to the instruction manual of the 5" Rapid Amplification of
¢DNA Ends (RACE) System (Invitrogen), and sequencing was
carried out using the ABI 310 autosequencer.

Knockdown of hamster and human ORPS using short interfering
RNA. Complementary single-stranded short interfering RNA
(siRNA) molecules were annealed into duplexes at a final
concentration of 20 pmol/L. Duplex siRNA was used against
hamster ORP5 (CCG CUG AAU GGG UCU GCU UTT/AAG
CAG ACC CAU UCA GCG GTT), hamster control (CCG AGU
AGG UGU CGC UCU UTT/AAG AGC GAC ACC UAC UCG
GTT), human ORPS (UUC GUG AGG UAA GGA CCU GGU
UCU GICAG AAC CAG GUC CUU ACC UCA CGA A), and
human control (UCU UGU UCU CCU CUG ACA CUG UCU
C/IGAG ACA GUG UCA GAG GAG AAC AAG A). RNA
inhibition was carried out according to the standard protocol
using Lipofectamine 2000 (Invitrogen). The cells transfected
with hamster ORP5 siRNA were designated PC1.0-ORPS, the
cells transfected with hamster control siRNA were designated
PC1.0-control, the cells transfected with human ORPS siRNA
were designated Capan2-ORPS, and the cells transfected with
human control siRNA were designated Capan2-control.

C tion of the | and | ORPS expression vector,
and stable transfection of ORPS. The primer sets for full-length
ORPS amplification were as follows: hamsier ORPS, 5'-ATG
AAG GAG GAG GCC TTT CT-3’ (forward) and 5-TTT GAG
GAT ATA GTT AAT GAA TAG-3' (reverse); and human ORPS,
§-ATG AAG GAG GAG GCC TTC CT-3’ (forward) and 5"-TTT
GAG GAT GTG GTT AAT GAA CA-3" (reverse). The
polymerase chain reaction products of hamster ORPS and
human ORPS were cloned into the pcDNA3.1/V5-His TOPO
vector (Invitrogen). The expression vectors for hamster and
human ORPS were designated pcDNA/hamORPS5 and pcDNA/
huORPS, respectively. Also, the expression vector for LacZ,
designated pcDNA/LacZ, was used as the control vector. For
stable transfection, the cells were selected using 600 pg/mL
G418 for 2 weeks and thereafter maintained in the presence of
300 pg/mL G418. PCI1 transfected with pcDNA/hamORPS was
designated PC1 + ORP, and PCI transfected with pcDNA/LacZ
was designated PC1 + LacZ. Similarly, Hs700T transfected with
pcDNA/MuORPS was designated Hs700T + ORP, and Hs700T
transfected with pcDNA/LacZ was designated Hs700T + LacZ.

Detection of ORPS expression by reverse transcription-polymerase
chain reaction and western blotting. Total RNA extraction of
siRNA- or expression vector-transfected cells was carried out at
0, 24, 48, and 72 h after transfection using TRIzol along with
DNase treatment. cDNA was synthesized using SuperScript 1
(Invitrogen), in accordance with the manufacturer's instructions.
Reverse transcription—polymerase chain reaction (RT-PCR) was
carried out under the following conditions: initial denaturation
at 94°C for 3 min, followed by 27 cycles of amplification
{denatration at 94°C for 30 s, annealing at 56°C for 30 s, and
extension at 72°C for 30 s), and terminal extension at 72°C for
3 min. The primers used for the RT-PCR amplification were
as follows: hamster ORPS, 5-TGA AGC TTG TGC TAC GAT
GG-3 (forward) and 5-TGT TCT TCT CGC ATG CGA TG-3’
(reverse); human ORPS, 5-CTT CTA CAA GAA GCC CAA
GG-3’ (forward) and 5'-GAG ATC TGG TTG ATG CTG GT-3'
(reverse); and hamster and human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), 5-TGA CCA CAG TCC ATG CCA TC-
3 (forward) and 5-CCA CCC TGT TGC TGT AGC C-3' (reverse).

Protein extraction from the siRNA- or expression vector-
transfected cells was carried out at 0, 24, 48, and 72 h after the
transfection using cell lysis buffer (25 mmol/L. Tris, 100 mmol/
L NaCl, 2 mmol/L ethlenediamine tetra-acetic acid (EDTA), 1%
Triton-X) containing protease inhibitor and phosphatase inhibitor.
A total of 30pug protein was loaded on to a 10% sodium
dodecylsulfate—polyacrylamide gel electrophoresis gel and then
transferred to a polyvinylidene difluoride (PVDF) membrane.
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The membrane was blocked with 5% skim milk (BD, Franklin
Lakes, NJ, USA) in Tris-buffered saline (TBS)-Tween 20 (0.1%)
at room temperature for 1 h and then incubated with polyclonal

oal anti-ORPS5 antibody (Imgenex, San Diego, CA, USA),
I%rsctin antibody (Cell Signaling Technology, Beverly, MA,
USA), or V5 antibody (Invitrogen) for | h at room temperature.
The membrane was then rinsed twice for 10 min each with
TBS-Tween 20 and incubated with antigoat secondary antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 45 min
at room temperature, The membrane was rinsed twice more for
10 min each with TBS=Tween 20 and once for 10 min with TBS,
incubated with ECL-Plus (GE Healthcare, Buckinghamshire, UK),
and then exposed to X-ray film and developed.

Invasion assay. To examine the invasiveness of the cell lines,
we used a Matrigel invasion chamber (Becton Dickinson
Labware, Bedford, MA, USA). The PC1.0-ORPS, PC1.0-control,
Capan2-ORPS, and Capan2-control cells were plated 5 x 10 cells/
well in a 24-well Matrigel invasion chamber in the presence
of a chemoattractant. The cell counts of the invading cells were
determined 22 h after seeding. Assays to determine the
invasiveness of PC1 + ORP, PC| + LacZ, Hs700T + ORPS, and
Hs700T + LacZ cells were carried out in the same manner,

Human pancreatic cancer tissue samples. From 1982 to 2001,
primary pancreatic cancer patients who underwent detailed
pathological analyses and regular follow vp at the Kumamoto
University Hospital were recruited into this study. Patients who
had metastasis at the time of the operation, did not have curative
operation, or received preoperative treatment, such as chemo-
therapy or radiation therapy, were excluded from the study.
Analysis for ORPS expression by immunohistochemistry was
carried out in a total of 56 specimens of pancreatic cancer.
Based on the results of the pathological analyses, the cancers
were classified according to the Japanese Classification System.™
All patients provided written informed consent prior to participation
in the study after receiving a thorough explanation of the
purpose and method of the study, which was approved by the
Institutional Review Board of Kumamoto University, Japan.

Immunchistochemical staining for ORPS. Paraffin-embedded
tissue sections were deparaffinized in xylene, rehydrated in
progressively decreasing concentrations of ethanol, and rinsed
with ultrapure water. Antigen retrieval was carried out by
boiling the tissue sections in 10 mmol/L sodium citrate buffer
(pH=6.0) at 121°C for 15 min in an autoclave. Thereafier, the
slides were rinsed with ultrapure water and endogeneous
peroxidase was blocked with a 3% hydrogen peroxide solution
in 100% methanol for 30 min, followed by two rinses for 5 min
each with phosphate-buffered saline (PBS). Non-specific protein
binding was blocked with 5% skim milk in PBS for 30 min at
room temperature. After draining off the skim milk solution,
polyclonal goat anti-ORP5 antibody was added at a dilution of
1 : 50, followed by incubation overnight at 4°C. Then, after two
rinses for 5 min each with PBS, biotinylated antigoat 1gG was
added at a dilution of 1:50, followed by incubation for 30 min,
The sections were rinsed twice with PBS, and Vectastain Elite
ABC Reagent (Vector Laboratories, Burlingame, CA, USA) was
added for 30 min. The sections were rinsed again twice with
PBS and incubated with the 33'-diaminobenzidine tetrahy-
drochloride (DAB+) Liquid System (Dako, Glostrup, Denmark)
for 10 min. Finally, the sections were rinsed and counterstained
with hematoxylin solution.

