D. Hashimoto et al.: E-PASS After Distal Pancreatectomy

a PRS
P<0.0001
1
o
RE F
°
T
44
°
] T
0 — —
Complication Complication
Presence Absence
(n=13) (n=33)
b SSS
12 5 P=0.0029
81
0
41 %
04 ° ’
-4
Complication ~ Complication
Presence Absence
(n=13) (n=33)
c CRS
P<0.0001
[ ]
1.21
.84
44
°
0
[ ]
-4 ®
’ Complication Complication
Presence Absence
(n=13) (n=33)

Fig. 1. Association between postoperative complications and
the Estimation of Physiologic Ability and Surgical Stress
(E-PASS) scores. a Preoperative risk score (PRS); b surgical
stress score (SSS); ¢ comprehensive risk score (CRS). Boxes
show the 95% confidence intervals

The mortality rate estimated using the E-PASS scoring
system was 3.4% for patients with postoperative com-
plications. The associations between the PRS, SSS, and
CRS and the complication rate are shown in Fig. 2. The
complication rate tended to increase as the PRS, SSS,
and CRS increased.
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Fig. 2. Estimation of the proportion of patients with post-
operative morbidity, calculated using the Estimation of
Physiologic Ability and Surgical Stress (E-PASS) scores. a
Preoperative risk score (PRS); b surgical stress score (SS5); ¢
comprehensive risk score (CRS)

Receiver Operating Characteristic Analysis of
the E-PASS Scores for Morbidity

The E-PASS scores showed good predictive power for
morbidity associated with DP, demonstrated by the
wide areas under the ROC curve in Fig. 3. The AUC was
0.84 for PRS (95% confidence interval [CI] 0.72-0.97),
0.82 for SSS (95% CI0.67-0.97),and 0.89 for CRS (95%
CI0.77-1.01). The ROC curves show the strong associa-
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Fig. 3. Receiver operator characteristic curves for morbidity
based on the Estimation of Physiologic Ability and Surgical
Stress (E-PASS) scores. a Preoperative risk score (PRS); b
surgical stress score (SSS); ¢ comprehensive risk score (CRS).
AUC, area under the curve

tion between morbidity and the PRS, SSS, and CRS
individually. Fig. 3 shows various cutoff points for each
graph. For CRS, a cutoff point of 0.43 would give a deci-
sion rule with sensitivity of 84.6% and specificity of
72.7% for the prediction of morbidity (Fig. 3c).
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Discussion

In this series, the morbidity rate after DP was 28.3%,
which is comparable with reported morbidity rates
ranging from 30% to 40% in previous studies." The
E-PASS scoring system, which was developed for a
general surgical audit, has been applied to various sub-
specialties.*?**%?" The system is easy to use because
the required information can be retrieved from pre-
anesthetic sheets and operation notes. Kaneko et al.
assessed the outcomes of laparoscopic hepatectomy
(L-Hr) compared with open hepatectomy (O-Hr) for
hepatocellular carcinoma (HCC), using the E-PASS
scoring system.” They found that the SSS and CRS of
thé L-Hr group were significantly lower than those of
the O-Hr group, although there was no difference in
PRS between the two operations. In fact, the L-Hr
group had a 10% complication rate, whereas the O-Hr
group had a complication rate of 18%, demonstrating
that the E-PASS scoring system is useful for assessing
the outcome of hepatectomy for HCC.

We previously reported the good predictive power of
E-PASS scores for both mortality and morbidity, as dem-
onstrated by the large areas under the ROC curve, in
patients undergoing PD.” In this study, we used the
E-PASS scoring system to predict operative morbidity
after DP and found astrong correlation between E-PASS
scores and the incidence of postoperative complications.
The ROC analysis in this study indicates that E-PASS
scores are useful predictors of postoperative complica-
tions after DP.The E-PASS system can be used to predict
operative morbidity after DP for each patient before
surgery, not only by the PRS, but also the SSS and CRS,
which are calculated by expected operating times and
blood loss. This allows surgeons, anesthesiologists,
and medical staff to evaluate high-risk patients before
surgery. Although there was no mortality in this series,
the E-PASS system might help surgeons consider the
indications for DP in each patient and avoid performing
this operation if the risks are too high. The E-PASS
system can also be used to inform patients about the
risks of complications before surgery. In this series, the
CRS had the best predictive utility for postoperative
complications. Moreover, because the SSS and CRS can
be calculated immediately after DP using actual operat-
ing time and blood loss, surgeons can identify the risk of
morbidity shortly after surgery, enabling the initiation of
appropriate perioperative care for each patient.

The most frequent complication in this series was
POPF grade B. Previous investigators have reported
that pancreatic characteristics, such as soft pancreatic
texture and pancreatic duct size, are predictors of POPF,
including grade A."* The pancreatic texture at the stump
of the pancreatic remnant was soft and the main pan-
creatic duct was not dilated in all but one of our patients.
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Most patients undergoing DP have a soft pancreas and
a normal-sized main pancreatic duct, unlike patients
undergoing PD. Therefore complications after DP,
including POPF, would possibly reflect the patient’s own
general condition and surgical stress, such as perfor-
mance status, ASA classiflication, and blood loss, rather
than pancreatic characteristics. In fact, several studies
have indicated that the patient’s condition, such as ASA
classification, obesity, and nutritional status, and indica-
tors of surgical stress, such as blood loss and operating
time, affect the rate of postoperative complications,
including POPF, after DP*""** E-PASS, especially the
PRS,; is easy to calculate before DP. Systemic complica-
tions such as pneumonia would tend to occur in patients
with high E-PASS scores, reinforcing its value before
surgery. In conclusion, the E-PASS scoring system is
useful for predicting operative morbidity, including
POPEF, in patients undergoing DP for malignant or
benign pancreatic disease.
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KEYWORDS: Abstract

Pancreatoduodenectomy; BACKGROUND: Pancreatoduodenectomy is the only effective treatment for cancers of the periam-
Pancreatic cancer; pullary region. Because surgeons usually grasp tumors during pancreatoduodenectomy, this procedure
Bile duct cancer; may increase the risk of squeezing and shedding the cancer cells into the portal vein, retroperitoneum,
RO resection; and/or peritoneal cavity. In an effort to overcome these problems, we have developed a surgical
No-touch isolation technique for no-touch pancreatoduodenectomy.

technique METHODS: From March 2005 through May 2008, 42 patients have been operated on following this

technique. Resected margins were microscopically analyzed.

RESULTS: We describe a technique for pancreatoduodenectomy using a no-touch isolation technique.
We resect cancers with wrapping them within Gerota’s fascia and transect the retroperitoneal margin along
the right surface of the superior mesenteric artery and abdominal aorta without grasping tumors.

CONCLUSIONS: No-touch pancreatoduodenectomy has many potential advantages that merit further
investigation in future randomized controlled trials.
© 2010 Published by Elsevier Inc.

Pancreatoduodenectomy is the only effective treatment for squeezing and shedding the cancer cells into the portal vein,
cancers of the periampullary region. Even for patients who retroperitoneum, and/or peritoneal cavity. In an effort to over-
have undergone curative resection (R0), survival analysis has come these problems, we have developed a surgical technique
revealed a poor survival rate because of cancer recurrence, for improved en bloc dissection of the peripancreatic retroper-
although attempts to reduce the frequency of recurrence have itoneal margin without grasping tumors.

resulted in numerous modifications in pancreatoduodenectomy
techniques.'~ Most postoperative recurrence is because of by
hepatic metastasis, local recurrence, and peritoneal dissemina-
tion. Because surgeons usually grasp tumors during pancre-
atoduodenectomy, this procedure may increase the risk of

Surgical Technique

Transection of the pancreatic neck
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pancreatoduodenectomy), thereby exposing the neck of the
pancreas. After mobilization of the gallbladder, the hepatic
duct and the gastroduodenal artery are divided. The sur-
rounding lymph nodes are dissected.

