Fig. 2. a An intact echogenic area around the IPDA
indicates no invasion to PLph-il. Note the portal
vein invasion by tumor. b Low echoic lesion around T
the IPDA indicates the invasion to the PLph-IL

cular ultrasound (IVUS) catheter. Sequential observation of the sur-
rounding structures by IPEUS showed that the inferior pancreatico-
duodenal artery (IPDA) traverses behind the portal vein and enters
the uncinate process of the pancreas. The [PDA exists in the second
portion of the PL and the schogenic area around the IPDA between
the uncinate process and the SMA corresponds to the second portion
of the pancreatic head nerve plexus (PLph-II) (fig. 1a, b). The diag-
nostic criterion for the PL invasion is, therefore, low echoic infiltra-
tion of the area around the IPDA {fig. 22, b) [8].

The portal vein wall was visualized as an echogenic band with a
thickness of 0.5-1.0 mm. The diagnostic criterion for portal venous
invasion at IPEUS was obliteration of the echogenic band of the por-
tal venous wall by the hypoechoic mass. There was one observer
(T.K.) of the IPEUS finding. Tabulation of the IPEUS findings was
performed at the time of surgery.

Statistical analysis was performed by the y? test for group differ-
ences, and Student’s t test for mean differences vsing Statview soft-
ware (Version 5, 1998, SAS Institute, Inc.). Survival rates were calcu-
lated by the Kaplan-Meier method, and statistical significance was
examined using the log-rank test. The difference was considered sig-
nificant if the p value was <0.05.

Results

Patients and Operative Procedures

There were 43 men and 21 women with a mean age of
61.6 years (range, 43-78 years). Of 64 patients, 48 under-
went segimental resection of the portal vein combined
with tumor resection. Pancreatoduodenectomy with dis-
tal gastrectomy was performed in 32 patients, pylorus-
preserving pancreatoduodenectomy in 17, total pancre-
atectomy in 5 and extended distal pancreatectomy in 10.

Histopathologic Parameters and Staging

Histological examination of the surgical specimen con-
firmed pancreatic adenocarcinoma in all 64 patients who
underwent tumor resection. Differentiation was well in 6
patients, moderate in 52 and poor in 5. One patient was
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diagnosed as adenosquamous carcinoma. Invasion to the
duodenum was found in 25 patients (39%) and invasion
to the portal vein in 33 (52%). The portal vein invasion
was defined as the invasion deep into the adventitia of the
portal vein wall by pancreatic carcinoma, which was con-
firmed histologically. Intrapancreatic nerve invasion was
found in the majority ‘of the cases (56 of 64; 88%). The
resection margins were tumor free in 43 (67%) and tumor
positive in 21 (33%). In most cases (56 of 64), tumor size
was found >2 c¢cm, Lymph node invasion was seen in 37
cases (58%). When the patientswere stratified according
to stage using the TNM classification by UICC, 27 cases
had stages I through III tumors. There were several cases
in stage TVb in which metastasis to lymph nodes beyond
regional level has been defined as distant organ metastasis
by UICC,

IPEUS

The IPDA was wsuahzed in 61 out of 64 cases. In the
other 3 cases, it was not visualized because it traversed
behind the portal.vein beyond the effective visual field of
the IPEUS. There were 18 cases in which PL invasion was
confirmed pathologically positive (28%). There was one
false-positive case caused by an attenuation of the ultra-
sound beam around the IPDA due to associated pancre-
atitis. There was one false-negative case in which the inva-
sion was found at the first portion and the right celiac gan-
glia, but not at the second portion of the PL. Three poor
visibility cases were negative in extrapancreatic nerve
plexus invasion. In this study, these 3 cases were regarded
as false-positive cases. Consequently, IPEUS showed 94%
(17/18) sensitivity, 91% (42/46) specificity, 81% (17/21)
positive predictive vaiue, 98% (42/43) negative predictive
value and 92.1% (59/64) overall accuracy for the diagno-
sis of the PL invasion. The diagnostic accuracies of PL
invasion by IPEUS in pancreatic cancer which size was
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Fig. 3. Cumulative survival rates between the patienté with or with-
out the PL invasion. The difference was significant by lop-rank test
(p<0.05),

larger than 2 cm were described as follows. Sensitivity was
94% (17/18), specificity 92% (35/38), positive predictive
value 85% (17/20). Negative predictive value 97% (35/
36), and overall accuracy 93% (52/56),

The diagnosis of portal venous invasion could be possi-
ble in all cases by IPEUS. Sensitivity, specificity, and
overall accuracies of IPEUS were 97% (33/34), 93% (28/
30), and 95% (61/64),

Clinical Significance of the PL Invasion

To evaluate the clinical significance of the PL inva-
sion, all patients were further grouped according tothe PL
status (table 1). There was no significant correlation be-
tween PL invasion and age, sex, tumor differentiation,
tumor size or lymph node metastasis (p > 0.05). However,
a significant correlation was found between PL invasion
and the portal vein invasion (p = 0.05), or invasion of the
margins (p < 0.0001). There was also a significant correla-
tion between PL status and pTNM stage (p = 0.0039)..

Overall 1-, 2- and 3-year survival for 64 patients was
25.0, 12,0 and 5.0%, with a median survival of 9 months.
The 1-, 2- and 3-year survival in 18 patients with PL inva-
sion was 31, 0 and 0% whereas it was 52, 32 and 18% in
those 46 patients without PL invasion, and the difference
was statistically significant (p = 0.008, log-rank test)
(fig. 3). As expected, a significant difference in survival
after resection was found between patients with tumor-
positive or tumor-free margins (p < 0.001), and between
patients with pTNM stage I-III tumor or IVab tumor

IPEUS for Nerve Plexus Invasion in
Pancreatic Cancer .

