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Abstract

AlIM: Activated pancreatic stellate cells (PSCs) have been
implicated in the pathogenesis of pancreatic fibrosis and
inflammation. Primary PSCs can be subcultured only several
times because of their limited growth potential. A continuous
cell line may therefore be valuable in studying molecular
mechanisms of these pancreatic disorders. The aim of this
study was to establish a cell line of rat PSCs by spontaneous
immortalization.

METHODS: PSCs were isolated from the pancreas of male
Wistar rats, and conventional subcultivation was performed
repeatedly. Telomerase activity was measured using the
telomere repeat amplification protocol. Activation of transcription
factors was assessed by electrophoretic mobility shift assay.
Activation of mitogen-activated protein (MAP) kinases was
examined by Western blotting using anti-phosphospecific
antibodies. Expression of cytokine-induced neutrophil
chemoattractant-1 was determined by enzyme immunoassay.

RESULTS: Conventional subcultivation yielded actively
growing cells. One clone was obtained after limiting dilution,
and designated as SIPS. This cell line has been passaged
repeatedly more than 2 years, and is thus likely immortalized.
SIPS cells retained morphological characteristics of primary,
culture-activated PSCs. SIPS expressed a-smooth muscle
actin, glial acidic fibrillary protein, vimentin, desmin, type |
collagen, fibronectin, and prolyl hydroxylases. Telomerase
activity and p53 expression were negative. Proliferation of
SIPS cells was serum-dependent, and stimulated with
platelet-derived growth factor-BB through the activation of
extracellular signal-regulated kinase. Interleukin-1b activated
nuclear factor-kB, activator protein-1, and MAP kinases.
Interleukin-1b induced cytokine-induced neutrophil
chemoattractant-1 expression through the activation of
nuclear factor-kB and MAP kinases.

CONCLUSION: SIPS cells can be useful for in vitro studies
of cell biology and signal transduction of PSCs.
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INTRODUCTION

Chronic pancreatitis as well as pancreatic cancer are
accompanied by progressive fibrosis that is characterized by
loss of functional tissue and its replacement by extracellular
matrix rich connective tissues*Z. In contrast to liver fibrosis,
the molecular mechanisms of pancreatic fibrogenesis remain
to be elucidated. In 1998, star-shaped cells in the pancreas,
namely pancreatic stellate cells (PSCs), were identified and
characterized®*. They are morphologically very similar to the
hepatic stellate cells that play a central rolein fibrosis of the
liver™™., In normal pancreas, stellate cells are quiescent and can
be identified by the presence of vitamin A-containing lipid
dropletsin the cytoplasm. In response to pancreatic injury or
inflammation, they are transformed (“activated”) from
quiescent phenotype into highly proliferative myofibroblast-
like cells which express the cytoskeletal protein a-smooth
muscle actin (a-SMA), and produce type | collagen and other
extracellular matrix components. Many of the morphological
and metabolic changes associated with the activation of PSCs
in animal models of fibrosis also occur when these cells are
grown in culture on plastics in serum-containing medium.
Therefore, culture of primary PSCs on plastics has been
accepted as an established model that mimics the phenotypic
changes that occur during the process of PSC activation
following pancreatic injury. There is accumulating evidence
that PSCs, like hepatic stellate cells, are responsible for the
development of pancreatic fibrosis®+8. Furthermore, PSCs
might participate in the pathogenesis of acute pancreatitis
through the expression of monocyte chemoattractant protein-
1 and intercellular adhesion molecule-1178, The activation of
signaling pathways such as p38 mitogen-activated protein
(MAP) kinase? islikely to play akey rolein PSC activation.
However, the preciseintracellular signaling pathwaysin PSCs
are largely unknown.

Although primary stellate cell culture is a useful tool for
studying molecular mechanisms of pancreatic fibrosis and
inflammation in vitro, their isolation istime-consuming, yields
are relatively low, and there is considerable heterogeneity
between preparations. Several weeksin culture are required to
obtain sufficient cells to perform experiments. In addition,
primary cells can be subcultured only several times because
of their limited life span in vitro. Because rat cells are known
to be immortalized by spontaneous transformation, this
study aimed to establish arat PSC line by spontaneous
immortalization.