The superior mesenteric and portal veins (SMV-PV) are
dissected at the inferior edge of the pancreatic neck. The
right gastroepiploic vein is ligated and divided in cases of
bile duct cancer or ampullary cancer. Alternatively, the
accessory right colic vein and gastrocolic trunk vein are
ligated and divided, and the transverse mesocolon adjacent
to the pancreatic head is resected in pancreatic cancer cases.
The posterior surface of the pancreatic neck is tunneled by
blunt dissection. After ligating the right side of the pancreas
and establishing hemostasis of the pancreatic capsule, the
pancreas is transected.

Dissection of the portal venous system

The posterolateral aspect of the SMV-PV is dissected
carefully and then taped. By lifting up the vascular tape, the
individual pancreatic veins that drain to the SMV-PV are
detected. All portal vein tributaries are ligated and divided
individually until the SMV-PV is completely free from the
pancreatic head. During this procedure, the pancreatic head
is neither grasped nor squeezed by the surgeon. We do not
yet perform the Kocher maneuver. If the tumor is approxi-
mated with or has invaded the SMV-PV, the involved
SMV-PV is resected. This is usually performed with the

help of an artificial bypass between the iliac vein and the
intrahepatic portal vein via paraumbilical vein (or femoral
vein via saphenous vein) using an antithrombogenic cathe-
ter. Thus, the involved SMV-PV is clamped and resected
and then later reconstructed (see later) without extreme
concern for strict time limits.®

Hanging up, clamping, and transection of the
peripancreatic retroperitoneal margin

After division of the proximal jejunum and mobilization
of the duodenojejunal junction, the proximal jejunum and
the 3rd and 4th parts of the duodenum are pulled toward the
right behind the superior mesenteric vessels. Next, the an-
terior surface of the abdominal aorta, which corresponds to
the posterior plane of Gerota’s fascia, around the ligament
of Treiz is exposed. To permit the passage of a tape, blunt
dissection of the anterior surface of the aorta is continued in
a cranial direction along the right side of the superior mes-
enteric and the celiac trunk arteries (Figs. 1A and 1B). By
lifting the tape, the plane posterior to the Gerota’s fascia and
anterior to the aorta can be dissected bluntly. Bleeding
during this dissection was never encountered. Then, the tape
is repositioned relative to the pancreatic side of the common
hepatic artery and the SMV-PV cranially and relative to the
pancreatic side of the left renal vein and mesocolon caudally
(Fig. 1C). At this point, the tape lifts up the peripancreatic
retroperitoneal margin (tissue adjacent to the SMA and

Figure 1

No-touch pancreatoduodenectomy using the hanging up and clamping technique. The anterior surface of the aorta was dissected

bluntly to permit the passage of a tape (A and B). After repositioning the tape, the pancreatic side of the retroperitoneal margin is clamped
(C and D). Under traction of the right-angled clamp rightward, the retroperitoneal margin is transected along with the right surface of SMA.
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PV
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Figure 2 Transection of the retroperitoneal margin along the
right surface of the superior mesenteric artery. Rightward traction
of the right-angled clamp on the retroperitoneal margin and step-
by-step scooping of tissue along the SMA allows identification of
the inferior pancreatoduodenal artery (*). The residual side of the
retroperitoneal margin is ligated to inhibit lymphatic leakage. PV,
portal vein; SMA, superior mesenteric artery, #, pancreatic stump.

celiac artery), including celiac and SMA neural plexuses,
lymphatic vessels, and the inferior pancreatoduodenal ar-
tery. The pancreatic side of the retroperitoneal margin is
held using a long-nosed, right-angled DeBakey type aortic
clamp (Figs. 1D and 2). Using rightward traction of the
clamp and leftward traction of vessel tapes on the SMV-PV,
the peripancreatic retroperitoneal margin is transected along
the right surface of SMA, celiac artery, and the anterolateral
surface of abdominal aorta. By rightward traction of the
clamp, nervous and lymphatic tissue on the right and pos-
terior aspects of the SMA is efficiently cleared (Fig. 2).
Step-by-step scooping of tissue along the SMA allows iden-
tification of the inferior pancreatoduodenal artery as well as
the replaced right hepatic artery. The residual side of the
dissected tissue is ligated to inhibit lymphatic leakage. The
tumor never serves as a “‘handle for retraction” of the spec-
imen.

Reversed kocherisation

The last procedure of the resection includes reversed
kocherization. The posterior plane of the Gerota’s fascia is
dissected medial to lateral direction, allowing exposure
of the left renal vein and inferior vena cava until the “en
bloc” pancreatoduodenectomy is completed. The paraaortic
lymph nodes are not removed.” In cases of SMV-PV resec-
tion in which a shunt has been used, the vessel is now
anastomosed. The retroperitoneal margin is sliced along the
clamp and is submitted to frozen microscopy. Reconstruc-
tion is performed according to the surgeon’s preference.
After the procedure, extensive peritoneal lavage was per-
formed with 10 L of warm saline to remove any potermal
dissemination of cancer cells.®

Hospital Outcome and Margin Status

From March 2005 through May 2008, 42 patients (17
with pancreatic ductal adenocarcinoma, 11 with extrahe-
patic bile duct adenocarcinoma, 6 with intraductal papillary
mucinous neoplasm, 3 with ampulla of Vater cancer, 2 with
nonfunctioning islet cell tumor, 1 with gastrinoma, 1 with
tumor-forming chronic pancreatitis, and 1 with severe
cholangitis) have been operated on following this technique.
Of the 28 patients with pancreatic ductal or bile duct ade-
nocarcinoma, 15 cases (54%) required SMV-PV resection.
As for the tumor stages in these 28 patients, the final
pathological stage classification (I/IVIII/IVa/IVb) by the
Japan Pancreas Society or Japanese Society of Biliary Sur-
gery was 2/2/11/9/4. The International Union against Can-
cer stage according to pTNM pathological classification
(IA/IB/IIA/IIB/III/IV) was 1/0/11/11/4/1.

Postoperative complications were as follows: 7 patients
with grade B pancreatic fistula (18%), 2 with intra-abdom-
inal abscess (5%), 1 with hepatic failure (3%), 1 with liver
abscess (3%), 1 with intra-abdominal bleeding from the
gastric wall (3%), 1 with abdominal wall infection (3%), 1
with hyponatremia (3%), 1 with urinary infection (3%),
and 1 with lymphatic leakage. The overall morbidity rate
was 40%.

Resected margins were microscopically analyzed. Among
the pancreatic ductal adenocarcinoma cases, 14 were RO
(microscopically margin free), 3 were R1 (microscopically
margin positive), and none was R2 (macroscopically margin
positive) (82%, 18%, and 0%, respectively). As for extra-
hepatic bile duct adenocarcinoma, 10 were RO, 1 was R1,
and none was R2 (91%, 9%, and 0%, respectively). R1
resection was defined as cancer cells within 1 mm of a
circumferential or transaction margin, independent of the
mode of cancer spread.'®

Two-year survival rates were both 75% for pancreatic
ductal adenocarcinoma cases and extrahepatic bile duct ad-
enocarcinoma cases with mean follow-up periods of 22.5
months and 22.9 months, respectively.

Comments

We have described a pancreatoduodenectomy technique
involving a no-touch approach. We also aimed to resect
cancers by wrapping them with the Gerota’s fascia and to
transect the peripancreatic retroperitoneal margin along the
right surface of the SMA, celiac artery, and abdominal
aorta. During this procedure, the pancreatic head is neither
grasped nor squeezed by the surgeon.

Because our approaches also permit tumor resection
without any grasping or squeezing, the technique has been
named the “no-touch pancreatoduodenectomy.” The no-
touch isolation technique was originally adopted as a strat-
egy to protect cancer cells from spreading because of han-
dling malignant tumors during colon and eye cancer
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surgery.'!'? Because a pancreatic tumor is generally often
grasped by the surgeon before the ligation of surrounding
vessels during pancreatectomy, squeezing and handling the
tumor could increase the risk of shedding cancer cells into
the portal vein, retroperitoneum, and/or peritoneal cavity.'?
Hence, there is a potential for benefit using a no-touch
approach in pancreatectomy as well.

