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of death. The cases with PDAC PanIN lesions were also
divided into two group, i.e., individuals >64 and those
<64 years of age at the time of death. All PanIN lesions
were examined for MUC expression.

Statistical analysis

Chi-square and Fisher’s exact tests were used to evaluate
the significance of differences. A p value <0.05 was con-
sidered to be statistically significant.

Results
PanIN grading in normal pancreata

After completely examining all 54 normal pancreata, from
zero to eight PanIN lesions were found in each pancreatic
section for a total of 378 normal PanIN lesions detected.
The percentages of normal PanIN-1A, PanIN-1B and
PanIN-2 lesions were 70.9% (268/378), 26.2% (99/378)
and 2.9% (11/378), respectively. No PanIN-3 lesions were
found in any of the normal pancreata. As for the frequency
of normal PanIN in the five parts of the pancreas (head,
neck, body, body-tail and tail), there was no significant
difference among the five pancreatic parts, although
PanIN-2 lesions tended to be found more often in the
pancreatic tail (Fig. 1).

MUC1 and MUC5AC expression in normal PanIN
by grades

MUCI was expressed in the apical and basolateral mem-
branes of centroacinar cells and in small and large ductal
cells (Fig. 2a—c), while MUC5AC was expressed in the
perinuclear region of ductal cells (Fig. 2d—f). In normal
PanIN-1A, PanIN-1B and PanIN-2 specimens, MUCI1 was

100%

2 PaniN-2
# PanIN-1B
PanIN-1A

0%

head neck body body-tail tail

Fig. 1 Distribution of PanINs in normal pancreata. PanIN-2 lesions
tended to be more frequent in pancreatic tail (x100)
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expressed in 2.6% (7/268), 10.1% (10/99) and 9.1% (1/11)
of the lesions, respectively, while MUC5AC was expressed
in 41.0% (110/268), 65.7% (65/99) and 36.4% (4/11) of the
lesions, respectively. There were no significant differences
in the expression of either MUC1 or MUCS5AC regardless
of PanIN grade between individuals >71 and <71 years of
age. Also, there were no significant differences in the
expression of either MUC1 or MUCS5AC regardless of
PanIN grade in the PDACs between individuals >64 and
<64 years of age.

PanIN grades in pancreata with PDAC

From zero to six PanIN lesions were found in each pan-
creatic section and 106 PanIN lesions were detected in total
after completely examining all eight pancreata with
PDACs. No morphological differences were detected
between normal PanIN and PDAC PanIN lesions. The
percentages of PDAC PanIN-1A, PanIN-1B, PanIN-2, and
PanIN-3 lesions were 44.3% (47/106), 27.4% (29/106),
21.7% (23/106) and 5.9% (7/106), respectively.

MUCI1 and MUCSAC expression in PanIN lesions
in pancreata with PDAC by grade

MUCI was expressed in the cytoplasm and on the apical
and basolateral membranes of cells in PDAC PanlIN lesions
(Fig. 3a—d), while MUC5AC was expressed in the peri-
nuclear region of ductal cells, mucin vacuoles and luminal
content in PDAC PanIN lesions (Fig. 4a—d). The percent-
ages of PDAC PanIN-1A, PanIN-1B, PanIN-2 and PanIN-3
lesions with MUC1 expression were 19.1% (9/47), 27.6%
(8/29), 13.0% (3/23) and 57.1% (4/7), respectively. There
were significant differences in the frequency of MUC 1
expression between normal PanIN-1A and PDAC PanIN-
1A lesions (p < 0.0001) and between normal PanIN-1B
and PDAC PanIN-1B lesions (p < 0.05) (Fig. 5a). The
percentages of PDAC PanIN-1A, PanIN-1B, PanIN-2 and
PanIN-3 with MUCSAC expression were 80.9% (38/47),
75.8% (22/29), 78.3% (18/23) and 71.4% (5/7), respec-
tively. There were significant differences in MUCSAC
expression between normal PanIN-1A and PDAC PanIN-
1A (p < 0.0001) and between normal PanIN-2 and PDAC
PanIN-2 (p < 0.05) (Fig. 5b).

Discussion

An important new finding in this study was that PanIN
lesions in normal pancreata are different from PDAC
PanIN lesions with regard to MUC protein expression.

A number of articles have previously reported MUC
expression in normal pancreata and PDACs. MUCI1 was
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Fig. 2 MUCI expression in
normal pancreata. a PanIN-1A,
b PanIN-1B, ¢ PanIN-2. MUCI
expressed in apical and
basolateral membranes of
centroacinar cells and in small
and large ductal cells in normal
PaniN lesions (x 100). d PanIN-
1A, e PanIN-1B, f PanIN-2.
MUCSAC expressed in the
perinuclear region of ductal
cells in normal PanIN lesions
(x100)

expressed in ductal cells in normal pancreata, PanIN
lesions and PDACs [10-12, 16-21], while MUC5AC was
almost negative in normal pancreatic ducts, but highly
positive in PanIN lesions and PDACs [16, 17, 20-22].

In normal pancreata, dysplastic ductal changes that
morphologically resemble the PanIN lesions in pancreata
with PDACs, have been observed; however, few studies
have investigated MUC expression in PanIN lesions found
in clinically and macroscopically normal pancreata. Using
MUC monoclonal antibodies, we decided to examine and
compare MUC expression to clarify whether normal PanIN
lesions are precursors of PDAC PanIN lesions.

In normal pancreata, we were unable to find any sig-
nificant differences in the distribution of PanIN lesions
among the five anatomical sections of the pancreas,
although PanIN-2 lesions were detected more frequently in
the tail. Most pancreatic cancers, however, occur in the
head of the pancreas [23, 24]. If there is a relationship

between PanIN lesions and PDAC, PanIN lesions should
have been found more frequently in the head of the pan-
creas. Kozuka, et al. [13] reported that most carcinomas in
situ were found in the head of the pancreas. There may be
differences between normal PanIN and PDAC lesions in
view of our distribution findings.

