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Table 2. Characteristics of the 5-year survivors

Age (years) Sex T category N category Stage Outcome
l. 60 Female 13 nl 111 Dead (61.0 months; local recurrence)
2. 58 Male 14 nl IVa Dead (61.0 months; pleural dissemination)
3, m Female 3 nl 11 Alive (95.4 months)
4. 66 Male 13 n2 1Va Dead (97.9 months; lung metastases)
5. 56 Female 13 nl 111 Dead (164 months; renal failure)
6. 37 Female 12 ni 11 Alive (254.5 months)
Tuble 3. Outcomes after extended radical resection combined with IORT for patients
with pancreatic cancer
Survival time in months;
No. median (range)
Cancer-related death . 32
Liver metastases 18 14.3 (5.6-30)
Without liver metastases 14 28.4 (10.8-97.7)
Lung metastases 3
Peritoneal dissemination 6
Pleural dissemination 1
Recurrence in remnant pancreas 2
Local recurrence 2
Non-cancer-related death 7
Hospital death (intraperitoneal bleeding) 4 22(1.6-8.3)
Non-hospital death 3 32 (8.3-164)
Malnutrition 1
Cardiac failure 1
Renal failure 1
Alive 2
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Fig. 1. The cumulative survival curve in this series is depicted;
the curve was constructed using the Kaplan-Meier method

14 patients without liver metastases died between 10.8
and 97.7 months after the surgery. Hospital death caused
by intraabdominal bleeding occurred from 1.6 to 83
months after surgery in 4 patients (9.8%). The patients
who experienced liver metastases had a median survival
time of 14.3 months, and they had a significantly worse

Fig. 2. Survival rates in the 32 patients who died of cancer-
related causes, comparing patients with liver metastases and
patients with other recurrences

prognosis than those with other cancer-related causes
of death (median survival time, 28.4 months; Fig. 2).
The patients with stage 1V disease had a significantly
worse prognosis than those with stage 11 or 111 (Fig. 3).
RO resection did not contribute to survival benefit com-
pared with R1-2. The pl (+) group had a significantly
poorer prognosis compared with the pl (=) group
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Fig. 3. Kaplan-Meier analysis of survival according to stage
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Fig. 4. Kaplan-Meier analysis of survival according to extra-
pancreatic nerve plexus invasion (pl)

(Fig. 4). No significant difference in survival was
observed between the pv (+) and pv (=) groups. The
patients with n3 had a significantly worse prognosis than
the others (Fig. 5), although there was no significant
difference in survival between the n (=) and n (+) groups,
or between the n0-1 and n2-3 groups.

Discussion

Several studies have revealed that pancreatic resection
can yield actual 5-year survival rates of 15% to 25%
following pancreaticoduodenectomy and 8%-14% fol-
lowing distal pancreatectomy for PC. The patients with
PC who received the combined therapy in the present
study had an actual 5-year survival rate of 14.6%, and
the therapy provided no survival benefit. Two random-
ized trials have shown that there was no survival benefit
from extended surgery compared with a standard oper-
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ation,"™"" although several retrospective reports fro
Japan showed that extended surgery might have a st
vival benefit for patients with operable PC.""" On tl
other hand, Pawlik et al."" stated that adequate
powered randomized trials to address the potenti
benefit of extended lymphadenectomy would not |
feasible, because these would require a prohibitive
large sample size.

We have reported previously that the combin
therapy we have described here diminished loc
relapses, compared with standard resections alol
although it has not contributed to improving survival
Other studies have also shown that IORT has litt
impact on survival, compared with surgery alone.'”"
the present long-term follow-up study, local recurren
was observed in only 2 patients (5.0%), although autc
sies disclosed microscopic local recurrence in 4 (28.6°
of the 14 patients. The usefulness of imaging studies |
the diagnosis of local relapse may be limited, becau
in some cases, cancer cells may infiltrate the retrope
toneal soft tissue in the radiation field without the i
mation of a mass."™ In the present study, we found th
histologically, these microscopic local relapses consist
of small numbers of cancer cells within surroundi
thick connective tissue at autopsy (data not show
These local recurrences scem to be a direct cause
death, as Hishinuma et al." have mention
previously.

One of our interesting findings was that the patie
who died of liver metastases had a significantly wo
prognosis than those who had other recurrence p
terns. In an analysis of the cumulative survival curve
PC, we reported that the early postoperative ph:
reflected the poor prognosis of patients who died
hepatic metastases.” Raut et al.* have mentioned 1
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subclinical metastases are present in mosl patients at
the time of diagnosis, even when imaging studies are
normal. Therefore, more precise diagnostic tools for
liver metastases and a strategy to prevent the formation
of liver metastases are required to improve the survival
of PC patients with resectable disease. We have pro-
posed the diagnostic advantage of computed tomo-
graphy during arterial portography, combined with
computed tomography-assisted hepatic arteriography
(CTAP + CTHA) for the preoperative detection of liver
metastases secondary to PC*¥ CTAP + CTHA should
be performed to seleet resectable PC before surgery.

In the present study, the pl (+) and n3 groups had
significantly poorer prognoses than the other patients.
These conditions may have reflected systemic spread
rather than Jocalized disease, because pl (+) was reported
to be one of the most powerful predictive factors of liver
metastases.” Several reporis have shown that the R
factor is one of the highly significant prognostic factors
after resection for PC.”™ Interestingly, in the present
study, the R1 and R2 groups did not have significantly
poorer survival compared with the RO group. It is
unclear whether pv is a prognostic factor after surgery.”
QOur results showed no significant difference in survival
between the pv (+) and pv () groups.

In conclusion, the combined therapy used in the
present study improved local control; however, it pro-
vided no survival benefit for resectable PC, because of
liver metastases. This combined therapy might be re-
assessed, if a strategy 1o prevent liver metastases is to
be established in future.
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Abstract

Background/Purpose. Liver repeneration occurs through
interactions between the receptors on hepatocytes, including
proteoglycans (PGs) and glycosaminoglycans (GAGs), and
various growth [actors. We investigated serial changes in
GAGs, particularly heparan sulfate (HS), in proliferating
hepatocytes.

Methods. We performed 70% hepatectomy in male Wistar
rats, and we then isolated hepatocytes by a collagenase perfu-
sion method after each surgery. DNA synthesis was evaluated
by measuring proliferating cell nuclear antigen (PCNA). After
we had treated the hepatocytes by delipidation and digestion
with actinase E, endo-B-xylosidase, and a-amylase, we quanti-
fied GAGs by a carbazole-sulfuric acid method. GAGs were
analyzed by ion-exchange chromatography, and changes in
molecular weight of the HS component were investigated by
size-fractionation HPLC.

Resulis. Hepatocyte mitosis peaked at 24 h after the amount
of GAGs was increased at 24 and 72 h after surgery. The
amount of HS was slightly increased at 3 Lo 12 h after surgery,
and then peaked at 24 h. The molecular weight of the HS
declined by 12 h, but had recovered to the preoperative level
by 24 .

Conclusions. These resulls suggested that this HS molecule,
which contained about ten disaccharide units during prolifera-
tion, may be an initiator of hepatocyte proliferation.