B Age (mican + SDY*

Table 1. Characteristics of patients according to PL status

) 60.8+8.5 63.8::6.8
Bex (MIEY. . 3115 1216
. Tumor differéntiation*
© Well 3 3
“Moderate 40 12
Poor -2 3
" Adenosguamous -l -
Tumorsize (<2 cm/>2 cm)* 8/38 0/18
Lymph node invasion (~/+)* 22124 513
Portal vein invasion (—/+)** 26/20 5/13
Tumor-free/positive margin 38/8 5113
pTNM stage (I-ITI/IVa-by** 25/21 2/16
1-, 2- and 3-year survival rates, % 52/32/18 31/0/0

* There was no statistically significant difference in distribution
(p>0.05). ¥ p < 0.05.

(p = 0.0085). Log-rank survival analysis showed that the
worst prognosis was observed for the 20 patients with
tumor-positive margins. None of these patients survived
18 months with a mean survival of only 7 months.

Discussion

Pancreatic carcinoma is an almost uniformly fatal dis-
ease and the overall survival rates after resection are only
approximately 10%. But surgical resection is only cura-
tive therapy for pancreatic carcinoma. In this study, pa-
tients for surgery were selected on the basis of preopera-
tive US, CT, and angiography. Obvious liver metastases
and splanchnic arterial invasion such as superior mesen-
teric artery and common hepatic artery were not indi-
cated for resection. Portal vein itself was not the reason of
unresectability.

IPEUS can be performed preoperatively by means of a
percutaneous transhepatic route. We performed this pro-
cedure in biliary tract cancers which require percutaneous
transhepatic portal embolization (PTPE). In these cases,
we performed IPEUS preoperatively with PTPE [13]. But
in pancreatic cancer, we did not perform percutaneous
transhepatic portography, so IPEUS was not performed
preoperatively. The diagnostic principal behind IPEUS
was based on the anatomical relation between pancreas
and retroperitoneal nerve plexuses. Yoshioka and Waka-
bayashi [14], who first studied the pancreatic head nerve
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plexus in detail, divided PL into two main portions. The
first portion extends from the right celiac ganglia to the
upper median margin of the uncinate process of the pan-
creas, and the second portion extends from the SMA to
the median margin of the uncinate process, Other extra-
pancreatic plexuses have been described around the supe-
rior mesenteric artery and celiac artery. The PLph-II is
the main site for the invasion by the carcinoma of the pan-
creatic head [6]. The incidence of PL invasion in carcino-
ma of the pancreas is reported to be 57-61% (5, 9, 151. In
the current study, IPEUS could detect the most of the PL
invasions with high accuracy rate of 97%. In this study,
the portal venous invasion rate was 52% (33/64) and
extrapancreatic nerve plexus.invasion rate was 28% (18/
64). Extrapancreatic nerve plexus invasion did not corre-
late very well with portal vein invasion. Basically, the
extrapancreat1c nerve plexus invasion cases were accom-
panied by the portal vein invasion, but not vice versa. So,
the portal vein invasion did not predict the extrapancreat-
ic nerve plexus invasion. We reported comparative results
of portal venous invasion by pancreatobiliary cancer be-
tween IPEUS, CT, and angiography [13]. IPEUS was
reported to be superior to CT, and angiography in diagno-
sis of portal vein invasion. Intraoperative IPEUS can
diagnose the PL invasion as well as the portal vein inva-
sion. IPEUS provided the important information to the
portal vein resection and reconstruction because the di-
rection and longitudinal distance of the portal vein inva-
sion was accurately diagnosed. Moreover, the accurate
diagnosis of the PL invasion with IPEUS navigates the
extent of dissection of the nerve plexuses around the SMA
to obtain negative dissected margin which closely corre-
lates with prognosis after resection.

Several studies showed that the presence of PL invasion
worsens the prognosis of patients with pancreatic carcino-
ma[4, 7, 16]. The present study revealed that the PL status
is significantly associated with the margin status which
might be responsible for the dismal prognosis of those
cases. Several studies have retrospectively examined mar-
gin status [3, 17, 18). We recently reported that the indica-
tion for the portal vein resection is to obtain cancer-free
margin and there is no indication for the resection of the
tumor if cancer-free margin cannot be obtained by portal
vein resection [3]. Trede et al. [19] reported significantly
reduced survival rate in patients with margin-positive
resection. Willett et al. [17] reported that survival was
largely dictated by resection margin, Yeo et al. [18] recent-
ly reported that resection margin status along with tumor
size, intraoperative blood loss and adjuvant treatment was
among the four factors representing independent predic-

20 Pancreatology 2004;4:76-81

tors of outcome. As the data from these studies and the
present study indicated, it is concluded that the outcome
in patients with a positive margin is dismal. To cure
patients with pancreatic cancer, it is important to deter-
mine the extent of pancreatic cancer to achieve tumor-
free margins with radical operation which includes wide
range of lymphadenectomy, retroperitoneal dissection
and, when indicated, PV/SMYV resection.