A majority of studies confirm the importance ol RO
resection, which may only be accomplished with techniques
that position the dissecting plane further away from the
tumor.>'*~'® By rightward traction of the clamp on the
peripancreatic retroperitoneal tissue, nervous and lymphatic
tissue on the right and posterior aspects of the SMA can be
elficiently cleared. This area is pointed out as a key area to
achieve RO resection. In the current series, comprising tu-
mor - with relatively high stages often requiring also
SMV-PV resection, 82% of the pancreatic ductal and 91%
of bile duct adenocarcinoma were RO.

It has been shown that pancreatic cancers with venous
involvement can be resected safely, with a long-term sur-
vival similar to that observed after resection of cancers
without venous involvement.'”? In these reports, venous
resection was performed en bloc to obtain cancer-free mar-
gins. A modified technique involving posterior dissection of
the pancreatic head (initially dissecting the SMA and then
dividing the pancreatic neck in the final step) has been
reported independently by both Pessaux et al*' and Varty
et al.*2 This modification enables a surgeon to identify signs
of nonresectability as well as the presence of a replaced
right hepatic artery from the SMA at an early phase of the
operation. The recent advent of high-quality helical com-
puted tomography scan images provides an alternative, pre-
operative method for gathering such information.

In severe acute pancreatitis, autodigestion of peripancre-
atic tissue by pancreatic proteases is generally provoked,
whereas perirenal tissue beyond the Gerota’s fascia is often
protected from the autodigestion. Cancer cell invasion is
also dependent on protease activity. Hence, Gerota’s fascia
may potentially function as a barrier against protease-me-
diated invasion. One of our aims was to resect cancers by
wrapping them within Gerota’s fascia.

In conclusion, the “no-touch” pancreatectomy procedure
using the hanging and clamping maneuver for peripancre-
atic retroperitoneal margin resection has many theoretic
advantages that merit further investigation in future ran-
domized controlled trials.
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The expression of oxysterol binding protein-related protein (ORP) 5
is related to invasion and a poor prognosis in pancreatic cancer
_ patients. ORP5 induced the expression of sterol response element
binding protein (SREBP) 2 and activated the downstream gene of
sterol response element. ChIP using SREBP2 antibody revealed that
histone deacetylase 5 (HDAC5) was one of the downstream genes
of SREBP2. The effect of HMG-CoA reductase inhibitors (statins)
were analyzed according to the expression level of ORP5. The inva-
sion rate and growth was suppressed in cells that strongly
expressed ORP5 in a time- and dose-dependent manner, but had
less effect in cells weakly expressing ORP5, suggesting that when
the potential of invasion and growth relies on the cholesterol syn-
thesis pathway, it becomes sensitive to HMG-CoA reductase inhibi-
tor. Furthermore, HDAC inhibitor, tricostatin A, induced the
expression of phosphatase and tensin homolog as well when ORPS
was suppressed or the cells were treated with statin. Treatment
with both statin and tricostatin A showed a synergistic antitumor
effect in cells that highly expressed ORPS5. Therefore, in some pan-
creatic cancers, continuous ORP5 expression enhances the choles-
terol synthesis pathway and this signal transduction regulates
phosphatase and tensin homolog through HDACS expression. This
is the first report to detail how the signal transduction of choles-
terol synthesis is related to cancer invasion and why statins can
suppress invasion and growth. (Cancer Sci 2010; 101: 898-905)

I t is important to elucidate the mechanisms of invasion and
metastasis of pancreatic cancer in order to develop an effec-
tive treatment strategy. New drugs have been developed based
on the biological mechanism. Unfortunately, only a small num-
ber of patients benefit and, consequently, pancreatic cancer is
still one of the most malignant tumors in the world. The mecha-
nism of cancer development, invasion, and metastasis is compli-
cated. Therefore, a single reagent might not be effective and
combined therapy may be required. Nevertheless, signal trans-
duction in cancer cells seems to be different in each case. For
pancreatic cancer, K-ras, p53, MEK/ERK, and Akt are fre-
quently involved and the pathway controlling the expression of
these genes has been characterized."'

In previous studies, two hamster pancreatic cancer cell lines

with different potential for invasion and metastasis were estab-
lished. These two cell lines are from the same pancreatic ductal
carcinoma induced b?' N-nitrosobis(2-oxopropyl)amine in a Syr-
jan golden hamster.” The differences in mRNA expression
between these two cell lines was examined using the representa-
tional difference analysis method. This identified five gene frag-
ments that were specific in the highly invasive cell line."”
Oxysterol binding protein-related protein (ORP) 5 was one of
these genes. The suppression of ORPS decreased the invasion
potential, and the induction of ORPS5 increased the invasion
potential. Furthermore, the 1-year survival of ORP5 positive
pancreatic cancer patients is 8.3 months, and 17.2 months in

Cancer Sci | April2010 | vol. 101 | no.4 | 898-905

ORPS5 negative pancreatic cancer patienls.(-" ORPS5 is a member
of the ORP family, which includes 12 genes.®® There are two
other reports addressing ORPs and cancer. A strong expression
of ORP8 was observed in hamster bile duct cancer in compari-
son to normal tissue examined by cDNA microarrzg.‘g) ORPS8 is
also strongly expressed in lung cancer tissue.'® ORPS5 and
ORPS8 belong to the same subgroup of ORPs with the same C-
terminal hydrophobic segment, predicted to act as a transmem-
brane anchor. However, the mechanism regarding the role of
ORPs in cancer is still not clear.

Signal transduction has been characterized in cholesterol syn-
thesis.'""'? When the cholesterol level in the cell is reduced,
sterol regulatory element binding protein (SREBP) cleavage-
activating protein is activated. This cleaves SREBP2, and the
58 kDa site 2 protease is transported into the nucleus, binds to
sterol response element (SRE) and induces the expression of the
downstream genes."'*' In addition to low-density lipoprotein
receptor and HMG-CoA reductase, SREBP2 itself is one of
these downstream genes."'¥ HMG-CoA reductase is the key
enzyme of cholesterol synthesis that synthesizes mevalonic acid
from HMG-CoA. When the cholesterol level in the cell is on
excess, oxysterol will increase. The function of oxysterol is to
block the nuclear transport of site 2 protease and interrupt the
cholesterol synthesis.'® Oxysterol is related to cholesterol syn-
thesis, and thus it is natural to consider that ORPS5 should have a
role in this pathway.

This study shows that ORP5 induces SREBP2 and alters the
expression of SREBP2 downstream genes. Furthermore, this
phenomenon seems to regulate the expression level of a tumor
suppressor gene, thus leading to the invasion and growth of
pancreatic cancer.

Materials and Methods

Cell culture. The human pancreatic cancer cell lines Capanl,
Capan2, Hs700T, MiaPaCa2, and Pancl were obtained from
American Tissue Culture Collection (Rockville, MD, USA).
The cells were cultured in the recommended medium supple-
mented with 10% FBS (Gibco-BRL, Grand Island, NY, USA) at
37°C in a humidified atmosphere of 5% CO, to 95% air. Various
doses of histone deacetylase inhibitor, trichostatin A (TSA;
Cosmo Bio, Tokyo, Japan), simvastatin, or lovastatin (both
Sigma-Aldrich, St. Louis, USA) were added to the cells 24 h
after seeding the cells. Total RNA or cell lysates were extracted
at the optimal time.