Confirming the findings of previous studies, [13, 14] we
did not detect any morphological differences between
normal PanIN and PDAC PanIN lesions. As for MUC
staining, we did not find any differences in the staining
sites in epithelial cells, but the MUC1 expression rate was
significantly higher among PDAC PanIN-1A and PanIN-
1B lesions than among normal PanIN-1A and PanIN-1B
lesions. Likewise, the MUCSAC expression rate was sig-
nificantly higher among PDAC PanIN-1A and PanIN-2
lesions than among normal PanIN-1A and PanIN-2 lesions.
The MUC expression rates among PDAC PanIN lesions
were not significantly different from those reported earlier
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Fig. 3 MUCI expression in
PDACS. a PanIN-1A, b PanIN-
1B, ¢ PanIN-2, d PanIN-3. No
significant differences
compared with normal PanIN
regarding MUCI1 expression
(x100)

Fig. 4 MUCSAC expression in
PDACs. a PanIN-1A, b PanIN-
1B, ¢ PanIN-2, d PanIN-3. No
significant differences
compared with normal PanIN
regarding MUCSAC expression
(x100)

[16-20]. The results of our study indicate that although Consequently, we hypothesize that advanced-stage
normal PanIN lesions are morphologically similar to  PDAC affects MUC expression in PDAC PanIN lesions.
PDAC PanIN lesions, they have different characteristics =~ The PDAC specimens in our study were all obtained from
concerning MUC expression. autopsied cases, most of them involving large tumor
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Fig. 5 a MUCI expression in PanIN lesions in normal pancreata and
PDACs by grade; significant differences in MUC1 expression
between normal PanIN-1A and PDAC PanIN-1A (p < 0.0001) and
between normal PanIN-1B and PDAC PanIN-1B (p < 0.05) (x100).
b MUCS5AC expression in PanIN lesions in normal pancreata and
PDACs by grade; significant differences in MUC5AC expression
between normal PanIN-1A and PDAC PanIN-1A (p < 0.0001) and
between normal PanIN-2 and PDAC PanIN-2 (p < 0.05) (x100)

masses. Carcinogenesis of such large masses probably
affects the entire pancreatic environment as reflected by the
differences observed in MUC expression. Mucin glyco-
sylation is altered by pro-inflammatory signaling in
pancreatic cancer cells [25] so certain kinds of cytokines
could conceivably affect MUC expression.

Another possibility is that PanIN lesions in normal
pancreata could represent an early phase of pancreatic
carcinogenesis and PDAC PanIN lesions could have a high
potential for carcinogenesis in the pancreas. In other words,
normal PanIN and PDAC PanIN lesions may represent
different carcinogenic stages. Such a hypothesis is depen-
dent on PanIN lesions actually being precursors of PDAC
[1, 2], with MUC1 and MUCSAC expression being indic-
ative of pancreatic carcinogenesis [19, 21].

The MUC staining results in our study differ from those
previously reported by Kim et al. [16] with the frequency

of MUCI1 staining among PDAC PanIN lesions being
lower than that reported earlier, although it was almost the
same as that in other studies [23, 26]. Regardless of this,
there have been no previously published comparative
reports on MUC staining in PanIN lesions between normal
PanIN and PDAC PanIN; therefore, our results are quite
interesting and informative.

The primary limitation of this study was that we did not
conduct in situ hybridization (ISH) for MUC expression,
although we did perform immunohistochemical examina-
tions (IHC). Both ISH and THC could be important for
verifying the results of our PanIN evaluation. In addition,
we conducted pathological examinations of the pancreata
of a relatively small number of patients who died of pan-
creatic cancer. In the future, we intend to examine a larger
sample of pancreatic carcinoma cases using both IHC and
ISH.

In conclusion, we have demonstrated that PanIN lesions
found in clinically and macroscopically normal pancreata
differ from PanIN lesions in PDACs with respect to MUC1
and MUCS5AC expression.
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Abstract

Background/Purpose It is generally thought that an
internal short stent placed across the pancreaticojejunos-
tomy (PJ) following pancreatoduodenectomy (PD) usually
passes spontaneously through the rectum thereafter; how-
ever, we experienced some patients who presented with
pancreatitis and cholangitis owing to delayed defecation of
the stent. The purpose of this study was to clarify when the
stent eventually became detached from the PJ and how it
passed through the body until it was finally defecated. In
addition, we also investigated the factors that may prevent
such detachment and defecation.

Methods This study retrospectively analyzed 57 patients
who had had internal short stents placed across the PJ
following PD. Defecation from the body, detachment from
the PJ, and distal migration of the stent was confirmed by
X-ray or computed tomography (CT) during the postop-
erative course. The cumulative rates of defecation and
detachment of the stents, complications in relation to
delayed defecation of the stents, and factors predictive of
the delayed defecation, delayed detachment, and distal
migration of the stents were analyzed.

Results Defecation of the stent was confirmed in 35
patients. The median time to defecation after PD and the
cumulative defecation rate at 1 year were 454 days and
41 %, respectively. Acute pancreatitis occurred in 2
patients with the stent remaining in the pancreatic duct.
One patient experienced acute cholangitis owing to
migration of the stent to the bile duct. Multivariate analysis
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showed that >5 stitches in the duct-to-mucosa anastomosis,
stent size of >5 Fr, and pancreatic fistula classified as
either Grade B or C were independent predictive factors for
delayed defecation of the stent. Five or more stitches in the
duct-to-mucosa anastomosis was an independent predictive
factor for delayed detachment of the stent. A stent size of
>5 Fr was a risk factor for distal migration of the stent.
Conclusion In more than half of the study patients,
internal short stents were not defecated within 1 year.
Retrieval of the stent should be considered following the
migration of an internal short stent. A stent size of >5 Fr
was an independent predictive factor for delayed defeca-
tion and distal migration of a stent. Five or more stitches in
the duct-to-mucosa anastomosis was an independent pre-
dictive factor for delayed defecation and detachment of a
stent.

Keywords Stent - Pancreaticojejunostomy -
Pancreatoduodenectomy

Introduction

Pancreatoduodenectomy (PD) is a standard surgical treat-
ment for various diseases of the pancreatic head region. In
spite of recent progress in surgical techniques and periop-
erative management, pancreatic fistula (PF) still occurs in
5-40 % of patients after PD [1-4] and the mortality rate of
PD is about 5 % [5, 6]. PF can cause life-threatening
conditions such as intra-abdominal abscess and intra-
abdominal arterial hemorrhage {7]. Many surgeons have
explored various tactics to reduce the problems associated
with PF [8]. One of these tactics performed commonly is
the use of a short stent (internal drainage) with a pancre-
aticojejunostomy (PJ). The use of a short stent with the PJ
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appears to reduce leakage of the PJ and the length of the
hospital stay after PD [9-11].

Recently we experienced a patient with an internal short
stent that had migrated into the bile duct, causing acute
cholangitis with hepatolithiasis after PD. There have so far
been few reports describing the long-term outcome of
patients with short stents placed in the PJ following PD [9].
In this study, we retrospectively analyzed the data of 57
patients who had had internal short stents placed across the
PJ following PD to clarify the whereabouts of the internal
short stents.