Key words Liver regeneration - DNA synthesis - Proteogly-
can + Glycosaminoglycan

Introduction

The liver is a living organ that has a high capacity for
regeneration. Many reports have revealed that some
cytokines and growth factors control liver regeneration,

Offprint requests to: Y. Toyoki
Received: November 12, 2007 / Accepted: December
10, 2007

but only limited data are available on the relationship
between the mechanism of regeneration and the activ-
ity of proteoglycans (PGs) and/or glycosaminoglycans
(GAGs) on hepatocytes.™ Moreover, several cyto-
kines and growth factors that start and stop hepatocyte
proliferation, such as hepatocyte growth factor (HGF)
and tumor necrosis factor « (TNF-tt) are correlated
with PGs and/or GAGs.*"'*"*?' HGF and the MET
receptor activate the G,/S phase of hepatocyte growth
after partial hepatectomy.”” Also, epidermal growth
factor (EGF) is involved with the continuation of the
G,/S phase.® HGF binds the MET receptor, and the
complex unit binds with heparan sulfate proteoglycan
(HS-PG).? Similarly, the EGF family binds with EGF
receptors, and this unit binds with HS-PG, 100."*? PGs
and GAGs have been demonstrated in regeneratipg
liver tissue by biochemical and immunohistochemical
techniques.™ ™ However, few reports have focused on
PGs and/or GAGs on hepatocyles in regenerating liver
tissue. Previously, we reported on GAGs in regeneral-
ing canine liver tissue.”” We observed transient changes
in HS with a decreased chain length observed during
liver regeneration.

In the present study, we investigated the properties
of GAGs on hepatocytes in the regenerating ral liver
after partial (70%) hepatectomy; to our knowledge, this
study is the first investigation of GAGs on proliferating
hepatocytes in vivo.

Materials and methods

Chemicals

Collagenase type IV, trypsin inhibitor, albumin from
bovine serum (BSA), Hanks solution, phenylmethyl
sulfonyl fluoride (PMSF), pepstatin A, and leupeptir
were purchased from Sigma Chemical (Tokyo, Japan)
Actinase E was obtained from Kaken Pharmaceutica
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Involvement of autophagy in trypsinogen activation
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ulophagy is mostly a nonselective bulk degrada-

fion system within cells. Recent reports indicate

that autophagy can act both as o protector and
killer of the cell depending on the stage of the disease or the
surrounding cellular environment (for review see Cuervo,
AM. 2004, Trends Cell Biol. 14:70-77). We found that
cytoplasmic vacuoles induced in pancrealic acinar cells
by experimental pancreatilis were autophagic in erigin,
as demonstrated by microtubule-associated protein 1 light
chain 3 expression and eleciron microscopy experiments,

There are ut least three types of autophagy: (11 macroautophugy,
(2) chaperone-mediated autophagy, and (3) microautophagy
I Mizushima, 2005). Although autophagy is mostly & nonselec-
tive bulk degradation system within cells, chaperone-mediated
autophagy is o selective degradation system in which eytoplas-
mic proteins are refolded and irmsported into the lysosome
lumien seross the membrmane (for review see Cuervo, 2004),
I mieroautophagy, only a small porton of cytoplasm is tuken
up directly by invagination of lysosome membrane into the
lumen. As macroautophagy is believed o be the primary means
for eytoplusm (o lysosome delivery, it is most commaonly
referred to simply as awophagy. Genetic studies on yeast have
identitied >20 antophagy-refated (ATG) genes that are required for
autophagosome formation (Klionsky etal., 2003; Klionsky, 2005)

D. Hashimeto and M. Ohmuroya conliibuted equally 1o this popor
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Abhrevialions used in this peper: Alg, cutophogy relaled; CCK, chelecysto
kinin; HEE, hematoxylin and ecsin, LT3, ight chain 3; TAP, rypsinogen activation
peptide
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To analyze the role of macroautophagy in acute pancreati-
tis, we produced conditional knockout mice lacking the
avlophagy-related 5 gene in acinar cells, Acule pancreati-
tis was not observed, except for very mild edema in a re-
stricted areq, in conditional knockout mice. Unexpectedly,
trypsinogen activation was greatly reduced in the obsence
of autophagy. These resulls sugges! that avtophagy exerts
devastaling effects in pancreatic acinar cells by activation
of frypsinogen fo trypsin in the ecldy stage of acute pancre-
atifis through delivering trypsinogen to the lysosome.

Autaphagy-delective yeast mutants are not able to survive during
nitrogen starvition (Tsukada and Ohsumi, 1993). Similarly, most
ol the AreS™ and Areg7™"" mice died within 1 d alter hinth
(Kuma et al,, 2004; Komatsu et al., 2005). Thus, muophagy 1s
thought to be important Tor the cellulir response (o starvation
and the normal turnover of cytoplasmic constiluents.

Acute puncreatitis has long been considered (o be an auto-
digestive disorder in which inapproprinte activation ol tryp-
sinogen 1o trypsin within pancreatic acinar cells leads 1o the
development of pancreatitis (Hirow et al., 2006). However, the
mechanisms responsible for imtracellular activation of ypsin
huve not been elucidated with certainty. There are two mujor hy-
potheses: the colocalization hypothesis (van Acker et al., 2006)
und the autoactivation hypothesis (Leach et al, 1991). According
1o the former hypothesis, digestive enzymes become coloeilized
with lysosomal hydrolases, such as cathepsin B, und activite
trypsinogen in eytoplusmic vacuoles of acinar cells (Steer und
Meldolesi, 1987). The latter hypothesis suggesis that irypsinogen
is sutoactivated under low pH conditions in the presence ol <erine
protease (Leach et al, 1991), However. the mode of trypsinogen
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figure | Autophogy induchion i poncreahc ocinar
cells of cerulein-induced ocute pancreatitis. Cvernight-
storved mice were eated by soline [A) or cerulein &
[B), 9 [C), or 12 (D] times, ond pancreatic sechions were
onclyzed by HAE waining. Insets show higher mognifi-
cations of orecs indicoted in A-D. [E] Serym omylase
oclivity in mice with cerulein-induced poncreciitis. Dota
ore shown os mean = SEM [error bars), *, P < D.05
Bars, 50 pm

w
o
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o
o
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delivery Lo the lysosomes or cellulus comparuments has been the
subject of investigation. There are three possible mechanisms for
delivery of trypsinogen to the cellular compartment where activa-
tion occurs. One is fusion of zymogen granules with lysosomes
(crinaphagy; Koike et ul.. 1982). The second is perturbation of
nonmal intraeellular tralficking of 2ymogen granules und lyso-
somul hydroluses. The third is endocytic vacuole formation
through upliske of secreted digestive enzymes by acinar cells vii
endocylosis, transporation 1o endosomes, and fusion of endo-
somes with lysosomes (Sherwood et al,, 2007), One imponant
clue o distinguish between these passibilities is the appearance
ol eyloplusimie vacuoles within puncreatic acinar cells { Watunabe
etil,, 1984), This is an eurly feature of acute pancreatitis. EM and
immunohistochemicul swdies suggested that many vacuoles ob-
served in both experimental and human acute pancreatitis were
autophagic in origin (Helin et al., 1980; Adler et al., 1985),
Our previous study suggested that autophagy was induced in the

saline 6 9 12
cerulein

acinar cells of mice with experimental pancreatitis induced by
cerulein (cholecystokinin [CCK] unulogue; Ohmuraya et al.,
2005). Collectively, these results indicate thut vacuoles are ou-
tophagic in origin and that autophagy is somehow involved in the
development of pancreatilis.

In this study, we report that cytoplasmic vacuoles in-
duced in experimental scute pancreatitis are autophagic in
origin and that absence of autophagy in the AreS conditional
knockout mouse results in greutly reduced acute pancreatitis
cuused by loss of trypsinogen uctivation b pancreatic scinar cells.
Our results sugges! that trypsinagen is delivered 1o the endosome
or lysosome through anophagosome/sutolysosome formation.