MATERIALS AND METHODS

Materials

[-*2P]ATP was obtained from Amersham Biosciences UK,
Ltd. (Buckinghamshire, England). Rat recombinant platelet-
derived growth factor (PDGF)-BB was from R&D Systems
(Minneapolis, MN). Recombinant human interleukin (IL)-1b
was from Roche Applied Science (Mannheim, Germany).
Rabbit antibodies against phosphorylated MAP kinases, total
MAP kinases, and inhibitor of nuclear factor kB (NF-kB)-a
(IkB-a) were purchased from Cell Technologies, Inc. (Beverly,
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MA). Rabbit polyclonal antibody against p53 was from Santa
Cruz Biotechnology (Santa Cruz, CA). Rabbit antibodies
against rat type | collagen and prolyl hydroxylases (a, b) were
from LSL Cosmo Bio (Tokyo, Japan). Rabbit anti-rat fibronectin
antibody was from Chemicon International (Temecula, CA).
Rabbit antibody against glyceraldehyde-3-phosphate
dehydrogenase (G3PDH) was from Trevigen (Gaithersburg,
MD). SP600125, U0126 and SB202190 were from Calbiochem
(La Jolla, CA). All other reagents were products of Sigma-
Aldrich (St. Louis, MO) unless specifically described.

Cell culture and immortalization

All animal procedureswere performed in accordance with the
National Institutes of Health Animal Care and Use Guidelines.
Rat PSCs were prepared from the pancreas tissues of male
Wistar rats (Japan SL C Inc., Hamamatsu, Japan) weighing 200-
250 g as previously described™®. Isolated stellate cells were
cultured in Ham' s F-12 containing 10 % heat-inactivated fetal
bovine serum (FBS; ICN Biomedicals, Aurora, OH), penicillin
sodium, and streptomycin sulfate. When reaching confluent,
the cells were trypsinized with 0.05 % trypsin/0.01 % EDTA.
Initially, cells were passaged at aratio of 1:3. After the 10th
passage, cellswere split at 1:5. A homogeneous population of
cells, designated as SIPS, was cloned by limiting dilution, and
expanded. SAM-K is another rat PSC line established by
retrovirus-mediated introduction of simian virus 40 large T
antigen®®, SAM-K cells and primary PSCs were maintained
in Ham' s F-12 containing 10 % FBS, penicillin sodium, and
streptomycin sulfate.

Immunostaining

SIPS cellswere grown directly on dides, serum-starved for 24
hours, and immunostaining for a-SMA was performed using
astreptavidin-biotin-peroxidase complex detection kit (Histofine
Kit; Nichirei, Tokyo, Japan) as previously described™. Briefly,
cells were fixed in 100 % methanol at -20 ‘C, and then
endogenous peroxidase activity was blocked by incubation
with hydrogen peroxide in methanol for 5 minutes. After
immersion in normal rabbit serum, the slides were incubated
with mouse anti-a-SMA antibody (at 1:200 dilution) at 4 C
overnight. The dides were incubated with biotinylated anti-
mouse immunoglobulin antibody, and peroxidase-conjugated
streptavidin. Finally, color was developed by incubating the
slides with diaminobenzidine (Dojindo, Kumamoto, Japan).
Expression of glial acidic fibrillary protein, vimentin, desmin,
type | collagen, fibronectin, and prolyl hydroxylases (a, b)
was examined in a similar manner.

Western blotting

The levels of activated, phosphorylated MAP kinases were
determined by Western blotting as previously described*?.
Briefly, cells were lysed in sodium dodecy! sulfate buffer
(62.5 mM Tris-HCI at pH 6.8, 2 % sodium dodecy! sulfate,
10 % glycerol, 50 mM dithiothreitol, 0.1 % bromphenol blue)
for 15 minutes on ice. The samples were then sonicated for
2 seconds, heated for 5 minutes, and centrifuged at 12 000xg
for 5 minutesto removeinsoluble cell debris. Cellular proteins
(approximately 100 ng) were fractionated on a 10 % sodium
dodecy! sulfate-polyacrylamide gel. They were transferred to
anitrocellulose membrane (Bio-Rad, Hercules, CA), and the
membrane was incubated overnight at 4 °C with rabbit anti-
phosphospecific MAP kinase antibodies (at 1:1 000 dilution).
After incubation with peroxidase-conjugated goat anti-rabbit
secondary antibody for 1 hour, proteins were visualized using
an ECL kit (Amersham Biosciences UK, Ltd.). Levelsof total
MAP kinases, p53, G3PDH, and IkB-a were determined in a
similar manner.