Patients and methods
Patients

From April 1981 through October 2010, PD was performed
in 637 patients at the Department of Surgery, Teikyo
University Hospital. Eighty-eight of these 637 patients had
an internal short stent placed across the PJ following PD.
Most of the patients in whom an internal short stent was
used underwent PD between 2004 and 2007. Thirty-one of
the above 88 patients were excluded because they were lost
to follow up. Therefore, the remaining 57 patients were
included in this study. :

Surgical procedure

The gallbladder, distal common bile duct, head of the
pancreas, duodenum, and distal half of the stomach were
removed during Whipple’s PD. The whole stomach and the
proximal duodenum 2-3 cm distal to the pylorus ring were
preserved in pylorus-preserving PD (PPPD). Lymph nodes
from the following areas were removed in patients with
malignant disease: hepatoduodenal ligament, circumferen-
tially around the common hepatic artery, and the right-half
circumference of the superior mesenteric artery (in patients
with pancreatic head carcinoma).

Reconstruction following Whipple’s PD was performed
by the modified Child method. Reconstruction following
PPPD was performed by the Traverso method. The PJ was
constructed with an end-to-side anastomosis, using 2 lay-
ers, the inner duct-to-mucosa layer and the outer pancreatic
parenchyma-to-the jejunal seromuscular layer. The pan-
creatic duct with a little pancreatic parenchyma was
anastomosed to the jejunal mucosal and seromuscular layer
using interrupted 5-0 absorbent monofilament polydioxa-
none (PDS II; Ethicon, New Jersey, USA) sutures. The
knots in both the anterior and posterior walls were outside
the lumen. An internal short stent: either a polyvinyl
chloride tube with a knot (pancreatic drainage tube;
Sumitomo Bakelite, Tokyo, Japan) or a polyvinyl chloride

tube without a knot (Atom Multipurpose Tube; Atom
Medical, Tokyo, Japan) was inserted through the duct-to-
mucosa anastomosis from the pancreatic duct to the
jejunal lumen. The size and length of the stent were
selected by the surgeon. The internal short stent was fixed
to the anastomosis with 5-0 PDS II additional single
sutures with a knot inside the lumen. The outer pancreatic
parenchyma-to-the jejunal seromuscular layer approxi-
mation was created with interrupted penetrating 3-0 non-
absorbable monofilament polypropylene sutures (Prolene;
Ethicon; Fig. la), or with anterior and posterior row 4-0
PDS II sutures (Fig. 1b). A closed drain was placed near
the upper edge of the PJ.

Evaluation

Clinical status was determined by examinations at the
Department of Surgery, Teikyo University Hospital, and by
the referring physician. The length of the stent was mea-
sured by X-ray or CT during the postoperative follow up.
The diameter of the main pancreatic duct was measured on
CT. Defecation of the stent from the body, detachment
from the PJ, and distal migration after detachment from the
PJ was confirmed by X-ray or CT during the postoperative
course. Abdominal X-ray was performed at least once a
week during hospitalization. CT was performed every 3 or
4 months for 3 years after discharge, and every 6 months
after that for patients with malignancy and every 6 months
or every year for those with benign disease. During hos-
pitalization, close attention was paid to the positional
relationship between the internal stent and closed drain
placed near the upper edge of the PJ. The retrieval of the
stent was considered after discharge when complications
associated with the stent were recognized or the patients
without stent defecation requested the retrieval of the stent.
Pancreatic texture was evaluated by intraoperative palpa-
tion by surgeons. The pancreatic duct in the remnant
pancreas was measured on CT and was defined as dilated
when the diameter was greater than 5 mm at the last
evaluation before confirmation of stent detachment from
the PJ. Postoperative PF was defined by the definition
of the International Study Group on Pancreatic Fistula
(ISGPF) [12]. Delayed gastric emptying (DGE) was
defined according to a consensus definition, and the clinical
grading of postoperative DGE was defined according to the
criteria proposed by the International Study Group of
Pancreatic Surgery (ISGPS) [13]. The severity of other
early complications was classified according to Clavien’s
system (Dindo et al. [14]). Acute cholangitis was defined
according to the diagnostic criteria for acute cholangitis in
the Tokyo Guidelines [15]. Acute pancreatitis was defined
according to the JPN diagnostic criteria for acute pancre-
atitis [16].
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Fig. 1 a Schematic illustration
of duct-to-mucosa
pancreaticojejunostomy with an
internal short stent held with
interrupted penetrating 3-0 non-
absorbable monofilament
polypropylene sutures (Prolene;
Ethicon). b Schematic
illustration of duct-to-mucosa
pancreaticojejunostomy with an
internal short stent held with
interrupted sutures composed of
2 rows of 4-0 PDS II sutures
(anterior and posterior rows)

Statistical analysis

The stent defecation time was calculated as the interval
between the operation and confirmation of defecation of
the stent from the body. The stent detachment time was
calculated as the interval between the operation and
confirmation of stent detachment from the PJ. The
cumulative stent defecation and detachment rates were
calculated using the Kaplan—Meier method, supplemented
with the log-rank test. Data for stent defecation and
detachment were censored when a patient died without
stent defecation and detachment or when the patient was
alive without defecation or detachment of the stent. The
stent migration rate was calculated as the number of
patients with distal migration of the stent per the number

@ Springer

of patients with stent detachment from the PJ. A univar-
iate log-rank analysis and multivariate analysis using the
Cox proportional hazard model with the backward step-
wise procedure were performed to determine factors
predictive of delayed defecation and delayed detachment
of the stent. Factors were compared by the y* test or
Fisher’s exact test where appropriate, and a multivariate
analysis using the logistic analysis with the backward
stepwise procedure was performed to determine the risk
factors for distal migration of the stent. All factors tested
by the univariate analysis were used for the multivariate
analysis. The level of statistical significance was set at
P < 0.05. Statistical evaluation was performed using the
SPSS 18.0 software package (SPSS Japan, Tokyo, Japan)
for Windows.
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Results

There were 37 male and 20 female patients, with a mean
age of 65.4 & 10.8 years (range, 37-86 years). Indications
for PD were pancreatic head carcinoma (19 patients), bile
duct carcinoma (14 patients), chronic pancreatitis (6
patients), intraductal papillary mucinous adenoma (7
patients), ampullary carcinoma (4 patients), serous cyst-
adenoma (2 patients), mucinous cystadenocarcinoma (1
patient), intraductal papillary mucinous carcinoma (1
patient), bile duct adenoma (1 patient), duodenal carcinoma
(1 patient), and cystic duct carcinoma (1 patient). Dilata-
tion of the main pancreatic duct was seen in 26 patients.
PPPD and Whipple’s PD were performed in 50 and 7
patients, respectively. Combined resection of the portal
vein was performed in 13 patients. Normal soft pancreatic
texture and hard pancreatic texture were found in 39 and 18
patients, respectively. Interrupted penetrating sutures were
used in 40 patients and interrupted 2-row sutures in 17
patients. The mean size of the stent was 4.60 + 1.14 Fr
(range 3-7.5 Fr). The mean length of the stent was
56.4 + 26.2 mm (range 30.9-125 mm). PF classified as
either Grade B or C occurred in 22 patients. Dilatation of
the remnant pancreatic duct was seen in 5 patients. Other
early complications classified as >Grade II occurred in 7
patients; these complications were: hypoxic encephalopa-
thy (1 patient), liver failure (1 patient), heart failure (1
patient), renal failure (1 patient), pulmonary edema (1
patient), leakage of gastrojejunostomy (1 patient), and
mycotic infection (1 patient).