ORP5 suppression and induction. siRNA for ORPS5 suppres-
sion and the construction of ORPS5 expression vector is
described elsewhere.” RNA inhibition was carried out accord-
ing to the standard protocol using Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA). Before ORP5 or control siRNA
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transfection, 4 x 10° cells were plated in a six-well plate with
growth medium without antibiotics. One hundred pmol of siR-
NA was diluted in 250 pL Opti-MEM I reduced serum medium
(Gibco-BRL), and 5 pL Lipofectamine 2000 was diluted in
250 puL Opti-MEM 1 reduced serum medium. After a 5 min
incubation at room temperature, siRNA and Lipofectamine
2000 were combined, incubated for 20 min at room tempera-
ture, added to the well, then incubated at 37°C. The transfec-
tion of expression vectors was also carried out according to the
standard protocol of Lipofectamine 2000. Four micrograms of
plasmid DNA was diluted in 250 pL Opti-MEM I reduced
serum medium and 10 pL Lipofectamine 2000 was diluted in
250 pL Opti-MEM I reduced serum medium. After 5 min incu-
bation at room temperature, plasmid DNA and Lipofectamine
2000 were combined, incubated for 20 min at room tempera-
ture, added to cells in a six-well plate, then incubated at 37°C.
ORP5-suppressed Capan2 was designated as Capan2 — ORPS,
control siRNA-transfected Capan2 as Capan2 cont.si, ORPS5-
induced Hs700T as Hs700T + ORP5, and LacZ-transfected
Hs700T as Hs700T + LacZ.

cDNA microarray. Target DNAs made from 132 genes were
immobilized on a glass plate. Each target DNA (200-600 bp)
was designed based on sequence homology analysis to minimize
cross-hybridization with other genes, and was practically tested
by Northern blotting. The total RNA of Capan2 - ORPS,
Capan2 cont.si, Hs700T + ORPS5, and Hs700T + LacZ were
purified using TRIzol (Invitrogen). Total RNA quality was
judged from the relative intensities of the 28S and 18S ribo-
somal RNA bands after agarose gel electrophoresis. Purified
total RNA (20 pg) was incubated at 70°C for 5 min and cooled
on ice. It was reverse transcribed with a mixture of specific
primers and 200 U PowerScript reverse transcriptase, and incu-
bated at 42°C for 1.5 h. The cDNA was labeled using Cy5 (Cy5
mono-functional reactive dye; Amersham, Buckinghamshire,
UK), and purified by a Nucleo Spin Extract Kit (Macherey-
Nagel, Amtsgeriche, Germany). Labeled cDNA was hybridized
in 6x SSC, 0.2% SDS, 0.01 mg/mL human Cot-1 DNA and
5x Denhalt’s solution for 16 h at 60°C to spotted cDNA arrays.
Slides were washed in 2x SSC at room temperature, then
2x SSC with 0.2% SDS at 55-65°C twice, and finally
0.05x SSC at room temperature, and scanned using a Scanner
FLA-8000 (FujiFilm, Tokyo, Japan). The data were analyzed
using the Array Gauge (FujiFilm). The relationship between
mRNA expression of the tumor cell lines (Capan2 — ORP5 vs
Capan2 cont.si; Hs700T + ORP5 vs Hs700T + LacZ) was ana-
lyzed by Pearson’s correlation coefficient. The list of examined
genes is shown in Table S1.

RT-PCR. Total RNA extraction was done using TRIzol and
treated with DNasel (Roche, Basel, Switzerland) to remove
genomic DNA. Five micrograms of total RNA was reverse tran-
scribed using Suprescript III (Invitrogen) according to the

Table 1. Primers for RT-PCR and for internal probes

instruction manual. After 14-18 cycles of PCR, samples were
separated on a 1.2% agarose gel and transferred to a nitrocellu-
lose membrane (Amersham), prehybridized in PEG-SDS con-
taining 100 pg/mL salmon sperm DNA at 65°C for 6 h. An
internal probe was constructed by re-amplifying. the first PCR
product. A 1000x diluted first PCR product was used as a tem-
plate and amplified using internal primer sets that do not include
the first PCR primer sequence. Probes were gel extracted (Qia-
gen, Velancia, CA, USA), direct sequenced using an ABI 310
DNA sequencer (Applied Biosystems, Foster, CA, USA) for
confirmation, and labeled using a psoralen-biotin non-RI label-
ing kit (Ambion, Austin, TX, USA). Labeled probes were added
to the membrane and hybridized at 65°C overnight, washed and
detected using the non-RI detection kit (Ambion), exposed on
X-ray film and developed. The intensity of the band was ana-
lyzed using Imagel software (NIH; http://rsbweb.nih.gov/ij/).
The intensity of the band was compared to that of GAPDH, then
the band of Capan2 cont.si was adjusted to 1 as control. The
other bands were compared to the intensity of the Capan2 cont.si
band and statistically analyzed using StatView computerized
program (SAS Institute, Cary, NC, USA). A P-value <0.05 was
considered to be significant. The primer sets for RT-PCR and
for the internal probes are in Table 1.

Protein extraction and Western blot analysis. The cells were
washed in PBS and lysed by radio immunoprecipitation assay
buffer on ice for 15 min. The lysate was centrifuged at 3000g
for 5 min, and the supernatant was collected. Samples were
loaded on a 10% SDS-PAGE gel and transferred to a PVDF
membrane (BioRad, Hurcules, CA, USA). The membranes were
blocked with 5% non-fat dry milk in TBS/Tween20 (0.1%) at
room temperature for 1 h, then incubated with the first antibody
for 1 h at room temperature. The membranes were then washed
twice, 10 min each, with TBS/Tween20, then incubated with
the second antibody for 45 min at room temperature. The mem-
branes were washed for 10 min 2x with TBS/Tween20 and for
10 min with TBS, incubated with ECL-Plus (Amersham), and
exposed to an X-ray film and developed. The antibodies were
B-actin (Cell Signaling Technology, Beverly, MA, USA), ORP5
(Imgenex, San Diego, CA, USA), histone deacetylase 5
(HDACS5; Calbiochem, San Diego, CA, USA), SREBP2
(Cayman Chemical, Amm Arbor, Michigan, USA), PTEN
(Calbiochem), and V5 (Invitrogen).

Invasion assay. A Matrigel invasion chamber (Becton Dickin-
son Labware, Bedford, MA, USA) was used to examine the
invasion rate. Cells were treated with TSA, simvastatin, or lova-
statin for 24 h, then 5 x 10* cells were split into a 24-well Matri-
gel invasion chamber. The same reagent was added to the upper
and lower chamber. The invading cells were counted 22 h after
seeding the cells. All studies were carried out three times and
examined by unpaired Student’s r-test with the StatView com-
puterized program. P < 0.05 was considered to be significant.

Gene Forward

Reverse

ORP5

CTT, CTA, CAA, GAA, GCC, CAA, GG

GAG, ATC, TGG, TTG, ATG, CTG, GTG
TTC, TAG, AGC, TGA, GGT, GGA, AG
CGT, TGA, GGC, TGC, TCC, ATA, G
TTC, CTT, GTC, ATT, ATC, TGC, ACG
CCA, CCC, TGT, TGC, TGT, AGC, C

HDACS TCG, AGA, TCC, AGA, GCA, AAC, AC
SREBP2 GAG, AGC, TGT, GAA, TTC, TCC, AG
PTEN ACT, TGC, AAT, CCT, CAG, TTT, GTG
GAPDH TGA, CCA, CAG, TCC, ATG, CCA, TC
ORPS TAC, ATA, GCA, GAG, CAG, GTG, TC
HDACS ACC, ATC, CTT, GGA, AAT, CCT, GC
SREBP2 GAG, TAC, TTG, AAA, TTA, CTT, CAT, TC
PTEN TCT, GCC, AGC, TAA, AGG, TGA, AG
GAPDH ACC, CAG, AAG, ACT, GTG, GAT, G

ATA, CAG, GAT, TCC, TTT, GCA, GTG
TTC, TGG, AAC, TCA, GCG, AAC, AG
TCG, CAA, TGG, CAG, AAG, GAA, CT
CTC, TAT, ACT, GCA, AAT, GCT, ATC
TCA, TAC, CAG, GAA, ATG, AGC, TTG

HDACS, histone deacetylase 5; ORPS, oxysterol binding protein-related protein; SREBP2, sterol response element binding protein.
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Growth assay and synerglstlc effect of statins and TSA. Cells
(5 x 10*) were seeded in a 12-well plate the day before exami-
nation. Various doses of TSA, simvastatin, and lovastatin were
added to the cells. The medium including the reagents was
changed daily. The cells were trypsinized, stained by Trypan
blue and counted af[er 6 days. For the synerglsuc effect of statin
and TSA, 5 x 10* cells were seeded in a 12-well p]ate the day
before examination, 5 pm simvastatin was used for simvastatin
alone, 80 ng/mL TSA was used for TSA alone, and 5 pm sim-
vastatin and 80 ng/mL TSA was used for combination treat-
ment. Cells were counted from days 1 to 7. The medium
mcludmg the drugs was changed daily. All experlments were
done in triplicate.