Telomerase activity

Telomerase activity was measured using the telomere repeat
amplification protocol (TRAP) with the Telo TAGGG
Telomerase PCR ELISAKkit (Roche Applied Science). Briefly,
SIPS, SAM-K, and primary PSCs (passage 3) were harvested
separately, and the cell number was counted. The cell extracts
were prepared from an equal number of cells, and used in
telomerase-mediated elongation, adding the telomeric repeats
tothe 3" end of the biotin-labeled synthetic P1-TS-primer.
These elongation products were amplified by PCR using the
primers P1-TS and P2, generating PCR products with the
telomerase-specific 6-nucleotide increments. An aliquot of the
resulting PCR product was denatured, hybridized to a
digoxigenin-labeled, telomeric repeat-specific detection probe,
and immobilized to a streptavidin-coated microtiter plate.
Then, peroxidase-conjugated anti-digoxigenin antibody was
added to detect the immobilized PCR product, and the
telomerase activity was determined, after the addition of 3,3’ ,
5,5 -tetramethylbenzidine (substrate), as O.D.450-0.D.690.
Ribonuclease A-treated cell extracts were used as negative
controls. The mean of the absorbance readings of the negative
control was subtracted from those of the samples, and the
samples were regarded as telomerase positive if the O.D.
difference was higher than 0.2.

Senescence-associated b-galactosidase (SA-b-Gal) staining
Senescence of SIPS, SAM-K, and primary PSCs (passage 20)
was examined by SA-b-Gal staining!*®l. Cells were grown
directly on dlides, fixed, and stained with b-Gal staining
solution (b-gal actosidase staining kit; Mirus, Madison, W1),
pH adjusted to 6.0, for 16 hours at 37 °C. After washed with
phosphate-buffered saline, the slides were viewed under light
microscope.

Cell proliferation assay

Serum-starved SIPS cells (approximately 80 % density) were
treated with FBS at various concentrations or PDGF-BB (at
25 ng/ml). Cell proliferation was assessed using a commercial
kit (Cell proliferation ELISA, BrdU; Roche Applied Science)
according to the manufacturer’ s instructions. This is a
colorimetric immunoassay based on the measurement of 5-
bromo-2' -deoxyuridine (BrdU) incorporation during DNA
synthesig*. After 24-hour incubation with experimental
reagents, cells were labeled with BrdU for 3 hoursat 37 °C.
Cells were then fixed, and incubated with peroxidase-
conjugated anti-BrdU antibody. The peroxidase substrate
3,3 ,5,5" -tetramethylbenzidine was added, and BrdU
incorporation was quantitated by O.D.370-0.D.492.

Electrophoretic mobility shift assay

Following 1-hour-incubation, approximately 5x10° cells were
harvested and nuclear extractswere prepared, and electrophoretic
mobility shift assay was performed as previously described*¥.
Double-stranded oligonucleotide probes for NF-kB (5’ -
AGTTGAGGGGACTTTCCCAGGC-3'), and activator
protein-1 (AP-1) (5 -CGCTTGATGAGTCAGCCGGAA-3')
were end-labeled with [g-*2P]ATP. Nuclear extracts
(approximately 5 ng) were incubated with the labeled
oligonucleotide probe for 20 minutes at 22 C, and
electrophoresed through a4 % polyacrylamide gel. Gelswere
dried and autoradiographed at -80 ‘C overnight. A 100-fold
excess of unlabelled oligonucleotide was incubated with
nuclear extracts for 10 minutes prior to the addition of the
radiolabeled probe in the competition assays.

Enzyme immunoassay
After a 24 hour-incubation, cell culture supernatants were
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harvested and stored at -80 ‘C. CINC-1 levelsin the culture
supernatants were measured by enzyme immunoassay
(Panapharm Laboratories, Udo, Japan) according to the
manufacturer's instructions.