The mean postoperative observation period was
14.0 + 15.2 months (range 0.3-61.4 months). Defecation
of the stent was confirmed in 35 patients. Seven patients
died within 1 year without stent defecation. The median
defecation interval from PD and the cumulative defecation
rate at 1 year were 454 days and 41 %, respectively
(Fig. 2). Nine patients defecated the stent within 3 months
after the operation, and seven patients defecated the stent
within 1 month. Stent detachment from the PJ was con-
firmed in 43 patients. The median detachment interval from
the PD and cumulative detachment rate at 1 year were
394 days and 46 %, respectively. Distal migration of the
stent was observed in 8 of the 43 patients with stent
detachment from the PJ: the overall stent migration rate
was 18.6 %. The location of the stent migration was the
bile duct in 4 patients and the afferent limb in 4 patients.

Complications associated with delayed defecation
of the stent

Defecation of the stent had not occurred in 15 patients at
the last follow-up evaluation (Table 1). The stent remained
in the pancreatic duct, causing acute pancreatitis, in 2
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patients, after 9 months and 36 months. The stent had
migrated into the bile duct, thus causing cholangitis (1
patient) and liver abscess (1 patient) after 18 and 12
months, respectively, during the postoperative course. The
two patients who presented with pancreatitis were treated
conservatively. One patient (patient 10) underwent percu-
taneous transhepatic cholangial drainage (PTCD) based on
a diagnosis of acute cholangitis after the stent had migrated
into the bile duct. Cholangiography showed migration of
the internal short stent into the left hepatic duct, as well as
intrahepatic stones. The acute cholangitis resolved with the
PTCD, and percutaneous transhepatic cholangioscopy
(PTCS) was performed. The stent and hepatolithiasis were
not revealed on PTCS; the stent and intrahepatic stones
may have fallen into the jejunal limb, perhaps during
dilatation of the PTCD fistula. The patient is alive without
recurrence or symptoms 2 years after the PTCS. One
patient (patient 12) presented with biliary obstruction
owing to migration of the stent into the bile duct, and local
recurrence of carcinoma at the hepatic hilum with a liver
abscess. He underwent percutaneous transhepatic abscess
drainage, but died owing to multiple organ failure.

Analysis of factors predicting delayed defecation,
delayed detachment, and distal migration of the stent

Patient characteristics and perioperative and postoperative
parameters were reviewed, including patient age, gender,
diameter of the main pancreatic duct, surgical procedure
(pylorus preservation or not), portal vein resection, pan-
creatic texture, approximation of the jejunal wall and the
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Table 1 Profiles and results of 15 patients without defecated stent at last follow-up evaluation

Patient Age Diagnosis Length of Size of Number of stitches in ~ Approximation of the Status of the stent Postoperative Stent- Retrieval of
(years)/ stent stent duct-to-mucosa jejunal wall and the observation period associated stent
gender (mm) (Fr) anastomosis pancreatic stump (months) complication

1 80/F MCC 60 4 6 Two-row suture Remaining in the 66 No No

pancreatic duct

2 67/F IPMA 53 6 6 Penetrating suture Remaining in the 58 No No

pancreatic duct

3 60/M Pancreatic 60 5 6 Penetrating suture Remaining in the 47 Pancreatitis No

carcinoma pancreatic duct

4 63/M Pancreatic 65 6 6 Penetrating suture Remaining in the 21 No No

carcinoma pancreatic duct

5 T6/M Pancreatic 72 4 7 Two-row suture Remainingin the 21 No No

carcinoma pancreatic duct

6 78/F Bile duct 125 6 7 Two-row suture Remaining in the 14 No No

carcinoma pancreatic duct

7 75/M Pancreatic 49 5 4 Penetrating suture Remaining in the 13 No No

carcinoma pancreatic duct

8 39/F SCA 46 4 8 Penetrating suture Remaining in the 13 Pancreatitis No

pancreatic duct

9 73/M Ampullary 67 4 5 Penetrating suture Migration into the 36 No Single-

carcinoma left hepatic duct balloon
enteroscopy

10 77/M Bile duct 58 6 5 Penetrating suture Migration into the 22 Acute PTCS

carcinoma left hepatic duct cholangitis,
hepatolithiasis

11 65/M Pancreatic 37 4 4 Penetrating suture Migration into the 16 No No

carcinoma left hepatic duct

12 61/M Cystic duct 87 7.5 7 Penetrating suture Migration into the 12 Liver abscess No

carcinoma anterior segmental
bile duct

13 86/M Bile duct 47 6 8 Penetrating suture Migration into the 47 No Single-

carcinoma afferent limb balloon
enteroscopy

14 57TM IPMA 120 5 5 Penetrating suture Migration into the 42 No No

afferent limb

15 63/M Duodenal 74 5 6 Penetrating suture Migration into the 33 No No

carcinoma afferent limb

MCC mucinous cystadenocarcinoma, IPMA intraductal papillary mucinous adenoma, SCA serous cystadenoma, PTCS percutaneous transhepatic cholangioscopy

0LS

LLS995:61 (2107) 10§ 1eatoueg Areriqojedsy [
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Table 2 Univariate and multivariate analyses of risk factors for the delayed defecation of stents