The fact that PL invasion is significantly associated
with margin status might be explained by the anatomical
relation between the PL and the SMA. The distance be-
tween the PL and the SMA is actually very-close which

‘makes curative resection difficult. Beyond this anatomi-

cal approach, there may be several other explanations for
that fact. Extrapancreatic nerve plexus invasion is one of
the major causes of recurrence of resected pancreatic can-
cer as tumor cells appear to migrate along the nerve fibers
for a long distance and reach the celiac plexus where they
form a nidus. There appears to be no relationship between
the size of the tumor and the PL invasion since small
tumors or even microscopic cancer show invasion to the
PL[20, 21]. It is possible that the specific molecules pro-
duced by nerve tissue and/or tumor cells take part in the
mechanism for neural invasion and therefore the wors-
ened outcome,

When considering surgical treatment of pancreatic
cancer, complete dissection of extrapancreatic nerve plex-
us, especially the second portion of the PL and nerve plex-
us around the SMA, may be necessary to obtain a tumor-
free surgical margin. However, complete resection of the
nerve plexus around the SMA causes severe diarrhea after
resection. Therefore, IPEUS as a powerful tool for intra-
operative diagnosis of the PL invasion is necessary for
planning the operative procedure. If a patient has no car-
cinoma invasion to the second portion of the PL, the left
semicircular nerve plexus around the SMA is preserved in
order to prevent diarrhea,

According to the present results, the prognosis of the
cases with PL invasion is very poor and the indication for
resection is doubtful. From this study, we concluded that
when extrapancreatic nerve plexus invasion was diag-
nosed by IPEUS, there was no indication for resection
because the prognosis of extrapancreatic nerve invasion
cases was considered to be too poor to be resected.
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Frequent promoter methylation and gene silencing
of CDH13 in pancreatlc cancer
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It has recently been reported that COH13 expression is silenced
by aberrant methylation of the promoter region in several can-
cers. We examined the methylation status of the CDH73 gene in
pancreatic cancer using methylation-spemflc PCR*(MSP), and de-
tected aberrant methy[atlon of CDH13 in all & pancreatic cancer
cell lines examined., To confirm the status of the CDH13 gene in
relation to the methylation pattern, we next examined CDH13 ex-
pression in these cell lines usmg reverse transcrtptlon (RT)-PCR. As
expected, no CDH13 expresswn was detected in any of the 6 pan-
creatic caiicer cell lines. Moreover, 5-aza-2"- deoxycytldme {5-aza-
dC) treatment of CDH13-methy|ated cell lines led to restoration of
CDH13 expresslon Among primaty pancreatu: cancers, 19 of 33
{(58%) cases exhibited CDH73 methylation, while no cases exhib-
ited it in corresponding normal pancreatic tissues. CDH13 methy-
lation was detected ‘even in relatwely early pancreatlc cancers,
such as stage Il cancers and cancers less than 2 cm in diameter,
Our results suggest that the aberrant methylation of CDH13 oc-
curs frequently in pancreatic cancer, even at a relatnvely early
stage. {Cancer Sci 2004; 95: 588-591)

ancreatlc cancer is one of the most aggresswe cancers, and

is the fifth leading cause of cancer mortality in the Western
population.? The prognosis is poor, and 5-year survival is rare.?
Pancreatic carcinogeriesis is a multi-stage process resulting
from the accumulation of genetic changes in the somatic DNA
of normal cells. Mutations in proto-oncogenes such as K-ras
-and tumor suppressor genes such as pl6, p33, and DPC4 are
well known.*-”? The accumulation of these genetic changes
leads to a profound disturbance in cell cycle regulauon and nor-
mal growth. However, further studies of the genetic alterations
are needed to clarify fully the bxologxcal character of pancre.atlc
cancer.

In recent years, there has been increasing interest in a large
family of transmembrane glycoproteins, the cadherins. Cad-
herins are prime mediators of calcium-dependent cell-cell adhe-
sion in normal cells and are also involved in contact inhibition
of cell growth by inducing cell cycle arrest.® ® Loss of their ex-
pression has been described in many epithelial cancers and may
play a role in tumor cell invasion and metastasis.'% 1D Recently,
abetrant methylation of the CDHI3 (H-cadherin) gene associ-
ated with gene silencing has been reported in several primary
tumors including breast, lung, colorectal, and ovarian cancers,
and myeloid leukemia.'?-'® These reports suggested that
CDH]3 may be an important gene for the progression of cancer
and prompted us to examine CDHI3 status in pancreatic can-
Cer.

In this study, we first examined the methylation status and
gene expression of CDHI3 in pancreatic cancer cell lines using
methylation-specific PCR (MSP) and reverse transcription-PCR
(RT-PCR), respectively. We then examined the methylation sta-
tus of the CDHI3 gene in primary pancreatic cancers and cotre-
sponding normal pancreatic tissues derived from 33 patients,
and evalvated the corélation between the methylation status
and the clinicopathological findings.

588-591 | CancerSci | July2004 | vol:95 [ no.7

Matertals and Methods

Sample collection and DNA preparation. Six pancreatic cancer
cell lines {AsPC-1, BxPC-3, Capan-1, Capan-2, MIA PaCa-2,
and SW1990) and 1 colorectal cancer cell line (SW480) were
obtained from American Type Culture Collection {Manassas,
VA). They were grown in RPMI 1640 supplemented with 10%
fetal bovine serum and jncubated in 5% CO, at 37°C.

Thirty-three primary tumors and corresporiding’ nonrnalignant
pancreatic tissues were collected at the Nagoya University
School of Medicine from pancreatic cancer patients who had
been diagnosed hrstopathologlcally ‘All pancreatic cancers were
invasive ductal carcinomas. These samples were obtained dur-
ing surgery. Written informed consent, as required by the insti-
tutional review board, was obtained from all patients. All
samples were quickly frozen in liquid nitrogen and stored at
—80°C until analysis. Genomic DNA was obtained from these
samples by digestion with proteinase K, followed by phenol/
chloroform extraction as described previously.!”

