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FIG. 4. Inhibitory effect of antisera to rHulL-1a, rHulL-1B, and
rHulL-6 on fibroblast-derived TAF activity. CF and CA TAF
specimens prepared from GF-2 cells stimulated with 100 pg of B.
intermedius LPS per ml were preincubated with rabbit anti-
rHulL-1a serum (diluted 100-fold), anti-rHulL-18 serum (diluted
200-fold), or goat anti-rHulIL-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 (*).

anti-rHulL-1a (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).

rHulL-6 exhibited very weak TAF activity, even when
500 U/ml was used, while it enhanced the TAF activity of
rHulL-1B significantly (Fig. 5). The TAF activity induced by
rHulL-18 plus rHullL.-6 was completely inhibited by anti-
rHulL-1B (Fig. SA). By contrast, TAF activity was reduced
to the level induced by rHulL-1B alone by treatment with
anti-rHulL-6 (Fig. 5B).

Addition of a monoclonal antibody to MulL-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 rHulL-6, rHulL-la, and rHulL-18 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 nHulFN-a, nHulFN-B, or nHuIFN-v for 24 h (Fig. 6).
Furthermore, combined stimulation of GF-4 cells with
nHulFN-a, nHulFN-B, or nHulFN-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-8 or nHulFN-y per ml produced significantly
higher CA TAF activity upon stimulation with B. interme-
dius LPS, while nHulFN-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 nHulFN-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-1a, since only anti-rHulL-la abrogated
TAF activity completely (Fig. 8).

Involvement of IFN-B 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 rHulL-18 and
rHulL-6 and specific inhibition by antibodies. The TAF activities of
rHulL-18 (2.5 U/ml), rHulIL-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-18 (1:100)
(A) or goat anti-rHulL-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 nHuIlFN-B. 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-B
endogenously within the fibroblasts, which in turn stimu-
lated synthesis of IL-1a 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-1a. We also showed that LPS from members of the family
Enterobacteriaceae scarcely induced TAF (Fig. 1), which
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TABLE 1. Inhibition of fibroblast-derived TAF by monoclonal
antibody to MulL-2R

Mean (+SE) radioactivity (dpm)*

Test material

(conen [U/mi) vyl Ml 38
MADb MAb

CF 1,831 + 167 628 + 33°
CA 1,951 + 238 549 + 69°
rHulL-1a (2.5) 3,965 + 395 555 = 520
rHuIL-1B (2.5) 4,242 + 444 563 + 697
rHuIL-6 (500) 2,009 = 73 489 + 59°
None 856 = 79 549 + 32¢

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

® Inhibition caused by addition of antibody was significant at P < 0.01.

¢ 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. 6. Combined effects of nHulFN-a, nHulFN-B, and
nHulFN-y on TAF production by fibroblasts in response to B.
intermedius LPS. GF-4 cells were stimulated with B. intermedius
LPS (100 p.g/ml) together with nHuIFN-a, nHuIFN-B, or nHulFN-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. 7. Priming effect of nHulFN-a, nHulFN-B, or nHulFN-y
on TAF production by fibroblasts upon stimulation by B. interme-
dius LPS. GF-4 cells were primed with nHulFN-a, nHulFN-8, or
nHulFN-vy for 24 h, followed by stimulation with B. intermedius
LPS (100 pg/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 rHulL-
la, rHulL-1B, and rHulL-6 have demonstrated that CF and
CA TAF are ascribed mainly to IL-1B-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 pg/ml. rHulL-6, however, aug-
mented the TAF activity of rHuIL-1B (Fig. 5). In this regard,
the TAF activity induced by rHulL-18 plus rHulL-6 was
completely inhibited by anti-rHulL.-18 but only partially by
anti-rHulL-6 (Fig. 5). These findings, together with the
results of neutralization assays, suggested that CF TAF was
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FIG. 8. Inhibitory effects of antisera to rHulL-la, rHulL-1B8,
and rHulL-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), nHulFN-8 (1,999 U/ml) (followed by B.
intermedius LPS at 100 pg/ml), or rHuIFN-vy (1,000 U/ml) (followed
by B. intermedius LPS at 1,000 ng/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-B in TAF production
by fibroblasts stimulated with B. intermedius LPS. GF-4 cells were
stimulated with B. intermedius LPS (100 pg/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-1a, 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 (*x).

attributed mainly to IL-1B and that the IL-6 in the CF
specimen only augmented the TAF activity of IL-1B. It
should be noted here that unknown factors other than IL-18
and IL-6 might be involved in CF TAF, because treatment
with anti-rHulL-18 and anti-rHulL-6 did not completely
neutralize the TAF activity of the CF specimen (Fig. 4).

Le et al. (30) reported that HulL.-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 10° to 5§ X
10° cells per well) than those used under the assay conditions
(1.5 X 10° cells per well) used in this study. Therefore, it
might be reasonable that HulL-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 HulL-6
exhibited TAF activity through IL-2-dependent and -inde-
pendent pathways. In our assays, however, test specimens
including rHulL-6 exhibited TAF activity via IL-2R, since
the monoclonal antibody to MulL-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-B and HulFN-y prime human fibro-
blasts to enhance production of CA IL-la by stimulation of
LPS (Fig. 7). In addition, IFN-B appears to be involved in
IL-1a 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
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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.
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