We first analyzed the origin of vucuoles in cerulein-induced
expenimental pancreatitis, No changes in pancreatic marphology
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cerulein {9 tlmes)

Figure 2. Appearance of outophogic vocuoles in
cerulein-induced poncreatitis. (A ond B) Mice were
injected with cerulein 9 (A] or 12 (B] times, ond the
pancreas wos anolyzed by EM. The right ponels show
higher mognificotion of the boxed areas. V, aulophe-
gic vocuole; IG, zymogen granule; asterisk, zy
granule cantained in vacuole; orrow membronebound
organelle contained in vacuole; LV, lorge vocuole.
[C) LTI conversion in ocute pancreatitis, Pancreas homog-
enates were prapored from cervleininjected mice ond
subjected to immunohblotting using antilC3 onlibody.
The cytoselic LC3 prolein |16 kD) wos converied into
LC3i (14 kD), and the amount of LI wos correloted
with the extent of aulephagosome farmation. [0} GFP-
LC3 mice were treated with cerulein and anclyzed
by fluerescence microscopy. Bars: [A ond B) 2 pm;
{0} 10 pm,

c normal feeding saline injection (times) cerlein injection (times)
12

L} g 12 ] 9

LC3-| — | “—— -—-—“ "'- - CEED> ST
— s amm (—15k0

LC3-Il—

1Bh  21h 24h 18h 21h

24 h

starvalion

any time in any sample obtained from saline-
injected mice ( I A). In contrast, acute pancrealitis wis
nbserved in cerulein-injected mice, The severity ol acute pan-
creutitis increased with the number of cerulein injections. With
six and nine cerulein injections, mild edema and acinar cell de-
veneration were observed (Fig. 1, B and C). With 12 cerulein
injections, the pancreas showed severe acinar cell degeneration
with significant edema and inllammatory cell infiliration in the
interstitium (Fig. | D). In accordunce with istological changes, we
ubserved a significant increase in xerum amylase activity (Fig. | E).

were abserved §

The observed increase was proportional to the cerulein dose and
the severity ol acute puncreatitis, To examine the induction of

autophagy, we performed EM examination, which revealed vicu-
oles containing zyvmogen granules (Fig. 2 A asterisks) in acinar
cells after nine cerulein injections (Fig. 2 A ). Some vacuoles con-
ules and membrune-bound organelles
2 A, arrows), sugeesting nonselective uplake. EM nmages

tuined both symogen ¢
(Fig.

LA

after 12 cerulein injections were charucterized by un increase in
vacuoles contmning zymogen granules and organelles and by the
appearance of lurge vacuoles with homogeneous materiul that
seemed 1o be autolysosomes (Fig. 2 B). There are two forms of
I

otubule-associated protein 1 light chain 3 (LC3), a mumma-
lian homologue of yeast Atg8. LC3-1is loculized in the eytoplasm
and is converted mto LC3-11 which is associated with the

INVOLVEMENT OF AUTORHAGY IN TRYPSINOGEN ACTIVATION
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intestine; L liver; P, poncreas: Sp. spleen; K, kidney.

autophagosome membrane in o phosphatidylethanolamine-
conjugated Form Uchimuraet al., 2000; Kabeya en al., 2000).
The sumount OF LC3-1is thus correlated with the extent ol autoph-
gosome formanon. In control mice, LC3-11 was increased shightly
by starvation but was virtually unchanged during saline treatment
(Fig. 2 C). In mice treated with cerulein, 3 dose-dependeat in-

erease in LC3-0 evel was observed. Autophagy cin ailsa be mon-

itored by detection of GFP fluorescence in GFP-LC3 mice
(Mizushima et al., X040, Alier 24-h lusting, some dots thit rep-
resent autophugosomes were detected in the cyloplusm in saline-
injected mice (Fig. 2 D). Afier cerulein injection, many dots were
ohserved, and the number of GFP-LCY dots from mice receiving
12 cerulein iuj::clium was lurger than from mice with mine ceru-
lein injections (Fig. 2 Dy, Together with EM examination, these
resulis suggest thal vacuoles are autophagic in origin

To analyre the role of autophagy in acute pancreatitis,
we estublished conditional knockout mice in which the ArgS gene
wis deleted in pancreatic acinur cells. We obtuined an EL
trut elestase | promoter/enhancer)-Cre mouse line (EL-Cre)
in which Cre was specifically expressed in the pancreus under
the control of EL (Fig. 3. A and B). This line was crossed with
Arg SV (Ham et al., 2006) to produce Arg 5™ ™ EL-Cre2 mice
fFig. 3 Ch Cre-mediated excision of exon 3 of the ArgS gene was
detected in the puncreas but not in other argans of Azgs™ ™ EL-
Cre (Fig, 3 D). Southemn blot analysis using genomic DNA from
the pancreas showed that recombination occurred in about hall of
the pancrewtic cells (Fig, 3 E), As the pancreas contains not only
ucinar cells bui also endocnne and duct cells, this ratio suggesis
that recombination occurred in most Are5*” alleles of the acinar

cells. The expression of Cre in acinar cells was also assessed
by expression of lacZ in mice obtained by mating EL-Cre2
mice with a reporier line for monitoring Cre expression, R26R

1999), All acinar cells examined were stained with

{Sanana,
X-gul, suggesting that recombinution occurred in all AreS™ ulleles
ol the ucinar cells (unpublished data). To Turther demonstrate the
inactivation of AzgS in acinar cells, we analyzed induction of nu-
tophagy under starving conditions. Arg™ ™ BL-Cre2 mice und
Args* o
of uutophagy. Autophagy was greatly induced in the liver and
slightly induced in the pancreas of Atg S ™ EL-Cre2 aller stur-
vation (Fig. 3 F). As ArgS wus present in nonacinar cells, uutopli-

" mice were starved for 24 h and examined Tor mduction

agy may be induced in these cells,

ArgF ™ EL-Cre2 mice were bomn healthy with no signs of
developmental anomalies and grew without displaying any nolice-
able puthological phenotype afier 2 mo (Fig. 51, available m hupi//
www jch.orglegifcontent/full/jch. 2007 1 2156/DCT). There were no
apparent asbnormalities in blood binchemisiry, such as total protein,
glucase, total cholesterol, wmylase, and lipase (unpublished data).
Hematoxylin and eosin (H&E) staining and EM analysis revealed
51, B and C). The levels of amy-
luse and trypsinogen were the same in the pancreas of /
and Alg 5" EL-Cre2 mice (Fig. 52). In addition, we examined

that acinar cells wene normal (Fig

whiether the fuck of ArgS alfected CCK-induced calcium signaling
in acinar cells. Tvpe 2and type 3 inositol |,4.5-tnsphosphate recep-
tors (IP3R2 und IP3R3) are the major Ca”* release channels re-
sponsible lor secretagogue-induced Ca™ signaling in pancreatic
acinar cells (Futasugi etal, 2003), Basal levels of IP3R 1, -2, und
-3 in both ArgF*™™ and Arg 3™ EL-Cre2 mice at 2 mo of age
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Treatment | No. ol mice Tolal score Mean + SD
saline 4 0.5+0.58
cerulen 4 10.75:+0.96
Afgslorti. saline 4 1 0.25+05
EL-Cre2 | cerulein 4 1 3 s 15 375+x222

E: edema, H: hemorrhage, I: inflammatory cell infiltration, V' acinar cell vacuolization, N: acinar cell
necrosis
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Figure 4 Absence of cerulein-induced ocute p fitis in ocinor cell-specific Atg5-deficient mice. Aig 5™ ™ (A and B) or Alg5™*™* EL-Cre2 (C ond D)
mice were injectad with saline or cerulein 12 times, and poncreatic sections were onalyzed by HAE staining (A and C) and EM onclysis [B and D). Insets
shaw higher magrifications of areas indicated in A-D. EM analysis demonsiraling the obsence of autophogy in Alg 5™ ™ EL-Cre2 mice. [E] Hislologicol
chonges were quantilied uting o histological score by o pulh.‘_ﬂogisl There was statistically \igmfrr.unl diffy e in pathalegicol changes