Bisulfite modification and MSP, DNA. from tumor and normal
specimens was subjected to bisulfite treatment as described pre-
viously.'® Briefly, 2 pg of DNA was denatured with NaOH and
modified with sodium bisulfite. DNA samples were then puri-
fied using the Wizard purification resin (Promega Corp., Madi-
son, WI), treated again with NaOH, precipitated with ethanol,
and resuspended in water, The modified DNA was used as a
template for MSP. Primer sequences of CDH13 for the unmeth-
ylated reaction were; CDH13 UMS (sense), 5-TTGTGGGGT-
TGTTTTTTGT-3’, and CDH13 UMAS (antisense), 5'-
AACTTTTCATTCATACACACA.-3", which amplify a 242-base
pair product. Primer sequences of CDH13 for the methylated
reaction were: CDHI3 MS (sense), 5-TCGCGGGGT-
TCGTTTTTCGC-3’, ¥ind); CDH13". MAS  (antisense), 5'-
GACG’I"I"I"I‘CA’ITCATACACGCG-S’ Whlch amplify a 243-
base pair product. These primer sequences were described
previously. 1 The PCR amplification of modified DNA sam-
ples consisted of 1 cycle of 95°C for S min; 1 cycle of 78°C for
10 min, 30 cycles of denaturing at 95°C for 30 s, 1 min of an-
nealing at specific temperature, 1 min of extension at 72°C and.
a final extension step of 10 min at 72°C. Modified DNAs ob-
tained from SW480 and Capan-1 were used as positive controls
for unmethylated and methylated alleles, respectively. Controls
without DNA, were included in each ‘assay. Ten microliters of

_cach PCR product was loaded directly onto nondenatiring 6%

polyacrylamide gels, stained with ethidivm bromide, and visu-
alized under UV illumination. Each MSP was repeated at least
twice.

RT-PCR. Expression of the CDHI3 gene was analyzed by RT-
PCR. Total RNA was extracted from pancreatic and colorectal
cancer cell lines with “ISOGEN" (Nippon Gene, Tokyo) fol-
lowing the manufacturer’s insttuctions. First-strand ¢cDNA was
generated from RNA, as described previously?® cDNA was am-
plified by means of a primer set that was specific for the

1To whom correspondence should be addressed.
E-mail: khibl@med.nagoya-u.acjp
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CDHI3 gene. Primer sequences were: CDHI3 S (sense), 5
TTCAGCAGAAAGTGTTCCATAT-3, and CDH13 AS (anti-
sense), 5-GTGCATGGACGAACAGAGT-3". The PCR ampli-
fication consisted of 1 cycle of 94°C for 2 min; 33 cycles of
94°C for 30 5, 57°C for 30 s, and 72°C for 30 g; and 1 cycle of
72°C for 5 min. Expression of B-actin was used as a control to
confirm the success of the RT reaction, PCR products were vi-
sualized on 2% agarose gels stained with ethidinm bromide.

5-Aza-2-deoxycytidine (5-aza-dC) treatment. Methylated cell
lines of pancreatic cancer were treated with 5-aza-dC (Sigma-
Aldrich, St. Louis, MO), a demethylating agent. Cells
(1.5x10%) were grown for 6 days in the presence of different
concentrations of 5-aza-dC (0, 1, 3, and 10 pM), with medium
changes on days 1, 3, and 5.

Statistical analysis, The associations between CDHI3 promoter
methylation and clinicopathological parameters were analyzed
by using Fisher’s exact test.

Results

We first examined the methylation status of the' CDHI3 pro-
moter in 6 pancreatic cancer cell lines using the MSP tech-
nique. Aberrant methylation of CDHI3 was detected in all 6
cell lines (Fig. 1A). To confirm the status of the CDHI3 gene
according to the methylation pattern, we next examined CDHI3
expression in these cell lines using RT-PCR. As expected, no
CDHI3 expression was detected in any of the 6 pancreatic can-
cer cell lines, whereas CDHI3 expression was distinetly de-
tected in a colorectal cancer cell line (SW480) with
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Fig. 1. Methylation and expression status of CDH13in pancreatlc can-
cer cell lines, (A) MSP of CDH13 promoter. The presence of a visible PCR
product in lanes U indicates the presence of unmethylated genes; the
presence of product in lanes M indicates the presence of methylated
genes. All 6 pancreatic cancer cell lines show CDH13 promoter methy-
lation, whereas a colorectal cancer cell line (SWA480) has unmethylated
CDH13 promoter. (B) Analysis of CDHT3 expression by RT-PCR. No
CDH13 expression was detected in any of the pancreatic cancer cell
lines, whereas CDH13 expression was distinctly detected in the case of
SW4B0, whose CDH13 promoter is unmethylated. Exprassion of f-actin
was used as a control to confirm the success of the RT reaction. (C) The
effect of 5-aza-2’-deoxycytidine (5-aza-dC) treatment on CDH173 expres-
sion in pancreatic cancer cell iines with methylation of CDH13 pro-
moter, Recovery of CDHI3 expression was restored dosage-
dependently by 5-aza-dC treatment,
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unmethylated CDHI3 promoter (Fig. 1B).

To confirm that the promoter methylation was responsible for ’
silencing of the, CDH13 expression, we treated methylated pan-
creatic cancer cell lines with different concentrations of 5-aza-
dC (0, 1, 3,10 pi), a demethylating agent, and examined
CDHI3 expression by RT-PCR. CDHI3 expression in all cell

- lines was restored in a dosage-dependent manner by the S-aza-

dC treatment (Fig, 1C).

Subsequently, we examined the methylation status of the
CDHI13 promoter in primary pancreatic cancers and corre-
spondihg normal tissues. Aberrant methylation of the CDHI3
gene was detected in 19 of 33 (58%) primary pancreatic can-
cers, but not in the corresponding normal pancreatic tissues
(Fig. 2). We also examined the methylatlon status of the
CDHI3 gene in 24 primary hepatocellular carcinomas. In con-
trast to the frequent methylation detected in pancreatic cancer,
no aberrant methylation of the CDHI3. gene was detected in
these hepatocellular carcinomas (data not shown).