The ORPS was weakly expressed in the acinar cells of the
pancreas and the expression levels of ORPS in the pancreatic
cancer specimens were analyzed by comparison with those in
the acinar cells. The expression status of ORPS was specified as
follows: (1) ORPS-negative: the staining intensity in pancreatic
cancer lissue was less than that in the acinar cells, and (2)
ORP5-positive: the staining intensity in pancreatic cancer lissue
was greater than that in the acinar cells.

doi; 10.1111/).1349-7006.2008.00987 x
© 2008 Japanese Cancer Association
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Homology of clone 7 and mouse human oxysterol binding protein-related protein (ORP)-5. Open reading frame of clone 7 consisting of 878

amino acids. Clone 7 was found to exhibit 95% homology at the amine acid level to mouse ORPS (mORPS), and 85% homology at the amino acid

level to human ORPS (hORPS).

Statistical analysis, The data analyses were carried oul using
StatView Ver. 5 for Windows (Abacus Concepts, Inc., Berkeley,
CA). The invasion assay was analyzed by two-sided Student’s
i-test. The statistical differences in the expression levels of
ORPS and the pathological characteristics were determined by
the chi-square test. Overall survival was calculated from the date
of surgical operation to the date of death, Data were ploted
to obtain Kaplan-Meier curves, and the median survival time
and one-year survival rate were analyzed by the Breslow-
Gehan-Wilcoxon test, Values of P < 0.05 were considered to
be statistically significant.

Results

Isolation of the unknown gene. In our previous report, five
clones were either specifically or highly expressed in the PC1.0
cells compared with the PCI1 cells,” and three of these clones
showed no significant homology with known genes. By library
screening and 5° RACE, we successfully isolated one clone
(clone 7) with an open reading frame of 2637 nucleotides and
878 amino acids. These sequence data have been submitted to
the DNA Data Bank of Japan, European Molecular Biology
Laboratory, and GenBank databases under accession number
EU475903. According to the database, this gene was found to
exhibit 93% homology at the nucleotide level and 95% homology
at the amino acid level to mouse ORPS, and 86% homology al
the nucleotide level and 85% homology at the amino acid level
to human ORPS (Fig. 1)

ORPS suppression and induction. Strong expression of ORPS
mRNA was found in the PC1.0, Capanl, Capan2, and Panc!
cells, moderate expression was found in the MiaPaCa2 cells,
and weak expression was found in the PC1 and Hs700T cells, A

Koga et al

similar expression paltern was observed at the prolein level
(Fig. 2a,b). For the expression patterns of human ORPS, Capan2
and Hs700T cells were used as human pancreatic cancer cell
lines showing high and low expression levels of ORPS,
respectively. Transfection of ORPS siRNA into PC1.0 and Capan?
cells resulted in a significant decrease in the expression level of
ORPS at 48-72 h after the transfection. However, there was no
significant difference in the expression level of ORPS between
PC1.0 cells and PC1.0 cells transfected with control siRNA, or
between Capan2 cells and Capan2 cells transfected with control
siRNA (Fig. 2a.c). Transfection of pcDNA/hamORPS into PCI
cells or of pcDNA/huORPS into Hs700T cells resulted in a
significant increase in the expression level of ORPS at 24-72 h
after the transfection. However, there was no difference in
the ORPS expression level between PCI cells and PCI cells
transfected with pcDNA/LacZ, or between Hs700T cells and
Hs700T cells transfected with pcDNA/LacZ (Fig. 2a.c). The
ORPS stable transfectant cells (PC1 + ORPS or Hs700T + ORPS)
showed high expression levels of ORPS, whereas the LacZ
stable transfectant cells (PCl + LacZ or Hs700T + Lac?Z)
showed weak expression of ORPS (Fig. 2d). Cell growth and
maorphology did not change after ORPS suppression or induction
(data not shown).

Invasion assay of PC1.0, PC1, Capan2, and Hs700T cells after
suppression or induction of ORPS. Cell dissociation and migration
would be the initial step for invasion. Therefore, we investigated
the invasiveness of the pancreatic cancer cells after suppression
or induction of ORP5. The invasive cell count in each cell line
was compared with that in untreated cells. The invasion cell
rates in the untreated PC1.0, PC1.0-ORPS, and PC1.0-control
cells were (mean £ SD) 1000 £42.3,27.1 £21.3, and 81.9 + 25.9%,
respectively. ORP-5 suppression resulted in a significant decrease

December2008 | vol.99 | no.12 | 2389
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Fig. 2. Expression levels of oxysterol binding protein-related protein (ORP)-5 in hamster and human pancreatic cancer cell lines. PC1 was hamster
pancreatic cancer cell line with a low potential for invasion and metastasis, and PC1.0 was hamster pancreatic cancer cell line with a high potential
for Invasion and metastasis. (a) ORPS expression in the hamster pancreatic cancer cell lines PC1.0 and PC1 after transfection of short interfering
RNA (5iRNA) or expression vector. ORPS was expressed at a high level in the PC1.0 cells and at a low level in the PC1 cells, at bath the mRNA and
protein levels. Transfection of ORPS siRNA into PC1.0 cells resulted in a significant decrease in the expression level of ORPS at 48-72h after
transfection, Transfection of pcDNAhamORPS into PC1 cells resulted in a significant increase in the expression level of ORPS at 24-72 h after
transfection. (b) The expression levels of ORPS in human pancreatic cancer cell lines. At both the mRNA and protein level, ORPS was expressed at
a high level in Capani, Capan2, and Pancl cells, at a moderate level in the MiaPaCa2 cells, and at a low level in the Hs700T cells. {c) ORPS
expression in the human pancreatic cancer cell lines Capan2 and Hs700T after transfection of siRNA or expression vector. ORPS was expressed at
a high level in the Capan2 cells, but at a low level in the Hs700T cells, at both the mRNA and protein levels, Transfection of ORPS siRNA into
Capan?2 cells resulted in a significant decrease in the expression level of ORPS at 48-72 h after transfection. Transfection of pcDNAMUORPS into
Hs700T cells resulted in a significant increase in the expression level of ORPS at 24-72 h after transfection. (d) The ORPS stable transfectant cells
(PC1 + ORPS or Hs700T + ORPS) showed high expression levels of ORPS, and the LacZ stable transfectant cells (PC1 + LacZ or Hs700T + LacZ) showed
low expression levels of ORPS. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; RT-PCR, reverse transcription—polymerase chain reaction

respectively, ORPS induction resulted in a significant increase

in the invasion of cells compared with untreated Hs700T

(P < 0.000]1) and Hs700T + LacZ cells (P < 0.0001) (Fig. 3d).
Pathological analyses of ORPS expression levels. Among the 56

in cell invasion compared with untreated PCL.0O (P < 0.0001)
and PC1.0-control cells (P =0.0005) (Fig. 3a). An invasion
assay was also carried out for PC1, PCI + ORP, and PC1 + LacZ.
The cell invasion rates in the untreated PC1, PCI + ORP, and

PCI + LacZ cells were (mean + SD) 100.0 £+ 20.5, 385.1 + 35.2,
and 104.3 £ 19.5%, respectively. ORPS induction resulted in a
significant increase in cell invasion compared with untreated
PCI (P < 0.0001) and PC1 + LacZ cells (P <0.0001) (Fig. 3b).

The invasiveness of human pancreatic cancer cells was also
analyzed. The invasion cell rates in untreated Capan2, Capan2-
ORPS, and Capan2-control cells were (mean + SD) 100.0 £ 26.9,
63.3 £ 18.2, and 89.5 = 12.8%, respectively. ORP-3 suppression
resulted in a significant decrease in the invasion of cells
compared with untreated Capan (P=0.0015) and Capan2-
control cells (P = 0.016) (Fig. 3¢). The invasion cell rates in the
untreated Ha700T, Hs700T + ORP, and Hs700T + LacZ cells
were (mean + SD) 100.04+28.3, 198.4+4 754, and 74.0 £ 24 9%,
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pancreatic cancer specimens analyzed, 33 were judged to be
ORPS positive and 23 to be ORP3 negative (Fig. 4; Table 1)
With regard 1o regional invasion, the differences between the
ORPS5-positive cancers and ORPS-negative cancers were nol
significant (Table 1). With regard to the surgical margin, 6 of the
32 ORPS-posilive pancreatic cancers (18.8%) showed a positive
surgical margin whereas none of the 21 ORP5-negative cancers
showed a positive surgical margin. A significant difference was
seen between the ORPS-positive cancers and ORPS-negative cancers
in terms of the positivity of the surgical margin (P =0.02). In
the case of a positive surgical margin, the cancer was more
invasive 1o veins (v+; 6/6), nerves (ne+; 6/6), and lymphoducts
(ly: 5/6), and few invaded the main pancreas duct (mpd; 1/6).

