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Figure 5 Representative images of biopsy specimens stained with haemattoxylin-eosin used for histological assessment of gastric atrophy. The fundic

mucosa before {A) and after (B eradication in the non-severe atrophic grou
The fundic mucosa before (C) and after [D) eradication in the severe atrop
treatment. The pepsinogen I/l ratio was dlosely correlated with gastric bo

shown in fig 2B and 2C, the increase in mRNA expression
levels of anion exchanger 2 (n=111) and M3 muscarinic
receptor (1 = 111) after H pylori eradication was 2.3- and 2.5-
fold, respectively, similar to intrinsic factor (n=111) (fig 4).
These data indicate that H pylori eradication predominantly
restored H'Y/K'-ATPase expression compared with other
molecules expressed in parietal cells. As H pylori eradication
did not alter parietal cell numbers in the gastric mucosa,
these data suggest that recovery of gastric acid secretion after
H pylori eradication in the gastric mucosa is due to an increase
in H'/K"-ATPase expression in parietal cells.

Grade of gasiric atrophy did not affect restoration
levels of H*/K*-ATPase mRNA expression after H
pylori eradication

Based on the finding that H pylori eradication restores HY/K"-
ATPase expression in parietal cells, we then examined
whether restoration of HY/K*-ATPase expression in parietal
cells was related to the degree of gastric atrophy before H
pylori eradication. We thus compared gasiric H/K"-ATFase
mRNA expression levels between the groups with dilferent
degrees of gastric atrophy. Pepsinogen I and pepsinogen I

is shown for a subject with a pepsinogen I/l rafio of 4.7 before freatment.
ic group is shown for @ subject with a pepsinogen 1/1l rafic of 1.0 before
dy airophy grade assessed by histologicar

examination.

differ in their location in the stomach. Both are located in
chief and mucous neck cells of the oxyntic gland mucosa in
the gastric corpus but only pepsinogen I is present in the
gastric antrum. A pepsinogen I/l ratio <3 is considered to be
a reliable marker for severe atrophic gastritis."” > We thus
evaluated gastric atrophy in subjects by determining the
pepsinogen I/ ratio. In addition, gastric atrophy was
evaluated by histological examination. Figure 5 shows
representative images of biopsy specimens stained with
haematoxylin-cosin used for histological assessment of
gasiric atrophy. In these cases, the pepsinogen I/II ratio was
dosely correlated with the gastric atrophy grade assessed by
histological examination. We thus classified subjects into two
groups using the pepsinogen I/l ratio as a gastric atrophy
parameter: severe atrophy group (n=66) (pepsinogen I/II
ratic <3) and non-severe atrophy group (n=45) (pepsino-
gen /I ratio =3). As shown in fig 6, median H'/K"-ATPase
mRNA expression levels were increased from 0.9 to 960 in the
severe atrophy group, and from 37 to 1273 in the non-severe )
atrophy group, tespectively. These results indicate that YK
ATPase expression in parietal cells is largely restored even in
patients with high grade gastric atrophy.
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Figure 6 Comparison of H*/K*-ATPase mRINA expression levels in the
oxyntic mucosa and serum pepsinogen levels before and after
Helicobacter pylori cure. H/K*-ATPase mRNA expression levels rose
markedly despite the serum pepsinagen I/l ratio (0.9 (0. 3-24) and 960
{148-3106) (median (1st quartile-3rd quartile}) in the severe afrophy
group [pepsinogen I/1l ratio<3) {p<0.0001}; 37 (5.0-219) and 1273
{479-3343) in non-severe atrophy group {pepsinagen 1/ rafio =3)
(p<<0.0001 by Wilcoxon rank sum fest)).

DISCUSSION
In the present study we have demonstrated restoration of H'/
K*-ATPase mRNA expression levels in the gastric mucosa at a
relatively early stage after H pylori eradication without
alteration of parietal cell numbers. In contrast, restoration
of anion exchanger 2, M3 muscarinic receptor, and intrinsic
factor mRNA expression levels in the gastric mucosa after H
pylori eradication was much smaller than that of HY/K™
ATPase. These results suggest that restoration of HY/K*-
ATPase expression in parietal cells plays a central role in the
recovery of gastric acid secretion after H pylori eradication.
It is well known that gastric acid secretion recovers after 5
pylori eradication but the mechanism has been unclear, partly
- due to the controversy as to whether 4 pylori eradication
leads to improvement of gastric atrophy. Tucdi et al indicated
that there was a significant improvement in mucosal
inflammation and atrophy in the corpus one year after
eradication.”” However, several reports showed that gastric
atrophy did not improve after eradication. Hence it has
been unclear whether recovery of gastric acid secretion is a
result of restoration of parietal cell numbers or functional
recovery of parietal cells. Our current study simultaneously
demonstrated absence of alteration of parietal cell number
and restoration of H'/K'-ATPase, thus providing strong
evidence that recovery of gastric acid secretion after H pylori
eradication is caused by functional recovery of parietal cells.
The mechanism of the inhibitory effect of H pylori infection
on gastric acid secretion is still controversial, despite
extensive studies. One hypothesis is that parietal cell function
is directly affected by H pylori. It has been shown in vivo that
acute infection with H pylori causes hypochlorhydria.'® In an
in vitro experiment using human gastric adenocarcinoma
(AGS) cells transfected with H'/K™-ATPase o 5’-flanking
sequence, H pylori infection induced dose dependent inhibi-
tion of basal and histamine stimulated H'/K*-ATPase o
promoter activity by 80% and 66%, respectively.'” Smolka ef al
demonstrated that H pylori downregulated human HY/K'-
ATPase o basal transcription by displacement of the AP-1
transcription factor from the homology box I region of H*/K*-
ATPase o 5'-flanking sequence.® In our study, restoration of
gastric H'/K*-ATPase after eradication of H pylori strongly
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suggests that inhibition of H'/K'-ATPase production in
gastric parietal cells during H pylori infection plays a role.
One possible explanation is the association with inflamma-
tory responses induced by H pylori infection. Antibacterial
freatment is known to induce resolution of the acute
component of H pylori gastritis within a few days after
treatment.” IL-1B is important in initiating and amplifying
the inflammatory response against bacteria and is also a
potent inhibitor of gastric acid secretion. Indeed, our data
showed a negative association between H'/K-ATPase and
IL-1B, supporting this notion. These results also suggest that
H pylori derived ammonia may not be responsible for the
reversible inhibition of acid secretion, as several investigators
have reported.?”

