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cycle conditions: denaturation at 94°C for 0.5 min, annealing at 45°C
for 1 min, and extension at 72°C for 1 min for 30 cycles.

Statistical analysis. The data were analyzed using ANOVA to
determine statistical significance, and P < 0.05 was considered
statistically significant.

RESULTS

IL-1B is secreted from PSCs. We first examined IL-1B
secretion from PSCs. As shown in Fig. 14, IL-1( peptide was
detected in PSC culture medium. In particular, IL-1B concen-
tration in PSC culture medium was markedly increased after
48-h incubation. No IL-1B activity was detected in fresh
culture medium. These data indicate that IL-1B is secreted
from PSCs.

Autocrine TGF-$3; stimulates IL-1[3 secretion from PSCs.
Knowing that IL-1p is secreted from PSCs, we next attempted
to elucidate the mechanism that regulates IL-1 secreti
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PSCs. Because TGF-B, regulates various functions of PSCs in
an autocrine manner (5, 15, 25), we examined the effect of
anti-TGF-B, antibody, which neutralizes TGF-3; bioactivity,
on IL-1B secretion from PSCs. As shown in Fig. 1B, anti-
TGF-B; antibody decreased IL-1B secretion from PSCs in a
dose-dependent manner, indicating that autocrine TGF-$, en-
hances IL-1 secretion from PSCs.

Exogenous TGF-B; increased IL-1 expression and secretion
by PSCs. As an independent experiment to examine the effect
of TGF-B; on IL-18 secretion from PSCs, we added exoge-
nous TGF-§3 to PSC culture medium and determined secreted
IL-1B from PSCs. Because maximal IL-1B secretion from
PSCs was observed in 48-h incubation, we first examined the
effect of TGF-B; on IL-1P expression and secretion at this time
point. As shown in Fig. 2, exogenous TGF-$, enhanced IL-18
xpression in PSCs (Fig. 24). In addition, exogenous
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Fig. 3. Effect of dominant-negative (dn)Smad2/3 expression o
sion and secretion by PSCs. PSCs were infected with 10 plaque-formi

(PFU)/cell of adenovirus expressing 3-galactosidase (Ad-LacZ) or dnSmad?2/3"™

adenovirus (Ad-dnSmad2/3) and then incubated for 48 h with or without 2
ng/ml TGF-B,. A: after incubation, IL-18 mRNA expression was determined
by RT-PCR using GAPDH mRNA expression as a control. B: concentration of
IL-1B secreted from PSCs into culture medium during 48-h incubation was
determined by ELISA. Values are means =+ SE of 3 independent experiments.
*P < 0.05 vs. first column. **P < 0,01 vs. second column.

TGF-B, augmented IL-1B secretion from PSCs in a dose-
dependent manner (Fig. 2B). We next examined exogenous
TGF-B1 effect on IL-1B expression and secretion at earlier
time points. As shown in Fig. 2, C and D, 2 ng/ml TGF-8,
started enhancing IL-1B mRNA expression and secretion
within 3 and 6 h of incubation, respectively. These data imply
that TGF-B; enhances IL-1B expression and secretion by
PSCs.

Autocrine TGF-; enhances IL-1B expression and secretion
by PSCs through Smad-dependent pathways. We next exam-
ined the intracellular signaling pathway through which TGF-B,

AUTOCRINE LOOP BETWEEN IL-1 AND TGF-f,

stimulates IL-1f expression and secretion by PSCs. Because

Smad proteins are the major mediators of TGF-B signaling, we AQ:6

investigated Smad-dependent-pathways using adenoviral vec-
tors of Smad2 (Ad-Smad2), Smad3 (Ad-Smad3), and dn-
Smad2/3 (Ad-dnSmad2/3). We used an adenovirus expressing
B-galactosidase (Ad-LacZ) as an infection control. We previ-
ously reported that >98% of PSCs are infected with these
adenoviral vectors and expressed each Smad protein suffi-
ciently (25). In addition, the infections of these adenoviruses
do not affect TGF-B; mRNA expression or peptide secretion
by PSCs (25). Therefore, we can observe the effect of these
adenoviral infections on IL-1f expression and secretion by
PSCs modulated by autocrine TGF-,, regardless of the effect
of the infection on the amount of autocrine TGF-B;. When
Smad-dependent pathways were blocked by Ad-dnSmad2/3,
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Fig. 4. Effect of Smad2 and Smad3 overexpression on IL-1B expression and
secretion of PSCs. PSCs were infected with 10 PFU/cell of Ad-LacZ, Ad-
Smad2, or Ad-Smad3. A: IL-13 mRNA expression was determined by RT-
PCR after 48-h incubation using GAPDH mRNA expression as a control. B:
concentration of IL-1 secreted from PSCs into culture medium during 48-h
incubation with or without 2 ng/ml TGF-B; was determined by ELISA. Values
are means * SE of 3 independent experiments. *P < 0.05 vs. first column.
**P < 0.01 vs. second column.
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Fig. 5. Effect of coexpression of Smad!
expression and secretion by PSCs. For
ments, PSCs were infected with the co
dnSmad2/3 or Ad-Smad3 and Ad-dnSmad2/3:
Ad-dnSmad?2/3 was used as a control. A: after