Alg 5™ e and Argj"“ e E|.Cre2 mice. Unpaired 1 tests were vsed 1o colculote pvolues, P < Q.05 was considered o significant difference. (F] Increase
of LC3 in Ang5™™= bt not in Atg 5™ El.Cre2 after cerulein treatment, (G| Serum amylose octivity in ceruleininduced ocule poncrealilis. Open bors,
saline injection [n = 4); black bars, cerulein injection [n = 4]. The asterisk indicates the siotistical difference between omylase levels in Ag5™ ™ and
Arg 5™ ELCre2 mice |*, P < 0.05) Eror bors represent SEM. Bars: (A ond C] 50 ym; (B ond ) 2 pm

were the same as revealed by Western blot ussay (Fig. 3 A). pancreatic acinar cells show similar [Ca™*), increases as those of
We next examined Ca™* signaling induced by puncreatic exocring A" mice in response o 100-pM CCKS stimulation
secretagogues CCK octapeptide (CCK8) in fura-2-loaded en- 1Fig. $3 B). Both Arg3"™ and Arg3""™" . EL-Cre2 mice mt 2 mo

zymatically isoluted pancreatic acinar cells, Again, ArgS-deficient ol age were used in the following experiments
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Figue 5. loss of trypsin octivation in AlgS-deficient pon- A
creatic oanar cefls. [A ond B| Acinor cells derived from

Alg 5™ gnd Alg 5™ E1.-Cre2 mice were incuboled with
cerulein, Acmor cells were nololed ol 2 mo of oge by teal

ment of the pancieas with collogenase. After stimulation with

10 M ecerulein, cells wete suspended in the medium with o
gyrthetic rypsin whavate, (CBZdePro-Arg)2+hodomine 110
Rhodomine fuorescence wos detecied in 90% ol oci

nat cells of 5% mice but in 33% ol acinor cells in

Asg 5= El.-Cre2 mice. |C ond D The effects of avtophogy

and cerulein on the poncreatic trypsin octivity [C] and conlent B
of TAP (D). Carulein adminisration increased the poncreatic
rypain octivity ond conlent o TAP in Alg5™™* mice but not
in Alg'f“' B ELCre2 mice. *, P < 0.01 Error bon represent
SEM. Bors, 10 pm

c

Atgshoxnox

A!Q‘.SM’U"”",
EL-Cre2

Atg5flox/ox Atg5flox/fiox-E| .Cre2

190

R1]211

|202

67 | 135

Dacliva&ed Dnun-activated

Trypsin activity (mU/mg)

0 0.5 1.0 15 ;.0 2.5
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i
Al\95noyﬂor: ]-l *
EL-Cre2 :__l

D

0 <] 10 15 20
T T T T
Afgsﬂox/ﬂor
H
Alagsﬂﬂ.lﬂk!x;
EL-Cre2

Saline injection did not cause any pathological changes in

both Arg 5™ and Arg 34 ™ EL-Cre2 mice as revealed by histo-

| and EM analyses (Fig. 4, A and C). We then induced
L=

Cre2 mice, Alg5™ ™ mice showed typicul signs of acute pan-

chem

il b hoaPhens
acule puncreatitis by cerulein in Arg5 ™" and Arg5* )

creatitis, such os severe ucinar cell degeneration, edema in
connective Lissue, and infiliration of inflammatory cells with
H&E «tuining (Fig
phagosomes and o decrease ol zymogen granules in Apg S
mice (Fig. 4 By, In conrast, Arg 5MMUEL-Cree2 mice displayed
nonmal histochemical charactensucs except very mild edema in

4 B). EM analysis revealed numerous auto-

wosmiall restricted region (Fig. 4 D), In fact, swophagosomes
were not observed, and 2ymogen granules appeared to be inthet
in A S LEL-Cred muce (Fig. 4 D). We quantified histologi-
cal changes using o histological score (Hughes et ul,, 1996) by
a pathologist and showed that there was sinistical significant
difference in pathological chunges by a pathologist between
Are S and Are 5™

EL-Cre2 mice (Fig. 4 E). In accordance

TAP (ng/mg)

D saline D cerulein

with histological and EM examination, LC3-11 increased signil-

mice but not in A 5™ EL-Cre2 mice

it

icantly in Asg5™

afier cerulein injection (Fig. 4 F), In addition, the seruim amy
< e
5

lase level in Arg M EL-Cre2 mice with ceruleir |
cantly lower thun in Arg53™™ mice (Fig. 4 G). There was 4
shight increase in serum amylose when Atg S B Cre2 mice
were treated with cerulein (Fig. 4 G). This may be caused by
stimulation of secretion of digestive enzymes by cerulein itsell
Collecuvely. these results indicate that typicul acute pancreatitis
i not induced in the ubsence of autophagy

The mechanism for much milder acute pancreatitis in the

ibsence ol uutophagy could be the low level of trypsinogen acti-
vittion, To test this hypothesis, we analyzed trypsinogen activation
by cerulein in primary cultured acinar cells using o highly sensi-
uve method for detection of rypsin sctivity (Ohmuraya et al.,
10061 Trypsmogen activation was observed in 90% 1190421
cells) and 33% (67202 cells) of acinar cells from Arg 5 and

Arg 3" ™ EL-Cre2 mice. respectively (Fig. 5, A and B). We also
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used acinar cells isolated lrom ArgS-deficient newborn mice
{A12577) in which ArgS was completely inactivated in all cells
(Kuma et al., 2004), Trypsinogen aclivation was observed in 91%
(1827201 cells) and 5% (117217 cells) of acinar cells from ArgS™
and Arg5 ™" mice, respectively. Trypsinogen activation in some
acinar cells may be caused by the presence ol un ulternative path-
wiy Tor trypsin activation.

We then measured trypsin activity in pancreatic homoge-
nates from AreS™ " EL-Cre2 and Atg5™ ™" mice reated with
cerulein or saline. In saling controls, there was no difference in the
levels of trypsin activities between Arg5" " (0.25 + 0.09 mU/ng;
= 3) and ArgS" M EL-Cre2 miice (0,16 = 0.03 mU/mg; 2= 3).
After cerulein injection, trypsin levels significantly increased in
At S mice (1,97 2 1,10 mUfmg; o= 3) but mildly increused
i AggS* P EL-Cre2 mice (0.52 2041 mU/mgin =3 Fig. 5 C).
Activation of trypsinogen into active trypsin results in the pro-
duction of trypsinogen activation peptide (TAP), which cor-
responds 1o the N-terminal region of the trypsinogen. TAP was
antified in puncreatic homogenates from A" EL-Cre2
and ArgS™ 0 mice treated with cerulein or saline. In suline
controls, there was no difference in the levels of TAP between
A5 (236 £ 0.22 ng/mg: n = 3) and Arg5™ ™M GEL-Cre2
mice (2.08 = 018 ng/mg: n = 3). After cerulein injection, TAP
levels significantly increased in Arg 5™ mice (18.54 £ 2.04:
= 39 but nat in Arg S NEL-Cre2 mice (5.65 £ 119 0 =3
Fig. 5 C). All of these duti suggest thut trypsinogen activation is
considerubly suppressed by reduced autophagy.