Gastric acid secretion from parietal cells is highly organ-
ised, with a stimulus-secretion coupling molecular system. In
parietal cells, neurchormonal stimuli trigger parietal acid
secretion through receptors present in the basolateral
membranes, such as M3 muscarinic receptor.”>" Then, H'/
K*-ATPase is transported to the apical membrane where it
secretes acid into the gastric lumen. During acid secretion,
anion exchanger 2 plays a role in acid loading into parietal
cells by functioning in HCO3™ efflux and Cl~ influx across
the basolateral membrane.”® Thus H/k *-ATPase, M3
muscarinic receptor, and anion exchanger 2 play crucial
roles in parietal gastric acid secretion. Of these molecules, our
study clearly demonsirated the extraordinary restoration of
H'/K"-ATPase after H pylori eradication.

Consistent with our data, Furuta et al previously reported
that both HY/K*-ATPase expression and gastric acid secretion
are elevated after H pylori eradication.* These data suggest a
relationship between the increase in H*/K'-ATPase expres-
sion and recovery of gastric acid secretion. However, their
data did not address the question of whether the iricrease in
H*/K*-ATPase expression was a result of an increase in
parietal cell numbers or enhanced expression of HY/K'-
ATPase. We thus expanded their study by showing that
recovery of gastric acid secretion in the gastric mucosa after
eradication was not due to an increase in parietal cell
numbers but to enhanced expression of HY/K*-ATPase in
parietal cells. In addition, we elucidated that H*/K*-ATPase
expression in the gastric mucosa was restored even in
patients with severe gastric atrophy. We further extended
knowledge of the importance of restoration of HY/K*-ATPase
expression in the recovery of acid secretion by comparing it
with restoration of other molecules involved in parietal acid
secretion. Taken together, it is reasonable to conclude that
restoration of H'/K"-ATPase expression plays a central role in
recovery of gastric acid secretion after H pylori eradication.

Furuta and colleagues™ and our group observed restoration
of H'/K*-ATPase expression at a relatively early period: one
month and three months after H pylori eradication, respec-
tively. However, recovery of gastric acid secretion has also
been observed at later periods after H pylori eradication. For
exaruple, Iijima ef al reported that gastrin stimulated acid
secretion was observed even seven months after H pylori
eradication in patients with gastric ulcer.” However, changes
in parietal cell numbers and H/K*-ATPase expression during
these later periods after H pylori eradication have yet to be
elucidated. Thus further study on parietal cell numbers and
HY/K*-ATPase expression at late periods after H pylori
eradication is warranted.

In conclusion, we have shown marked restoration of H*/
K*-ATPase expression in the gastric mucosa after H pylori
eradication without alteration of parietal cell numbers. These
data provide novel insight into our understanding of the
mechanism of gastric functional recovery after treatment of
H pylori infection.
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Abstract

Activated pancreatic stellate cells (PSCs) play major roles in promoting pancreatic fibrosis. We previously reported that angiotensin 11
{Ang I1) enhances activated PSC proliferation throngh EGF receptor transactivation. In the present study, we elucidated a novel intra-
cellular mechanism by which Ang 11 stimulates cellular proliferation. TGF-f; inhibits activated PSC proliferation via a Smad3 and
Smad4-dependent pathway in an autocrine manner. We demonsirated that Ang II inhibited TGF-B;-induced muclear accumulation
of Smad3 and Smad4. Furthermore, Ang I rapidly induced inhibitory Smad7 mRNA expression. Adenovirus-mediated Smad7 overex-
pression inhibited TGF-f;-induced nuclear accumulation of Smad3 and Smad4, and potentiated activated PSC proliferation. PKC inhib-
itor Go6983 blocked the induction of Smad7 mRNA expression by Ang I1. In addition, 12-O-tetradecanoyl-phorbol 13-acetate, a PKC
activator, increased Smad7 mRNA expression. These results suggest that Ang Il enhances activated PSC proliferation by blocking auto-

crine TGF-B;-mediated growth inhibition by inducing Smad7 expression via a PKC-dependent pathway.

© 2005 Elsevier Inc. All rights reserved.

Keywords: Angiotensin II; Pancreatic stellate cell; Proliferation; Smad; TGF-§; Protein kinase C; NF-xB

Pancreatic stellate cells (PSCs) were recently identified
and characterized [1]. In the normal pancreas, PSCs pos-
sess fat droplets containing vitamin A and are quiescent.
In the quiescent state, they are characterized by desmin
positive but a-smooth muscle actin (a-SMA) negative
staining [1]. When cultured in vitro, PSCs are auto-activat-
ed (auto-transformed) changing their morphological and
functional features [2]. PSCs start losing vitamin A con-
taining lipid droplets, highly proliferating, increasing
expression of o-SMA, and producing and secreting
extracellular matrix components such as collagen and
fibronectin. That is, PSCs are auto-transformed to myofi-

* Corresponding author. Fax: +81 285 44 8297.
E-mail address: hohnishi@jichi.ac.jp (H. Ohnishi).

0006-291X/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2005.12.069

broblast-like cells. In vivo, PSCs are also activated during
pancreatic fibrosis [3]. Thus, activated PSCs are believed
to play a central role in pancreatic fibrosis.

Ang 1T is an octapeptide that causes diverse physiologi-
cal and pathological actions on cardiovascular systems. It
regulates blood pressure and the homeostasis of salts and
potassium by acting on vascular smooth muscle, the kid-
ney, and the adrenal gland [4]. Ang IT also acts as a growth
factor on myocytes and myofibroblasts in pathological
conditions, such as remodeling and fibrosis of the heart
after chronic hypertension and myocardial infarction [5].
Ang IT has also been recently shown to play important
roles in fibrosis in extra-cardiovascular organs. For exam-
ple, Ang II promotes pulmonary fibrosis after lung injury
[6] and also mediates hepatic fibrosis after chronic liver

— 542 —



K. Hama et al. | Biochemical and Biophysical Research Communications 340 (2006) 742-750 743

injury [7). Chan et al. [8] reported that chronic hypoxia
markedly enhanced the expression of angiotensinogen,
AT, and AT, receptors in the pancreas, suggesting that
Ang II may play a role in pancreatic chronic injury. Kuno
et al. [9] demonstrated that angiotensin converting enzyme
inhibitor attenuated pancreatic fibrosis in vivo, further evi-
dence that angiotensin II promotes pancreatic fibrosis.
However, the precise mechanism whereby Ang II promotes
pancreatic fibrosis remains unresolved. We and others have
recently reported that Ang II enhances activated PSC pro-
liferation, suggesting that Ang II promotes pancreatic
fibrosis by stimulating activated PSC growth {10,11]. Fur-
thermore, we showed that Ang II enhances activated PSC
proliferation by transactivating the EGF receptor [10].
However, blockade of EGF receptor kinase activity did
not inhibit the Ang II stimulatory effect on activated PSC
proliferation completely. These data suggest another path-
way through which Ang II enhances activated PSC prolif-
eration [10].