means £ SE of 3 independent experiments. *P < 0,05, **P < 0.0

third lanes) and basal peptide secretion (Fig. 3B; compare first
and third columns) of PSCs were attenuated. Because infection
with Ad-dnSmad?2/3 does not alter autocrine TGF-8, secretion
from PSCs as reported previously (25), these data indicate that
TGF-B; stimulates IL-18 mRNA expression and peptide se-
cretion in an autocrine manner via a Smad-dependent pathway.
Moreover, Ad-dnSmad2/3 attenuated exogenous TGF-f3;-en-
hanced IL-1B expression and secretion (Fig. 3, A and B), thus
reinforcing our suggestion that TGF-B; stimulates IL-18 ex-
pression and secretion via a Smad-dependent pathway.
Smad3-dependent pathway mediates TGF-B; stimulation to
IL-1B expression and secretion by PSCs. We subsequently
tried to elucidate whether the Smad2- or Smad3-dependent
pathway mediates TGF-8; stimulation of IL-1 expression and
secretion by PSCs. Ad-Smad3, but not Ad-Smad2, increased /)
basal IL-18 mRNA expression (Fig. 44) and 2) basal and
TGF-B; stimulated IL-18 secretion by PSCs (Fig. 4B). Be-

C5

cause both Smad2 and Smad3 competitively inhibit one an-
other at the receptor and smad4 binding sites, the effect of
Smad3 overexpression on IL-1B expression and secretion by
PSCs may result from the inhibition of endogenous Smad2 and
may not imply the involvement of Smad3-dependent pathway
in TGF-B-enhanced IL-13 expression and secretion. To ex-
clude this possibility, we investigated -the specific roles of
Smad2 and Smad3 in eliciting autocrine TGF-R;-stimulated
IL-1B expression and secretion after coinfection of PSCs with
Ad-dnSmad2/3 and either Ad-Smad2 or Ad-Smad3. On the
one hand, coinfection with Ad-Smad3 precluded Ad-dn-
Smad?/3 inhibition of IL-1p expression (Fig. SA) and secretion
(Fig. 5B). On the other hand, coinfection with Ad-Smad?2 did
not after Ad-dnSmad2/3 inhibition of IL-1f expression or
secretion (Fig 5). These data suggest that TGF- B1 increases
the expressmn and secreuon of IL-1f3 by PSCs via a Smad3-
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Fig. 6. Effect of anti-IL-1P-neutralizing antibody and nonimmune IgG on
TGF-B, secretion from PSCs. Concentration of TGF-B, secreted from PSCs
into culture medium was determined by ELISA after 48-h incubation with
indicated amounts of anti-IL-1f antibody (0) or nonimmune IgG (e). Values
are means * SE of 3 independent experiments. *P < (.05, **P < .01 vs.
control.
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and secretion by PSCs. Because secreted IL-1B concentration
in culture medium reaches a maximum after 48 h of incubation,
we first examined the effect of IL-1B on TGF-B; mRNA
expression and peptide secretion by PSCs at this time point. As
shown in Fig. 7, A and B, exogenous IL-1p added to culture
medium enhanced TGF-B; mRNA expression and peptide
secretion in a dose-dependent manner. We next examined
IL-1B effect on TGF-B, expression and secretion at earlier
time points. As shown in Fig. 7, C and D, 10 ng/ml IL-18
started augmenting TGF-f; mRNA and peptide secretion in 3
and 6 h of incubation, respectively. These data reinforce that
IL-1p enhances TGF-B, secretion from PSCs. Because ERK is
one of IL-1B signaling mediators (16), we subsequently exam-
ined the participation of the ERK-dependent pathway in IL-13
stimulation of TGF-B; expression and secretion by PSCs. To
this end, we blocked ERK activation using the MEK1 inhibit
PD-98059. We previously reported that pretreatmen
with 10 nM PD-98059 for 48 h successfully blp

0.1

AUTOCRINE LOOP BETWEEN IL-1f AND TGF-8,

induced ERK activation (25). Pretreatment of the cultures with
PD-98059 attenuated exogenous IL-1B enhancement of
TGF-B; mRNA expression in PSCs (Fig. 84; compare second
and fourth lanes). Moreover, PD-98059 pretreatment decreased
both basal and IL-1B-stimulated TGF-B; peptide secretion
from PSCs (Fig. 8B). Finally, we have confirmed that IL-13
activates ERK in PSCs (Fig. 8C). These data indicate that
IL~1B stimulates TGF-B, expression and secretion by PSCs via
an ERK-dependent pathway.