Our lindings established that autophagy is induced by
supramaximal stimulation of cerulein and is directly related
1o trypsinogen activation and onset of icute pancreatitis, This is
the first example that autophagy plays a destructive role in the
early stuge of disease development, Although the mechanism
for autophagy induction by cerulein is not yet clear, insuflicient
recruitment of zymogene granule membranes under supramaxi-
mal stimulation may account for it. In physiological conditions,
digestive enzymes are targeted (o the secrelory compartiment.
aned mixing of lysosomes with digestive zymogens does not oc-
cur in the exocrine pancreas (Gorelick et al., 1992). In autoph-
agy. autophagosames containing intracellular components fuse
with endosomes and lysosomes o form autolysosomes (Dunn,
1990, Thus. trypsinogen could be hydrolyzed to trypsin by a
lysosomal enzyme such as cithepsin B in autolysosomes. Thus,
we propose the autophigy theory for activation ol trypsin
acute puncreatitis, and this can explain both the colocalization
hypothesis and autoactividion hypothesis,

el =thods

Cerulein-induced poncrealifis

Aller avernight fosting, mice were given hourly intraperitoned! injections of
saline or soline containing 50 pg/kg cerulein [Sigma-Aldrich| for 6, 9, and
12 h. 1 hakter the last injection, mice were killed, and serum ond pancreas
samples were ropidly obiained.

Histologicol analysis

Tissue wos fixed overnight in 10% lormalin, embedded in paralfin, sec
loned, ond stained with HAE For EM onalysis, the pancreas was fixed
with 2.5% glutaraldehyde in 0.1 M phosphote buffer, pH 7.4, for 2 h
Conventional EM wos performed as previously described [Yomomelo
etal, 1991),

Fluorescence microscopic analysis

The pancreos from GFPAC3 mice was distected, fixed with 4% PFA, ond
sectioned, and GFP lluorescence was chaerved using o flucrescence micro-
scope (X8 |; Olympus] equipped with o CCD comera [ORCA ER; Homomatsy,
Mizushima et ol , 2004).

Trypsin assay in acinar cells

Isoloted aeinar cells were cultured with 10 nM cerulein, and trypsin activity
wos examined by using o synthetic trypsin substrote, (CBZlefro-Arg)2-
thadamine 110 [lnvitrogen; Ohmuraya et ol., 2006)

Measurement of Irypsin activity
Megsyrement of liypsin activity wos performed os described praviously
[Towatari et al., 2002).

1AP

Pancreas specimens were bolled of 100°C for 15 min in 0.2 M Tris
[hydraxymathyl} ami hone (Tris}-HC| buffer, pH 7.3, conlaining 20 mM
EDTA. Samples were homogenized on ice for 30 s and cenfrifuged ot
1,500 g for 10 min at 4°C. TAP was guaniified in an oliquot of eoch super-
natont using an enzyme immunoassay kil (Oriental Yeast Co ). The lotol
protein afion was d i, ond pancreatic fissue TAP levels
were expressed os nonogroms/milligroms of telal protein.

Western blot analysis

Conventional Westem blot onalysis wos perlormed as previously deseribed
[Ohmurayo ef of., 2005). Rabbit antilC3 antibedy [MBL International),
goat onfiomylose antibody (Santa Cruz Biotechnolegy, Inc.), rabbit anti-
trypsinogen antibody (Merdic Immunologicel Loborotories), ond rabhit
anti-IP3R1-3 antibody (Chemicon| were used ol 1:2,000, 1:1,000,
1:1,000, ond 1:2,000 diluions, respectively,

Generation of pancreatic ocinar cell-specific Cre recombinase

expression mice

pNiniCre contained five fragments: NLS derived from SV40, splice donor
and intron derived from rabbit @ globin, inron and splice occepior derived
from mouse En2, the cre recombinase gene, and the polyadenylation sig-
nal derived from SV40. The elostose | gene is seleciively expressed in pon-
craotic ocinar cells (Hommer et al , 1987). The DNA frogment containing
EL was chioined by PCR using the primers 5 TGGTGGGAGACATTCCAA.
CAACAD for 51 and 5 TGTGGAGAGAGTAGACCACIGCE-3' for 2.
A frogment containing EL wos digesied and inserled into pMNiniCre 1o gen-
erate pEL-Cre [Fig. 3 A). Frogments excised from the pEL-Cre plosmid were
separaled and used for microinjection. Transgenic [ounder mice (EL-Cre)
were backerossed with CS7BL/6) mice.

RMA analysis

Totol RNA was isclated from each organ ar 2 mo after birth with Sepasol
|Mocalai Tesque). RTPCR analysis wos performed using the primers
S AATGCTICTGTCCGTTIGCC3' ond 5-GATTTCCGICTICTGGIGIAG3!
far cre recombinase (563 bp) ond 5.GGAAAGCTGIGGCGIGATG Y’
ond 5-CTGTIGCTGTAGCCGTATTC-3! for GIPDH (382 bp)

Generation of pancrealic acinar cell-specific Atg5-deficient mice

Mice bearing an Aig5 flox ollele [Alg5™) were crossed with o hansgenic
line, EL-Cre2. These mice caused deletion of the foxP-lanked exan 3 of the
Alg5 gene. The deleled allele wos detected by PCR with the primers
5 CAGGGAAIGGTGTICTCCCACT' for D |512] ond 5 - GTACTGCATAATG
GTTTAACTCTTGC 3" for B [short2), Southern blot analysis wos performed
s previously described [Hara et ol | 2006)

Measurement of [Ca®Ji

CCK-B was cbtained from the Peplide Institute, ond Furo-2AM wos ob
jained from Dejinde Measurement of intracellular Co™ concentration in
poncrestic acinar cell suspensions wos performed as previously described
[Futatsugi et al., 2005) vsing an Aquocosmos ratio (Hamamatau)

Online supplemental material

Fig. 51 shows the poncreas of Aigs™ ™ and Alg5™ /™ EL.Cre2 mice
Fig. 52 shows Western blot onolysis using antiomylase and antitrypsino:
gen antibodies of embryonic day 18.5, o 0.5 d after binth, and o1 2 mo.
Fig. 53 shows Western blol analysis of IP3R subtypes in the pancrecs
ond [Ca®], changes induced by CCKB receptor stimulation in pancre-
afic cells. Online supplemental maoterial is ovailoble ot hip.//www jeb
.org/cgi/coment/full/jcb. 200712156/0C)
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Cellular self-eating promotes pancreatitis
o survive tough times, cells sometimes resort 1o a form of sell-cannibalism called
autophagy. But as Hashimoto et al. reveal, autophagy can have a down side, destroying
the pancreas by prematurely activating a digestive enzyme.
In autophagy, a vesicle swallows a portion of cytoplasm and ferries it o the lysosome [o

digestion. The process is often beneficial, allowing hungry cells o eeycle muolecules, for example

Howevet, the researchiers previously discovered that in mice with pancreatitis the level of autophagy

in pancreatic cells surges. |
Normully, |

ititis occurs when the enzyme trypsin dissolves cells Trom within

nereatic cells Mashion and discharge an inactive form of irypsin called rypsinogen,
which re

15 inert until it reaches the small intestine. But il trypsinogen convens Lo trypsin before
its release, it can damage or kill o pancreatic cell. Hashimoto et al. tested whether autophagy
promates this early activation by delive

ng trypsinogen to the lysosome, where enzymes lum it on,

The researchers gave mice injections of the compound cerulein, which spurs pancreatilis.
Control animals suffered severe damage 1o the organ, which harbored numerous detenorating
cells. But rodents that

ack a gene necessary for autophagy displayed almost no symptoms. To
determine whether autophagy promoles rypsinogen activation, the team dosed puncreatic cells

from both types of mice with cerulein. Cells from the autophagy-impaired animals carried much

Pancreatic fissue from a control
mouse shows domage from
poncreatitis (top), but fissve from
a mouse that can’t instigate
autophagy is healthy [bottom).

less activated trypsinogen than did cells [rom controls.