Statistical analysis

The results were expressed as mean + standard deviation
(mean = SD). Luminograms and autoradiograms are
representative of at least three experiments. Differences
between experimental groups were evaluated by two-tailed
unpaired Student’ st test. A P value of less than 0.05 was
considered statistically significant.
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RESULTS

Establishment of an immortalized rat PSC line
PSCswereisolated from the pancreas of male Wistar rats, and
conventional subcultivation was performed repeatedly. This
procedure yielded actively growing cells. After limited
dilution, one clone was obtained and designated as SIPS. SIPS
cells were myofibroblast-like shaped, and morphologically
very similar to primary, culture-activated PSCs. The
characteristic fiber-like pattern of positive a-SMA staining was
observed throughout the cytoplasm in SIPS cells (Figure 1A).
Inaddition, SIPS cdlls showed positive staining for cytoskel etal
proteins glial acidic fibrillary protein (Figure 1B), vimentin
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Figure 1 SIPS expressed cytoskeletal proteins and extracellular matrix proteins. Cells were grown directly on slides. Immunostaining
for a-SMA (A), glial fibrillary acidic protein (B), vimentin (C), desmin (D), type | collagen (E), fibronectin (F), and prolyl hydroxy-
lases (a) (G) and (b) (H) was performed using a streptavidin-biotin-peroxidase complex detection kit. Original magnification: x20

objective.
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Figure 2 SIPS cells were negative for SA-b-Gal. SIPS cells (A), SAM-K cells (B), and late-passage (passage 20) PSCs (C) were grown
directly on slides, fixed, and stained with b-Gal staining solution, adjusted to pH 6.0, for 16 hours at 37 “C. After washed, the slides
were viewed under light microscope. SA-b-Gal was not detected in SIPS and in SAM-K cells, but was detected in late-passage

PSCs (arrows). Original magnification: x20 objective.

(Figure 1C), and desmin (Figure 1D). SIPS cellsalso expressed
extracellular matrix proteinstype | collagen (Figure 1E) and
fibronectin (Figure 1F). SIPS cdllsexpressed prolyl hydroxylases
(a, b) (Figure 1G, H), that are key enzymesin the hydroxylation
of the proline residuesin procollagen and are useful markers of
collagen synthesig™. These results suggest that SIPS cells shared
many phenotypical and functional characteristicswith primary,
culture-activated PSCs. During the two years of culture, SIPS
cells have been passaged repeatedly over 100 population
doublingswithout showing any evidence of senescence. Indeed,
SA-b-Gal, abiomarker of senescent cellg*¥, was not detected
in SIPS and in SAM-K cells (Figure 2A, B). In contrast, SA-b-
Gal was detected in late-passage (passage 20) primary PSCs
(Figure 2C). The phenotypic characteristics of SIPS remained
unatered, suggesting that they have acquired an immortalized
phenotype. SIPS cellshave conserved the characterigtics of non-
transformed cells since they did not form foci, and did not grow
on soft agar (data not shown).

SIPS PSCs SAM-K
p53
G3PDH
A
0.D. %
0.4
0.2
T
0.0 B

Con SIPS PSCs SAM-K

Figure 3 p53 expression and telomerase activity were nega-
tive in SIPS cells. (A) Total cell lysates (approximately 100 ng)
were prepared from SIPS, primary PSCs (passage 3), and SAM-
K cells. The level of p53 was determined by Western blotting.
The level of G3PDH was also determined as a loading control.
(B) Telomerase activity was measured utilizing the TRAP by
enzyme-linked immunosorbent assay. The telomerase activity
was determined by differences in absorbance at O.D.450-0.D.
690. Negative control was prepared by incubating the total cell
extracts with ribonuclease A. The mean of the absorbance in
negative control was subtracted from those of the samples, and

the samples were regarded as telomerase positive (“a”) if the
difference in absorbance was higher than 0.2. Data are shown
as mean + SD (n=6).

Negative p53 expression and telomerase activity in SIPS cells
We next examined telomerase activity and p53 expression,
potentially important factorsin cellular immortalization617,
p53 expression was not detected in SIPS cells and primary
PSCs (passage 3), whereasthe p53 level wasvery highin SAM-
K cells (Figure 3A). As measured by the TRAP assay, SIPS
cells and primary PSCs were negative for telomerase activity,
whereas SAM-K cellswere positive (Figure 3B).