ChIP assay. ChlIP was carried out using an Orange ChIP-Kit
(Daigenode, Liege Area, Belgium) accordmg to the instruction
manual. A sample containing 1 X 10 Capan2 or Hs700T cells
were fixed in 1% formaldehyde for 10 min. Glycine was added
to a final concentration of 125 mm. Cells were washed twice
with ice-cold PBS. Cells were scraped and collected in a
15 mL tube. Samples were sonicated to 200-600 bp DNA frag-
ments using a sonicator, centrifuged for 5 min at 12 000g at
room temperature. The supernatant was collected as the cleared
sample. One microgram of SREBP2 antibody was added to
10 pL cleared samples and rotated at 4°C overnight. Mouse

(A)

Human
ORPS

Capanv-ORPs Capan2.cont sl
M 0

GAPDH

Hs700T +ORPS Hs7D0T+LacZ
244872244872!!NC° 24 48 T2 344872h

IgG was used as the negative control. Beads were added to the
samples and incubated at 4°C on a rotating wheel for 1 h.
Beads were washed and precipitated. Ten microliters of the
cleared sample was used as a positive control which corre-
sponded to the ‘input sample’. After incubating the samples for
4 h at 65°C to reverse cross-linking, the DNA was recovered
by phenol—chloroform-isoamyl alcohol treatment and ethanol
precipitation. Recovered DNA was resuspended in 50 pL dis-
tilled water: Thirty cycles of PCR were carried out 1 pL DNA
samples and visualized on a 2% agarose gel. The primer set for
each putative site was: site 1, 5-AGC ACT GTA GCT TGC
TCA TG (forward), 5-ACC TCA GGC AGA ATG ATA CC
(reverse); site 2, 5-GCA CAA GGA TCA GAA AGT CG (for-
ward), 5-TTC AGG TGA GTG TCT ACT GC (reverse); and
site 3, 5-GGT CTA TCC AGT TCT GCA GA (forward),
5’-TGC CCA TCC GAG GCC ATC (reverse).

Results

ORPS5 induction and suppression. Five human pancreatic can-
cer cell lines were evaluated for ORPS5 expression. The expres-
sion of ORP5 was strong in Capanl, Capan2, and Pancl,
moderate in MiaPaCa2, and very weak in Hs700T (Fig. 1A).
Capan2 was selected as an ORPS highly expressing cell line and
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—ORPS comtsi +ORPS +lacZ

ORP5

Copanz Capan2 Hs700T  Hs700T 0
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Fig. 1.

ORP5 expression in human pancreatic cancer cell lines. Lane 1,

Suppression and induction of oxysterol binding protein-related protein (ORP) 5 in human pancreatic cancer cell lines. (A) Top, RT-PCR of
Capan1; 2, Capan2; 3, Hs700T; 4, MiaPaCa2; 5, Pancl; 6, negatlve control.

M, marker. Bottom, RT-PCR of ORPS5 suppression by siRNA in Capan2 (Capan2 - ORP5), and ORP5 induction by expression plasmid in Hs700T
(Hs700T + ORPS). Capan2 contsi, control siRNA-transfected Capan2; Hs700T + LacZ, LacZ-transfected Hs700T. (B) Invasion assay of ORPS
suppression and ORPS5 induction. *P < 0.005. (C) Regulation of histone deacetylase 5 (HDAC5) by ORPS5. Top, RT-PCR of ORP5 and HDACS.
Bottom left, intensity of the bands of ORP5 calculated by Image) software. Bottom right, intensity of the bands of HDACS calculated by ImageJ.
*P < 0.05. (D) Western blot of ORPS and HDACS in the same samples as (C).
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Hs700T as a weakly expressing cell line for future study. ORP5
suppression of Capan2 by siRNA was observed from 24 h after
transfection and maintained for at least 72 h. In Hs700T, ORP5
induction was observed 24 h after transfection (Fig. 1A). The
result of the invasion assay of Capan2 — ORP5 and Hs700T +
ORP5 is shown in Figure 1(B). ORP5 suppression significantly
reduced the invasion rate in Capan2 (P < 0.005) and ORPS
induction significantly induced the invasion rate in Hs700T
(P < 0.005). A ¢cDNA microarray analysis of these samples and
the genes suppressed by ORP5 suppression and induced by
ORP5 induction are shown in Table 2. HDACS was suppressed
by ORPS suppression and induced by ORPS5 induction at both
mRNA and protein levels (Fig. 1C,D).

Relation between ORP5 and cholesterol synthesis. The
expression of SREBP2 was examined in Capan2 — ORP5 and
Hs700T + ORP5. SREBP2 mRNA expression was reduced in
Capan2 — ORP5 and induced in Hs700T + ORP5 (Fig. 2A,B).
Additionally, HMG-CoA reductase, which is also an SREBP2

Table 2. Genes induced by ORP5 expression and also reduced by
ORPS suppression

Gene GenBank Product

HDAC4 NM_006037 Histone deacetylase 4

HDACS NM_005474 Histone deacetylase 5

TGFB1 NM_000660 Transforming growth factor, beta 1

TGFB3 NM_003239 Transforming growth factor, beta 3

TGFBR3 NM_003243 Transforming growth factor, beta receptor Il
ITGAS NM_002205 Integrin beta 1 isoform 1A precursor

ITGBS NM_002213 Integrin, beta 5

MDR1 NM_000927 ATP-binding cassette sub-family B member 1

(A) r Capan2 - r—Hs700T—~j
—ORPS contsi +ORP5 +acZ

SREBP2

GAPDH

downstream gene, showed the same expression pattern in these
cells (data not shown). These results indicate that when ORPS5 is
continuously expressed, cholesterol synthesis is commonly stim-
ulated and this might lead to pancreatic cancer invasion. The
question therefore remains, how is this pathway involved in can-
cer invasion and how is it related to HDACS expression?

HDACS is the downstream gene of SREBP2. When the choles-
terol synthesis pathway is commonly stimulated, the SREBP2
downstream gene should be expressed. The promoter region of
HDACS was examined. Three putative SRE regions were
detected within 6 kb of the HDACS promoter region (Fig. 2C).
A ChIP assay was carried out using Capan2 cells and Hs700T
cells. One site was detected within these three putative SREs in
Capan?2 but not in Hs700T (Fig. 2C).

Expression of ORP5 after treatment with simvastatin. The
effect of statins in pancreatic cancer has been reported.’'”
Therefore, the expression levels of SREBP2 and HDACS were
evaluated after treatment with simvastatin. As expected,
SREBP2 and HDACS5 were suppressed in a dose- and time-
dependent manner (Fig. 3A). The invasion rate and growth were
also evaluated. The invasion rate of Capan2 was reduced in a
dose-dependent manner after 24 h treatment with statins
(Fig. 3B). Interestingly, the growth inhibition effect of statins
seems to depend on the ORP5 expression level. In Capan2 and
Pancl (high expression level of ORPS5), the growth suppression
was observed in a dose-dependent manner and required 5 pm
“statins to suppress the growth to 50%. In MiaPaCa2, which has
a moderate ORPS expression, only 2.5 pum statins was required
to reduce the cell growth to <10%. In Hs700T, which has very
weak ORPS expression, no growth suppression was observed
until 7.5 pm statins was used (Fig. 3C). Similar results were
observed in the lovostatin-treated cell lines (Fig. 3D). The
growth suppression was weak in Capan2 — ORP5 compared to
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Fig. 2. (A) Regulation of sterol response element binding protein (SREBP2) by oxysterol binding protein-related protein (ORPS5). Top, RT-PCR of
SREBP2 in ORP5 suppression an induction. Bottom, intensity of the bands of SREBP2 calculated by ImagelJ software. *P < 0.05. (B) Western blot
analysis of the same sample. (C) ChIP of putative sterol response element (SRE) site in histone deacetylase 5 (HDACS) genomic region. Top,
schematic drawing of the putative SRE site in HDAC5 genomic region. Bottom, results of the ChIP assay of three putative SRE sites. a, ChIP
sample; b, input sample (positive control); ¢, mouse 1gG (negative control).
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Fig. 3. Effect of statins in pancreatic cancer cell lines. (A) Western blot analysis of sterol response element binding protein (SREBP2) and histone
deacetylase 5 (HDACS) in Capan2 cells treated with simvastatin. Left, after 24, 48, and 72 h of treatment with 5 um simvastatin. Right, after 48 h
of treatment with 2.5, 5.0, or 10 pm simvastatin. (B) Invasion assay of simvastatin-treated Capan2. *P < 0.005 (C) Growth assay of pancreatic
cancer cell lines treated with simvastatin. (D) Growth assay of pancreatic cancer cell lines treated with lovostatin. (E) Growth assay of ORP5-
suppressed Capan2 (Capan2 - ORPS) and control siRNA-transfected Capan2 (Capan2 cont.si) cells treated with simvastatin. (F) Growth assay of
ORP5-induced Hs700T (Hs700T + ORPS) and LacZ-transfected Hs700T (Hs700T + LacZ) cells treated with simvastatin.