doi: 10.1111/,1349-7006.2008,00987.x
© 2008 Japanese Cancer Association
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Fig. 3. Invasion assays of hamster and human pancreatic cancer cell lines after suppression or induction of axysterol binding protein-related protein
(ORP)-5. {a) ORP-5 suppression (PC1.0-ORPS) significantly decreased the invasion cell rate compared with untreated PC1.0 (P < 0.0001) and PC1.0-control
cells (P = 0.0005), (b) ORPS induction (PC1 + ORPS) significantly increased the invasion cell rate compared with untreated PCY (P < 0.0001) and PC1 + LacZ
cells (P < 0,0001). (c) ORP-S suppression (Capan2-ORPS) significantly decreased the invasion cell rate compared with untreated Capan2 (P = 0.0015)
and Capan2-control celis (P=0.016). (d) ORPS induction (Hs700T + ORPS) significantly increased the invasion cell rate compared with untreated
Hs700T (P < 0.0001) and Hs700T + LacZ cells (P < 0.0001). All results are expressed as invasion cell rate + 5D from three separate experiments,
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Fig. 4, Immunohistochemical staining of oxysterol
binding protein-related protein (ORP)-5. The exp
ression level of ORPS in pancreatic cancer specimens
was analyzed in comparison with that in the acinar
cells of the pancreas. (a) ORPS-negative pancreatic
cancer tissue. (b) ORPS-positive pancreatic cancer
tissue. ORPS was highly expressed in the cytoplasm
of cancer cells. (¢) Weak expression of ORPS in the
acinar cells of the pancreas. Scale bar = 100 ym
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Table 1. Pathological characteristics of patients

ORPS posotive ORPS negative

Characteristics (n=33) (n=23) P-value
Regional invasive factor
Invasion to the common 0.42
bile duct in pancreas
- 18 10
+ 15 13
Invasion to the duodenum 0.76
- 18 12
. 14 1"
Invasion to the serosal surface 0.16
of the pancreas
- 1 12
+ 22 11
Invasion to the retroperitoneal 0.18
surface of the pancreas
- 9 3
. 23 20
Invasion to the intrapancreatic 0.64
portal vein
- 18 14
* 15 9
Invasion to the artery 039
- 30 20
+ 2 3
Invasion to the main 0.10
pancreatic duct
- 20 16
+ 12 3
Lymphatic invasion 0.37
7 5 6
+ 26 17
Venous invasion 0.30
- 6 2
+ 26 21
Neural invasion in pancreas 0.27
- 4 1
» 26 22
Surgical margin factor
Surgical margin of pancreas 0.02
= 21 21
- 6 o
Surgical margin of bile duct 0.19
= 25 14
- 1] 1
Surgical margin of 0.59
detachment of pancreas
- 18 15
+ 13 8
Lymph node metastasis 0.14
- 8 2
+ 25 21

Pathological analyses were classified according to the Japanese
Classification System. The statistical differences between the
expression level of oxysterol binding protein-related protein (ORP)-S
and the pathological characteristics were determined by x’-test. Values
of P< 0.05 were considered statistically significant.

One-year survival rate and overall survival of the patients with
ORP5-positive and ORP5-negative cancer. Overall survival was
calculated from the date of surgical operation to the date of
death and data were plotted to obtain Kaplan—Meier curves. The
median survival times of all of the patients with ORPS-positive
and ORP5-negative cancers were 8.3 and 17.2 months, respectively
(Fig. 5a), the difference being significant (P =0.02), The I-year
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survival rates of patients with ORP5-positive and ORPS5-
negative cancers were 36.4 and 73.9%, respectively, the
difference again being significant (P =0.005). Meanwhile, the
3-year survival rate of the patients with ORPS-positive cancer
and ORPS-negative cancer were 6.1 and 8.7%, respectively, the
difference not being significant. Overall survival was analyzed
in the case of stage I, I, and [1I pancreatic cancer (Fig. 5b). The
median survival times of the patients with stage I, 11, and
I11 pancreatic cancer grouped by ORPS-positive and ORPS5-
negative were 6.7 and 22.4 months, respectively, the difference
being significant (P =0.018). Overall survival was also analyzed
in the case of stage I'Va and 1Vb pancreatic cancer (Fig. 5¢). The
median survival times of the patients with stage 1Va and IVb
pancreatic cancer grouped as ORPS5-positive and ORPS-negative
were 9.6 and 14.8 months, respectively, the difference not being
significant (P =0.27).

Discussion

Recently, many reports have been published concerning the
mechanisms of actions of OSBP and the ORP family. ORPS is
a member of the ORP family, which has been reported 1o be
encoded by 12 genes in humans,"*'*" OSBP is the first protein
identified as a receptor for the endogenous oxysterols,"*'" and it
has been cloned and reported to be conserved from Saccharomyces
cerevisiae 10 Homo sapiens™ OSBP is a mammalian cytosolic
protein that binds to 25-hydroxycholesterol and translocates (o
the membranes of the Golgi apparatus."™ This membrane
interaction is mediated by the pleckstrin homology (PH) domain
located in the N-terminal region of the protein.”** OSBP
has been reported to be involved in vesicle transport, lipid
metabolism, and signal transduction.?!=*

Although these molecules are now one of the main subjects of
‘study in the field of lipid metabolism, we detected one of these
genes (ORPS) in a very different context. In a recent study, we
compared two hamster pancreatic cancer cell lines with different
potentials for invasion and metastasis, detected five mRNA
fragments expressed differentially in these cells by RDA,™ and
identified one of these genes as ORPS. There are several reports
concerning the relationship of ORP with malignancy, including
chronic myeloid leukemia,”” B-cell lymphoma,™*"" testicular
cancer,"** and cholangiocarcinoma."® It has been demon-
strated that ORPH is expressed at a higher level in hamster
cholangiocarcinoma compared with normal liver.**' It is worthy
of note that ORP5 and ORPS belong 1o the same subfamily
that carries a putative transmembrane domain sequence at the
C-terminal end;"*'* however, the relationship between ORPS
and cancer progression or cancer invasion has not yet been
assessed. To the best of our knowledge, this is the first report 1o
demonstrate a clear relationship between one of the ORP family
genes and cancer invasion, and also that the expression of this
molecule is related to survival in cancer patients,

We demonsirated a clear relationship between ORPS
expression and cancer invasion in vitro (Fig. 3). Unexpectedly,
however, there was no significant difference between ORPS-
positive cancer and ORPS5-negative cancer among human
pancreatic cancer tissue specimens in terms of the regional inva-
sive factor (Table 1). One of the reasons for this could be that
almost all of the pancreatic cancer lissue specimens in the
present study were positive for regional invasive factor. In
cases with a positive surgical margin, all of the patients were
ORP5-positive and the cancer lissue specimens tended to be
positive for regional invasive factor, except the main pancreas
duct (mpd+; 1/6). This result lends support to the idea that
ORPS is related to invasion in human pancreatic cancer.