Table 1 shows the CDHI3 methylatmn status and the clinico-
pathological fmdmgs in 33 pancrcatlc cancer, patients, The
CDHI13 methylauon was detected even in relatively early pan-
creatic cancers such as stage II cancers and cancers less than 2
cm in diameter. We then examined the correlation between the
CDH13 methylation status and the clinicopathological findings
(Table 2). We found no significant correlation between aberrant
methylation in the primary tumors and age, sex, tumor size, his-
tological type, presence of lymph node involvement, stage of -
the disease, serum CA19-9 level, penneural invasion, venous
invasion, or lymphatlc invasion.

Discussion

Aberrant methylation of the promofer regions associated with
gene silencing is one of the major mechanisms for the inactiva-
tion of tumor suppressor genes, and has been observed in vari-
ous cancers,® including pancreatic cancer®-2% Ueki et al.
examined the methylation status of several tumor suppressor
genes in pancreatic cancer using MSP and defined the “Cp(G is-
land methylator phenotypc (CIMP)” in this disease.2® CIMP+
phenotype was observed in 14% of pancreatic cancers and aber-
rant methylation of tumor suppressor genes, such as RARb, p16,
and E-cadherin, appeared at a rate of 5-20% for each gene.
These results suggested that aberrant methylation might be a
common mechanism for the inactivation of the tumor suppres-
sor gene in pancreatic cancer.

Recently, the CDHI3 gene has been identified as a new
member of the cadherin superfamily. Furthermore, it has been
reported that CDHI3 gene expression was silenced by aberrant
methylation of the promoter region in several primary
twumors.>-'9 However, the methylation stats of the CDHI3
gene has not yet been studied in pancreatic cancer. In the
present study, we examined the methylation status of the
CDHI3 gene and found that the CDHI3 promoter was methy-
lated in all 6 pancreatic cancer cell lines and in 19 of 33 pri-
mary pancreatic cancers (58%). This result suggests that
CDHI3 promoter methylation is a fairly frequent event, and
that it plays a role in the progression of pancreatic cancers,
CDH13, as a member of the cadherin family, would be a cell

Case 7 Cage 9 Cage 15 ‘Case 22
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Fig. 2. Representative MSP of CDH13 promoter in primary pancreatic
cancers and the corresponding normal tissues, In primary pancreatic
cancers, cases 7, 9, and 15 exhibited CDH13 promoter methylation.
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Table 1. CDH13 methylation status and clinicopathological findings in 33 pancreatic cancer patients

case No Age Sex  Tumorsize Histological Lymphnoqe TNM CA19-9 Perina_eural Venous  Lymphatic
' (mm) type? metastasis  stage? (Uiml} invaston® Invasion?  invasion®
Methylated cases '
for COH13
1 &6 male 35 poor - I 90 - - +
5 66 femala 20 uncertain - ] 180 - ~ -
6 83 female 45 well - WA - 3302 - - -~
7 76 miale 25 maod - ; 452 + - +
8 73 female 40 well + VB 1476 o+ -~ +
9 . 68 male 45 mod + VA 263 - + +
11 52 male 45 mod + VB <5 + + +
12 61 male 55 mod + WA 3805 + + +
15 47 male 15 mod - VA unknown + - +
17 58 male 45 poor + VB 186 + - +
19 63 male 45 mod + VA 1663 + - +
21 66 male 70 poor + WA 83 + + +
23 55 female 70 mod ¥ VA unknown + ~ +
26 67 female 20 poor - VA 899 + + +
27 58 male 30 mod + VB 35 + + +
28 68 male 20 well + fil 104 - + +
29 79 female N mod - ] 34 + - +
31 66 female 61 well + VA 1030 - - -
33 69 male 30 mod + i 28 - +
Unmethylated
cases for CDH13

2 51 female 25 mod - WA 1220 + - -~
3 68 male 30 mod + WA 216 + + +
4 63 female 30 mod + [} 9 - - -
10 71 female 30 mod + WA 1101 + - +
13 A male 30 poor + n 40 - - +
14 48 female 45 mod + VA 126 + - +
16 76 male 45 mod + v 2149 + - +
18 57 male 45 mod + B 210 - + - +
20 62 male 18 mod - il 91 + - +
2 50 - female 20 mod + IVA 407 + - +
24 65 female 28 uncertain + VA 285 - - +
25 71 female 18 mod - vA 7 + + ~
30 . 48 male 25 well + n 24 - - +
32 73 male 25 poor + IVA 279 + - +

7} Well, well differentiated adenocarcinoma; mod, moderately differentiated adenocarcinoma; poor, poorly differentiated adenocarcinoma.
2} Classified according to the International Union Against Cancer turmor-node-metastasis classification.
3} Classifled according to the classification of pancreatic carcinoma of the Japan Pancreas Society,

surface glycoprotein responsible for cell adhesion. Thevefore, it
is conceivable that CDHI13 is inactivated in pancreatic cancers
by promoter methylation, leading to cancer cell disassociation,
which is a characteristic of pancreatic cancer. Recently, it was

reported that E-cadherin expression in pancreatic tumor cells

resulted in arrest of tumor development at the adenoma stage,
whereas expression of a dominant negative form of E-cadherin
induced early invasion and metastasis.?® This report supports
the notion. that the inactivation of cadherin family genes would
be a critical event in scattering cancer cells, because they code
for proteins responsible for selective cell recognition and adhe:
sion.
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Table 2. Correlation between CDH13 methylation and clinicopathological findings in 33 pancreatic cancer patients

Clinicopathalogical Number of

CDH13 methylation [number (%)]

findings Variable cases Methylated unmethylated P value”
] {n=19) {n=14)

Age <60 10 5 {26} 5 {36) 0.707
=60 23 14 (74) 9 (64)

Sex male 19 12 (63} 7 (50} 0.497
famale 14 7 (37) 7 (50)