TGF-B, is a major profibrogenic cytokine found in var-
ious tissues. Recent evidence suggests that TGF-B is
involved in the etiology of pancreatic fibrogenesis, ie.,
transgenic mice overexpressing TGF-p; in islet cells devel-
op fibrosis of the exocrine pancreas [12]. Inhibition of
TGF-B; by anti-TGF-B; antibody reduced extracellular
matrix production in rat cerulein pancreatitis [13]. TGF-
B has also been shown to promote PSC activation and col-
lagen production, as well as to inhibit their proliferation in
an autocrine fashion [14,15]. In human chronic pancreatitis
tissue, TGF-B; expression was observed in acinar cells
adjacent to areas of fibrosis and in spindle cells in fibrotic
bands [3]. Thus, TGF-B; may promote pancreatic fibrosis,
in part, by modulating PSC functions.

Sma- and Mad-related proteins (Smads) are a group of
recently identified molecules that function as intraceliular
signaling mediators and modulators of TGF-f family mem-
bers [16]. Smads can be classified into three groups: recep-
tor-regulated Smads (R-Smads), common mediator Smad
(Co-Smads), and inhibitory Smads (I-Smad). In the TGF-
B signaling pathway, Smad 2 and Smad 3 function as
R-Smads, Smad 4 as a Co-Smad, and Smad 7 as an I-Smad.
Upon TGF-B binding to TGF-8 type 11 receptor, the type I1
receptor kinase phosphorylates the GS domain of TGF-B
type I receptor, leading to its activation. The activated type
I receptor kinase phosphorylates Smad2 and Smad3 (R-
Smads) at two serine residues in the SSXS motif at their
extreme C termini [17,18] Phosphorylated Smad2 and
Smad3 form oligomeric complexes with Smad4 (Co-Smad),
which subsequently translocate into the nucleus and acti-
vate the transcription of target genes. Smad7 acts in oppo-
sition to the signal-transducing R- and Co-Smads by
forming stable associations with activated type-I receptors,
thus preventing the phosphorylation of R-Smads [19,20].
We recently reported that autocrine TGF-p; inhibits PSC
proliferation via a Smad3-dependent pathway [21].

Interactions between TGF-p/Smad signaling and other
signaling systems have been reported [22]. However,

interaction between Ang I1 and TGF-f signaling pathways
is poorly defined. In this study, we hypothesized that Ang
1I attenuates TGF-pB;-induced growth inhibition of activat-
ed PSCs and consequently, enhances activated PSC prolif-
eration via a novel pathway. We demonstrate that Ang II
inhibits TGF-p-induced nuclear accumulation of Smad3
and Smad4. We also show that Ang II induces the expres-
sion of an inhibitory Smad, Smad7. Overexpression of
Smad7 attenuated TGF-B,-induced Smad3 nuclear accu-
mulation and enhances activated PSC proliferation. We
also demonstrate that the induction of Smad7 by Ang il
is dependent on PKC, but not on NF-«B.

Experimental procedures

Materials. Nycodenz, pronase, and anti-o-SMA antibody were pur-
chased from Sigma (St. Louis, MO); DNase I from Roche (Basel, Swit-
zerland); recombinant human Ang II from Peptide Institute (Osaka,
Japan); and collagenase P from Boehringer-Mannheim (Mannheim, Ger-
many). Anti-Smad3-, anti-Smad4, anti-Smad7, and anti-IkB-antibodies
were obtained from Santa Cruz (Santa Cruz, CA). Horseradish peroxidase
(HRP)-conjugated donkey anti-goat 1gG-, HRP-conjugated donkey anti-
mouse IgG-, and Cy3-conjugated donkey anti-goat [gG antibodies were
purchased from Jackson Immuno Research (West Grove, PA).

Isolation and culture of rat pancreatic stellate cells. Rat pancreatic
stellate cells were prepared as described [1} Briefly, rat pancreata were
digested in Gey’s balanced salt solution supplemented with 0.05% colla-
genase P, 0.02% pronase, and 0.1% DNase. After filtration through nylon
mesh, cells were centrifuged on a 13.2% Nycodenz gradient at 1400g for
20 min. PSCs were collected from the band just above the interface of the
Nycodenz solution and the aqueous layer, washed and resuspended in
Iscove’s modified Dulbecco’s medium containing 10% fetal calf serum,
100 U/ml penicillin, and 100 pg/ml streptomycin, PSCs were cultured in a
5% CO, atmosphere at 37 °C. All experiments were carried out using PSCs
from passages two and three. During these passages, PSCs are culture-
activated, transformed to myofibroblast-like cells, and express a-SMA as
described previously [21].

Adenovirus infection. Recombinant adenoviruses of Smads and IxB
mutant were kindly provided by Dr. Miyazono (University of Tokyo,
Tapan) and Dr. Timuro (Hyogo Medical Collage), respectively. We used an
adenovirus expressing B-galactosidase (AdLacZ) as an infection conirol.
For a single adenovirus infection, cells were infected with a recombinant
adenovirus at a dose of 10 plaque-forming units (pfu) per cell unless
otherwise indicated. In the experiments using double adenovirus infection,
cells were infected with Smad3 adenovirus (AdSmad3) at a dose of 10 pfu/
cell, concomitantly with Smad7 (AdSmad7) or B-galactosidase (AdLacZ)
adenoviruses at a dose of 10 pfu/cell.

Immunocytochemisiry, Immunocytochemistry was carried out as
described previously [21], using an Olympus BX51 microscope (Olympus,
Tokyo, Japan). Images were digitized and then processed using the
Photoshop 5.0 software (Adobe Systems, Mountain View, CA).