Number of Cumulative defecation Median defecation Univariate Multivariate
patients (%) rate at 1 year time (days) P value P value
(HR 95 % CI)
Age (years)
<75 46 (81) 48 377 0.103
>75 11 (19) 1t 769
Gender
Male 37 (65) 47 465 0.985
Female 20 (35) 31 419
Diameter of main pancreatic duct (mm)
<3 31 (54) 43 394 0.377
>3 26 (46) 39 465
Surgical procedure
PPPD 50 (88) 44 394 0.188
Whipple’s PD 7(12) 17 1127
Portal vein resection
Yes 13 (23) 24 465 0.779
No 44 (77) 46 394
Pancreatic texture
Soft 39 (68) 37 489 0.429
Hard 18 (32) 50 377
Approximation of the jejunal wall and the pancreatic stump
Penetrating suture 40 (70) 39 377 0.623
Two-row suture 17 (30) 41 465
Number of stitches in duct-to-mucosa anastomosis
<5 stitches 19 (33) 70 181 0.002 0.010 (2.51: 1.25-5.05)
>5 stitches 38 (67) 27 613
Size of stent (Fr)
<5 37 (65) 54 310 0.003 0.011 (3.03: 1.29-7.14)
>5 20 (35) 17 1127
Length of stent (mm)
<50 24 (42) 45 454 0.433
=50 33 (58) 39 489
Stent type
With knot 41 (72) 38 581 0.466
Without knot 16 (28) 47 377
Ratio of diameters of stent and main pancreatic duct
<0.5 30 (53) 35 581 0.476
>0.5 27 (47) 48 377
Pancreatic fistula
No or Grade A 35 (61) 51 349 0.074 0.033 (2.29: 1.07-4.90)
Grade B or C 22 (39) 28 1127
Delayed gastric emptying
No or Grade A 48 (84) 42 419 0.960
Grade B or C 9 (16) 35 489
Other early complications
No or Grade 1 50 (88) 42 454 0.419
>Grade 11 7 (12) 32 419
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Table 2 continued

Number of Cumulative defecation Median defecation Univariate Multivariate
patients (%) rate at | year time (days) P value P value
(HR 95 % CI)
Postoperative stool frequency
<4 times per day 52 (91) 42 454 0.867
>4 times per day 509 40 1127
Dilatation of the remnant pancreatic duct
Yes 50 40 581 0.776
No 52 (91) 42 454

PD pancreatoduodenectomy, PPPD pylorus-preserving pancreatoduodenectomy, AR hazard ratio, CI confidence interval

pancreatic stump, stitches in the duct-to-mucosa anasto-
mosis, diameter of the stent, length of the stent, stent type,
ratio of the diameter of stent and that of the main pan-
creatic duct, PF, delayed gastric emptying, other early
complications, postoperative stool frequency per day, and
dilatation of the remnant pancreatic duct. Univariate anal-
ysis showed that significant prognostic factors for delayed
defecation of the stent were >5 stitches in the duct-to-
mucosa anastomosis, and stent size of >5 Fr (Table 2).
The incidences of PF classified as either Grade B or C in
patients who underwent duct-to-mucosa anastomosis with
>5 stitches and <5 stitches were 31.6 % (6/19) and 42.1 %
(16/38), respectively (P = 0.442).

Multivariate analysis was carried out to determine which
factors were significantly predictive of delayed defecation
of the stent. Stent size of >5 Fr, >5 stitches in the duct-to-
mucosa anastomosis, and PF classified as either Grade B or
C were independent prognostic factors for delayed defe-
cation of the stent (Table 2).

Univariate analysis showed that the significant prog-
nostic factors for delayed detachment of the stent were >5
stitches in the duct-to-mucosa anastomosis and stent size of
>5 Fr (Table 3). Multivariate analysis was carried out to
determine which factors were significantly predictive of
delayed detachment of the stent. The use of five or more
stitches in the duct-to-mucosa anastomosis was an inde-
pendent predictive factor for delayed detachment of the
stent (Table 3).

Univariate analysis showed that the only significant risk
factor for distal migration of the stent was stent size of
>5 Fr (Table 4). Multivariate analysis revealed that stent
size of >5 Fr was an independent risk factor for distal
migration of the stent (Table 4).

Discussion
PD is a complex procedure that is commonly performed for

both benign and malignant diseases of the pancreas and
periampullary region. Resection of the pancreatoduodenal
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specimen requires three anastomoses to reestablish gas-
trointestinal continuity: a pancreatic-enteric anastomosis, a
biliary-enteric anastomosis, and a gastric or duodenal-
enteric anastomosis [8]. PF is one of the most common
complications after PD, causing significant morbidity and
mortality. Many modifications of the PJ have been pro-
posed to avoid fistula formation [17].

Stent placement across the PJ following PD may be
useful for the diversion of pancreatic juice from the pan-
creatic anastomotic site, decompression of the remnant
pancreas, and maintaining patency of the main pancreatic
duct [11]. An external drainage stent can provide more
complete diversion of pancreatic juice from the anasto-
mosis and prevent activation of pancreatic enzymes by bile
in comparison to an internal short stent [18]. However,
external stents are uncomfortable for patients and have the
potential for inadvertent removal; as well, there may be
problems including twisting, bending, and occlusion of the
stent [19, 20]. At our institution, the Department of Sur-
gery, Teikyo University Hospital, an external stent is
usually removed more than 5 weeks after the operation to
avoid the occurrence of local peritonitis and pseudocysts;
therefore, the hospital stay tends to be extended. Four
randomized controlled trials (RCTs) have focused on the
use of a stent in the pancreatic duct after PD [11, 21-24].
Two studies comparing the use of an external stent with no
stent concluded that the use of an external stent through the
pancreatic anastomosis reduced the PF rate [23, 24]. The
Queen Mary Hospital group found that external drainage of
the pancreatic duct with a stent reduced the leakage rate of
the PJ after PD, and a multivariate analysis revealed that no
stenting and a pancreatic duct diameter of <3 mm were
significant risk factors for PF [23]. The French Surgery
Research Group reported that the overall PF rate was 26 %
in the external-stent group and 42 % in the no-stent group
(P < 0.03) [24]. There are no RCTs that have proven the
inferiority of an internal stent to an external stent or no
stent, in terms of the rate of PF. The Johns Hopkins group
reported that the rates of PF in their stent and no-stent
groups were 11.3 and 7.6 %, respectively (P = 0.3) [22].
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Table 3 Univariate and multivariate analyses of risk factors for the delayed detachment of stents from the pancreaticojejunostomy

Number of Cumulative detachment Median detachment Univariate Multivariate
patients (%) rate at 1 year (%) time (days) P value P value
(HR: 95 % CI)

Age
<75 years 46 (81) 52 349 0.174
>75 years 11 (19) 19 769

Gender
Male 37 (65) 51 349 0.640
Female 20 (35) 37 419

Diameter of main pancreatic duct (mm)
<3 31 (54) 45 394 0.413
>3 26 (46) 48 454

Surgical procedure
PPPD 50 (88) 48 377 0.177
Whipple’s PD 7 (12) 33 714

Portal vein resection
Yes 13 (23) 38 454 0.868
No 44 (77) 49 377

Pancreatic texture
Soft 39 (68) 40 454 0.264
Hard 18 (32) 58 262

Approximation of the jejunal wall and the pancreatic stump
Penetrating suture 40 (70) 44 377 0.984
Two-row suture 17 (30) 50 454