Proliferation of SIPS stimulated by serum and PDGF
Previous studies have shown that proliferation of primary PSCs
was stimulated by growth factors such as serum and PDGF-
BB*#20, Especially, PDGF-BB has been shown to be the most
potent mitogen for PSCs, and islikely to be animportant mediator
of the increased proliferation of the cells both in vivo and in
vitrolt®¥, We examined whether proliferation of SIPS cdllswere
aso stimulated by serum and PDGF-BB. Treatment of the cells
with FBS stimulated proliferation in a dose-dependent manner;
serum-induced proliferation was significant at as low as 1 %
(P<0.05) (Figure4). In addition, PDGF-BB gsimulated proliferation
of SIPS cells, PDGF-BB (at 25 ng/ml) induced proliferation by
approximately three fold in serum-free medium (Figure 4).
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Figure 4 Proliferation of SIPS cells was serum-dependent and
stimulated with PDGF-BB. SIPS cells were treated with FBS (at
the indicated concentrations) or PDGF-BB (at 25 ng/ml. After
24-hour-incubation, cells were labeled with BrdU for 3 hours.
Cells were then fixed, and incubated with peroxidase-conju-
gated anti-BrdU antibody. Then the peroxidase substrate 3,3,
5,57 -tetramethylbenzidine was added, and BrdU incorporation
was quantitated by differences in absorbance at wavelength
370 minus 492 nm (“0.D.”). Data are shown as mean + SD (n=6).
2P<0.01 vs. serum-free medium only. O.D.: optical density.



Masamune A et al. Immortalized rat pancreatic stellate cell line

2755

IL-1b activated NF-kB and AP-1

We have previously shown that proinflammatory cytokines
IL-1b and tumor necrosis factor-a activated transcription
factors NF-kB and AP-1 in primary PSCd" 8. We examined
whether IL-1b activated these transcription factorsin SIPS
cells. Nuclear extracts were prepared from SIPS cells treated
with IL-1b for 1 hour, and specific binding activities of NF-
kB and AP-1 were assessed by el ectrophoretic mobility shift
assay. IL-1b increased NF-kB and AP-1 binding activities
(Figure 5A, B). The specificity of these binding activities was
confirmed by competition assays using 100-fold excess of
unlabeled oligonucl eotides (data not shown). Phosphorylation
and degradation of 1kB-a is necessary for the activation of
NF-kB[2, We examined the effects of I1L-1b on the cellular
IkB-a levels by Western blotting. IL-1b induced transient
degradation of IkB-a, further supporting that IL-1b activated
NF-kB (Figure 5C).

1 2 1 2

T »'.
a w e

Time (min)
0 5 15 30 60 120

|kB-a - — ——

Figure 5 IL-1b activated NF-kB and AP-1 in SIPS cells. (A, B)
SIPS cells were treated with IL-1b (at 2 ngZml, lane 2) for 1 hour.
Nuclear extracts were prepared, and specific binding activities
of NF-kB (panel A) and AP-1 (panel B) were assessed by electro-
phoretic mobility shift assay. Arrows denote specific inducible
complexes competitive with cold double-stranded oligonucle-
otide probes. Lane 1: control (medium only). a: non-specific band.
(C) SIPS cells were treated with IL-1b for indicated times. Total
cell lysates (approximately 100 ng) were prepared, and the level
of 1kB-a was determined by Western blotting.

IL-1b activated MAP kinases

Induction of the expression of AP-1 components c-Fos and c-
Jun by avariety of stimuli such asgrowth factorsand cytokines
was mediated by the activation of three distinct MAP kinases:
extracellular signal-regulated kinase (ERK) 1/2, c-Jun N-
terminal kinase (INK), p38 MAP kinase!??. Because the
activation of these kinases occurred through phosphorylation,
we examined whether IL-1b activated these MAP kinases in
SIPS cells by Western blotting using anti-phosphospecific
MAP kinase antibodies. These antibodies recognized only
phosphorylated form of MAP kinases, thus allowing the
assessment of activation of thesekinases. IL-1b activated these
three classes of MAP kinases in a time-dependent manner,
peaking from 5 to 15 minutes (Figure 6). The levels of total
MAP kinases were unaffected by the treatment, indicating that
the lanes had been equally loaded.