In rodents capable of autophugy, cerulein injections triggered much higher levels of trypsin
aetivity in pancreatie tissue than did shots of saline, confirming that awtophagy switches on the
enzyme. The study is the first o reveal that autophagy can intiate a disease. The next step, the
researchers say, is determining what triggers pancreatic cells (o sturt eating themselves.ica
Hashimote, D, e al. 2008. J, Cell Biol, doi:10.1083/jcb, 2007 12156

Alzheimer’s protein controls calcium’s ins and outs

—r— wo enzymes that help manufacture
| amyloid p, the protein that accu-
t mulates in the brain in Alzheimer's
disease, also toke on another job. As
Green et al. report, the enzymes, known
as preseniling, help set colcium levels in
side cells by aclivating @ pump protein
Presenilins partner with other pro-
igins lo creale the enzyme y-secrelase,
which helps snip amyloid |4 info shape
Faulty presenilins trigger a rare, early:
onset varian! of Alzheimer's disease
(AD) that strikes patients who are under
&5 yr old. Presenilins might olso help
diciate how much colcium enters and
exils the ER, which serves os the cell's
starehouse for the ion. For instance, ER
calcium release skyrackets in cells from
patients with early onset AD, And in
cells lacking one of the presenilins, the
ER cl;,n.'::ins |ess Ci‘J||_'_I|Jm than m:-.rm(_:|
These results suggest thot the presenilins
help regulate SERCA, the protein that
pumps calcium into sterage
To test that possibility, Green et al

eliminated  both
from cells and found that their
cytoplasmic  calcium  levels
were hlghef Iht_‘:n nnlmﬂi_ ”‘IE

preseniling

scientists also measured how
rapidly frog eggs shutlled a
controlled influx ol calcium
ions into the ER, Engineering
the eggs 1o manulacture pre-
senilins, which they don't nor
mally moke, cecelerated calcium
pumping into the ER.

The location of presenilins
and SERCA reflects their close
relationship, the team found.
Preseniling  not enly settle
olongside SERCA in the ER,
they attach to the pump pre-
lein. Green et al. also discovered o link
between amylaid (4 and SERCA; increosed
SERCA aclivily translated inte higher
amyloid 3 production. SERCA might exert
flect by prodding y-secretase, the
team concludes

this &

The results show that along with farm-

Presenilin [red) and SERCA [green) cozy up in this fibroblast,

ing part of the proteinslicing +y-secretase
camplex, presenilins are crucial for regulot
ing intracellular calcium homeostasis. Bath
functions ollow the enzymes fo exert
control over amyloid B formation

Green, K N, et ol 2008
doi:10.1083/jcb. 20
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ROS are

mitochondriil g

of swapping will

messoge ove

> will heo
you can be sure it gotthraugh

what activates Noxd in the first place. Jcs
Chen, K., et ol. 2008, J, Cell Biol. doi: 10,1083/jcb 200709049

that the structures I[I|II£‘IK(.‘.’

the difficulty of trac
ol which ciried a different mitochondrial penorr

rurely appeared together, suggesting thal the nucleouds

contents. Stingy nuclenids could expl:

we 1l easter 10 purge faulty mi

How cells make local calls

ker, ond you con't be sure

Bul whispe end’s ear, and

r the message into the |

ells follow @ similar sirategy when

they transmit signals with reactive oxygen species [ROS), as Chen et al
show, By positioning the sender and recipient molecules near each other,
cells ensure efficient communication
2t known as destructive byproducts of metabolism that
ause aging. But cells also use the molecules 1o carry messages. The
nystery is how cells direct ROS o their lorgets, since some ROS can diffuse
throughout the cell, potentially reocting with any molecules they encounter
Proximity is the key, Chen et al, found. They tracked down the signal
relaying molecula NADPH oxidase 4 [Max4), which ﬁh‘aﬂm‘_?'s the ROS
hydrogen peroxide. The protein waos stationed in the endoplasmic reticu
lum near another protein called PTP 1B, which slows division of endeothelial
cells by turning down the epidermal growth factar recepior (EGFR). The
team showed that Moxd was oxidizing ond shutting down adjacent PTP1B
molecules. Using an anfioxidant that homes in on the ER, for instance, the
teom could block EGFR signoling, indicoling that oxidation of PTP1B had
been prevented. An antioxidant that remains in the cytoplosm, however,
had no effect on the receptor. The results suggest that by keeping Nox4
and PTP1B close together in the ER, cells make it easier for ROS signals to
travel belween them. One queleUrl the researchers now wan! lo answer is

Mitochondrial DNA
stays home

iochondria stow their DNA in
structures called pucleoids, As
Gilkerson et al. reveal, nucleoids
are selfish and don’t share their DNA with
euch wiher. The resulls might help explain
some gquirks of mitochondrial mheritance

and suppont o proposed trealment stritegy lor

In fused celts, Mrs little rni.xiﬂg llnessies caused by defects in the vrganelles.
bulweeln the two kinds of milo- A nucleoid cim house up 1o 10 coples
chandrial DNA [red and green).

ol & mitochondrion's genome, One reason

seurchers is than they mught help control how

the DNAs ger parceled out when mitochondria divide. To understand
mitochondrial DNA inheritance, researchers need (o resolve whether

nucleods swup DNA. The question has remained unanswered because ol

mdividual mitochondrial DNAs

To overcome that problem, Gilkerson et al. Tused two Kinds of cells, each

In the merced cells, the

researchers found, lubeled versions ol ihe two types of mitochondrial DNA

ren rmir

Hing 1l

why cells that harbor a variety of

Golgi-derived vesicles [green) omass at the
tleavage furrow.

here's no sibling rivalry during cell divi-
sion. Goss ond Toomre show that during
cytokinesis both daughter cells pitch in
1a] supply new ITIEF!IL'!U"Q
Researchers suspect that during cytokinesis,
fresh membrone shutiles 1o the junction between
the two daughter cells. Where the membrane
comes from has puzzled researchers. A previous
study using spinning disc confocal microscopy
suggested that only one daughter cell provides
it. However, that study didn't track individuel
membrane vesicles
Goss and Teomre were |1l‘.1r‘_! o do just thot
by capturing imoges 60 times faster, They found
that vesicles from bath daughter cells leave the
Golgi apporotus ond cruise fo the cleavage
furrow, accumulating there Although other
potential sources of membrane, including endo-
somes, also collect near the furrow, they remain

alocf from the Golgi-derived vesicles that will

ultimately fuse with the cell membrane

With total internal reflection flucrescence
microscopy, the team observed individual vesi-
cles from both doughter cells merging with the
plasma membrane ot the cleovoge furrow.
However, the resulls don't necessarily conflict
with the previous siudy, the researchers say.
They note that they also observed an asymmetric
stage in which only one cell appears 1o direct
| the cleavage furraw. Jce

J. Call |

oimes sometimes lose DNA diversity as they divide and sometimes don’t. The outcome
might depend on whether the DNAs in a particular nucleoid are uniform or varied. The results also offer
suppant for pluns 10 treat mutochondrial diseases by nudging cells to eliminate delective DNA. The lack

chondrial genomes, the researchers say
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Percutaneous transfistulous pancreatic duct drainage and
interventional pancreatojejunostomy as a treatment option
for intractable pancreatic fistula
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Hideo Baba, M.D.?
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Abstract, We present 2 techniques for treatment of intractable pancreatic fistulu: percutuncous trans-
fistulous pancreatic duct drainage and interventional pancreatojejunostomy. Percutancous transfistulous
pancreatic duct drainage can be effective for intractable fistulas that communicate with the main
pancreatic duct. Because drainage itself is not enough for a complete cure of this complication when it
occurs in cases after puncreatoduodenectomy (PD), interventiond] pancreatojejunostomy is applicable.