With regard to survival, the 2-year, 3-year, and 5-year survival
rates were 15.2, 6.1, and 3.0% in ORPS-positive cancer, and
21.7. 8.7, and 8.7% in ORP5-negative cancer (Fig. 5a). Although

doi: 1011114 1349-7006, 2008 00987 x
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Fig. 5. Overall survival stratified by oxysterol binding protein-related protein (ORP)-5 expression status. (a) Kaplan-Meier plot of overall survival of all
patients with pancreatic cancer grouped by ORPS expression status (ORPS-positive and ORPS-negative). The median survival times of the patients with
ORPS-positive cancer (n = 33) and ORPS-negative cancer (n=23) were 8.3 and 17.2 months, respectively, and the 1-year survival rates were 36.4
and 73.9%, respectively. (b) Kaplan-Meier plot of overall survival of patients with stage |, Il, and Ill of pancreatic cancer grouped by ORPS expression
status. The median survival times of the pati with ORP5-positive cancer (n = 9) and ORPS-negative cancer (n = 4) were 6.7 and 22.4 months,
respectively, (¢) Kaplan-Meier plot of overall survival of patients with stage IVa and IVb pancreatic cancer grouped by ORPS expression status. The
median survival times of patients with ORPS-positive cancer (n = 24) and ORPS-negative cancer (n = 19) were 9.6 and 14.8 months, respectively.

the long-term survival rate tended to be better in the ORPS-
negative group, the difference was not significant. However, the
I-year survival rate and median survival time were 73.9% and
17.2 months, respectively, in the ORPS-positive group, and
36.4% and 8.3 months, respectively, in the ORPS5-negative
group. Significant differences were observed in the 1-year
survival rate (P = (0.005) and median survival time (P = 0.02)
between the two groups. In particular, as pancreatic cancer is a
type of cancer with poor prognosis compared to other cancers,
it is noteworthy that the median survival time of the ORPS-
negative group was longer than that of the ORPS-positive group
by 8.9 months. Furthermore, in the case of stage 1, 11, and 11
pancreatic cancer, the ORPS-negative group had a better pro-
gnosis than the ORPS-positive group (Fig. 5b). From these
results, although the mechanisms of ORPS expression in cancer
invasion are still not very clear, we concluded that this molecule
is related to cancer invasion, and is associated with a high
invasion rate to the main pancreas duct, which eventually leads
to early relapse and short survival,

In the present study, it was of interest that ORPS, which was
isolated from a hamster pancreatic cancer cell line with a high
potential for invasion and metastasis, is related to the invasion

Koga eral

and poor prognosis of human pancreatic cancer, Before evalu-
ating pancreatic cancer samples, we assessed normal human
samples by imn chemistry. The expr patterns of
ORPS were as follows: (1) no expression in heant and muscle;
(2) slight expression in purkinje cells of the brain, parts of the
spleen and kidney, acinar cells of the pancreas, and epithelial
cells of the lung; and (3) strong expression in the liver (data not
shown). Unfortunately, we assume that targeting this molecule
directly for cancer therapy is not possible.

Further investigations are necessary to elucidate the mecha-
nism regulating pancreatic cancer invasion and metastasis.
Isolation of the other two unknown genes may provide valuable
insight into the signal transduction processes involved in
invasion and metastasis. Furthermore, these results could pave
the way for the development of new therapeutic methods based
on inhibition of target genes related to tumor cell invasion
and metastasis.
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Expression patterns of epiplakin1 in pancreas, pancreatic
cancer and regenerating pancreas
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Epiplakinl (Eppk1) is a plakin family gene with its function remains largely unknown, although
the plakin genes are known to function in interconnecting cytoskeletal filaments and anchoring
them at plasma membrane-associated adhesive junction. Here we analyzed the expression patterns
of Eppk1 in the developing and adult pancreas in the mice. In the embryonic pancreas, Eppk1+/
Pdx1+ and Eppk1+/Sox9+ pancreatic progenitor cells were observed in early pancreatic epithelium.
Since Pdx1 expression overlapped with that of Sox9 at this stage, these multipotent progenitor
cells are Eppk1+/Pdx1+/Sox9+ cells. Then Eppkl expression becomes confined to Ngn3+ or
Sox9+ endocrine progenitor cells, and p48+ exocrine progenitor cells, and then restricted to the
duct cells and o cells at birth. In the adult pancreas, Eppkl is expressed in centroacinar cells
(CACs) and in duct cells. Eppkl1 is observed in pancreatic intraepithelial neoplasia (PanIN),
previously identified as pancreatic ductal adenocarcinoma (PDAC) precursor lesions. In addition,
the expansion of Eppkl-positive cells occurs in a caerulein-induced acute pancreatitis, an acinar
cell regeneration model. Furthermore, in the partial pancreatectomy (Px) regeneration model
using mice, Eppk1 is expressed in “ducts in foci”, a tubular structure transiently induced. These
results suggest that Eppk1 serves as a useful marker for detecting pancreatic progenitor cells in

developing and regenerating pancreas,

Introduction

Plakins are large mulodomain molecules, which link
cytoskeletal elements together and to connect them to
Jjunctoonal complexes, such as desmosomes and hermidesmo-
somes (Sonnenberg & Liem 2007). Some of the genes
belonging to this family, for example, Desmoplakin,
Plectin and BPAG1, are well-characterized. Knockout
muce of these genes showed phenotypes of skin blistering
and embryonic or neonatal lethalines (Guo et al. 1995;
Smuth ef al. 1996; Gallicano ef al. 1998). In human, auto-
immune diseases of these genes are reported, consistent
with the skin blistering phenorype of the gene knockout
mice. Epiplakinl (Eppk1) 1s one of the plakin family
genes and is involved in the formation of intermediate
filament network by binding with keraton and vimenun
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(Jang et al. 2005). Eppk]l was originally cloned as an
autoantigen of a human subepidermal blistering discase
(Fujrwara et al. 2001; Spazierer er al. 2003), However,
Eppk1 deficient mice develop normally without an
evident epidermal phenotype (Goto et al. 2006; Spazicrer
et al. 2006), leaving its function in vive clusive. Eppk1 was
identified as one of the proteins binding to EGF receptor
by proteomics (Blagoev et al. 2003), thus suggesting its
novel funcdon as a component of EGF signaling.
Eppk1 was reported to be expressed in the pancreas
by Northern blot analysis or immunchistochemistry
(Fupiwara er al. 2001; Spazierer et al. 2003), and EGF
signaling was reported to be involved in the deyelopment
of pancreas (Micttinen ef al. 2000) and carcinogenesis
(Miyamoto ef al. 2003). In an attempt to gain insights
into the potennal funcuon of Eppkl, the expression of
Eppk1 with respect to markers for panereatic progenitors
and differentated cell types during embryonic development
and in regenerating pancreas were carried out. Eppk1
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was expressed in pancreatic progenitor cells in the early
embryos as well as in centroacinar cells (CACs) in adult
pancreas, The results suggested that Eppk1 is useful as a
marker for progenitor cells in developing and regenerat-
ing pancreas

Results

Expression pattern analyses of Eppkl in embryo and
adult pancreas

Eppkl cxpression was first examined with respect to
Pdx1, a pancreatic progenitor marker. In this study, two
kinds of ano-Eppk1 antibodies raised against distnct
epitopes within Eppk1 (Fujiwara et al. 2001; Spazierer
et al. 2003) were used to detect the expression of Eppk1.
Both ant-Eppk1 antbodies gave almost the same results
and did not recognize any proteins in Eppk1 KO mice
(data not shown). Since both ant-Eppk! antibodies and
anti-Pdx1 anribody were raised in rabbits, a Pdx1/green
fluorescent protein (GFP) transgenic mouse line in which
GFP was driven under the Pdx1 promoter was used to
examine the co-expression of Eppkl and Pdx1. The
expression of GFP completely overlapped with that of

Pdx1 in the Pdx1/GFP transgenic mice throughout

their lifetimes (Fig. $1 in Supplementary Material). Eppk1
EXPression was found in Pdx 1/GFP-positive (Pdx1/GFP+)
pancreatic progenitor cells in the E10.5 pancreas epithelium
(Fig. 1A—C). The expression of Eppk1 is also examined
with respect to Sox9, a Sry/HMG box transcription
factor shown to mark a population of Pdx 1+ cells and be
required for the maintenance of the progenitor cell pool
(Seymour et al. 2007). Eppk1 was found to co-localize
with Sox9 at this stage (Fig. 1D-F). Therefore, the mula-
potent progenitor cells are positive for Eppk1, Pdx1 and
Sox9 at this stage.

In the E12.5 pancreas epithelium, most cells co-expressed
Pdx1 and Eppkl. However, there are a population of
Eppk1+ cells, which turned out to be Pdxl-negative
(Pdx1-) (arrowheads in Fig. 1G-I) or Sox9— cells (solid
lines in Fig. 1]-L). A co-localization of the Sox9 and
Pdx1 persisted until this stage (arrows in Supplementary
Fig. $2), and Pdx1+/Sox9- cells (arrowheads in Supple-
mentary Fig. $2) begin to emerge. Taken together, the
Eppk1+/Pdx1+/Sox9+ cells at E10.5 diverged into
L[‘p‘.] +/Pdx1=/Sox9— and LP'F'H +/Pdx1+/Sox9— cells
within the Eppk1-+/Pdx1+/Sox9+ pancreatic epithelium
at E12.5 (Fig. 8).