Nuclear extract preparation. Nuclear extracts were prepared by the
method of Dignam et al. [23]. After the appropriate treatment, the cells
were washed twice with ice-cold PBS, scraped, and resuspended in 400 pl
buffer A (10 mM Hepes (pH 7.9), 10 mM KCl, 0.1 mM EDTA, 0.1 mM
EGTA, 1 mM dithiothreitol, and 0.5 mM PMSF). After 15 min, Nonidet
P-40 was added to a final concentration of 0.6%. Nuclei were pelleted and
resuspended in 50 ! buffer B (20 mM Hepes (pH 7.9), 0.4 M NaCl, 1 mM
EDTA, 1 mM EGTA, 1 mM dithiothreitol, and I mM PMSF). After
incubation at 4 °C for 30 min, the lysate was centrifuged, and the super-
natant containing the nuclear proteins was transferred to new vials. The
protein concentration of the extract was measured using a Bio-Rad Pro-
tein Determination kit (Hercules, CA).

Western blotting. Western blotting was carried out as described pre-
viously [24], using the enhanced chemiluminescence reagent to visualize
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the secondary antibody. For gel electrophoresis, 10 pug protein was loaded
on each lane of a 10% sodium dodecyl sulfate-polyacrylamide gel.
Measurement of DNA synthesis. DNA synthesis was measured by
determining the amount of [*H]thymidine incorporation into cells. After
[PH]thymidine was added to the culture medium, the cells were incubated
for 2 h and PH]thymidine incorporation was measured as described pre-

viously {25].
Statistical analysis. The data were analyzed by ANOVA to determine
statistical significance and P < 0.05 was considered significant.

Results

Ang I inhibited Smad3 and Smadd nuclear accumulation in
PSCs and blocked TGF-$; inhibitory effect on PSC
proliferation

In order to examine possible Ang I interference with the
TGF-B; signaling pathway, we first investigated the effect
of exogenous TGF-B; on the DNA synthesis in activated
PSCs. As shown in Fig. 1, TGF-B; added into the culture
medium inhibited the DNA synthesis in PSCs. Maximum
inhibition was observed at 30 pM. Therefore, we utilized
30 pM TGF-, in the further experiments. Since a dose
of 100 nM Ang Il maximally enhances PSC proliferation
[10], this dosage was employed for all experiments. We then
investigated the effect of Ang II on TGF-B;-induced Smad3
and Smad4 nuclear accumulation in activated PSCs using
immunocytochemistry. Smad3 is known to mediate the
TGF-8; inhibitory effect on PSC proliferation [21]. As
shown in Fig. 2, untreated PSCs showed diffuse cytoplas-
mic staining for Smad3, and only nuclear bodies were
stained in their nuclei (Fig. 2A, arrows). When stimulated
with 30 pM TGF-B,, nuclear staining of Smad3 was exclu-
sively detectable in PSCs (Fig. 2B). In contrast, cells pre-
treated with Ang II prior to adding TGF-B; showed only
the nuclear body staining for Smad3 in their nuclei
(Fig. 2C, arrows), indicating that Ang I1 suppressed the
TGF-B;-induced nuclear translocation of Smad3. In addi-
tion, untreated PSCs showed diffuse cytoplasmic staining
for Smad4, but nuclear staining was barely observed
(Fig. 2D). When stimulated with 30 pM TGF-B;, nuclear
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(% of Control)
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Fig. 1. TGF-B, inhibits activated PSC proliferation. Cells were incubated
with the indicated amounts of TGF-B; added in the culture medium for
48h, followed by the determination of the DNA synthesis using
[3H]thymidine incorporation assay. Values are means & SE for three
independent experiments. *P < 0.05 vs. control.

Anti-Smad3

non-treated

30 pM TGF-B,

30 pM;rGF-B,
100 nM Ang 1l

Fig. 2. AngII inhibited TGF-B,-induced nuclear accumulation of Smad3
and Smad 4. Activated PSCs were incubated in the presence or absence of
100 nM Ang I1 for 48 h, followed by the stimulation with 30 pM TGF-§,
for 2 h. Then, nuclear accumulation of Smad3 and Smad4 was examined
using immunocytochemistry with anti-Smad3 (A-C) or anti-Smad4 (D-F)
antibodies. The results shown are representative of three independent
experiments. Bars, 10 pm.

staining of Smad4 was exclusively detectable in PSCs
(Fig. 2E, arrowheads). However, cells pretreated with
Ang 11 prior to adding TGF-B; showed cytoplasmic but
not nuclear staining for Smad4 (Fig. 2F), indicating that
Ang 11 also suppressed the TGF-B;-induced nuclear trans-
location of Smad4.

For more quantitative evaluation of TGF-B-induced
nuclear accumulation of Smad3 and Smad4, we examined
the effect of Ang IT on TGF-B;-induced Smad3 and Smad4
muclear accumulation using Western blotting of nuclear
extracts. Since the level of endogenously expressed Smad3
protein in PSCs is below the sensitivity of Western blots,
we employed adenovirus-mediated overexpression of
Smad3. We previously reported that more than 98% of
the PSCs are infected with various Smads expressing ade-
novirus vectors and each Smad protein was sufficiently
expressed to permit detection [21] The expression of
endogenous Smad4 protein in PSCs is sufficient to permit
detection by Western blotting, i.e., in the absence of adeno-
virus-mediated overexpression. As shown in Fig. 3, 30 pM
TGF-B, increased Smad3 and Smad4 nuclear accumulation
in activated PSCs (Fig. 3, top and bottom panels; first and
second lanes). In contrast, pretreatment of PSCs with
100 nM Ang II attenuated TGF-B;-induced Smad3 and
Smad4 nuclear accumulation (Fig. 3A, top and bottom
panels; third and fourth lanes). However, the amount of
overexpressed Smad3 protein in whole cell lysates is
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Fig. 3. Ang II inhibited TGF-p;-induced nuclear accumulation of
overexpressed Smad3 and endogenous Smad4 in activated PSCs. Twen-
ty-four hour post-AdSmad3-infected PSCs were incubated with or without
100 nM Ang II for 48 h followed by either 30 pM TGF-f, in the culture
medium for 24 h or the cells left untreated. Nuclear accumulation of
Smad3 (top panel) and Smad4 (bottom panel) was analyzed with Western
blotting of nuclear extracts using specific antibodies. Confirmation of
equivalent Smad3 overexpression by AdSmad3 infection in each sample
was provided by Western blotting of whole cell lysate using an anti-Smad3
antibody (middle panel). The results shown are representative of three
independent experiments.

identical under all experimental conditions (Fig. 3, middle
panel). These observations reinforce that Ang II attenuates
Smad3 and Smad4 nuclear accumulation induced by TGF-
B; in PSCs. Furthermore, 100 nM Ang II blocked the
30 pM TGF-B; inhibitory effect on PSC proliferation
(Fig. 4, second third columns). Cumulatively, these data
suggest that Ang IT enhances PSC proliferation by blocking
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Fig. 4. Ang II blocked TGF-p, inhibition of activated PSC proliferation.
Activated PSCs were incubated in the presence or absence of 100 nM Ang
11 of 48 h, followed by the stimulation with 30 pM TGF-p; for 24 h. Then,
DNA synthesis was determined using [3H]thymidine incorporation assay.
The values are expressed as means & SE for three independent experi-
ments. *P <0.05.