Tumor size <3cm 10 4 {21} 6 {(43) 0.257
23cm 23 15 (79) 8 (57)

Histolegical type? well-mod 25 14 (78) 11 {85) >0.99%
poor 6 4 (22} 2{(15)

Lymph node metastasis - 10 7 (37) 3(2n 0.455
+ 23 12 (63) 1 (79)

TNM stage? I, L 10 6 (32) 4 (29) »0.999
VA, IVB 23 13 {(68) 10{71)

CA19-9 leval {Ufml) <100 11 6 (35) 5 {36} >0.999
2100 20 11 {65} 9 (64)

Perineuraf invasion® - 11 7 (37) 4(29) 0.719
4 22 12 (63) 10 (71}

Venous invasion® - 23 11 (58} 12 (86) 0,131
+ 10 8 (42) 2(14)

Lymphatic invasiond - 6 3 (16) 3210 »0.999
+ 27 16 (84} 1179

1) Analyzed by Fisher's exact test.

2y Well-mod, well or moderately differentiated adenocarcinoma; poor, poorly differentiated adenocarcinoma.
3) Classified according to the International Union Against Cancer tumor-node-metastasis classification.
4} Classified according to the classification of pancreatic carcinoma 'of the Japan Pancreas Sodiety,
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Abstract

Metastin, a post-translationally modified variant of KiSS1, was recently identified as an endogenous peptide agonist for a nove]
G-protein coupled receptor, hOT7T175 (AXOR12, GPR54). In this study, we analyzed the rok of XiSS1 and hOTTT175 in both
pancreatic cancer tissues and pancreatic cancer cell lines. Furthermore, we synthesized novel short variant forms of metastin and
tested the inhibitory effect of those variants on in vitro cell functions that are relevant to metastasis. Pancreatic cancer tissnes showed
significantly lowet expression of KiS$1 mRNA than normal tissues (p = 0.018), while cancer tissues showed significantly higher
expression of h\OT7T175 mRNA than normal pancreatic tissues (p = 0.027). In human pancrestic cancer cell lines, KiSS1 mRNA
was highly expressed in 2 out of 6 pancreatic cancer cell lines, while HOT7T175 mRNA was expressed in all cell lines at varions
degrees. PANC-1 cells showed the highest expression of hOT7T175. Exogenous metastin did not suppress cell proliferation but
significantly reduced the in vitro migration of PANC-1 cells (p < 0.01). Metastin induced activation of ERK1 in PANC-1 and
AsPC-1 cells. Finally, we synthesized 3 novel short variant forms of metastin, FM053a2TFA, FM05922TFA, and FM052a4TFA.
These metastin variants significantly suppressed the migration of PANC-1 cells and activated ERK1. These data suggest that the
metastin receptor, hOT7T175, is one of the promising targets for suppression of metastasis, and that small metastin variants could
be an anti-metastatic agent to pancreatic cancer.
© 2004 Elsevier Inc. All rights reserved.

Keywords: KiS81; hOTTTL75; Metastin; Pancreatic cancer; Migration; Metastasis

The KiSS1 peptide was originally identified as being
differentially up-regulated in C8161 melanoma cells that
have been rendered to have non-metastatic function by
microcell mediated transfer of human chromosome 6 [1].
Transfection of KiSS7 into' human melanoma and
breast carcinoma cells prevents these cells from metas-
tasizing without an effect on cell proliferation [2]. Fur-
thermore, the KiSS1 product has been shown to repress
92-kDa type 4 collagenase (MMP-9) expression by af-
fecting NF-kB binding to the promoter [3). The KiSS1
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product was found to be expressed in normal human
placenta, testis, brain, pancreas, and liver [4].

Recently, it was shown that the human metastasis
suppressor gene KiSSI encodes a COOH-terminally
amidated peptide with 54 amino acid residues, and that
this peptide is a ligand of a novel human G-protein
coupled receptor (AXORI12 and hOT7T175) which
couples primarily to Gg/l1}l [4~7). The receptor has a
high degree of homology (81% amino acid identity) to
the rat orphan heptahefical receptor, GPR54 [8], indi-
cating that these two receptors are orthologs. The pep-
tide ligand, named as metastin, enhances the expression
and activity of focal adhesion kinase, and attenuates
pulmonary metastasis of hOQT7T175 transfected
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B16-BL6 melanomas in vivo [5]. In another experiment,
metastin inhibits chemotaxis and invasion of hOT7T175
transfected Chinese hamster ovary cells (CHO cells) in
vitro with the activation of phospholipase C, arachi-
donic acid release, and phosphorylation of ERK [6,7].
These indicate that metastin-hQT7T175 axis may act as
an anti-metastatic system., The characteristics of inhibi-
tory effects on cancet cell metastasis without affecting
cellular growth properties of normal cells make the
metastin receptor to be an attractive target for cancer
therapy. .
The KiSS1 is located on human chromosomelq32-
q4l [9]. However, evidences from subsequent experi-
ments suggest that the expression of KiS|S1 is regulated
by a gene(s) located in the region between 6g16.3 and
q23 [1]. In pancreatic cancer, losses of 6q, 8p, 9p, 17p,
and 18q are frequently observed and those alterations
tend to cause lymph node and distant metastases, which
suggests a suppressor gene(s) important for pancreatic
cancer metastasis may exist in these regions [10-12],
Therefore, pancreatic cancer, has good reasons to
downregulate KiSS1 expression. Moreover, in other
cancers such as ovatian cancer, breast cancer, and thy-
roid papillaty cancer, over-expression of hOT7T175 has
been demonstrated, although KiSS1 is less frequently
expressed in the tumor tissue [4,5]. Until now, however,
expressions of KiSS1 and hOT7T175, and their function
have not been investigated in pancreatic cancer. The
purpose of the present study was to determine if KiSS1
and its receptor hOT7T175 are expressed in pancreatic

cancer tissues, and to analyze the effect of exogenous -

metastin on pancreatic cancer cell lines with different
expression levels of hQT7T175. Finally, we newly syn-
thesized short variant forms of metastin and tested the
inhibitory effect of those variants on in vitro cell func-
tions that are relevant to metastasis.