Capan2 cont.si (Fig. 3E; P < 0.05) and when ORPS5 was intro-
duced to Hs700T (Fig. 3F; P < 0.05).

Effect of HDAC inhibitor TSA. The invasion and growth assay
was carried out using TSA. The invasion rate was significantly
reduced at 100 ng/mL TSA (Fig. 4A). Growth inhibition was
observed in a dose-dependent manner in Capan2 and Pancl,
with strong antitumor effects observed against Hs700T
(Fig. 4B). TSA can induce the expression of PTEN,"® thus
PTEN expression was evaluated after TSA treatment. TSA treat-
ment slightly induced PTEN expression in Capan2. The induc-
-tion of PTEN was also observed with ORP5 suppression and
simvastatin treatment (Fig. 4C).

902

Synergistic growth suppression effect of statin and TSA.
Although statins and HDAC inhibitor have tumor suppressive
effects, high doses of these drugs are required to suppress
growth efficiently. In Capan2, 10 pm simvastatin and 10 pm lov-
astatin suppressed growth to 20% and 10%, respectively. For
TSA, 200 ng/mL would thus be required to suppress the growth
to <10%. Therefore, statin and TSA might have a synergistic
effect, as these drugs eventually block the same signal transduc-
tion. The ICs, of simvastatin against Capan2 was 5 pm, and that
of TSA was 80 ng/mL, so the dose for each drug was deter-
mined as described in ‘Materials and Methods’. Interestingly,
there was no synergistic effect on invasion (Fig. 5A), however,

doi: 10.1111/j.1349-7006.2009.01475.x
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Fig. 4. Effect of trichostatin A (TSA) in pancreatic cancer cell line. (A) Invasion assay of TSA-treated Capan2 cells. *P < 0.005. (B) Growth assay of
TSA-treated Capan2 cells. (C) PTEN expression in pancreatic cancer cell line. Top, PTEN expression of TSA-treated Capan2 cells (left, 0, 24, 48, and
72 h after treatment with 100 ng/mL TSA; right, 72 h after treatment with 0, 50, 100, 150, or 200 ng/mL TSA). Bottom, PTEN expression of ORP5
suppression and induction (left) and 48 h after treatment with 0, 2.5, 5.0, or 10 um simvastatin (right). Capan2 cont.si, control siRNA-transfected
Capan2; Capan2 — ORP5, ORPS-suppressed Capan2; Hs700T + LacZ, LacZ-transfected Hs700T; Hs700T + ORPS5, ORP5-induced Hs700T.

(A) (B)5
120 - 0 “p<0005
i # Control NS : not significant
. 100 i © }
é *
2 80
hd & ap
3 . »
2 60 2 us
o B N
g 22 1
£ 40 = .
o j
20
0 - 0
Control Statin§ pM TSA 80 ng/mL Stafin 5 pM 1 2 3 4 5 8 7 day

+TSA 80 ng/mL

Fig. 5. Synergistic effect of statin and trichostatin A (TSA) in pancreatic cancer cell line. (A) Invasion assay of simvastatin alone, TSA alone, and
in combination. (B) Growth assay of simvastatin alone, TSA alone, and in combination. N.S., not significant. *P < 0.005.

combination therapy suppressed the growth of Capan2 to <15%  gain of function in pancreatic cancer blocks the function of

(Fig. 5B). oxysterol and stimulates the cholesterol synthesis pathway.
A previous study evaluated several normal human tissues
Discussion for the expression of ORPS5 using immunohistochemistry.

Hepatocytes showed strong ORPS5 expression, and without

The current study revealed several novel findings. First,
ORP5 stimulates the cholesterol synthesis pathway. For some
reason, some pancreatic cancer cells express ORP5. This

Ishikawa et al.

doubt, liver is the primary organ for cholesterol synthcsis.m
However, this strong expression of ORPS5 in the liver
means that targeting ORPS5 directly is impossible for cancer

Cancer Sci | April 2010 | vol. 101 | no.4 | 903
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therapy as it might lead to a severe liver dysfunction.
Therefore, the current study focused on the genes down-
stream of ORPS. '

Second, cDNA microarray and ChIP assays indicated that
HDACS was one of these downstream genes. The result suggests
that there is an SRE binding site in the HDACS promoter region
and the binding of SRE to the promoter is detected when ORP5
is continuously expressed. However, the direct target of HDACS5

- is not clear. Pan et al. reported that the HDAC inhibitor TSA
induces PTEN expression by stimulating Egrl in the 293T cell
line.""® But this was not observed in pancreatic cancer cell lines.
When ORPS5 was suppressed by siRNA, Egrl was also sup-
pressed and PTEN was induced. This phenomenon was also
observed when statins were added to the cell line (data not
shown). There must be a different mechanism in pancreatic can-
cer cell lines. Further study is therefore necessary to clear this
pathway.

Third, the effect of statins seems to be regulated by the

expression level of ORP5. Kusama et al. reported that statins -

reduce invasion and metastasis of human pancreatic cancer."'”
There are arguments that the effect of statins might depend on
the status of the K-ras mutation.'” Within the cell lines that
were examined in the current study, Capan2, Pancl, and Mia-
PaCa2 carry a K-ras mutation in codon 12 (GGT to TGT, GGT
to GAT, and GGT to GTT, respectively) and wild-type is found
in Hs700T. The effect of statins was very strong against Mia-
PaCa2, which has moderate ORP5 expression. Their effects
were dose-dependent in Capan2 and Pancl, which have strong
ORPS expression, and no effect was found at low doses in
Hs700T. This result suggested that when ORPS5 is strongly
expressed, the cholesterol synthesis pathway is always stimu-
lated and these cell lines require a high dose of statin to block it.
When ORPS expression is moderate, only a low dose of statin is
necessary. It is not clear why more than 7.5 pm statins was
required to suppress the growth of Hs700T, but more than this
dose might be simply toxic for this cell line. There is an interest-
ing report concerning the sensitivity of a fibroblast cell line to
statins. In this report, when 5 pm statins, which is a clinically
available dose, were added to the human lung fibroblast cell
line, it induced apoptosis.*™ A normal human fibroblast cell
line (Hs68) was examined to confirm this report. This cell line
was sensitive to statins from a dose of 2.5 pmM, consistent with
the report. In addition, this cell line expressed ORP5 at almost
the same level as MiaPaCa2 (data not shown). Furthermore, as
this cell line is a normal human fibroblast, no K-ras mutation
was detected. In our current study, Capan2 — ORP5 became
more resistant to simvastatin than Capan2 cont.si. Hs700T +
ORPS also became more resistant to simvastatin than Hs700T +
LacZ. These results suggest that when siRNA effectively sup-
presses ORPS in Capan2, these cells lose their sensitivity to sta-
tins, and when ORPS5 is introduced to HS7OOTA} as this
transfected plasmid is regulated by a CMV promoter,'” a strong
expression of ORPS will occur in the transfected cells and, as a
result, Hs700T becomes resistant to statins. These results sug-
gest that when the growth of the cells is dependent on the cho-
lesterol synthesis pathway, it will be sensitive to statins, and the
ORPS expression level can be the indicator. Although statins are
widely used as cholesterol lowering drugs, high doses of statins
might be toxic to normal cells and to avoid an unwanted side-
effect such as acute hepatitis, the dose should be limited. How-
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established, clinicians must be careful to avoid side-effects.
TSA had a strong antitumor effect against Hs700T (Fig. 4B).
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Recently, Teresi et al. reported a relationship between the
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This is the first report to detail the mechanism by which the
cholesterol synthesis pathway is related to cancer invasion and
growth. When ORPS is expressed in pancreatic cancer, there is'a
possibility that statins and HDAC inhibitor can provide a useful
therapy. Although there are still unknown mechanisms to be
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as a clinical study of combined therapy must be done.
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Abstract .