TGF-B; inhibition of PSC proliferation by inhibiting
Smad3 and Smad4 nuclear accumulation.

Ang II enhanced Smad7 mRNA expression in PSCs

Down-regulation of TGF-p signaling occurs via a feed-
back mechanism involving the induction of the inhibitory
Smad7, which in turn, blocks TGF-B-induced growth inhi-
bition. Interferon-y was recently shown to inhibit TGF-,/
Smad signaling via the induction of Smad7 expression [26].
Therefore, we hypothesized that Smad7 plays a role in Ang
Il-induced suppression of TGF-B;/Smad3/4 signaling. As
shown in Fig. 5, 100nM Ang II increased the level of
Smad7 mRNA expression within 1 h and reached a maxi-
mum level after 2 h of exposure.

Adenovirus-mediated Smad7 overexpression inhibited Smad3
and Smadd nuclear accumulation and enhanced PSC
proliferation

We next determined whether or not Ang-Il-induced
Smad7 expression can block TGF-B; signaling. We exam-
ined the effect of adenovirus-mediated Smad7 overexpres-
sion on Smad3 and Smad4 nuclear accumulation in
PSCs, using immunocytochemistry. We utilized an adeno-
virus expressing B-galactosidase (AdLacZ) as an infection
control. As shown in Fig. 6A, Smad7 protein signal was
observed in more than 98% PSCs infected with AdSmad7
(Fig. 6A, panels a and c). In contrast, Smad7 signal was
barely detected in cells infected with AdLacZ (Fig. 6A,
panels b and d). These data indicate that infection with
AdSmad7-induced Smad7 overexpression in activated
PSCs. As shown in Fig. 5B, PSCs infected with AdLacZ
showed diffuse cytoplasmic staining for Smad3, and only
nuclear bodies were stained in their nuclei (Fig. 6B, panel
a, arrow heads). When stimulated with 30 pM TGF-B,
nuclear staining of Smad3 was exclusively dstectable in
PSCs infected with AdLacZ (Fig. 6B, panel b, arrows).
In contrast, cells infected with AdSmad7 showed only the
nuclear body staining for Smad3 in their nuclei after
TGF-p, stimulation (Fig. 6B, panel ¢, arrow heads), indicat-
ing that Smad7 overexpression induced by AdSmad?7 infec-
tion suppressed the TGF-B;-induced nuclear translocation

Smad7

GAPDH

0 30 60 90 120 180

minutes

Fig. 5. Ang II increased Smad7 mRNA expression in PSCs. PSCs were
incubated for indicated times with 100 nM Ang II. After incubation,
Smad7 mRNA expression was determined by RT-PCR, using glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) mRNA expression as a
control.
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Fig. 6. Smad7 overexpression inhibited TGF-B;-induced nuclear accu-
mulation of Smad3 and Smad4 in activated PSCs. Activated PSCs were
infected with AdSmad7 (A: a and ¢, B: cand ) or AdLacZ (A:band d, B:
a b, d, and e). (A) Activated PSCs infected with AdSmad7 (a and c) or
AdLacZ (b and d) were immunostained with anti-Smad7 antibody 48 h
after the infection (a and b). Panels ¢ and d are Nomarski images
corresponding to panels a and b, respectively. (B) Forty-eight hour post-
AdSmad7 or post-AdLacZ-infected PSCs were incubated for 2h with (b,
¢, ¢, and ) or without (a,d) 30 pM TGF-B,. Nuclear accumulation of
Smad3 and Smad4 was examined using immunocytochemistry with anti-
Smad3 (a-c) or anti-Smad4 (d-{) antibodies. The results shown are
representative of three independent experiments. Bars, 10 um.

of Smad3. In addition, PSCs infected with AdLacZ showed
diffuse cytoplasmic staining for Smad4, but nuclear
staining was barely observed (Fig. 6B, panel d). When stim-
ulated with 30 pM TGF-B,, nuclear staining of Smad4 was
exclusively detectable in PSCs infected with LacZ (Fig. 6B,
panel e, arrows). However, cells infected with AdSmad7
showed cytoplasmic but not nuclear staining for Smad4
(Fig. 6B, panel f), indicating that Smad7 overexpression
also suppressed the TGF-B;-induced nuclear translocation
of Smad4. These data suggest that Smad7 overexpression
inhibits the initial event in the TGF-B;/Smad signaling of

TGF-B,; inhibition of PSC proliferation. For more quanti-
tative analysis, we examined the effect of Smad7 overex-
pression on Smad3 and Smad 4 nuclear accumulation
using Western blotting. Since the level of endogenously
expressed Smad3 protein in PSCs is below the sensitivity
of Western blots as described above, we again utilized
activated PSCs infected with AdSmad3. Smad3 protein
was overexpressed equally with AdSmad3 infection under
all conditions (Fig. 7, second panel). In contro} cells infect-
ed with AdLacZ, 30 pM of exogenous TGF-B¢-induced
Smad3 and Smad4 nuclear accumulation (Fig. 7, first and
third panels, first and second lanes). On the contrary, in
AdSmad7-infected cells overexpressing Smad7, exogenous
TGF-B;-stimulated nuclear accumulation of Smad3 and
Smad4 was inhibited (Fig. 7, first and third panels, third
and fourth lanes). These data reinforce that Smad7 overex-
pression inhibits Smad3/4-dependent TGF-B; signaling
pathway in activated PSCs. We subsequently investigated
the effect of Smad7 overexpression on PSC proliferation.
As shown in Fig. 8A, infection with AdSmad7 markedly
enhanced PSC proliferation. Enhanced cell proliferation
occurred concomitantly with the overexpression of Smad7
protein (Fig. 8B, Western blotting). AdSmad7 infection
enhanced PSC growth to a similar extent to that by angio-
tensin II as shown previously [10]. In contrast, infection
with AdLacZ did not alter PSC proliferation (Fig. 8A).