@ 2008 Published by Elsevier Inc.

Pancreatic fistula remains a significant problem in pan-
creatobiliary surgery. Pancreatic resection, including pan-
creatoduodenectomy (PD) and distal pancreatectomy (DP),
has become an increasingly common and safe operation for
selected patients with pancreatic and/or extrahepatic biliary
disorders. Despite decreased morbidity and mortality rates
after pancreatic resection, pancreatic fistula remains a com-
mon and potentially lethal complication after pancreatec-
tomy. Its reported incidence varies from 6% to 38%.'”
Eighty-five percent to 95% of pancreatic fistula cases can be
managed using a combination of external drainage and
medical therapy.”* However, occasional patients with inad-
equately drained intra-abdominal inflammation may require
re-operation. When it occurs, prompt recognition and proper
management of pancreatic fistula are important.

If pancreatic fistula occurs, the pancreatic juice must be
drained externally to avoid intra-abdominal hemorrhage and

* Comesponding author, Tel: +81-96-363-3311; fax: +81-96-362-0222,
E-mail address; mhirota @ krme.orjp
Manuscript received April 25, 2007, revised manuscript May 17, 2007

0002-9610/8 - see front maner & 2008 Published by Elsevier Inc,
doi:10.1016/f.amjsurg. 2007.05.055

sepsis. We have devised and successfully performed percu-
taneous transfistulous canulation and drainage of the main
pancreatic duct (percutaneous pancreatic duct drainage) for
2 pancreatic fistula cases. Furthermore, in the case of pan-
creatic fistula after PD, interventional pancreatojejunostomy
was also performed successfully.

Techniques

Percutaneous pancreatic duct drainage

This technique is useful for major pancreatic fistula in
which the main pancreatic duct is visualized in fistulography.
Any abscess due to pancreatic fistula is first drained percuta-
neously, Using the abscess drainage tube as a sheath, an angled
angiography catheter (RIM catheter or RC2 catheter, Medikit,
Tokyo, Japan) is inserted into the main pancreatic duct via the
abscess and fistula (Fig. 1). Using this type of catheter, the tip
is straight when placed within the sheath, and curves if it
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scess druinage tube o8 a sheath, an angled catheter is inserted into the main

Figure 1  Percutancous pancreatic duct drainage. Using the ab

pancreatic duet via the ubscess and fistula (A, B, C). The abscess is drained using another catheter (C), (D) RC2 ungled angiography catheter.
protrudes from the sheath, By twisting and taking the catheter basket catheter inserted from the percutaneous transhe-
in and out of the sheath, the route into the pancreatic duct can patic biliary drainage (PTBD) route under fluoroscopy, is
be selected. After placing the catheter into the main pancreatic led externally via the PTBD outlet (Fig. 2A and B). A
duct, the abscess is drained using another catheter (Fig. 1C). drainage catheter is inversely inserted into the remnant
Because almost all pancreatic juice drained externally with this pancreatic duct over the guidewire via the PTBD route
system, the abscess is cured within a short period. and the jejunum (Fig. 2C and D). We control the position
of the drainage catheter by pulling a thread placed on its
Interventional pancreatojejunostomy tip (Fig. 2C and D). Pancreatic juice then flows along the
drainage catheter from the pancreas to outside of the
A guidewire is inserted into the jejunum using an body via the jejunum and intrahepatic bile duct, After |
intrajejunally placed tube. The guidewire, grasped by a month, the drainage catheter is removed.
A e Drainage catheter

|
|
‘ Basket catheter

B

I ; —
- el T —
; S~
{ . f e,
5 = 3 ( ey

‘__f\\ = o Sl - *x‘—

Guidewire

Figure 2 Interventionul puncreatojejunostomy. A guidewire in the jejunum is grasped and led externally by u basket catheter inserted from
PTBED route (A, B). A drainage catheter is inversely inserted into the remnant pancreatic duct over the guidewire (C, D),
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Figure 3

Percutancous pancreatic duct drainage in case 1. A huge abscess was formed in the right upper quadrant (A). It was found to

have penetrated into the transverse colon (arrow) and duodenum {wrrowhead) (B). A drainage catheter was inserted into the main pancreatic
duet (C). (D) CT scan | month after percutanecous pancreatic duct drainage,

Case Presentation

Case 1

A 56-year-old man presented with severe sepsis due (0
a pancreatic fistula after DP. On computed tomography
(CT) scan, a huge abscess was found in the right upper
quadrant (Fig. 3A). After percutaneous drainage, the ab-
scess was found to have penetrated into the transverse
colon and duodenum (Fig. 3B). Because the main pan-
creatic duct was present in the remnant pancreas head,
the drainage catheter was inserted into the main pancre-
atic duct to drain the pancreatic juice directly (Fig. 3C). CT
scan | month later showed complete disappearance of the
abscess (Fig. 3D).

Case 2

A 78-year-old man presented with severe sepsis due to
a pancreatic fistula after PD. An abscess had formed
around the pancreatojejunal anastomosis (Fig. 4A). Asin
case 1, we drained the abscess percutancously and then
inserted a drainage catheter into the main pancreatic duct
of the remnant pancreatic body and tail via the pancreatic
fistula (Fig. 4B). A drainage catheter was also inserted
into the jejunum via the fistula route (Fig. 4C). Draining
the main pancreatic duct cured the abscess. However,
because simple drainage was not sufficient to cure the
pancreatic fistula after PD, we then performed interven-
tional pancreatojejunostomy. A guidewire was grasped

using a baskel catheter and then led outside the body via
the PTBD outlet (Fig. 5A, B). A drainage catheter was
inserted into the remnant pancreatic duct via the PTBD
route and jejunum (Fig. SC and D). Figure 5 corresponds to
each procedure in Fig. 2. Magnetic resonance cholangio-
pancreatography 6 months later showed an uninterrupted
pancreatic duct connected with the jejunum without any
leakage (Fig. 4D).

Comments

Pancreatic fistulas represent the most common and clin-
ically relevant of surgical complications, with consequences
that are life-threatening (ie, bleeding, sepsis). We presented
2 techniques, percutaneous transfistulous pancreatic duct
drainage and interventional pancreatojejunostomy, as treat-
ment oplions for intractable pancreatic fistula. Since visu-
alization of the main pancreatic duct indicates that the
pancreatic fistula is intractable. Fistulography (used in these
cases) may help visualize communication with the main
pancreatic duct.