In E15.5 pancreas, a divergence of expressions of Eppk1
and Pdx1/GFP was observed (Fig. 2A—C). Most of the
Pdx1/GFP+ cells were Insulin expressing cells at this
stage (Supplementary Fig. S3), suggesting these cells are

Genes to Cells (2008) 13, 667—-678
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Figure 1 The expression paterns of Eppk1 at eardy stages of
pancreatic development. Immunohistochemical analyses of Eppk1
in E10.5 (A—F) and E12.5 pancreatic buds (G-L). (A, D, G,]) The
expressions of Eppk1 (red), (B, H) the images of GFP in Pdx1/
GFP mice pancreata, (E, K) the expression patterns of Sox9 are
shown. The arrowheads in G-1 represent Eppk1+Pdx1/GFP—
cells. The areas surrounded by solid and dotted lines in J-L are
Eppki+/Sox9— cells and Eppk1+/Sox9+ cells, respectively
Asterisks in J-L indicate nonspecific signals. C, E [ and L are
merged images. Scale bar, 100 pm (A=F), 170 pm (G-1).

differentiating into P cell lineage. Taken together, the
expression of Pdx1/GFP is excluded from Eppk1+/Pdx1+/
Sox9+ pancreatic progenitor cells, At this stage, Eppki+/
Sox9+ cells retained confined to the “central duct-like
structures” (solid lines in Fig. 2) (Seymour et al. 2007)
Ngn3 was also co-cxpressed with a population of Eppk1-
expressing cells, which reside along the “central duct-like
structure” (Fig. 3G-1), indicating the possible endocrine
progenitor characteristics of the Sox9+/Eppk1+ cells
On the other hand, in the forming acini (dotted lines in
-I"jg 2D-F), Sox? expression decreased, and the expres-
sion of p48, which was reported to be expressed in
exocrine progenitor cells and to be essendal for exocrine

© 2008 The Authors
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Figure 2 The expression parterns of Eppk1 at secondary transition
of pancreatic development. Immunohistochemical analyses of
Eppkl in E15.5 pancress (A, D, G, ] and M). The expression
parterns of GFP in Pdx1/GFP mouse (B), Sax9 (E), Ngn3 (H),
p48 (K) and Hesl (N) are shown. The areas surrounded by white
sobd lines in A-C are Pdx1/GFP+Eppki— cells, The arcas
surrounded by solid and dowed lines in D=0 are “central duce-like

structure” and forming acini, respectively. The arrowheads in
M—0 represent centroacinar region. C, F [ L, and O are merped
unages. Scale bar, 100 pum (A-L), 30 pm (M=0)

differentation (Krapp et al. 1996, 1998), began to emerge
at this stage, which expression found to be co-localized
with that of Eppkl (Fig. 2J-L). Furthermore, Eppk1
expression was observed to co-express with Hes1 in the
centroacinar position of the forming acim (Fig. 2M—0)
(Esni et al. 2004; Jensen 2004). These results thus indicate

© 2008 The Authorns
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Figure 3 In PO perinatal pancreas, Eppk1 is expressed in o cells
in ulers. Immunochistochemical analyses of Eppk1 in PO pancreas
(A, D, G and ]). The expression patterns of GFP in Pdx1/GFP
, Glucagon (E), Cytokerating (H, CKs), Sox9 (K) are
WEland L are merged images. Scale bar, 100 TR

mouse

shown

that Eppk1 is expressed in both endocrine and exocrine
progenitor cells at E15.5.

In neonatal pancreas at PO, the expression of Eppk1
no longer overdapped with that of Pdx 1/GFP (Fig. 3A—C)
Eppkl expression was mainly observed in ducts, with
some positive cells in the isles (Fig 3A—C), which turned
out to be Glucagon-expressing @ cells (Fig. 3D~F). The
expressions of Eppk1 in islets overlapped with that of
Cytokeratins (Fig, 3G-1). Cytokeradns were expressed
in Glucagon+ cells (Supplementary Fig. S4), which agreed
with that reported previously (Bouwens et al. 1994). On

the other hand, co-expression of Sox9 and Eppk1 was
not retained (Fig. 3]-L)

In adult pancreas, Eppk1expressions are observed in
relatively small cells surrounded by Amylase+ acinar
cells (Fig. 4E,H), but no longer in Glucagon+ @ cells
(Fig. 4A~C). The Eppkl expression almost completely
overlapped with Cyrtokeratins (Fig. 3E-H), indicating
that they were duct cells. Detailed examination revealed

Genes to Cells (2008) 13, 667-678

669




T Yoshida et al.

[ merge |[+Amylase |

that there were two kinds of Eppkl+ cells, one was
surrounded by acinar cells (arrowheads in Fig. 41-L)
and the other was outside them (arrows in Fig. 41-L).
The Eppk1+ cells located in the acinar stem position
correspond to a terminal ductal position that intercalates
with the distal duct cells, and they are called CACs (Slack
1995). The Eppk1+ cells ousside acinar cells were duct
cells, which could be distinguished by the relatively
strong reactivity against DBA, a kind of lectin that binds
strongly to duct cells of pancreas, but relatively weakly to
CACs (Fig. 4]). In CACs, Eppkl expression overlapped
with Sox9 and Hesl, an effector of Notch signaling
(arrowheads in Fig. 4eM-R) (Miyamoto et al. 2003). In
duct cells, only Eppkl, but not Sox9 or Hesl, was
detected (arrow in Fig. 4M-0).

Expression patterns of Eppkl in pancreatic cancer

The next experiment was designed to determine whether
Eppk1 was expressed in human pancreatic intracpithelial
neoplasia (PanIN) cells, one of the pancreatc ductal
adenocarcinoma (PDAC) precursor lesions, because CACs
are regarded to be the origin of PanlN (Hezel et al. 2006).
PanINs ar¢ graded from stage 1 to stage 3, increasing
grades reflect increasing arypia, and eventually ransform

Genes to Cells (2008) 13, 667-678

Figure 4 Eppk1 is expressed i duct cells
and centroacinar cells of adult pancreas
Immunochistochemical analyses of Eppk1 in
adulr pancreas (A, E,I,M and P) are shown
The expression patterns of GFP in Pdx1/
GFP mouse (B), Cytokeratins (F, CKs), Sox?
(™), Hest (Q) and DBA+ cells () are
shown. Arrowheads and arrows in -1
represent the cells lie inside or outside of
acinar cells, respecavely. Arrowheads and
arrows in M=O represent Sox9+ or Sox%9-
cells, respectively. The arrowheads in P-R
are Hesl+/Eppk1+ cells. C, G, K, O and
R are merged images. Expressions of Amylase
are also shown (D; H and L). Scale bar,
100 pim (A-L), 50 mm (M-R)

into frank PDAC. Normal duct is composed of a single-layer
with low cuboidal cells, PanIN1 is considered early
cancer precursor lesion, characterized by its columnar
and mucinous epithelium (Fig. 5A), which is detected
by DBA (Fig. 5C,F), with the nuclei regularly localized
along the basement membrane (Fig. 5E,F). In this stage,
Eppk! was expressed in the PanIN cells, which were
characterized by the expression of Cytokeratins (Fig. 5G).
Late PanlN lestons, PanIN2 and PanlN3, represent a
distinct step toward invasive carcinoma. The mucinous
epithelium becomes thinner, and the epithelium appeared
curved with evident invasion beyond the basement
membrane as luminal budding (Fig. 5K,P). In late
PanINs, the DBA+ epithelium layers become thinner,
whereas the DAPI+ cell layers become multilayers
(Fig. 3L-P). However, the expressions of Eppkl and
Cytokeratins were down regulated in this stage (Fig. 5Q-
T), indicating that PanIN cells lost their ductal characters.