Nuclear
Smad3

Whole
Smad3

Nuclear
Smad4

Whole
Smad?

TGF-B, - =

(30 pM)

AdSmad7 = = =

AdLacZ s afa =

Fig. 7. Smad7 overexpression inhibited nuclear accumulation of overex-
pressed Smad3 and endogenous Smad4 induced by TGF-B;. Activated
PSCs were infected with AdSmad3 in combination with AdLacZ (first and
second lanes) or AdSmad7 (third and fourth lanes). Forty-eight hours
after the infection, cells were incubated with (second and fourth lanes) or
without (first and third lanes) 30 pM TGF-p; for 2 h. Nuclear accumu-
Jation of Smad3 (top panel) and Smad4 (third panel) was analyzed by
Western blotting of nuclear extracts using their specific antibodies. Equal
expression of Smad3 (second panel) and Smad7 (fourth panel) following
adenovirus infection was confirmed by Western blotting of whole lysate.
The results shown are representative of three independent experiments.
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Fig. 8. Smad7 overexpression enhanced DNA synthesis in PSCs. (A)
PSCs were infected with AdSmad7 (closed circles) or AdLacZ (open
circles) at indicated doses. After 48 h of incubation, DNA synthesis was
determined using a {*H]thymidine incorporation assay. The values are
expressed as means = SE for three independent experiments. *P < 0.05 vs.
control. (B) Dose-dependent Smad?7 overexpression by AdSmad7 infection
was confirmed by Western blotting of PSC whole lysates 48 h after the
infection using an anti-Smad7 antibody.

These data suggest that Smad7 overexpression following
AdSmad?7 infection mimics both the Ang II inhibitory
effect on TGF-B, signaling in PSCs and Ang II enhance-
ment of PSC proliferation.

Ang II-induced Smad?7 expression via PKC dependent but
NF-xB independent pathway

We attempted to elucidate the intracellular signaling
pathway by which Ang IT induces Smad7 expression. Since
NF-kB transcription factor is known to mediate Smad7
induction by various cytokines [27], we examined NF-xB
involvement in Smad7 induction by Ang II, using an ade-
novirus expressing an HA-tagged IxB mutant (Ad5IkB)
that contained serine-to-alanine mutations in residues 32
and 36 [28). This IxB mutant functions as an 1B super-re-
pressor. The expression of the HA-tagged 1xB mutant in
PSCs after Ad5IkB infection was confirmed by its slower
mobility on Western blots in comparison to endogenous
I«B (Fig. 9A). In control experiments, the suppression of
NF-kB function by the HA-tagged IkB mutant was exam-
ined by assessing the effect of AdSIkB infection on interleu-
kin-1p-induced ICAM-1 expression, which is mediated by
NF-kB in PSCs [29]. We also used a p-galactosidase
expressing adenovirus (AdLacZ) as an infection control.
As shown in Fig. 9B, interleukin-1B increased ICAM-1
mRNA expression in AdLacZ-infected PSCs, whereas
interleukin-1p failed to induce it in Ad5IxB-infected PSCs,
suggesting that the expression of the HA-tagged IxB
mutant after Ad5IxB infection blocks the NF-xB-depen-
dent signaling pathway in PSCs. In contrast, Ang 1T suc-
cessfully enhanced Smad7 mRNA expression in both
AdLacZ- and Ad5IkB-infected PSCs (Fig. 9C). These data
suggest that Ang 1T induces Smad7 mRNA expression via a
NF-«B-independent pathway.
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Ad5ikB AdlLacZ

B
ICAM-1

GAPDH

IL-103
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Ad51xB
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Fig. 9. Smad7 induction by Ang I is independent of NF-kB transcription
factor. PSCs were infected with either AdLacZ or Ad5IkB. (A) Expression
of HA-tagged IxB mutant was assessed by Western blotting of whole
lysate using an anti-IxB antibody. (B,C) Forty-eight hours after infection,
PSCs were incubated in the presence or absence of 10 ng/ml IL-18 (B) or
100 oM Ang 11 (C) for 2h, then ICAM-1 (B) or Smad7 (C) mRNA
expression was determined by RT-PCR, using GAPDH mRNA expres-
sion as a control.

||+

Recently, it was reported that Smad7 expression is reg-
ulated via a PKC-dependent pathway in some types of cells
[30]. In addition, Ang II is known to activate PKC in var-
ious cells. Therefore, we hypothesized that Smad7 induc-
tion by Ang II may be dependent on PKC. In order to
examine this hypothesis, we blocked PKC with a PKC
inhibitor Go6983. When PSCs are pretreated with
Go6983, a 100 nM dose of Ang II did not enhance Smad7
mRNA expression (Fig. 10A). Moreover, 12-O-tetradeca-
noyl-phorbol 13-acetate, a PKC activator, increased
Smad7 mRNA expression (Fig. 10B). These data strongly
suggest that Ang 11 induces Smad7 mRNA expression via
a PKC-dependent pathway. '

Discussion

In this study, we report a novel mechanism for enhanc-
ing activated PSC proliferation by Ang I1. Both AngII and
the overexpression of Smad 7 inhibited TGF-p;-stimulated
nuclear accumulation of Smad3 and Smad4 concomitantly
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Fig. 10. Smad7 induction by Ang H is dependent on PKC., (A) PSCs were
pretreated with 60 nM PKC inhibitor Go6983 for 1 h and then incubated
with 100 nM Ang II for 2 h. (B) Cells were incubated with 100 nM TPA
for indicated times. After the incubation, Smad7 mRNA was examined
with RT-PCR, using GAPDH mRNA expression as a control (A,B).