PDGF-BB induced proliferation of SIPS cells through ERK
pathway

We and others have shown that activation of ERK plays key
roles in the PDGF-induced proliferation of PSCd*23, We
examined whether PDGF-BB activated ERK in PSCs. PDGF-

BB activated ERK 1/2 in atime-dependent manner (Figure 7A).
U0126, a specific MAP kinase kinase inhibitort?¥, inhibited
PDGF-induced proliferation in a dose-dependent manner
(Figure 7B). Thus, activation of ERK plays a central rolein
the proliferation of SIPS, asisthe case for primary PSCs.
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Figure 6 IL-1b activated MAP kinases. SIPS cells were treated
with IL-1b (at 2 ng/ml) for the indicated time. Total cell ly-
sates (approximately 100 ng) were prepared, and the levels of
activated, phosphorylated MAP kinases were determined by
Western blotting. The levels of total MAP kinases were also
determined.
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Figure 7 PDGF-BB induced proliferation of SIPS cells through
ERK pathway. (A) SIPS cells were treated with PDGF-BB (at
25 ng/ml) for the indicated time. Total cell lysates
(approximately 100 ng) were prepared, and the level of
activated, phosphorylated ERK was determined by Western
blotting. The level of total ERK was also determined. (B) SIPS
cells were treated with PDGF-BB (at 25 ng/ml) in the presence
of U0126 at the indicated concentrations (at V). After 24-hour-
incubation, cells were labeled with BrdU for 3 hours. Cells were
fixed, and incubated with peroxidase-conjugated anti-BrdU
antibody. Then the peroxidase substrate 3,3”,5,5”-
tetramethylbenzidine was added, and BrdU incorporation was
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guantitated by differences in absorbance at 0.D.370-0.D.492.
Data are shown as mean + SD (n=6). 2P<0.01 versus PDGF only.
0O.D.: optical density.

IL-1b induced CINC-1 expression

Activated PSCs acquire the proinflammatory phenotype; they
may modulate the recruitment and activation of inflammatory
cells through the expression of monocyte chemoattractant
protein-117 and intercellular adhesion molecule-1¢. Monocyte
chemoattractant protein-1 is a C-C chemokine and potent
mononuclear cell chemoattractant. CINC-1, a C-X-C
chemokine, isarat homologue of 1L-8, and a potent neutrophil
attractant!®®!. It remained unknown whether primary PSCs
expressed CINC-1. We examined whether SIPS cells express
CINC-1 inresponseto IL-1b by enzymeimmunoassay. SIPS
cells constitutively produced CINC-1 at very low levels. IL-
1b significantly induced the production of CINC-1 (Figure 8).
Ethanol and acetaldehyde at clinically relevant concentrations
failed to induce CINC-1 production. To elucidate the roles of
NF-kB and MAP kinasesfor the expression of CINC-1in SIPS
cells, we used specific inhibitorsto block these pathways. Firdt,
we treated SIPS cellswith IL-1b in the presence of pyrrolidine
dithiocarbamate (PDTC), a specific inhibitor of NF-kB
activation'®, As shown in Figure 8, PDTC decreased the IL-
1b-induced CINC-1 production to near the basal levels.
SP600125 is a reversible ATP-competitive inhibitor of INK
that inhibits c-jun phosphorylation and the expression of
proinflammatory genes such as IL-2, and tumor necrosis
factor-a'?1. SP600125 at 10 mvl decreased the | L-1b-induced
CINC-1 production approximately by 75 %. We next examined
the effects of U0126!%, a specific inhibitor of MAP kinase
kinase activation, which prevents the activation of ERK1/2.
U0126 at 10 mM partialy inhibited inducible CINC-1 expression.
A selective p38 MAP kinase inhibitor, SB2021901%8, at 25 nivi
also partially inhibited inducible CINC-1 production. Similar
results were obtained with tumor necrosis factor-a-induced
CINC-1 expression (data not shown). In these experiments,
the inhibitors at the indicated concentrations did not affect the
cell viability during the incubation as assessed by trypan blue
exclusion test (data not shown). However, at higher
concentrations, some cytotoxic effects were observed during
the incubation. These results suggested that activation of NF-
kB and JNK playsakey rolein inducible CINC-1 expression
in SIPS cells. Activation of ERK and p38 MAP kinase
pathwaysis partialy required for optimal CINC-1 expression.
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Figure 8 IL-1b induced CINC-1 expression. SIPS cells were
left untreated, or treated with IL-1b (IL; at 2 ng/ml) in the
absence or presence of PDTC (“PD” at 10 nM), SP600125 (““SP”
at 10 niv), U0126 (“U” at 5 nM), or SB202190 (“SB” at 25 nM).
After 24 hours, CINC-1 levels in the culture supernatant were
determined by enzyme immunoassay. The effects of ethanol
(“Et” at 50 mM) and acetaldehyde (“Ac” at 200 niM) were also
examined. Con: control (medium only). Data shown are expressed
as means + SD (n=6). 2P<0.01, °P<0.05 versus IL-1b only.