Expression patterns of Eppkl in regenerating
pancreas

CACs are known to be involved not only in the origin
of PanIN, but also in the regeneration of acinar cells 1n
acute pancreatitis (Gasslander ef al. 1992), The next

& 2008 The Authors
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Figure 5 Eppk1 is expressed in the early stage but not in the late stages of PanINs. Histological analyses of the early (A—]) and late stages
(K-T) of PanINs. (A, K) Bright-field images of HE-stained PanINs. Boxes in A, K depict regions shown in B-E, or L-T, respectively.
The expresions of Eppk1 are examined (B, G, L and Q). DBA+ (C, M) and Cytokeratins+ (H, R.; CKs) cells are also shown. DI, N
and § are merged mug_-.-s and blue dots show nudlei (E, ], O and T). Schematic drawings of the intracellular expressions of DBA (green)

and Eppk1 (red)

question was whether Eppk1+ cells proliferate in regen-
erating pancreas in acute pancreants. Caerulein-mediated
'P.\[‘l Teants h.'l‘ hL'I'."['l \!]“\\'[l oo :‘L"!:Cr Jtil];[l C (-ll r‘._':.:\'_'['l—
eration. We induced weak pancreants by cerulein injection
(Jensen et al. 2005). One day after caerulein injection,
acinar cell degencration began to occur, and the acinar
cells thereafter regenerated and almost completely recov-
ered in one week after the inital injecton (Fig. 6A-L),

and the number of Eppk1+ cells increased by a factor of

1.97 (Supplementary Fig. S5 show low-magnification
pictures; compare Supplementary Fig. S5C,D with
Supplementary Fig. S5A,B). This resulted in a change n
the cellular alignment from hinear before treatment into
a cluster of cells (compare Fig. 6F with Fig. 6B). At day

r the caerulein injecnon, t!:ty almost recurned to

nal linear alignments, though many cells

ned clustered (compare Fig. 6] with Fig. 6B). We

next examined the Eppki+ cells during this regenerar-
1g. 6M-X). Cytokeratins were sull expressed

mg penod

in Eppkl+

cells at day 4 after the caerulein imjection

pilanon © Molecular Biology

ournal oo

shown in F and P. Scale bar, 400 pum (A, K), 125 pum (B-E,

ty of Japan/Blackwell F

G,1-0,Q-T)

(Fig. 60,P), though most of the Eppk1+ cells lost the

reactivicy with DBA \rl._: l"u(_:'_llzl. The CO-CXpressions of

Eppkl with PCNA (Fig. 65,T) and Sox9 (Fig. 6U,V)
indicated that the Eppkl+ cells proliferated and had
mulupotency (Seymour e al. 2007).
acinar progenitor cells, was expressed in Eppki+ cells
with acinar morphology (arrowheads in Fig. 6W,X),
thus suggesting a dedifferentation and redifferentation

p48, a marker for

might have occurred. Since p48 was also expressed in
acinar cells themselves (arrows in Fig. 6W,X),
cells might dedifferentate and acquire an acinar progem-
tor character, which then redifferentiate into acinar cells
These cells renewed by themselves, which agreed with

acinar

previous reports that preexasang acinar cells contribute

to acinar cell Desai

sration (Jensen et al. 2005;

Another on is that

et al. 2007) ;'n:-sl!‘.}r interprets

ductal-to-acina fferennation occurred from

Eppk1+ cells.
A partial pancreatectomy (Px) was also performed
It has been reported that a partial Px induce not only the
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G

Eppk1 |l

| Sham }

expressed  in

Figure 6 Eppkl is the

proliferating acinar  cell

regeneration in caerulein-induced acute

cells  during

pancrearitis, (A—L) Histochemical analyses
of the cacrulein-treated pancreata. The
images of H&E stainings of sham treated
(A) and day one (E) or day 7 (I) after
caerulein treatment are shown. Immuno-

histochemical analyses using anti-Eppk!

Caerulein treatment

(B, E I) and and-Amylase (C, G, K)
antibodies were also done. D, H and L
(M=X) Double
immunostainings of Eppkl with other
markers in the pancreas on the 4ch day after

are merged 1mages.

caerulein treatment are shown., Expressions
of Amylase (M), Cytokeratins (O; CKs),

proliferation of B cells (Dor ef al. 2004), but also the
regeneration, which recapitulated development of pan-
creas in the focal region. [t was previously reported that
small ductules were observed in the focal region (Bonner-
Weir et al. 1993). These cells are called “ducts in foai”,
which are proposed to dedifferentated/transdifferenti-
ated from duct cells and differentated into new lobes of
pancreas, COMprising bhoth endocrine and exocrine tis-
sues (Bonner-Weir ef al. 1993). H&E stining of the
pancreas on the next day after a partial Px revealed that
cosin-stained acinar cells degeneration occurred and that
leukocytes infilorated into the focal region (Fig. 7A,B).
On the 4th days after a Px, acinar cells 1‘]::_\;:.’11::ﬂ;tud and
“ducts in foa" were observed (Fig. 7C,D, arrowheads in
Fig. 7D). As previously reported (Bouwens ef al. 1995),
Cytokeratins were expressed in the “ducts in foci”
(Fig. 7G), and Eppkl was also observed in these cell

Genes to Cells (2008) 13, 667-678

DBA (Q), PCNA (S), Sox9 (U) and p48
(W) in Eppk!+ cells (N, P, R, T,V and X)
were investigated. Arrowheads and arrows
depict acinar progenitor cells or acinar cells.
Scale bar, 100 pm (A-L), 50 pm (M—X).

(Fig. 7H). DBA reacovides were lost in these Eppkl+
cells (Fig. 71.]) similar with the case in the caerulein-
induced pancreatitis (Fig. 6Q,R). In some cells, Eppk1
expression overlapped with that of Amylase (arrowheads
in Fig. 7E,F). There are also Eppk1+/Amylase- cells
(arrows in Fig. 7E,F), thereby suggesting that some of
the “ducts in fod"” were dedifferentated/wransdifferenti-
ated by acinoductal metaplasia (Lardon & Bouwens
2005). The number of Eppk1+ cells also increased
by a factor of 4.96 (Supplementary Fig. 85 show low-
magnification pictures; compare Supplementary Fig. S5E,F
with Supplementary Fig. S5A,B), as in the caerulein-
treated pancreas (Supplementary Fig. S5C,D). The ducts
were Sox9+ (Fig. 7K,L) and PCNA+ (Fig. 7M,N), as
seen in the ducts in the caerulein-treated pancreas
(Fig. 65-V). In Eppk1 KO mouse, Cytokeratins+ “ducts
in foci” were observed (Fig. 7P) and PCNA was also

£ 2008 The Authors
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Figure 7 Eppkl 1s expressed in the ducts
in foct and o cells in the pancreas which has
received a partial pancreatectomy. (A-D)

The mmages of H&E staimed secuons of the

[ +Eopki || 1

pancreas one day (A, B) and 4 days (C, D)
after a partal Px, B and D arc magnified
images in the focal region depicted by the
squares in A and C, respectively Arrowheads
in D depict "ducrts in foci™. (E-T) Double

Focal region

mmmunostainings of Eppkl and various

markers in the focal region (E-P) and islet

(Q=T) of the pancreas at day 4 after a partial Px
was taken place. Arrows or arrowheads show
Eppk1+/Amylase— or Eppk1+/Amylase +
cells, respectively. Expressions of Amylase
“ytokeratins (G; CKs), DBA (1), Sax9
K), PCNA (M, O), GFP of Pdx1/GFP

I

mouse (Q) and Glucagon (S) in Eppk1-

positive cells (F H. . L. N, R and T) were
invesagated. Eppk1 KO mouse was used in
O and P with the counter staining done by
using anti-panCK andbody (CKs), Scale
bar, 1.2 mm (A, C), 400 um (B, D), 100 pm
E-T)

[ Islet ]

observed (Fig. 70), indicatng that Eppk1 is not essental
to form “ducts in foa" and that Eppk1 was not essential
for the proliferating activity, either.

Eppk1 expression was observed in the islets in pancre-
ata had a parnal Px (Fig. 7Q.R). Further invesogation
revealed that the Eppk1+ cells were Glucagon-expressing
o cells (F]g. ?S.T], which was similar to that seen in
PO islets (Fig. 3D-F).

Discussion

Eppk1 has been reported to be expressed in various
organs by Northern blor analyses, including the pancreas
(Fujiwara et al. 2001; Spazierer et al. 2003), but deuiled
expression patterns have not been examined. Studies of
Eppk 1 mighrt reveal the molecular mechanism of signaling

€ 2008 The Authors

transduction underlying early pancreatic differentia-
tion, and might shed lights on our future development
of regenerative medicine for the cure of diabetes mellitus
(Kume 2005a,b; Shiraki et al. 2005, 2008). In the present
study, we focused on the expression patterns of Eppk1 in
pancreas. We summanzed the results in Fig. 8.