DISCUSSION

In this study, we have demonstrated that anti-TGF-B, and
anti-IL-1p neutralizing antibodies attenuate IL-18 and TGF-§,
secretion from activated PSCs, respectively. Furthermore,

Smad3-dependent pathway. We also found that
G

1 5 10

Fig. 7. Effect of IL-1B on TGF-B; expres;
secretion by PSCs. A and C: TGF-B,
expression was determined by RT-PCR a
incubation with indicated amounts of IL-1p
after incubation for indicated times with 10 ng/
IL-1B (C). GAPDH mRNA expression was deter-
mined as an internal control. B and D: concentra-
tion of TGF-P, secreted into culture medium from
PSCs was quantified by ELISA after 48-h incuba-
tion with indicated amounts of IL-18 (B) or after
incubation for indicated times with (open bars) or
without (solid bars) 10 ng/ml IL-1B (D). Values
are means * SE of 3 independent experiments.
*P < 0.05 vs. control (B). #P < 0.05, ##P < 0.01
vs. controls without IL-18 (D). X
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aQ:7 an ERK-dependent pathway. Accordingly, TGF-B and IL-18
stimulate each other’s expression and secretion via Smad3- and
ERK-dependent pathways, respectively, indicating the exis-
tence of an autocrine loop between IL-13 and TGE-B; in
activated PSCs. Because both TGF-B, and IL-1B are fibro-
genic factors, our observations suggest an interaction between
TGF-B, and IL-1B during pancreatic fibrosis.
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IL-1B is a major proinflammatory cytokine and plays a
critical role in various inflammatory diseases of a variety
organs (10). For example, at the onset of acute pancreatitis,
IL-1B is produced in and secreted from pancreatic acinar
cells and transmigrated leukocytes and subsequently medi-
ates systemic inflammatory responses, such as systemic
circulatory failure and respiratory distress (8, 21). Repeated
acute pancreatitis results in chronic pancreatitis with irre-
versible parenchymal destruction and glandular fibrosis,
Pancreatic fibrosis is characterized by disorganized collagen
deposition and acinar cell atrophy (8, 29). Although sys-
temic inflammatory responses are readily resolved in
chronic pancreatitis, the serum level of IL-1B remains
significantly elevated in these patients (7), and IL-1B is
known to promote pancreatic fibrosis. Currently, it is as-
sumed that local cytokine sources are more 1mportant than

inflammatory diseases, considerable
sed on both autocrine and paracrine

e both local and systemic
lthough not as severe as in

y cells, including mac-
nt sources of proinflam-
reatitis. In addition to
s also secrete various
that regulates cytokines
ted PSCs has not been
study to examine IL-18
re-activated PSCs and to

[31 1) stimulates ECM synthesxs,
, 3) attenuates proliferation i in an

pathways through which TGF-Bl exerts these diverse
latory effects on PSC function have not been demon-
strated. The facts that Smad proteins are major mediators of
TGF-B, signaling and dual Smad2 and Smad3 pathways trans-
duce TGF-B, stimuli raise questions concerning which path-
way mediates the TGF-B effects on cell function in various
organs. However, because Smad2 and Smad3 are competitive
with each other at TGF-B, receptor and Smad4 binding sites, it

Fig. 8. Effect of MEK1 inhibitor PD-98059 on TGF-B: expression and
secretion by PSCs. A and B: after 2-h pretreatment with or without 10 aM
PD-98059, cultured PSCs were incubated for 48 h in the presence or absence
of 10 ag/ml IL-1B. A: after incubation, TGF-B; mRNA expression was
determined by RT-PCR using GAPDH mRNA expression as an internal
conirol. B: TGF-B. peptide secreted into culture medium from PSCs during
48-h incubation quantified by ELISA. Values are means % SE (n = 3). *P <
0.05 vs. first column. **P < 0.001 vs. second column. C: effect of IL-13 on
ERK activation in PSCs. Cells were incubated with 10 ng/ml IL-18 for
indicated times. ERK activation was then determined using Western blot
analysis with antiphosphorylated ERK antibody (top). Western blot analysis
using anti-ERK antibody was performed as an internal control (bottom).
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