with the enhanced proliferation of activated PSC. Ang 11
and TPA increased Smad7 mRNA expression. Further-
more, the PKC inhibitor, Go6983, prevented enhanced
Smad7 mRNA expression by Ang II. Accordingly, Ang
Il enhances activated PSC proliferation by attenuating
the autocrine TGF-B, inhibitory effect via Smad7 induction
and, it appears as if PKC is involved in this mechanism.
Since Ang II is a physiological peptide that regulates
blood pressure and the homeostasis of the cardiovascular
system, its pathological role in tissue fibrosis has been stud-
ied extensively in cardiovascular organs. In pathological
conditions, such as remodeling of the heart after chronic
hypertension and myocardial infractions, Ang II promotes
cardiac fibrosis by acting as a growth factor for myofibro-
blasts. In the kidney, Ang II induces the proliferation of
mesangial cells and fibroblasts, and consequently promotes
renal fibrosis [31]. The transactivation of the EGF-receptor
leading to the activation of mitogen-activated protein
kinases is a well-documented event in the Ang II intracellu-
lar signaling pathway that contributes to cellular growth
[32]. Our recent report that Ang II stimulates activated
PSC proliferation by transactivating the EGF-receptor
leading to ERK activation suggests that Ang II promotes
pancreatic fibrosis by enhancing activated PSC growth
[10]. Ang II increased DNA synthesis in activated PSCs
concomitant with activating the EGF-receptor and its
downstream ERK. Moreover, the EGF-receptor kinase
inhibitor AG1478 blocked Ang-II-induced ERK activa-
tion, and inhibited Ang-II-stimulated DNA synthesis by
approximately 50% [10]. Although these data suggest that
Ang II stimulates PSC proliferation via an EGF-receptor
transactivation-ERK  pathway, the 50% inhibition of

Ang-Il-enhanced PSC proliferation by an EGF-receptor
kinase inhibitor suggests the existence of an alternate intra-
cellular signaling pathway for the Ang II mitogenic effect
on PSCs. These observations provided the impetus to con-
duct the present study in an effort to elucidate this novel
signaling pathway for the Ang II mitogenic effect on acti-
vated PSCs.

TGF-B, promotes PSC activation and collagen produc-
tion, but inhibits PSC proliferation [14,15]. We previously
elucidated the signaling pathways by which autocrine
TGF-B; regulates PSC functions [21]. We have shown that
TGF-B, stimulates PSC activation and inhibits its prolifer-
ation via Smad2-dependent and Smad3-dependent path-
ways, respectively. In the current study, we evaluated the
effect of Ang IT on Smad3 and Smad4 nuclear accumula-
tion (Figs. 2 and 3). Although Ang II inhibits TGF-B-in-
duced Smad2 nuclear accumulation in PSCs, it does not
modulate PSC activation (unpublished data). These obser-
vations warranted further study on the role of the Ang I1
inhibitory effect on TGF-B-induced Smad? nuclear accu-
mulation in the regulation of PSC functions.

Both Ang IT and TGF-, play important roles in tissue
fibrogenesis and their interaction in this process has recent-
ly been described. Ang II upregulates the expression of one
of the TGF-§ receptors, endoglin, in cardiac fibroblasts
[33]. Upregulated endoglin modulates the Ang II profibrot-
ic effects by increasing typel-collagen expression. Further-
more, in vivo studies have shown that Ang II infusion
increases TGF-B; mRNA expression in vascular smooth
muscle and myofibroblast-like cells [34]. Therefore, consid-
erable attention has been directed to the positive interplay
between Ang-II and TGF-p, in the etiology of tissue fibro-
genesis. In the present study, we provide the first evidence
documenting an Angll inhibitory effect on the TGF-p/
Smad signaling pathway and its subsequent effects on acti-
vated PSC proliferation.

Two inhibitory Smads, Smad6, and Smad7, have been
identified and characterized in this TGF-B signaling Sys-
tem. Smad6 functions as an I-Smad in the BMP signaling
pathway [35], whereas Smad7 inhibits all TGF-B family sig-
naling pathways [19,20]. Therefore, we investigated the role
of Smad7 in the AngII-TGF-f interplay regulating PSC
proliferation. Since TGF-B induces Smad7 expression in
various cell types, Smad7 is considered to act in a nega-
tive-feedback regulation of TGF-B family stimulation.
Other pro-inflammatory cytokines, such as TNF-a, IL-1B
[27] and IFN-y [26], have recently been shown to induce
Smad7 expression. Smad7 induction by TNF-o and IL-B
is mediated by an NF-kB-dependent pathway [27] IFN-y
induces Smad?7 expression via a JAK-Stat signaling path-
way [26], however, the PKC activator, TPA, has been
shown to increase Smad7 expression in lung fibroblasts,
suggesting PKC involvement in Smad7 induction [30].
Nevertheless, the cytokine that induces Smad7 expression
via a PKC-dependent pathway has not been identified.
Ang II is known to activate PKC and NF-kB. Therefore,
we examined the roles of NF-kB and PKC in the Angll/
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Smad7 induction pathway and showed that Smad7 induc-
tion is PKC-dependent, but NF-xB independent. Thus,
Ang 11 is the first cytokine shown to induce Smad7 expres-
sion via a PKC-dependent pathway.

In conclusion, we have shown that Ang IT enhances the
proliferation of activated PSC by attenuating the autocrine
TGF-B; inhibitory effect by Smad7 induction via a PKC-
dependent pathway. These observations provide new and
important data for understanding the mechanism of pan-
creatic fibrosis.
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Technical modification of the double-balloon endoscopy to access
to the proximal side of the stenosis in the distal colon

Tomonori Yano, MD, Hironori Yamamoto, MD, Hiroto Kita, MD, Keijiro Sunada, MD,
Yoshikazu Hayashi, MD, Hiroyuki Sato, MD, Michiko Iwamoto, MD, Yutaka Sekine, MD,
Tomohiko Miyata, MD, Akiko Kuno, MD, Makoto Nishimura, MD, Hironari Ajibe, MD,

Kenichi Ido, MD, Kentaro Sugano, MD

Tochigi, Japan

Background: The inability to pass endoscopes beyond strictures is a considerable problem in patients with

a colonic stricture.

Methods: In patients with bowel obstruction, we have modified the insertion method for double-balloon

endoscopy with a long, transnasal decompression tube.

Observations: We have succeeded in reaching the proximal side of the stricture from the oral approach across

the entire small bowel in a patient.

Conclusions: This modified double-balloon enteroscopy is useful for patients with bowel obstruction in whom

a long decompression tube is already placed.

Double-balloon endoscopy is a novel system that
enables endoscopic scruiiny of the entire small bowel.?
We have modified the insertion method of this system for
patients with a transnasal, long decompression tube
placement for bowel obstruction. We used this modified
double-balloon endoscopy in a patient with a narrow
segment in the left side of the colon and succeeded in
reaching the proximal side of the stricture from an oral
approach across the entire small bowel.