Number of stitches in duct-to-mucosa anastomosis
<5 stitches 19 (33) 72 181 0.012 0.014 (2.18: 1.17-4.05)
>5 stitches 38 (67) 33 581

Size of stent (Fr)
<5 37 (65) 58 262 0.021
>5 20 (35) 25 934

Length of stent (mm)
<50 24 (42) 48 454 0.646
>50 33 (58) 46 394

Stent type
With knot 41 (72) 43 454 0.796
Without knot 16 (28) 53 349

Ratio of diameters of stent and main pancreatic duct
<0.5 30 (53) 42 454 0.430
>0.5 27 (47) 50 349

Pancreatic fistula
No or Grade A 35 (61) 58 271 0.082
Grade B or C 22 (39) 28 615

Delayed gastric emptying
No or Grade A 48 (84) 48 377 0.635
Grade B or C 9 (16) 35 489

Other early complications
No or Grade I 50 (88) 48 377 0.487
>Grade 11 7(12) 32 1291
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Table 3 continued

Number of Cumulative detachment Median detachment Univariate Multivariate
patients (%) rate at 1 year (%) time (days) P value P value
(HR: 95 % CI)
Postoperative stool frequency
<4 times per day 52 (91) 47 394 0.608
>4 times per day 50 40 1127
Dilatation of remnant pancreatic duct
Yes 501 40 581 0.473
No 52 (9) 47 394

PD pancreatoduodenectomy, PPPD pylorus-preserving pancreatoduodenectomy, HR hazard ratio, CI confidence interval

The Wakayama Medical University group found that the
median postoperative hospital stay in their group with
internal drainage using a short stent was shorter than that in
the group with external drainage using a long stent,
although there was no difference in the incidence of PF
[11]. Against this background, placement of an internal
short stent across the PJ has been attracting increasing
attention.

It is generally thought that a pancreatic internal stent
usually passes spontaneously through the rectum. The
median interval between stent placement and stent defe-
cation was 454 days in the present series. There has been
only one report describing the timing of the defecation of a
pancreatic internal stent placed across the PJ. Yoshimi
et al. [9] reported that all internal short stents placed in 11
patients who underwent PD followed by end-to-side PJ (in
which 2 layers—an inner duct-to-mucosa layer and an outer
pancreatic parenchyma-to-jejunal seromuscular layer—had
been used, with 2 rows of sutures) had fallen out sponta-
neously by the 176th postoperative day. They used stents of
about 3-5 cm in length and 612 Fr in diameter, composed
of either a either silicon tube (internal stent; Create Medic,
Tokyo Japan) or a polyvinyl chloride tube (pancreatic duct
tube; Sumitomo Bakelite, Tokyo, Japan). Their uneventful
results might have been due to the small number of patients
and the short length of the stent.

The appropriate timing of stent defecation is unclear. A
pancreatojejunal anastomosis may require 6 months to
“‘mature’’; thus, a prolonged stent stay may ensure patency
[25]. However, the potential benefit of prolonged stent stay
must be balanced against the potential risks, as long-term
transanastomotic stent stay is of no benefit and is poten-
tially harmful. In the literature 9 cases of migration of a
pancreatic internal short stent placed across a PJ following
PD have been reported [17, 26-29]. The locations of the
migration were the proximal pancreatic duct in 5 cases,
afferent limb in 2 cases, and small intestine and bile duct in
1 case each. Four of the 5 patients experienced symptoms
after the pancreatic stent had migrated into the proximal
pancreatic duct: steatorrhea in 3 and pancreatitis in one
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patient [7, 11, 26]. Two patients had abdominal pain after
the pancreatic stent had migrated into the afferent limb
[27]. Stent migration into the small intestine and bile duct
caused ileus [28] and liver abscess [29]. The intervals
between PD and the occurrence of symptoms or recogni-
tion of the stent migration in these 9 patients ranged from
6 weeks to 7 years (median 1 year). In the present series,
defecation of the stents had not occurred in 15 patients at
the last follow-up evaluation. Two of these 8 patients
experienced acute pancreatitis with the stent remaining in
the pancreatic duct. Acute cholangitis with hepatolithiasis
and liver abscess occurred in 2 patients after the stent had
migrated into the bile duct. We did not use the expression
“proximal migration into the pancreatic duct” and in this
study, because it is difficult to differentiate between
proximal migration into the pancreatic duct and “a stent
remaining in the pancreatic duct” (delayed detachment
from PJ), and the stent was not completely located in the
pancreatic duct in any of our patients. There may have been
confusion and overlap of these 2 expressions in the liter-
ature. Smyrniotis et al. reported that the stent was wedged
into the pancreatic stump in 6 of 41 patients (14.7 %) who
underwent PD with internal stenting, and 4 patients
required analgesic treatment with opioids for severe back
pain [30]. Stents that remain in the pancreatic duct may be
common in clinical practice although the number of
reported cases is small. Clinicians may not recognize or
observe stent migration into the proximal pancreatic duct
because the associated complications are mild. Retrieval of
the stent should be considered when an internal short stent
migrates.

Pancreatic duct stents are inserted endoscopically for a
variety of pancreatic conditions including ductal obstruc-
tion arising from stricture or malignancy, ductal disruption,
drainage of pancreatic pseudocysts, recurrent pancreatitis
associated with pancreas divisum, obstructing ductal
stones, and the prevention of post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis [31].
Proximal migration of pancreatic stents inserted endo-
scopically for ductal strictures occurs at the rate of 5-6 %
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Table 4 Univariate and multivariate analyses of risk factors for the distal migration of stents

No. of patients Migration rate Univariate Multivariate
P value P value
(HR: 95 % CI)

Age (years)
<75 37 6 (16.2 %) 0.318
>75 6 2 (33.3 %)

Gender
Male 29 7 (24.1 %) 0.180
Female 14 1(7.1 %)

Diameter of main pancreatic duct (mm)
<3 24 4 (16.7 %) 0.714
>3 19 4 (21.1 %)

Surgical procedure
PPPD 39 7 (17.9 %) 0.730
Whipple’s PD 4 1 (25.0 %)

Portal vein resection
Yes 10 2 (20.0 %) 0.897
No 33 6 (18.2 %)

Pancreatic texture
Soft 30 5(16.7 %) 0.620
Hard 13 3 (23.1 %)