DISCUSSION

In response to pancreatic injury or inflammation, PSCsundergo
atransformation from quiescent cellsto activated, proliferating
myofibroblast-like cells, which produce cytokines and
extracellular matrix proteins. It has been established that
activated PSCs play an important role in the pathogenesis of
pancreatic fibrosis and inflammationt®4€, Although primary
stellate cell culture is a useful tool for studying molecular
mechanisms of pancreatic fibrosis and inflammation in vitro,
their isolation is time-consuming, yields are relatively low,
and there is considerable heterogeneity between preparations.
In addition, primary cells can be subcultured only severa times
because of their limited growth potential. To circumvent these
problems, we have established and validated a new rat PSC
line, named SIPS. This SIPS cell line has been developed
through spontaneous immortalization, and can be passaged
indefinitely compared with the limited number of passages
for primary PSCs. SIPS cells have been passaged repeatedly
without showing any evidence of senescence. Indeed, SA-b-
Gal, abiomarker of senescent cells*¥, was not detected in SIPS
cells. SIPS cells retained the morphologic characteristics of
primary PSCs as well as the expression of the cytoskeletal
proteinsa-SMA and glia acidic fibrillary protein. SIPS cells
maintained the functional characteristicsof primary PSCs, SIPS
cells showed positive staining for type | collagen, fibronectin,
and prolyl hydroxylases. Proliferation of PSCswas stimulated
by FBSand PDGF-BB. SIPScellsresponded to IL-1b, resulting
inthe activation of NF-kB, AP-1, and MAP kinases. In addition,
SIPS cells exhibited proinflammatory response; SIPS cells
expressed CINC-1inresponseto IL-1b. Thus, SIPS cellsretain
several aspects of the primary and culture-activated PSCs.

We have previoudly established an immortalized cell line
of rat PSCs, named SAM-K, by the introduction of the simian
virus 40 T antigen®, Although SAM-K cells were found to
be useful for establishment of stable transfectants, it was also
shown that large T antigen led to the alternation of genome
such as p53 expression!'®, The resulting genetic manipulations
might limit the use of SAM-K cells for studies like defining
genetic changes that occur during cell differentiation and
transformation. In this study, we examined the expression of
p53 and telomerase activity, both of which are shown to be
associated with immortalization of mammalian cellg517, We
found that p53 expression and telomerase activity was negative
in SIPS cellsasisthe casefor primary PSCs. Thisisin striking
contrast to SAM-K cdlls, where p53 expression and telomerase
activity were high. These results suggest that different
mechanisms involved for immortalization of SIPS and SAM-
K cells, and that SIPS cells have more similar phenotype to
primary PSCsthan SAM-K cells do. Obviously, further studies
are necessary to clarify the molecular mechanismsresponsible
for immortalization of SIPS cells.