PATIENTS AND METHODS

A 45-year-old man was referred to our hospital because
of chronic diarrhea and abdominal fullness. A contrast
study of the colon revealed a severely strictured lesion
from the descending colon to the rectosigmoid colon. The
stricture was more likely caused by inflammation than by
neoplasm, and a markedly dilated transverse colon also
was observed. Before our evaluation, he required emer-

gent hospitalization because of bowel obstruction. A long-.

decompression tube (lleus tube, soft type, open tip
Phycon; Fuji Systems Corp, Tokyo, Japan), (300 cm and
diameter of 53 mm) was inserted transnasally under
fluoroscopic guidance into the jejunum. The tip of the
decompression tube has a balloon that was distended by
filling with water after insertion of the tube so that the tip
could be advanced by peristalsis.

Copyright © 2005 by the American Society for Gastrointestinal Endoscopy
0016-5107/$30.00
Pll; S0016-5107(05)00542-0

After the hospitalization, decompression with the long
tube relieved his clinical symptoms. An abdominal radio-
graph taken a few days later showed that the tip of the
decompression tube reached the terminal ileum. Colonos-
copy, without bowel preparation, demonstrated a stenotic
lesion at the rectosigmoid colon, and further endoscopic
insertion was not possible. The mucosal surface of the
rectum was irregular and suggested diffuse inflammation.
Neither ulcers nor erosions were observed in the rectum. A
biopsy specimen of the rectal mucosa showed infiltration
with inflammatory cells, which suggested chronic inflam-
mation, e.g., ulcerative colitis. A biopsy specimen from the
distal edge of the stricture did not reveal any neoplastic
changes. To explore the proximal side of the stenosis, we
used doubleballoon endoscopy (Fujinon EN-450P5/20;
Fujinon Corp, Saitama, Japan) (200 cm and diameter of
8.5 mm), with a new modified insertion technique (Fig. 1A
to E). The procedure was carried out without any special
bowel preparation. Initially, the proximal end of the nasally
inserted decompression tube was cut off so that the inser-
tion route could begin from the mouth. The balloon of the
decompression tube was inflated with air to fix the tip of
the tube in the terminal ileum. A double-balloon-endoscopy
overtube was inserted along the decompression tube after
stiffening of the tube with a guidewire. The tip of the
overtube easily reached the terminal ileum, because the tip
of the decompression tube was already at the terminal
ileumn and was fixed with its balloon. It took 10 minutes for
the insertion of the overtube. Then, the overtube balloon
was inflated to fix the overtube tip at the terminal ileum.
Both the guidewire and the decompression tube were
removed, leaving the overtube in place. These procedures
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were performed under fluoroscopic guidance with the
patient under conscious sedation. Finally, the enteroscope
was inserted through the overtube. The enteroscope tip
easily reached the terminal ileum within a few minutes.
These procedures enabled the insertion of the endoscope
to the terminal ileum from an oral approach. The endos-
cope was further inserted into the colon by way of the
ileocecal valve and reached the proximal side of the stric-
ture in the descending colon. No solid stool was packed in
the colon, and endoscopic insertion and observation were
easily possible by washing some remaining stool on the
colonic wall, Irregular mucosa was observed at the proximal
edge of the stricture of the descending colon, along with
inflammatory changes and ulcerations throughout the
entire colon, which suggested pancolitis (Fig. 2). A biopsy

: Capsule Summary
‘ What is already known on thls toplc -
e lt is sometlmes endoscoplcally lmpOSSlble to traverse
- ~tight colonic strictures, -
e Double-balloon endoscopy is & new techmque that -
' allows endoscoplc wsuallzatlon of the entire small bowel

i ‘What thls study adds to our knowledge

“elna smgle panent mod|f|ed double balloon enteroscopy
~was Used to traverse the entire small.bowel and reach
“the proxmal end of a descendmg colonlc |nflammatory
stncture i :

Figure 1. lllustration of the insertion technique. A, Insertion of the
guidewire through the decompression tube. B, Insertion of the overtube
along the decompression tube. C, Removal of the ileus tube and
guidewire after inflation of the balloon at the tip of the overtube to fix
the overtube in the intestine D, Insertion of enteroscope through the
overtube to the stricture in the colon. E, Fluoroscopic image of the
enteroscope.
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Figure 2. Endoscopic view of the tumor from the proximal side of the
stricture.

specimen taken from the irregular mucosa at the edge
of the stricture revealed adenocarcinoma. Because the
diagnosis of colitic cancer was made before surgery,
curative surgery with a total colectomy and a lymph-node
resection was performed. Postoperative course was un-
eventful, and no recurrence was observed during 2 years of
follow-up.

DISCUSSION

A major complication of ulcerative colitis and Crohn’s
disease can be strictures, which should always raise the
question of malignancy.4’5 Ulcerative colitis is one of
the risk factors of developing colorectal carcinoma, and
screening for cancer is recommended by a number of
sources.

Although retrograde colonoscopic techniques have im-
proved, strictures continue to hamper endoscopic access.
Capsule endoscopy is 2 new powerful diagnostic tool, but
this new modality cannot be used when strictures are
present, because of the risk of entrapment.’ Although
anterograde colonoscopy in a patient-with a jejunoileal
bypass was previously reported, this is the first report of
endoscopic examination of the descending colon from the
oral approach in a patient without a surgical bypass or
resection of the small intestine.” Transnasal, long decom-
pression tube placement is an effective palliative treat-
ment of mechanical bowel obstruction and is commonly
used in Japan. The time required for the tip of the de-
compression tube to reach the distal intestine and to
release the obstruction varies from patient to patient and
ranges from several hours to several days. The long
decompression tube placed into the small intestine was

useful for guiding the overtube into the ileum. We pre-
viously reported our experience with double-balloon
enteroscopy in two cases of oral insertion up to the ce-
cum. In these two cases, the insertion time to the cecum
was, on average, 114 minutes.? By contrast, it took only a
few minutes with this new modified technique for the
enteroscope to reach the terminal ileum after overtube
placement. This modified double-balloon endoscopy is
useful for patients with bowel obstruction in whom a long
decompression tube can be placed.

DISCLOSURE

Hironori Yamamoto has applied for the patent in
Japan on the double-balloon system described in this
article.
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Diagnosis and treatment of bile duct cancer—from the viewpoint of physician—
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Figure 1. E#EREE DBW | Diagnosis of unicteric bile duct carcinoma a:BEEHR BEEIIRDO Lo
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Intraductal ultrasonography (IDUS) 7 —T7HHEAENTWV S (&RED).
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3. Covered metallic stent
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2. Photodynamic theraphy (PDT)
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