Approximation of the jejunal wall and the pancreatic stump
Penetrating suture 30 7 (23.3 %) 0.226
Two-row suture 13 1 (7.7 %)

Number of stitches in duct-to-mucosa anastomosis
<5 stitches 17 1 (59 %) 0.083
>5 stitches 26 7 (26.9 %)

Size of stent (Fr)
<5 31 3 (9.7 %) 0.016 0.025 (6.67: 1.28-34.84)
>5 12 5 (41.7 %)

Length of stent (mm)
<50 17 2 (11.8 %) 0.351
>50 26 6 (23.1 %)

Stent type
With knot 30 7(23.3 %) 0.226
Without knot 13 1 (7.7 %)

Ratio of diameters of stent and main pancreatic duct
<0.5 22 4 (18.2 %) 0.942
>0.5 21 4 (19.0 %)

Pancreatic fistula
No or Grade A 27 4 (14.8 %) 0.407
Grade B or C 16 4 (25.0 %)

Delayed gastric emptying
No or Grade A 38 8 (21.1 %) 0.255
Grade B or C 5 0 (0.0 %)

Other early complications
No or Grade I 40 7 (17.5 %) 0.497
>Grade 11 3 1 (33.3 %)
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Table 4 continued

No. of patients Migration rate Univariate Multivariate
P value P value
(HR: 95 % CI)

Postoperative stool frequency

<4 times per day 40 8 (20.0 %) 0.391

>4 times per day 3 0 (0.0 %)
Dilatation of remnant pancreatic duct

Yes 4 0 (0.0 %) 0.315

No 39 8 (20.5 %)

PD pancreatoduodenectomy, PPPD pylorus-preserving pancreatoduodenectomy, HR hazard ratio, CI confidence interval

[32, 33]. Such migration may cause ductal damage,
obstruction, and pancreatitis, and necessitate stent retrieval
[34]. The frequency of distal migration of pancreatic and
biliary plastic stents inserted endoscopically is 8-12 % [32,
33]. Stents that migrate distally usually pass spontaneously
through the rectum; however, bowel wall penetration
resulting in enteroenteric fistula formation, free perfora-
tion, and obstruction has been reported [35]. Two articles
[36, 37] reported an extremely unusual complication of
acute appendicitis due to appendiceal orifice obstruction by
a migrated biliary stent. These complications are often
associated with stent entrapment in areas of bowel fixation
owing to adhesions and hernia or in colonic diverticula.
The present study analyzed the predictive factors for
delayed defecation of the stent to clarify a strategy for
avoiding delayed defecation. This study found that stent
size of >5 Fr, >5 stitches in the duct-to-mucosa anasto-
mosis, and PF classified as either Grade B or C were
independent factors predictive of delayed defecation of the
stent. The relationship between stent size of >5 Fr and >5
stitches in the duct-to-mucosa anastomosis and delayed
defecation/detachment of the stent may reflect the strength
of resistance against the stream of the stent. Stent size of
>5 Fr was a predictive factor not only for delayed defe-
cation but also for distal migration of the stent. The
strength of resistance against the stream of the stent could
account for the mechanism of these results. We also found
that PF classified as Grade B or C was an independent
predictive factor for delayed defecation of the stent.
Hypoperistalsis owing to PF might be responsible for the
delayed defecation of a stent. Therefore, the use of a nar-
row stent and the use of <5 stitches in the duct-to-mucosa
anastomosis could prevent the delayed defecation of a
stent. However, many surgeons might fear that the risk of
PJ leakage would be increased if these parameters were
employed, though there is no definite evidence that a nar-
row stent and small number of stitches in the duct-to-
mucosa anastomosis are risk factors for PF. Reconstruction
in which the hepaticojejunostomy is not distal to the the PJ,
including Whipple’s method, might be an effective method
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to avoid migration of the stent into the bile duct following
PD.

One limitation of the present study is the limited number
of patients. Additional investigation with a larger patient
population in a multicenter study is needed before defini-
tive conclusions can be drawn. In conclusion, this study
suggests that retrieval of the stent should be considered
when an internal short stent migrates. Stent size of >3 Fr,
>5 stitches in the duct-to-mucosa anastomosis, and PF
classified as either Grade B or C are strong risk factors for
delayed stent defecation. Stent size of >5 Fr was a pre-
dictive factor not only for delayed defecation but also for
distal migration of the stent.
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Targeting of MAPK-associated molecules
identifies SON as a prime target to attenuate the
proliferation and tumorigenicity of pancreatic
cancer cells
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Abstract

Background: Pancreatic cancer is characterized by constitutive activation of mitogen-activated protein kinase
(MAPK). Activation of MAPK is associated with the upregulation of genes implicated in the proliferation and survival
of pancreatic cancer cells. We hypothesized that knockdown of these MAPK-associated molecules could produce
notable anticancer phenotypes.

Methods: A RNA interference-mediated knockdown screening of 78 MAPK-associated molecules previously
identified was performed to find molecules specifically associated with proliferation of pancreatic cancer cells

in vitro. Expression of an identified molecule in pancreatic cancer tissues was examined by immunohistochemistry.
In vivo tumorigenicity of cancer cells with stable knockdown of the molecule was assayed by using xenograft
models. Flow cytometry and live cell imaging were employed to assess an association of the molecule with cell
cycle.

Results: The knockdown screening revealed that knockdown of SON, the gene encoding SON, which is a large
serine/arginine-rich protein involved in RNA processing, substantially suppressed pancreatic cancer cell proliferation
and survival in vitro and tumorigenicity in vivo. SON expression was higher in ductal adenocarcinomas than in cells
of normal ducts and precursor lesions in pancreatic cancer tissues. Knockdown of SON induced G2/M arrest and
apoptosis in cultured cancer cells. The suppressive effect of SON knockdown on proliferation was less pronounced
in cultured normal duct epithelial cells. SON formed nuclear speckles in the interphase of the cell cycle and
dispersed in the cytoplasm during mitosis. Live cell imaging showed that SON diffusely dispersed in the early
mitotic phase, accumulated in some foci in the cytoplasm in the late mitotic phase, and gradually reassembled into
speckles after mitosis.