In a prospective study in which CT was used routinely,
postoperative acute pancrealitis, which was diagnosed in
26% of patients who had undergone pancreatic resection,
was strongly associated with other postoperative complica-
tions, including pancreatic fistula.” In cases with DP, an
inability to find the main pancreatic duct for ligation was a
major factor of postoperative fistula in cases with pp;len
Yancreatic fistula also occurs in acute or chronic pancreati-
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— |
Figure 4 Percutancous pancreatic duct drainage in case 2. An abscess around the pancreatojejunostomy was drained percutancously (A),
Druinage catheters were inserted into the pancreatic duct (B) and jejunum (C). (D) MRCP after completion of interventional pancreatojejunostomy.

tis, Disruption of the main pancreatic duct from an acute or The conventional treatment strategy for postoperative
chronic inflammatory process can result in an internal pan- pancreatic fistula consists of establishing adequate external
creatic Nistula, drainage and [istula control, treating infection, providing

Figure 5 Interventional pancreatojejunostomy in case 2. A guidewire was grasped and led externally by a basket catheter inserted from
PTBD route (A, B), A drainage catheter was successfully inserted into the remnant pancreatic duct via PTBD route and jejunum (C, D)
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nutritional support, and reducing pancreatic juice secretion
by total parenteral nutrition or octreotide. With effective
drainage, most of the pancreatic fistula can be cured by
conservative treatment. However, the management of in-
tractable pancreatic fistula cases has not been standardized
and remains challenging. The management of intractable
pancreatic fistula must be individualized. Several devices
have been reported, including occlusion of the pancreatic
duct by tissue glues such as prolamine,'*™' ethylene-vinyl
alcohol'® and fibrin glue,'® endoscopic drainage,'™'® percu-
taneous intervention,'*'? and surgical treatment such as
completion pancreatectomy.”” The vast majority of pancre-
atic fistulas, which are characterized by maintained conti-
nuity with an unobstructed main pancreatic duct (side fis-
tula), respond well to conservative treatment.”' However,
pancreatic fistulas that lose continuity with the left side of
the main pancreatic duct and gastrointestinal tract (end
fistula, as in case 2) or with the downstream duct obstruction
due 10 stricture, stone, or neoplasm do not respond to con-
servative treatment,

Transpapillary stents can bypass the high resistance of
the sphincter of Oddi, ductal strictures, and calculi, thereby
reducing the intraductal pressure that is the driving force
behind the fistula. Endoscopic pancreatic sphincterotomy is
also recommended for the reatment of pancreatic fistula
after DP."* However, the communication routes between
the duodenum and pancreatic duct that are created by these
procedures may sometimes exaggerate infection. From this
standpoint, percutaneous transfistulous drainage, if possible,
is preferable.
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Oxysterol binding protein-related protein-5 is related
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In previous studies, the gene expression profiles of two hamster
pancreatic cancer cells with different potentials for invasion and
is were analyzed. In the p study, we identified that
one of the genuenpmud stmngly in the Mghlymmmktell line
ist in (ORP)-5. The
amofmpmnlswdywumdlrﬁyuunmiomhlpbotm
ORPS and invasion and poor prognosis of human pancreatic cancer,
Invasion assays were carried out in both hamster and human
pancreatic cancer cells by suppressing me ORPS Q!l'll with short
interfering RNA or Inducing its exp by introducing an
expression vector. To evaluate the relationship bety ORPS and
the characteristics of human pancreatic cancer, 56 pancreatic cancer
tissue specimens were analyzed and the ORPS expression in each
pancreatic cancer tissue specimen was lyzed by im hi
tochemistry. In both the hamster and human pancreatic cancer cells,
suppression of ORPS significantly reduced the invasion rate of the
cells and induction of ORPS significantly enhanced the invasion rate
of the cells. In the clinical sample, the median survival times of
the patients with ORPS-positive (n = 33) and ORPS-negative (n = 23)
cancer were 8.3 and 17.2 months, respectively (P = 0.02). Also, the 1-
year survival rates of patients with ORPS-positive and ORPS-
negative cancer were 36.4 and 73.9%, respectively (P = 0.005). The
ORPS expression level was related to both invasion and poor
prognosis in human pancreatic cancer. These findings suggest that
the expression of ORPS may induce cancer cell invasion, resulting in the
poor prognosis of pancreatic cancer, (Cancer Sci 2008; 99: 2387-23%4)

Pancr:atic cancer is one of the most malignant tumors. In
most cases, patients are already at an advanced stage of the
disease at the time of diagnosis. The main reason for the poor
prognosis is not only that these cancers are difficult to detect by
ultrasonography or computed tomography, but also that they
exhibit great potential for invasion and metastasis. To establish
an effective ireatment strategy for pancreatic cancer, it is
necessary 1o clarify the cellular and molecular mechanisms of
invasion and metastasis in pancrealic cancer.

In our previous studies, we established 1wo hamster pan-
creatic cancer cell lines with different potentials for invasion and
metastasis: PC1, possessing a low potential for invasion and
metastasis, and PCL.0, possessing a high potential for invasion
and metastasis. These two cell lines were established from
the same pancreatic ductal carcinoma induced by N-nitrosobis
(2-oxopropyl) amine in a Syrian golden hamster."* Moreover,
PC1.0 cell lines were found to produce a soluble proteinaceous
factor in the medium: this factor was found to induce cell
dissociation and therefore we designated it the ‘dissociation
factor’.** We hypothesized that isolation of this factor might
provide great insight into the molecular and cellular mecha-
nisms of pancreatic cancer invasion and melastasis, and we
therefore examined differences in the mRNA expression profiles
of PC1 and PC1.0 using the represemtational difference analysis

doi: 10.11114,1349-7006 2008 00987 .»
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(RDA) method. We detected five gene fragments (clones) that
were expressed at higher levels in the PC1.0 cells compared
with the PC] cells. We reported, in previous studies, the close
association of cell dissociation with impairment of epidermal
growth factor receptor signal transduction, which induces the
MEK-ERK signaling pathway, resulting in disruption of the dis-
tribution of tight junctions.”~'" However, the abovementioned
dissociation factor remains to be characterized.

In the present study, we isolated a new candidate gene
associated with the potential for invasion of pancreatic cancer.
One of the unknown gene fragments (clone 7) detected by RDA
mentioned above was revealed to encode oxysterol binding
protein-related protein (ORP)-5, which is a member of the ORP
family."*'* Oxysterol binding protein (OSBP) is a cytosolic
mammalian protein that binds oxysterol ligand and interacts
with Golgi membranes."*=" It has been reported to be involved
in vesicle transport, lipid metabolism. and signal transduc-
tion.*"** However, the relationship between ORP5 and cancer
has not been clarified.

The present study is the first 10 show that ORPS is closely
related to cancer invasion, and that high expression levels of ORPS
are associated with poor prognosis in human pancreatic cancer.

Materials and Methods

Cell lines and cell culture. The hamster pancreatic cancer cell
lines PC1 and PC1.0, and human pancreatic cancer cell lines
Capanl, Capan2, Hs700T, MiaPaCa2, and Pancl (American
Tissue Culture Collection, Rockville, MD, USA) were cultured
in the recommended media supplemented with 10% fetal bovine
serum (Gibco-BRL, Grand Island, NY, USA), 100 U/mL
penicillin G, and 100 pg/mL streptomycin at 37°C in a humidified
atmosphere of 5% CQ, : 95% air.

¢DNA library screening. Total RNA of PC1.0 was extracted
using TRIzol (Invitrogen, Carlsbad, CA, USA) and treated with
DNase to remove genomic DNA. Construction of the cDNA
library was carried out according to the instruction manual of
the ZAP-cDNA Synthesis Kit (Stratagene, La Jolla, CA, USA).
Five hundred thousand plagues were thus plated, and the labeled
DNA fragments were screened and detected using ECL Direct
Nucleic Acid Labelling and Detection System (GE Healthcare
Buckinghamshire, UK). A single positive phage was plated on
a LB medium-kanamycin plate with an ExAssist helper phage
and XLOLR cells (Stratagene). Plasmid DNA extraction was
then carricd out using a QIA filter Plasmid Maxi Kit (Qiagen,
Valencia, CA, USA), and sequencing was carried out using the
ABI 310 autosequencer (Applied Biosystems, Foster, CA, USA).

5' Rapid amplification of cDNA ends. Amplification of the unk-
nown 5" end of the isolated novel gene was carried out according
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