol. 134:2867-2876.

9. Furutani, Y., M. Notake, M. Yamayoshi, J. Yamagishi, H.
Nomura, M. Ohue, R. Furuta, T. Fukui, M. Yamada, and S.
Nakamura. 1985. Cloning and characterization of the cDNAs for
human and rabbit interleukin-1 precursor. Nucleic Acids Res.
13:5869-5882.

10. Galanos, C., 0. Luderitz, and 0. Westphal. 1979. Preparation
and properties of a standardized lipopolysaccharide from Sal-
monella abortus equi (Novo-Pyrexal). Zentralbl. Bakteriol.
Abt. 1 Orig. A 243:226-244.

11. Gerrard, T. L., J. P. Siegel, D. R. Dyer, and K. C. Zoon. 1987.
Differential effects of interferon-a and interferon--y on interleu-
kin 1 secretion by monocytes. J. Immunol. 138:2535-2540.

12. Gillis, S., M. M. Ferm, W. Ou, and K. A. Smith. 1978. T cell
growth factor: parameters of production and a quantitative
microassay for activity. J. Immunol. 120:2027-2032.

13. Goldring, M. B., and S. M. Krane. 1987. Modulation by recom-
binant interleukin 1 of synthesis of type I and III collagens and
associated procollagen mRNA levels in cultured human cells. J.

INFECT. IMMUN.

 on S
eptem

ber 17, 2019 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/


BACTEROIDES LPS INDUCE IL-1-IL-6 IN FIBROBLASTS

Biol. Chem. 262:16724-16729.
14. Hamada, S., T. Koga, T. Nishihara, T. Fujiwara, and N.

Okahashi. 1988. Characterization and immunobiological activi-
ties of lipopolysaccharides from periodontal bacteria. Adv.
Dent. Res. 2:284-291.

15. Hamada, S., H. Takada, T. Ogawa, T. Fujiwara, and J. Mihara.
1990. Lipopolysaccharides of oral anaerobes associated with
chronic inflammation: chemical and immunomodulating proper-
ties. Int. Rev. Immunol. 6:247-261.

16. Hanazawa, S., K. Hirose, Y. Ohmori, S. Amano, and S. Kitano.
1988. Bacteroides gingivalis fimbriae stimulate production of
thymocyte-activating factor by human gingival fibroblasts. In-
fect. Immun. 56:272-274.

17. Helfgott, D. C., L. T. May, Z. Sthoeger, I. Tamm, and P. B.
Sehgal. 1987. Bacterial lipopolysaccharide (endotoxin) enhances
expression and secretion of 2 interferon by human fibroblasts.
J. Exp. Med. 166:1300-1309.

18. Hirai, Y., Y. Masui, S. Nakai, Y. Kikumoto, T. Nishida, and
Y.-M. Hong. 1988. Interleukin 1: cDNA cloning, production and
biological activities of human interleukin 1. Gann Monogr.
Cancer Res. 34:155-166.

19. Hirano, T., T. Matsuda, K. Hosoi, A. Okano, H. Matsui, and T.
Kishimoto. 1988. Absence of antiviral activity in recombinant B
cell stimulatory factor 2 (BSF-2). Immunol. Lett. 17:41-45.

20. Hirano, T., T. Taga, N. Nakano, K. Yasukawa, S. Kashiwamura,
K. Shimizu, K. Nakajima, K. H. Pyun, and T. Kishimoto. 1985.
Purification to homogeneity and characterization of human
B-cell cell differentiation factor (BCDF or BSFp-2). Proc. Natl.
Acad. Sci. USA 82:5490-5494.

21. Hirano, T., K. Yasukawa, H. Harada, T. Taga, Y. Watanabe, T.
Matsuda, S. Kashiwamura, K. Nakajima, K. Koyama, A. Iwa-
matsu, S. Tsunasawa, F. Sakiyama, H. Matsui, Y. Takahara, T.
Taniguchi, and T. Kishimoto. 1986. Complementary DNA for a
novel human interleukin (BSF-2) that induces B lymphocytes to
produce immunoglobulin. Nature (London) 324:73-76.

22. Holter, W., C. K. Goldman, L. Casabo, D. L. Nelson, W. C.
Greene, and T. A. Waldmann. 1987. Expression of functional IL
2 receptors by lipopolysaccharide and interferon-y stimulated
human monocytes. J. Immunol. 138:2917-2922.

23. Iribe, H., T. Koga, S. Kotani, S. Kusumoto, and T. Shiba. 1983.
Stimulating effect of MDP and its adjuvant-active analogues on
guinea pig fibroblasts for the production of thymocyte-activating
factor. J. Exp. Med. 157:2190-2195.

24. Jandinski, J. J. 1988. Osteoclast activating factor is now inter-
leukin-1 beta: historical perspective and biological implications.
J. Oral Pathol. 17:145-152.

25. Kikumoto, Y., Y.-M. Hong, T. Nishida, S. Nakai, Y. Masui, and
Y. Hirai. 1987. Purification and characterization of recombinant
human interleukin-113 produced in Escherichia coli. Biochem.
Biophys. Res. Commun. 147:315-321.

26. Kishimoto, T. 1989. The biology of interleukin-6. Blood 74:1-10.
27. Koga, T., T. Nishihara, T. Fujiwara, T. Nisizawa, N. Okahashi,

T. Noguchi, and S. Hamada. 1985. Biochemical and immunobi-
ological properties of lipopolysaccharide (LPS) from Bacteroi-
des gingivalis and comparison with LPS from Escherichia coli.
Infect. Immun. 47:638-647.