Conclusion: These results indicate that SON plays a critical role in the proliferation, survival, and tumorigenicity of
pancreatic cancer cells, suggesting that SON is a novel therapeutic molecular target for pancreatic cancer,
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Background

Pancreatic cancer is a leading cause of cancer-related
deaths [1,2]. Despite advancements in diagnostic and
therapeutic modalities, the 5-year survival rate of
patients with pancreatic cancer is less than 10% [3]. This
poor prognosis elicits an urgent need for the develop-
ment of effective diagnostic and therapeutic measures to
improve patient survival. Molecular medicine may be
able to fulfill this need, as exemplified by imatinib in the
treatment of chronic myeloid leukemia [4]. Pancreatic
cancer is characterized by constitutive activation of
mitogen-activated protein kinase (MAPK), due to gain-
of-function mutations in KRAS or BRAF and loss-of-
function of dual specificity phosphatase 6 (DUSP6) [5-7].
Active MAPK translocates to the nucleus, activates tran-
scription factors, and induces the expression of a variety
of genes [8]. In a previous study, we screened the gen-
ome for downstream targets of MAPK and identified 78
molecules specifically associated with MAPK activity in
pancreatic cancer cells [9]. These MAPK-associated
molecules include molecules implicated in DNA replica-
tion, RNA editing, spindle formation, mitosis, signal
transduction, and membrane trafficking. These bio-
logical processes play critical roles in the survival, main-
tenance, and proliferation of pancreatic cancer cells. We
hypothesized that molecular targeting of these MAPK-
associated molecules could result in notable anticancer
phenotypes, as we previously observed by targeting
AURKA [9,10]. In this study, we performed a systematic
knockdown screening of MAPK-associated molecules in
pancreatic cancer cells.

Results

Knockdown screening of MAPK-modulated genes in
pancreatic cancer cells

We performed knockdown screening using a pancreatic
cancer cell line, MIA PaCa-2, and custom-designed short

Page 2 of 10

interfering RNAs (siRNAs) targeting all the 78 MAPK-
modulated genes that were previously identified and iso-
lated in the cell line (Additional file 1: Table S1) [9]. The
cells were transiently transfected with each of the 78
siRNAs, and in vitro proliferation was subsequently
examined for 5 consecutive days. This screening showed
that proliferation of cancer cells was suppressed to vari-
able degrees depending on the individual gene targeted
(Figure 1). Knockdown of AURKB, CENPA, EBNA1BP2,
GOLTIA, KIF11, NEDD4L, SON, TPX2, or WDRS sup-
pressed proliferation by more than 50% compared with
control. Among these targets, we focused on SON for
further study because it showed the most substantial
suppressive effect. This gene encodes a nuclear speckle
protein, SON, which is involved in RNA processing.

Knockdown of SON attenuates proliferation in vitro,
considerably in pancreatic cancer cells but less
remarkably in normal phenotype cells

The in vitro suppressive effect of siRNA targeting SON
on proliferation was reanalyzed in detail by using MIA
PaCa2; PCI-35, a pancreatic cancer cell line with an ag-
gressive phenotype; and HPDE, an immortalized normal
human pancreatic duct epithelial cell line [7,11-13]. The
suppressive effects of SON knockdown on cell prolifera-
tion appeared to be fatal in MIA PaCa-2, static in PCI-
35, and insignificant in HPDE (Figure 2A). The effects of
siRNA on SON expression were assayed by an immuno-
blotting method, which showed 77%, 10%, and 48% re-
duction of SON expression in MIA PaCa-2, PCI-35, and
HPDE, respectively (Figure 2B). These results indicated
that SON knockdown attenuated the in vitro prolifera-
tion of pancreatic cancer cells. The attenuation of prolif-
eration depended on the efficiency of SON knockdown
in pancreatic cancer cells, but was less remarkably
affected in normal phenotype cells.
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Figure 1 Knockdown screening of MAPK-associated genes in pancreatic cancer cells. Proliferation of MIA PaCa-2, a pancreatic cancer cell
line, transfected with siRNA targeting various genes associated with MAPK (indicated on the horizontal axis), was determined by MTT assay on
day 5 post-transfection. Plotted values are expressed relative to cells infected with control siRNA to a nonspecific sequence (Nonsp). Plots
represent an average of 2 independent experiments; each experiment includes data from 8 independent transfection wells. Knockdown of SON
(closed column) showed the most remarkable anti-proliferative phenotype.
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Figure 2 A. Proliferation of pancreatic cancer cells (MIA PaCa-2 and PCI-35) and normally phenotypic duct epithelial cells (HPDE)
transfected with siRNA against SON (siSON) or a nonspecific sequence (siNons) and measured by MTT assay. The plots represent an
average of 2 independent experiments; experiment includes data from 8 independent transfection wells. B. Expression of SON in cells transfected
with siSON or siNons is shown in immunoblots probed with anti-SON antibody (SON) or anti-beta actin antibody (ACTB). C. Colony formation
assay of pancreatic cancer cells transfected with vectors expressing shRNA targeting SON (shSON) or a non-specific sequence (shNons).

Stable knockdown of SON reduces the survival of
pancreatic cancer cells in vitro

We next constructed a vector expressing short hairpin
RNA (shRNA) identical to the SON siRNA when pro-
cessed. We examined the effect of stable knockdown of
SON on the survival of pancreatic cancer cells in vitro
using a colony formation assay. We found that stable
knockdown of SON strongly attenuated the survival of
cancer cells, even in PCI-35 cells, in which transient
transfection of siRNA targeting SON modestly sup-
pressed proliferation (Figure 2C).

SON is overexpressed in pancreatic ductal
adenocarcinomas

To establish the native expression of SON in pancreatic
cancer, we examined 34 tissues with pancreatic ductal
adenocarcinoma that were surgically resected. Immuno-
histochemistry showed that SON was strongly expressed
in the nuclei of cancer cells in most ductal adenocarcin-
omas significantly more obviously than in the nuclei of
non-neoplastic ducts or pancreatic intraepithelial neopla-
sia (PanIN), a precursor lesion of ductal adenocarcinoma

(p <0.001 by ANOVA) (Figure 3 and Table 1). This result
indicates that SON is specifically overexpressed in pancre-
atic cancer.

Knockdown of SON retards the tumorigenicity of
pancreatic cancer cells in vivo

We then performed a tumorigenicity assay using stably
transfected pancreatic cancer cell clones carrying the
shRNA vector targeting SON. Several stably transfected
clones of MIA PaCa-2 and PCI-35 cells were obtained,
and expression of SON was determined by real-time
quantitative PCR. SON expression was lowest, reduced
by 50%, in an MIA PaCa-2 clone (Figure 2D). We could
not obtain any stably transfected PCI-35 clones in which
SON expression was obviously reduced. This was prob-
ably because PCI-35, unlike MIA PaCa-2, could not sur-
vive modest knockdown of SON, which strongly
suppresses the survival of cancer cells in vifro. The sta-
bly transfected clone of MIA PaCa-2 was inoculated into
the subcutis of nude mice, and tumorigenicity was moni-
tored. After 4 weeks, tumorigenicity was significantly
retarded (Figure 4A).