Background - Little is known about the clinical signifi-
cance of TS and DPD in pancreatic cancer. We aimed to
evaluate TS and DPD expression levels in not only pan-
creatic cancer but also surrounding normal pancreatic tis-
sues to assess the clinical implications of the expression of
TS and DPD in this study.

Patients and methods Pancreatic cancer and normal
pancreatic tissues were obtained from 18 patients. with
pancreatic.cancer who underwent pancreatic resection to
measure TS and DPD activities. The TS and DPD activities
were determined by enzyme-linked immunosorbent assay
using -rion-fixed fresh-frozen specimens.

Results  Pancreatic cancer tissues had significantly higher
DPD and TS enzyme activities than swrrounding normal
tissue. Anaplastic ductal carcinoma had higher DPD and
TS activities than the other histological types. Patients with
high DPD in this study demonstrated poorer prognosis than
those with low DPD. .On the other hand, there was no
statistically significant difference in survival between the
high and the low TS groups. S

Conclusions - The efficacy of 5-FU may be lower in pan-
creatic cancer tissue than in normal tissue because DPD
activity is upregulated in pancreatic cancer tissue compared
to normal pancreatic tissue. It is necessary to develop an
effective 5-FU delivery system and/or 5-FU combined with
an inhibitor for DPD that can be used when 5-FU must be
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administered to patients with pancreatic cancer. High DPD
activity may be a prognostic factor in patients with pan-
creatic cancer.

- Keywords Pancreatic cancer - Dihydropyrimidine

dehydrogenase - Thymidylate synthase

Introduction

Pancreatic cancer has increased in incidence over the past
several decades [1], and still remains a lethal disease,
because the annual incidence of it has been shown to be
approximately equal to the annual death rate caused by it
[2]. The overall 5-year survival rate is below 5% in all
patients with pancreatic cancer [3]. Despite improvements
in imaging technology, fewer than 20% cases are poten-
tially resectable at the time of initial diagnosis [4]. Most
patients are suffering from a systemic disease at the time of
diagnosis. Surgical resection offers the only chance for
cure, but cven after curative resection there is a high
probability of systemic and/or local relapses [5-7].
Therefore, surgery alone is clearly an inadequate approach
to achieve long-term survival in patients with respectable
pancreatic cancer. 5-Fluorouracil (5-FU) is widely used in
the treatment of gastrointestinal tumors, including pancre-
atic cancer. Thymidylate synthase (TS) is an: important
enzyme for DNA synthesis- and the target for 5-FU. Pre-
vious clinical studies have demonstrated that TS expression
level predicts the response to 5-FU-based chemotherapy
[8-10]. Moreover, patients with node-positive breast can-
cer with high TS expression demonstrated the most sig-
nificant benefit of adjuvant 5-FU-containing chemotherapy.
Dihydropyrimidine dehydrogenase (DPD) is the rate-
limiting enzyme for 5-FU. catabolism. Moreover, several
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clinical studies have revealed that DPD expression in

cancer tissues is associated with 5-FU resistance and poor’

outcomes [11-13]. Reported data on TS and DPD activities
in pancreatic cancer are limited, and little is known about
the significance of TS and DPD activities in patients with
pancreatic cancer.

We aimed to evaluate the expression levels of TS and

DPD in not only pancreatic cancer tissues but also sur-
rounding normal pancreatic tissues, and assess the clinical
significance of the expression of TS and DPD in this study.

. Patients and methods

Clinical samples

Between October 2002 and December 2005, surgical
specimens were obtained from 18 patients with pancreatic
cancer who underwent pancreatic resection at Kumamoto
University. Written informed consent was obtained from
each patient before the treatment. Tumor and normal
pancreatic tissues were collected from resected specimens
to measure TS and DPD activities. All samples were
immediately frozen at —80°C until use. According to the
classification of pancreatic cancer defined by the Japanese
Pancreas Society [14], we evaluated histological charac-
teristics including tumor location, histological stage and
histological classification.

Reagents

5-FU was purchased from Wako Pure Chemicals (Tokyo,
Japan). [6-'4C]-5-FU (56 mCi/mmol) was obtained from
American Radiolabeled Chemicals Inc. (St. Louis, MO,
USA) and [6-3H] FAUMP (16.9 Ci/mmol) from Moravek
Biochemicals Tnc. (Brea, CA, USA). All other chemicals
used were commercial products of the highest quality
available.

Enzyme assay

Approximately 200 mg of the frozen tissue were homog-
enized with 4 v of 50 mM Tris-HCI (pH 7.6) containing
10 mM  2-mercaptoethanol, 25 mM KCl, and 5 mM
MgCly, and after centrifuging at 105,000x g for 60 min, the
supernatant was taken to measure the TS and DPD activ-
ities. TS was measured by the [6-*H]-FdUMP binding
assay based on the method of Spears et al. [15]. DPD was
assayed by a modified form of the method of Nagplate
Naguib et al. [16], as described previously [17]. Briefly, a
reaction mixture containing 10 mM potassium phosphate
(pH 8.0), 0.5 mM EDTA, 0.5 mM 2-mercaptoethanol,
2 mM dithiothreitol; 5 mM MgCl,, 20 uM [6-'*C]-5-FU,

@ Springer

0.1 mM NADPH, and 25 pl of enzyme extract in a total
volume of 50 pl was determined as the sum of the products
formed from 5-FU: dihydrofluorouracil (DHFU), 2-fluoro-
p-ureidopropionic acid, and 2-fluoro-fi-alanine. Atter add-
ing 25 pl of 0.36 mM KOH, the reaction mixture was
allowed to stand at room temperature for at least 30 min to
hydrolyze the DHFU formed, and it was then neutralized
with 25 pl of 0.36 mM HCIO, and immediately centri-
fuged at 14,000 rpm for 10 min. A 5 pl aliquot of the
supernatant was applied to a silica gel 60F,s; plate
(2.5 % 20 cm, Merck, Darmstadt, Germany) and devel-
oped with a mixture of methanol and 1 M ammonium
acetate (5:1, v/v). Each product was visualized and quan-
tified with an imaging analyzer (BAS-2000, Fujix, Tokyo,
Japan).

Statistical analysis

We used Student’s 7 test to compare the TS and DPD
activities of tumor tissue and normal pancreatic tissues.
The cumulative survival curve in this series was depicted
using the Kaplan—Meier method, and levels of significance
were tested using the log-rank test. Differences were con-
sidered to be statistically significant at p < 0.05.

Results
Patient characteristics

The patients’ characteristics are summarized in Table I.
The study subjects included 8 females and 10 males. The
median age of the patients was 61 years, and ranged from
48 to 76 years. The primary pancreatic lesion was located
in the head in 11 patients, in the body in 5, and in the tail
in 2. Of the 18 patients in total, 16 received 5-FU
administration pre- and/or postoperatively. We performed
radical operations and 13 of the patients underwent
intraoperative radiation therapy. Histological differentia-
tion was good in 9, moderate in 5, poor in 2, and ana-
plastic carcinoma in 2. Of the 18 patients, 16 were
affected by stage IV disease.