To our knowledge, thisis the first report describing the
establishment of stellate cell line of the pancreasby spontaneous
immortalization. In culture, PSCs are morphologically very
similar to the hepatic stellate cells. To date, several hepatic
stellate cell lines have been established by spontaneous
immortalization. Greenwel et al'®® reported the characterization
of two rat hepatic stellate cell lines, one from normal and the
other from cirrhotic liver. Although both cell lines resembled
primary culturesof hepatic stellate cells, significant differences
in cell proliferation and IL-6 production between the two cell
lines were found. Sauvant et al®® reported that immortalized
rat hepatic stellate cellswere ableto convert retinol into retinoic
acid. Rodent cells are known to undergo spontaneous
immortalization with a frequency of 10°-10° that makes
isolation of immortal cell lines from rodent populations
experimentally practical even without transfer of an oncogene,
whereas the spontaneous immortalization of human cellsisa
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very rare event; the frequency isthought to be less than 10431,
Schnabl et al. reported immortal activated human hepatic
stellate cells generated by ectopic telomerase expressioni®2,
They showed that activated human hepatic stellate cells had
little, if any, detectable telomerase activity. Telomerase-
induced hepatic stellate cells did not undergo oncogenic
transformation and showed morphologic characteristics of
activated stellate cells. In addition, mRNA expression in
telomerase-positive cellsand -negative cellswere very smilar.
It would be of particular interest to see if human PSC line
could be established by the introduction of ectopic telomerase
expression.

Proliferation of PSCsisafundamental feature of pancreatic

fibrosis. PDGF has been shown to be the most potent mitogen
for PSCs in vitro*®*®l, PDGF-BB stimulated proliferation of
SIPS, and the stimulation was abolished in the presence of
U126, aMAP kinase kinase inhibitor®. Thisisin agreement
with the previous studies showing that ERK is akey mediator
of mitogenic signalsin rat PSCg2,

Activated PSCs acquire the proinflammatory phenotype;

they may modulate the recruitment and activation of
inflammatory cells. We have shown that proinflammatory
cytokines such as |L-1b and tumor necrosis factor-a induced
expression of monocyte chemoattractant protein-1 and
intercellular adhesion molecule-1 in primary PSCS”. In
addition, we here showed for thefirst time that IL-1b induced
CINC-1 expression in SIPS cells. CINC-1 production in
responseto IL-1b was also observed in primary PSCs (Satoh
et al. manuscript in preparation). Although it has been shown
that hepatic stellate cells express CINC-1 both in vivo and in
vitrol®, whether PSCs expressed CINC-1 and its regulatory
mechanisms remained unknown. In this study, inducible
CINC-1 production was abolished by PDTC, a specific
inhibitor of NF-kB activation, and strongly decreased by
SP600125, an inhibitor of INK. Inhibition of ERK pathway
by U0126 and of p38 MAP kinase by SB202190 partially
inhibited IL-1b-induced CINC-1 production. Collectively,
activation of NF-kB and JNK plays a key role, and that of
ERK and p38 MAP kinase plays a partial role for optimal
CINC-1 expression in SIPS cells. Thisis in agreement with
the regulatory mechanisms of 1L-8, a human homol ogue of
CINC-1B4, Maximal IL-8 amounts are generated by a
combination of three different mechanisms. first, de-repression
of the gene promoter; second, transcriptional activation of the
gene by NF-kB and JNK pathways; and third, stabilization of
the mRNA by the p38 MAP kinase pathway. In addition,
activation of ERK pathway contributes to IL-8 expression®.
Similar to PSCs*, ethanol and acetaldehyde at clinically
relevant concentrations activated ERK, JINK and p38 MAP
kinase (data not shown), but failed to induce CINC-1
expression in SIPS cells. Thus, activation of MAP kinasesis
required, but not sufficient for optimal CINC-1 expression in
SIPS cells. We have previously shown that ethanol and
acetaldehyde induced type | collagen gene expression through
p38 MAP kinase in primary PSCS®l. Further studies are
necessary to clarify whether ethanol and acetaldehyde induce
the collagen gene expression in a similar manner.

In summary, SIPS cells are anewly established PSC line

morphologically, phenotypically and functionally similar to
primary, activated PSCs. Unlike SAM-K cells, immortalization
was not associated with elevated p53 expression or telomerase
activity. SIPS cells can be used for both transient and stable
transections (Masamune et al. unpublished observation),
facilitating the overexpression of ectopic genes. Its phenotypic
characteristicsaswell asitsresponsivenessto proinflammatory
cytokines and growth factors make it a useful tool for
investigation of the pathogenesis of pancreatic inflammation
and fibrosis and thereby for future therapeutic devel opment.
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