The Pdx1+ pancreatic progenitor cells have been
shown to give rise to the cells of the endocrine, exocrine
and duct lineages, that is, all lineages of cells exisung in
the adult pancreas (Jonsson et al. 1994; Offield et al. 1996;
Gu et al. 2002). Ac E10.5, the pancreanc progenitor cells
composed of cells with an almost complete overlap of
Eppkl, Sox9 and Pdx! expression (Fig. 1A-F; Fig. 8,
E10.5 Pdx1+/Eppkl+/Sox9+ cells). Sox9 has been
recently reported to maintain the mulopotency of the
pancreatc progenitor cell actvity (Seymour et al. 2007)

Genes to Cells (2008) 13, 667-678
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Pox1+ Pdxl+ Pdx1—

E125 (| Eppki+ Eppki+ Eppki+
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E155 Eppk1+ Eppki+ Eppki+
Soxg+ Soxg- Soxg—

A
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l [5]
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Adult Eppki- Eppk1- Eppki+ Eppk1— Eppk14+

Soxg- Saxg- Sox8+ Soxg- Soxg-
Glucagon Insufin Cks, DBA: Amylase+ CKs, DBA+
(e cell) (P cell) Hes1 (Acinar cell) (Duct cell)

A (C!AC \
77

Figure 8 A schematic representation of Eppkl expression.
Expressions of Pdx1, Eppk and Sox9 are indicated in cach cell
lineage. Cells indicated by red and blue are those showing the
same expression patterns of the three genes, respectively, Colored
curved arrows show changes in gene expressions. See text in
Discussion

Then, in E12.5 pancreas Pdx1—/Sox9— cells appeared
within the Eppk1+ cells (Fig. 1G-L), Gu et al. showed
that pancreatc duct progenitors derived from muldpotent
pancreatic progenitor cells by E12.5, and differentiate
into Pdx1— duct lineage cells (Gu er al. 2002). Thus,
Eppkl+/Pdxi— cells (arrowheads in Fig. 1G-1) were
possibly the progenitor cells of the ductal lineage (Fig. 8,
E12.5 Pdx1-/Eppk1+/Sox9— cells). Since the expression
of Pdx1 and Sox9 almost overlapped (Supplementary
Fig. 82), Eppk1+/Sox9— cells (solid lines in Fig. 1J-L)
and Eppk1+/Pdx1- cells (arrowheads in Fig. 1G-1) were
possibly in the same population. Therefore, the Eppk1+/
Sox9- cells were presumably to be Eppk1+ /Pdx1~/Sox9—
and also the progenitor of the ductal lincage. At this stage,
Pdx1+/Sox%— cells began to emerge, which located at

Genes to Cells (2008) 13, 667678

the edge of the pancreatic epithelium at this stage (arrow-
heads in Supplementary Fig. 52). These Pdx1+/Sox9- cells
might be the progenitors of the exocrine cells (Fig. 8,
E12.5 Pdx1+/Eppk1+/Sox9— cells). On the other hand,
Sox9 is required for the expression of Ngn3 (Lynn ef al.
2007), and for the endocrine cell differentiation to be
switched on (Gradwohl et al. 2000; Jensen et al. 2000;
Schwitzgebel et al. 2000; Gu et al. 2002), Pdx1+/Eppk1+/
Sox9+ population correspond to multipotent progenitor
cells (Fig. 8, E12.5 Pdx1+/Eppk1+/Sox9+ cells).

In the pancreas of E15.3 embryo, the expression of
Eppk1 was not detected in Pdx1+ cells (Fig. 2A-C), most
of which expressed insulin (Supplementary Fig. S3),
suggesting that these cells are differentiating toward a B
cell fate. Eppk1+/S0x9+ cells form a “central duct-like
structure”, in which the expression of Ngn3 was observed
(Fig. 2D-I), indicating that Eppk1 marks the endocrine
progenitor at this stage (Fig. 8, E15.5 Pdx1—/Eppk1+/
Sox9+ cells; red circle). On the other hand, the exocrine
cell progenitors form acini at this stage (Jensen 2004), in
which swong Eppkl and weak Pdx1 expression was
observed (Fig. 2]-O; Fig. 8, E15.5 Pdx1x/Eppki+/
Sox9- cells), suggesting that Eppk1 serves also as an exo-
crine progemtor cell marker. The expressions of Hesl in
the center position and p48 in the outer side were observed
in the forming acimi (Fig. 2]-O). p48 is a subunit of
Ptfla, which is essendal for differentation of pancreatic
exocrine cells (Krapp et al. 1996, 1998). Hes1 is a Notch
signaling related transcripdonal factor, which sustains
immaturity of the cells (Kageyama et al. 2005). Esni er al.
reported that p48+/Hesl+ double positive common
progenitor cells diverged into p48+/Hes— exocrine pre-
cursar cells, and p48-/Hes1+ Notch-regulated progenitor
cells (Esni ef al. 2004).

In the adult pancreas, Eppk1 was expressed in duct
cells and in CACs, which were Sox9+/Hes1+ cells
(Fig. 4). Thus, it was suggested that p48+/Hesl+ com-
mon progenitor cells differentiated into the pancreatic
exocrine cells (Fig. 8, Pdx1£/Eppk1-/Sox9-) and CACs
(Fig. 8, Pdx1—/Eppk1+/Sox9+, red circle), which was
possibly Notch-regulated progenitor cells. Among the
harmone expressing cells in postnatal pancreas, Eppk1
was detected only in @ cells in perinatal pancreas (Fig. 8,
P0 Pdx1—/Eppk1+/Sox9-), which were also Cytokeratin+
(Fig. 3). The expression of Eppkl and Cyrokeratins
disappeared in the adult (Fig. 4A-C; Fig. 8, @ cells
Pdx1-/Eppkl1—/Sox9-).

It is hypothesized that some cancers represent an
aberrant recapitulation of normal development (Hezel
et al. 2006). It 1s further deducted that some cancers can
be originated from adult tissue stem cells. The activations
of PI3K (Stanger ef al. 2005), Notch and TGFa. signalings

© 2008 The Authors
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(Miyamoto et al. 2003) in CACs gave rise to PanIN,
which has been shown to be a precursor lesion of PDAC
(Hezel et al. 2006). Eppk1 was also expressed in the early
stage of PanIN cells (Fig. 5A—]). Hesl, a manscription
factor downstream of Notch signaling, was expressed in
CACs (Fig. 4P-R) (Miyamoto et al. 2003), and Eppkl
was reported to bind to EGF receptor (Blagoev et al.
2003). However, the expression of Eppk1 in PanIN cells
gradually decreased, similarly with that of Cytokeratins
(Fig. 5Q-T).The relation berween Eppk1 and EGF were
not clear at the moment.

Next we observed the expression patterns of Eppk1 in
regenerating pancreas. Based on the findings of genetic
tracing experiments, it is reported that § cells (Dor et al.
2004) and acinar cells (Desai et al. 2007) normally renew
themselves slowly. However, when injured, immediate
repair is taken place in the pancreas of rodents. Acinar cell
regeneration in an acute pancreatitis model (Gasdander
et al. 1992; Jensen et al. 2005) by injection of cacrulein
and islet regeneration in a partial Px model (Bonner-Weir
etal 1993) are well-known. Here, in both caerulein
treatment and a partial Px, Eppk1+/Cytokeratins+ cells
appeared among acinar cells, which were possibly formed
by acinoductal metaplasia (a brown curved arrow in
Fig. B) (Lardon & Bouwens 2005) or dedifferentated/
transdifferentiated from duct cells, in which PCNA and
Sox9 were expressed later (Figs 6 and 7;a red curved arrow
in Fig. 8). Recently, it was shown that new endocrine
cells were differentiated from duct cells in a partial duct
ligated pancreas (Xu et al. 2008). In the report, Ngn3+
cells appeared from duct cells and differentiated into a
and [ cells. Since the gene expressions and the morphol-
ogies of the duet cells of injured pancreata and “central duct-
like structure™ in E15.5 pancreas were similar (compare
Figs 2, 6 and 7; red circles in Fig. B), the characteristics
of the cells may also be similar, Ngn3 was reported to be
expressed in Sox9+ cells (Lynn et al. 2007), which cor-
respond to the Pdx1—/Eppk1+/Sox9+ cells in the “central
duct-like structure™ (Fig. 8 E15.5 red circle). According
to our above hypothesis, the Ngn3+ cells derived from
the duct cells of the parnal duct ligated pancreas (Xu
et al. 2008) are similar with Pdx1-/Eppk1+/Sox9+
CACs, which mighrt give rise to endocrine cells upon
duct certain injury (a green arrow in Fig. 8) (Lynn er al.
2007). Furthermore, we found p48 to be expressed in
the Eppk1+ cells (arrowheads in Fig. 6W,X), indicating
that Eppk1 was a marker of the progenitor cells of acinar
cell regeneration. p48 was also detected in the acinar cells
themselves, indicating that during regeneration of acinar
cells, either dedifferentianon from acinar cells (a brown
arrow in Fig. 8), differentianon of progenitor cells (a
purple arrow in Fig. 8) or simply proliferation of existing
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acinar cells (a lime green line in Fig. 8) is supposed to
occur. Cyrokeratins+“duct in foci” in Eppk1 KO mouse
were also PCNA+ (Fig. 70,P), indicating that Eppk1 was
not essential for maintaining stem cell activity. In islets,
Eppkl was expressed in @ cells of perinatal pancreas
(Fig. 3D-F), which gradually disappeared toward the adult
(Fig. 4A—C). In the perinatal pancreas, islets were located
near by the duct cells, which were also Eppk1+ (Fig. 41-L;
blue circles in Fig. 8). a cells and duct cells may have
similar characteristics and some interactions at this stage.
Islets at this stage often were “dump-bell” shaped (Sup-
plementary Fig. S6A), though they were usually spheri-
cal in the adult (Supplementary Fig. S6B), as a result of
fission (Seymour et al. 2004). The expression of Eppk1 in
a. cells was observed again in the islets of pancreas that
had a parnal Px (Fig. 75,T; a blue arrow in Fig, 8), which
also showed “*dump-bell” shape (Supplementary Fig. S6C).
Eppk1 may be involved in the motility of islets.