DPD and TS activity in pancreatic cancer
and normal tissues

DPD activity was successfully measured in 18 samples of
tumor tissues and 12 of normal tissues. DPD activity was
revealed to be significantly higher in tumor tissues
(395.3 £ 51.8) than in suwrrounding normal tissues
(178.6 £ 15.08) (Fig. 1). TS activity was successfully
measured. Measurable TS activity was also significantly
higher in tumor tissue (0.028 & 0.0068) than m
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surrounding normal tissue (0.009 £ 0.0048) (Fig. 2).
According to the histological classification, DPD activity
was 349.00 & 30.43 in well-differentiated types, 410.17 £
177.50 in moderately differentiated types, 334.41 and

Table 1 Patient characteristics

No. of patients 18
Age (years) _ '
Median . ) ) 61
Range ' 48-76
Male/female ' 10/8
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Fig. 1 Comparison of DPD activity between pancreatic cancer and
normal pancreatic tissues

353.65 (mean = 344.03) in poorly differentiated types, and
634.80 and 600.85 (mean = 617.83) in anaplastic ductal
carcinomas. Anaplastic ductal carcinoma was the highest
level of DPD in tumor tissue (Fig. 3). The TS activity level
was 0.018 % 0.004 in the well-differentiated type, 0.026 %
0.005 in the moderately differentiated type, 0.035 and
0.042 (mean = 0.039) in the poorly differentiated type,
and 0.028 and 0.1 (mean = 0.069) in anaplastic ductal
carcinoma. TS activity was higher in anaplastic. ductal
carcinoma than in-the well-differentiated type (Fig. 4).
There was no correlation between DPD and TS activities
(correlation coefficient = 0.320, p = 0.21). Moreover,
there was no significant difference in DPD and TS activi-
ties among clinicopathological features, including age, sex,
site of primary lesion, histological stage, and serum marker
(Table 2).
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Fig..2 Comparison of TS activity between pancreatic cancer and
normal pancreatic tissues
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Fig. 3 Comparison of DPD activity according 1o histological
classification
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Survival

We .categorized the patients into high- and low-activity
groups using the mean levels of DPD and TS in the cancer
tissues as cutoff thresholds. The prognosis of patients in the
high DPD activity group was poorer than that of the
-patients in the low DPD activity group. The mean dose of
5-FU administered per patient was 8.75 g in the high DPD
group and 14.6 g in the low DPD activity group. There was
no statistically significant difference in the total doses of
5-FU of the two groups. The high-DPD activity group had
a poorer prognosis than the low-DPD group (Fig. 5),
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Fig. 4 Compariéon of TS activity "according to histological
classification

although there was no statistically significant difference in
the clinical features of the two groups (Table 3). There was
also no statistically significant difference in survival
between the high- and the low-TS activity groups (Fig. 6).

‘Discussion

The expression of DPD and TS in pancreatic cancer tissues
has been shown using several methods, including germline
polymorphisms, mRNA levels, and immunohistochemistry
[18-20]. As far as we know, this is the first report of the
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Fig. 5 Comparison between the high and the low DPD activity
groups

Table 2 Correlation between

clinicopathological features and Variables oNfurzl‘);:'ms 2:,13',( P value TS activity P value
DPD and TS activities o P 1% Y
Age
<60 8 337.70 & 85.89 0.46 0.024 + 0.018 0.592
>60 10 419.02 + 291.93 0.031 £ 0.030
Sex
Male 10 318.41 £ 109:28 0.178 0.022 £ 0.013 0.338
Female 8 463.47 + 304.03 0.034 £ 0.034
Site of primary lesion
‘ Ph ‘ 11 29991 + 91.60 0.11 0.023 + 0.015 0.469
Pb 5 548.30 + 348.77 0.042 =+ 0.047
Pt 42568 0.025
Histological stage
il ‘2 358.16 0.084 0.011 . 0.183
Va 10 291.58 + 97.01 0.022 + 0.014
Vb 6 543.28 + 321.77 0.043 =+ 0.035
Serum marker
Responders 14 336.72 4+ 125.06 0.281 0.028 % 0.030 0.926
Nonresponders 4 478.41 + 427.66 0.027 £ 0.013
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Table 3 Comparison of the backgrou.nd: of the high ﬂnd low DPD
activity groups: -~

High grbup

Low group P value
(n=2>5) (n=13)
Age (years)
Median o 64 61 . 0.51
Range” 48-70 52-76
Sex o o ‘
Male 1 9 0.06
Female 4 4
Histological stage
m ) 1 1 0.17
Va . .1 9
Vb 3 3
Histological classification
Well-diff. tub. 2 7 0.10
Mod. diff. tub. 1 4
Poorly diff. tub. 0 2
Anaplastic carcinoma 5 2 0
o1
’ —[h_ ' P=0.1326
8 1 , —L| o
@ —0—0

‘ Overall survival rate (%)
" .
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Fig. 6 Comparisc_)ﬁ between the high and the low TS activity groups

measurement of DPD and TS activities in pancreatic cancer
by enzyme-linked immunosorbent assay. We showed the
clinical significance of DPD and TS activities in pancreatic
cancer tissue. The median DPD activity in various solid
(umor issues, including colon, breast, lung and gastric
cancer, was reported to be 110.1 pmol/mg protein [21]. We
demonstrated that the mean DPD activity in pancreatic
cancer tissue was 395.3 pmol/mg protein, and that the DPD
activities of all pancreatic cancer specimens were higher
than 110.1 pmol/mg protein. Moreover, the DPD activity
was upregulated in pancreatic cancer tissues compared
with surrounding normal pancreatic tissues in this study.
This implies that pancreatic cancer- tissue tends to

inactivate 5-FU to a greater degree than surrounding nor-
mal pancreatic tissues and other various solid tumors.
Therefore, it is necessary to develop an effective 5-FU
delivery system and/or 5-FU combined with an inhibitor
for DPD that can be used when 5-FU must be administered
to patients with pancreatic cancer. Actually, we have
already reported that an intra-arterial infusion of 5-FU
combined with systemic gemcitabine proved effective for
unresectable pancreatic cancer, giving a median survival
time of 14 months [22]. Another author reported that a new
oral DPD-inhibiting fluoropyrimidine, S-1, is™ effective
against scirrhous gastric carcinoma [23]. Kuramochi et al.
used RT-PCR to measure DPD levels in pancreatic cancer
patients and found that the DPD expression levels in pan-
creatic cancer were significantly higher than in other
malignancies. They suggested that the high DPD expres-
sion level in pancreatic cancer may be a reason for the high
effectiveness of S-1 [19]. Our study also indicates that S-1
may be effective, even in pancreatic cancers with high
levels of DPD activity. It was also reported that elevated
DPD activity may be associated with the malignant
potential of bladder cancer [24]. Concerning pancreatic
cancer, Miyake et al. showed that patients with a high
TP/DPD ratio survived for significantly shorter periods
than those with a low TP/DPD ratio. Also, multivariate
analysis demonstrated a significantly poorer outcome.in
patients with a high TP/DPD ratio compared to those with a
low TP/DPD ratio. These results support the notion that
DPD may be a useful prognostic factor in patients with
pancreatic cancer [25]. Those authors found that there was
no .rclationship between DPD mRNA expression and any
clinicopathological factors in pancreatic cancer. We also
found no such relationship in our study, but there was a
tendency for poorly differentiated and anaplastic carcino-
mas to show high DPD activities.

TS is a critical enzyme in the de novo synthc31s of
dTMP. dTMP is required for DNA synthesis and is the
target for 5-FU. The present study showed that TS activity
in pancreatic cancer tissue is significantly higher than that
in normal pancreatic tissue, and that the level of TS activity
is correlated with the pathological differentiation of pan-
creatic cancer. The median TS activity in various solid
tmors has been reported to be 0.041 pmol/mg protein
[18] In this study, the mean TS activity in pancreatic
cancer lissues was 0.028 pmol/mg protein. Therelore, TS
activity in pancreatic cancer tissues may be low compared
with other solid tumors. High TS expression has been
found to be a prognostic factor in colon, gastric, esopha-
geal; breast, and head and neck cancer [26-30], although
the role of TS expression in pancreatic cancer is contro-
versial [31, 32]. High TS activity was not associated with
poor prognosis in patients with pancreatic cancer in this
study.
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