Materials and methods

Cell culture. Pancreatic cancer cell lines, AsPC-1, BxPC-3, Capan-2,
CFPAC-1, PANC-1, and SUIT-2 were purchased from the American
Type Culture Collection. Cells were cultured as monolayers in the
appropriate medium supplemented with 10% fetal bovine serum,
100 U/ml penicillin, and 100 pg/ml streptomyein at 37°C in a humid
atmosphere of 5% CO2/95% air. As for AsPC-] and PANC-1, upon
reaching 80% confluence, the medium was removed, the cells were
washed in phosphate-buffered saline (PBS) and treated with various
concentrations of metastin (Takeda Chemical Industries, Tsukuba,
Japan) with 10% fetal bovine serum, and protein was isolated 15min
later as described below.

Patients and tumor samples. Pancreatic cancer tissues obtained from
30 patients who underwent pancreatectomy at our Department between
January 1998 and June 2001 were used, Patients with other pancreatic
malignancies, such 4s intraductal papillary mucinous adenocarcinoma,
acinar cell carcinoma, and endocrine tumor, were excluded. Informed
consent was obtained from each patient according te the institutionsl
guidelines. Samples for mRNA expression were immediately frozen in
liguid nitrogen at the time of surgery and stored at —80°C.

Peptide synthesis. Fifty-four amino acid peptide, metastin, was
kindly provided from Dr. T. Ohtaki, Takeda Chemical Industries [5).
We synthesized 3 short peptide variants of metastin, which were
defined as FM0O5322TFA, FMOS9a2TFA, and FMO5224TFA. The
sequences of these peptides are as follows:

FMO53a2TFA: Gu-Amb-Phe-Gly-Leu-Arg-Trp-NHz,

FMO059a2TFA: Ac-Trp-Asn-Arg-Phe-Gly-Leu-Arg-Trp-NH;,

EMO05224TFA: Bis(Py)-Amb-Phe-Gly-Leu-Arg-Trp-NH,,

These peptides were selected by screening from various truncated
forms of XiSS1 peptide and modified peptides for gaining almost the
same internal signals with metastin through the receptor using reporter
gene assay in yest,

All reagents for peptide synthesis were purchased from Watanabe
Chemical Industries (Hiroshima, Japan), NovaBiochem (Darmstadt,
Germany), Naczlai Tesque (Kyoto, Japan), and Wakd Pure Chemical
Industries {Osaka, Japan), Jon-spray muass specira were obtained with
a Scjex APIIIE triple quadrupole mass spectrometer. Protected pep-
tide-resins were manually constructed -on Fmoc-NH-SAL resin by
Fmoc-based solid-phase peptide synthesis. Trt for Asn and Pbf for Arg
were employed for side-chain protection. In the synthesis of FM052a
and FM053a, amino-group modifications were performed after cou-
pling - of 4-{aminomethyl}benzoic acid, respectively. Reductive amina-
tion using pyridine-2-aldehyde and NaBH; (OAc) provided the
protected resin for FM052a. Treatment with IH-pyrazole-1-carbox-
amidine hydrochloride and N, N-diisopropylethylamine gave the resin
for FM053a. Deprotection/cleavage by treatment of the peptide resins
with a mixture of TFA-thicanisole-m-cresol-F;0-1,2-ethanedithiol-
triisoprapylsilane (80:5:5:5:2.5:2.5, v/v} followed by purification by
reverse phase HPLC (Cosmosil SC18-ARII column, Nacalai Tesque,
Japan, 20 x 250 mm) yielded the peptides, FMO059a was prepared by
N-termina) acetylation of the protected octapeptide, subsequent de-
protection/cleavage, and HPLC purification as well.

Quantitative RT-PCR. To monitor gene expression, we used
quantitative real-time RT-PCR analysis [13-15]. Briefly, within the
amplicon defined by a gene-specific PCR primer pair, an oligonu-
cleatide probe Iabeled with 2 fluorescent dyes is created and designated
2s TagMan probe. As long as the probe is intact, the emission of the
reporter dye (6-carboxy-fluorescein, FAM) at the 5-end is quenched
by the second fluorescence dye (6-carboxy-tetramethyl-rhodamine,
TAMRA) at the 3-end. During the extension phase of PCR, the
polymerase cleaves the TagMan probe, resulting in a refease of the
reporter dye, The increasing amount of reporter dye emission is de-
tected by an automated sequence detector combined with analysis
software (ABI Prism 7700 Sequence Detection System; PE Applied
Biosystems). The conditions of the reaction were according to the
mznufacturer’s protocol, Five microliters of cDNA (reverse {ran-
scription mixture) with 25ul TaqMan Universal PCR Master Mix (PE
Applied Biosystems) and oligonucleotides at a final concentration of
0.3 M for primets and 0.2pM for the TagMan hybridization prabe
were analyzed in a 50-pl volume,

The following primers and TagMan probes were used for analysis.
The KiSS1 specific primers were

5-ACTCACTGGTTITCTTGGCAGC-Y (upstream primer),

- ACCTTTTCTAATGGCTCCCCA-Y (downstream primer), and

5 (FAM)-ACTGCITTCCTCTGTGCCACCCACT-(TAMRAYY

(TagMan probe).

The hQT7TL75 specific primers were

§-CGACTTCATGTGCAAGTTCGTC-3 (upsirezm primer),

§'-CACACTCATGGCGGTCAGAG-Y {downstreatn primer), and

5' (FAM}ACTACATCCAGCAGGTCTCGGTGCAGG{TAMRA)

{TagMan probe).