In summary, we examined the expression patterns of
Eppk1 in pancreas and showed that Eppk1 serves as an
excellent marker to analyze the cell lineage of pancreas.

Experimental procedures
Animals and pancreas regeneration models

A transgenic mouse line Pdx1/GFP (Gu ef al. 2004) was a pift
from Dr Melton of Harvard University Wild-type ICR mice were
obuined from SLC (Kanagawa, Japan). The date of conception
was established by the presence of 3 vaginal plug and recorded as
E0.5. 8-week-old mice were used as adults. Caerulein treatment
was carried out as previously described (Jensen et al. 2005). A Px
was carried out as previously described (Bonner-Weir ef of. 1993).

Antibodies

Two kinds of rabbit anti-Eppklantibodies were used: one is
described previously (Fujiwara er al. 2001) and another is 3 gift
from Dr G.Wiche of University of Vienna (Spazierer ef al. 2003).
Guinea pig anti-Hes1 antbody was a gft from Dr U Kageyama
(Kyoto University) (Hatakeyama efal. 2006). Rabbit anti-p48
antibody was kindly provided by Dr H. Edlund (Li & Edlund
2001). Mouse anti-Ngn3 (Cat #F25A1B3) (Zahn et al, 2004)
antibody was obtained from Developmental Studies Hybridoma
Bank.The other primary antibodies used were mouse anti-Insulin
(Car #1-2018, Sigima, St. Louis, MO), mouse anti-Glucagon (Cat
#G-2654, Sigma), mouse anti-GFP (Cat #11814460001, Rioche,
Indianapolis, IN), mouse ant-pan Cyrokeraun (Car #ab11213,
Abcam, Cambridge, UK), mouse anti-PCNA (Cat #NAO3,
Oncogene Research Products, Boston, MA), rabbit anti-Pdx1
(Cat #KAL-KR059, Trans Genic Inc., Kumamoto, Japan),
rabbit ant-human Glucagon (Cat #A0365, Dako Cytomation,
Glostrup, Denmark), goat ann-Amylase (Cat #5c-12821, Santa
Cruz Biotechnology Inc., Santa Cruz, CA) and goat anti-Sox¥
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(Cat #5¢-17340, Santa Cruz Biotechnology Inc.) ancibodies.
Fluorescein isothiocyanate conjugated DBA (Dolichos biflorus
agglutinin,Vector Laboratories Inc., Burlingame, CA) was also used.

Immunological analyses

Immunehistochemmical analyses of the fruzen sections and paraffin
sections were performed as described previoudly (Yoshida e al.
2003). First, sections were boiled in Target Retrieval Solution
(Dako Cytomation) for 10 min at 105 °C for antigen retrieval.
Bound first anubodies were visualized with Alexa 488 or Alexa
568 labeled appropriate secondary antibodies (Invitrogen, Carlshad,
CA). Double immunosaining using rabbir anti-Eppk1 and rabbit
anti-p48 antibodies was performed as follows: First anti-p48
antibody was bound to a frozen section and visualized by Alexa
488-conjugated anti-rabbit 1gG antibody. Then, ant-Eppk! anti-
body, which was biounylated by Biotin Labeling Kit-NH2
(Dojindo Laboratories, Kumamoto, Japan) according to the
procedure recommended by the manufacturer, was bound after
blocking using non immunized rabbit serum. The expression
pattern of Eppk1 was visualized by streptavidin-conjugated Alexa
588. The nuclei were counterstained using DAPI (Roche). Optical
sections were viewed using a scanning laser confocal imaging
system (TCSSP2 AOBS, Leica Microsystems, Wetzler, Germany).
Non confocal images were acquired wing an Olympus 1X-71
microscope (Olympus Optical, Tokyo, Japan) equipped with a
Nikon digital sight DS-5M (Tokyo, Japan). Images were processed
using Adobe Photoshop 7.0 (Adobe Systemns, San Jose, CA). The
numbers of stained cells in Supplementary Fig. 5 were quantfied
by analyzing the areas of Eppk1+ staining images using Lumina
Vision program (Mitani Corporation, Fukui, Japan).
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Abstract

Background/Purpose To examine whether vertical retro-
colic duodenojejunostomy is superior to antecolic
duodenojejunostomy with respect to gastric emplying in a
prospective, randomized, controlled study of patients
undergoing pylorus-preserving pancreaticoduodenectomy
(PpPD).

Methods Thirty-five patients undergoing PpPD between
March 2005 and July 2007 were enrolled in the study. All
provided informed consent. During PpPD, the patients
were randomly assigned to either the antecolic (antecolic
group, n = 17) or vertical retrocolic route (vertical retro-
colic group, n = 18) just before the reconstruction. Each
patient ingested '*C-acetate in a liquid meal before surgery
and on postoperative day (POD) 30. Gastric emplying
variables (Tmax, T1/2) were determined and compared
between groups.

Results  Clinical delayed gastric emptying, defined as an
inability of patients to take in an appropriate amount of
solid food orally by POD 14, was found in | of 17 patients
(6%) in the antecolic group and in 4 of 18 patients (22%) in
the vertical retrocolic group, but the difference was not
significant (P = 0,34), Tmax and T1/2 on POD 30 were
prolonged in both groups in comparison to preoperative
levels, but no significant difference was found between the
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two groups. Follow-up examinations revealed that gastric
emptying had recovered to the preoperative level by POD
30 in approximately 80% of the patients, regardless of the
reconstruction route.

Conclusions Vertical retrocolic  duodenojejunostomy
does not seem to offer an advantage with respect to gastric
emptying.

Keywords Gastric emptying -
Pylorus-preserving pancreaticoduodenectomy -
Antecolic duodenojejunostomy -

Vertical retrocolic duodenojejunostomy

Introduction

Pylorus-preserving pancreaticoduodenectomy (PpPD) is
generally accepted as a standard operation for periampul lary
lesions. PpPD, in comparison to classic pancreaticoduo-
denectomy with hemigastrectomy, is reported o improve
quality of life, nutritional status and weight gain without any
difference in operative morbidity and mortality or in post-
operative survival [1-4].

Delayed gastric emptying (DGE), however, is reported
to be the most common and frustrating complication after
PpPD. Despite the lack of a centain definition for DGE, the
reported incidence varies from 20 to 60% [5-13]. DGE
results in a prolonged hospital stay, which adds to hospital
costs, Although DGE itself is not a fatal complication,
minimizing DGE is important in patients undergoing
PpPD.

Two reconstruction routes are used for duodenojeju-
nostomy, the antecolic route and the retrocolic route. The
reported incidence of DGE is >30% for the retrocolic route
[12, 14, 15], whereas that for the antecolic route is <15%

@ Springer