28. Kurt-Jones, E. A., W. Fiers, and J. S. Pober. 1987. Membrane
interleukin 1 induction on human endothelial cells and dermal
fibroblasts. J. Immunol. 139:2317-2324.

29. Larsen, C. G., A. 0. Anderson, J. J. Oppenheim, and K.
Matsushima. 1989. Production of interleukin-8 by human dermal
fibroblasts and keratinocytes in response to interleukin-1 or
tumour necrosis factor. Immunology 68:31-36.

30. Le, J., G. Fredrickson, L. F. L. Reis, T. Diamanstein, T. Hirano,
T. Kishimoto, and J. Vil&k. 1988. Interleukin 2-dependent and
interleukin 2-independent pathways of regulation of thymocyte
function by interleukin 6. Proc. Natl. Acad. Sci. USA 85:8643-

8647.
31. Le, J., D. Weinstein, U. Gubler, and J. Vilcek. 1987. Induction of

membrane-associated interleukin 1 by tumor necrosis factor in
human fibroblasts. J. Immunol. 138:2137-2142.

32. Malek, T. R., R. J. Robb, and E. M. Shevach. 1983. Identifica-
tion and initial characterization of a rat monoclonal antibody
reactive with the murine interleukin 2 receptor-ligand complex.
Proc. Natl. Acad. Sci. USA 80:5694-5698.

33. Matsuda, T., T. Hirano, and T. Kishimoto. 1988. Establishment
of an interleukin 6 (IL 6)/B cell stimulatory factor 2-dependent
cell line and preparation of anti-IL 6 monoclonal antibodies.
Eur. J. Immunol. 18:951-956.

34. Mauviel, A., N. Temime, D. Charron, G. Loyau, and J.-P. Pujol.
1988. Interleukin-la and 1B induce interleukin-lp gene expres-
sion in human dermal fibroblasts. Biochem. Biophys. Res.
Commun. 156:1209-1214.

35. Meikle, M. C., J. K. Heath, and J. J. Reynolds. 1986. Advances
in understanding cell interactions in tissue resorption. Rele-
vance to the pathogenesis of periodontal diseases and a new
hypothesis. J. Oral Pathol. 15:239-250.

36. Miossec, P., and M. Ziff. 1986. Immune interferon enhances the
production of interleukin 1 by human endothelial cells stimu-
lated with lipopolysaccharide. J. Immunol. 137:2848-2852.

37. Nishihara, T., T. Fujiwara, T. Koga, and S. Hamada. 1986.
Chemical composition and immunobiological properties of li-
popolysacharide and lipid-associated proteoglycan from Actino-
bacillus actinomycetemcomitans. J. Periodontal Res. 21:521-
530.

38. Ohmori, Y., S. Hanazawa, S. Amano, T. Miyoshi, K. Hirose, and
S. Kitano. 1987. Spontaneous production of thymocyte-activat-
ing factor by human gingival fibroblasts and its autoregulatory
effect on their proliferation. Infect. Immun. 55:947-954.

39. Postlethwaite, A. E., L. B. Lachman, C. L. Mainardi, and A. H.
Kang. 1983. Interleukin 1 stimulation of collagenase production
by cultured fibroblasts. J. Exp. Med. 157:801-806.

40. Schmidt, J. A., S. B. Mizel, D. Cohen, and I. Green. 1982.
Interleukin 1, a potential regulator of fibroblast proliferation. J.
Immunol. 128:2177-2182.

41. Slots, J., and M. A. Listgarten. 1988. Bacteroides gingivalis,
Bacteroides intermedius and Actinobacillus actinomycetem-
comitans in human periodontal diseases. J. Clin. Periodontol.
15:85-93.

41a.Takada, H., J. Mihara, I. Morisaki, and S. Hamada. Unpub-
lished data.

42. Takada, H., T. Ogawa, F. Yoshimura, K. Otsuka, S. Kokeguchi,
K. Kato, T. Umemoto, and S. Kotani. 1988. Immunobiological
activities of a porin fraction isolated from Fusobacterium nu-
cleatum ATCC 10953. Infect. Immun. 56:855-863.

43. Van Damme, J., S. Cayphas, G. Opdenakker, A. Billiau, and J.
V. Snick. 1987. Interleukin 1 and poly(rI) * poly(rC) induce
production of a hybridoma growth factor by human fibroblasts.
Eur. J. Immunol. 17:1-7.

44. Van Winkelhoff, A. J., T. J. M. van Steenbergen, and J. de
Graaff. 1988. The role of black-pigmented Bacteroides in human
oral infections. J. Clin. Periodontol. 15:145-155.

45. Wahl, S. M., and L. M. Wahl. 1981. Modulation of fibroblast
growth and function by monokines and lymphokines. Lymphok-
ines 2:179-201.

46. Westphal, O., 0. Luderitz, and F. Bister. 1952. Uber die
Extraktion von Bakterien mit Phenol/Wasser. Z. Naturforsch.
Teil B 7:148-155.

47. Yamada, M., Y. Furutani, M. Notake, J. Yamagishi, M. Yamay-
oshi, T. Fukui, H. Nomura, M. Komiya, J. Kuwashima, K.
Nakano, Y. Sohmura, and S. Nakamura. 1985. Efficient produc-
tion of human tumour necrosis factor in Escherichia coli. J.
Biotechnol. 3:141-153.

VOL. 59, 1991 301

 on S
eptem

ber 17, 2019 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/