The thermal cycle parameters were 95°C for 0min (for heat detiva-
tion of Tag-Polymerase), followed by 40 cycles of 95°C for 155 and
60°C for 1min. Assessment of GAPDH RNA for quality and nor-
malization was done with the TagMan GAPDH Contro) Reagent Kit

{PE Applied Biosystems) which utilizes standard TagManp probe

chemistry,
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Protein extraction and Western blotting. Cells were collected into
microtubes with 4 cell scraper and lysed for 60 min in phosphorylation-
inhibitory RIPA buffer containing 50mM Hepes (pH 7.0), 250mM
NaCl, 0.1% Nonidet P-40, 1mM phenylmethylsulfonyl fuoride
(PMSF), and 20 ug/ml gabexate mesilate, and then the lysate was
sonicated for 105, Total extracts were cleaned by centrifugation at
12,000 rpm for [0min at 4°C and the supernatants were coflected.
Protein concentrations were measured using a protein assay kit
(Tonein-TP, Otsuka Pharmaceutical, Tokyo, Japan). The lysates were
resuspended in one volume of the gel loading buffer which contained
S0mM Trs-HCQl (pH 6.7), 4% SDS, 0.02% bromophenol blue, 20%
glycerol and 4% 2-mercaptoethanol, and then boiled at 95°C for 90s.
The extracted protein was subjected to Western blotting, as previously
described [16]. In brief, 30-ug aliquots of protein were size-fractionated
to a single dimension by SDS-PAGE (12% gels) and transblotted to a
0.45-pm polyvinylidene difluoride membrane (Bio-Rad, Richmond,
CA) in a semidry electroblot apparatus (Bio-Rad, Richmond, CA).
The blots were then washed 3 times with TBST buffer and incubated
for 2h at RT in the first antibody solution containing anti-phospho-
ERK antibody (pTEpY, Promega, Madison, WI), anti-phosphop38
MAPX. (pTGpY, Promega, Madison, WI) or anti-phospholNK
{pTPpY, Promega, Madison, WI), 0.2% I-block (Promega, Madison,
WI). After 3 washings in TBST buffer, the blots were incubated for
lh at RT with horseradish peroxidase-conjugated anti-rabbit 1gG
at a 1:2000 dilution with TBST buffer. After 3 washings in TBST
buffer, membranes were treated with enhanced chemiluminescence
reagents (Amersham Life Sciences, Amersham, UK) according to the
manufacturer’s protocol. Membranes were exposed to X-ray film
for 50-60s. Protein expression was measured by ATTO densito-
analyzer system AE-6920M (ATTO Corporation, Tokyo Japan) and
the quaptity was expressed numerically, The quantity of the target
protein was divided by that of B-actin and refative intensities were
caleulated. ‘

Cell proliferation assay. AsPC-1 and PANC-1 cells {1 x 104 cells/
3cm diameter dish) were seeded in 10% FBS medium and incubated
with increasing doses of metastin for 48 and 96h. Cells were trypsi-
nized and cell numbers were counted using hematocytometer,

Cell migration assay ond Matrigel bwasien assaps. A polyvinyl-
pyrrolidone-free polycarbonate framed filter (8 um pores) was set in
4 chamber (Corning Coster, Cambridgs, MA). Cells (2 x 106 cells in
200l RPMI1640 for AsPC-I and in 200ul DMEM for PANC-1)
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and designated concentrations of peptide were added to the upper
chamber and incubated at 37°C for 12h to allow migration to the
lower chamber, which contained 10% FBS/RPMI1640 for AsPC-1 or
5% FBS/DMEM for PANC-1 as a chemoattractant, After removing
non-migrating cells with a cotton swab from the upper surface of
the membrane, cells on the lower surface were fixed, stained with
Dift-Quick (Tuternational Reagent, Kobe, Japan), For quantification,
cells were counted under a microscope in 5 predetermined fields at
200%.

Cells and peptide (2 x 108 cells in 200u) RPMI1640 for AsPC-i
and in 2001 DMEM for PANC-1) were added to a Matrigel-conted
Transwell (8pum pores, Becton-Dickinson Labware, Bedford, MA)
and incubated at 37 °C for 121 versus a lower chamber containing 10%
FBS/RPMI1640 for AsPC-1 or 5% FBS/DMEM for PANC-1, After
removing the Matrigel and cells from the upper surface of the mera-
brane, cells on the lower surface were fixed, stained with Diff-Quick
and the number quantified as well, Invasion index was defined as the
numaber of invaded cells per that of migrated ceils.

Statistical analyses. The comparative statistical evatuations among
groups in the densitometry or in the migratory activity were first
performed by a two-way analysis of variance for repeated measures,
followed by a post hoc Tukey test. To compare the mRNA levels in
pancreatic tissues, Wilcoxon's rank sum test was performed, All assays
were performed 3 times independently. Statistical analyses were done
using JMP statistical software (version 3.02). Probability vahie of
<0.05 was considered significant.

Results

Expression of KiSS1 and ROT7TI75 in pancreatic cancer
tissues

First, we measured the mRNA expression levels of
KiSS1 and hOT7T175 in 30 pancreatic cancer tissues
and in 5 adjacent normal pancreatic tissues. All the
normal pancreatic tissues (5/5) and [4/30 of pancreatic
ductal carcinoma tissues expressed KiSS1 mRNA
(Fig. 1A). The expression level of KiSS1 mRNA in
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Fig. 1. Expression of KiSS1 mRNA and hOT7T175 mRNA in pancreatic cancer tissues. The KiS81 mRNA and hOT7T175 mRNA in pancreatic
cancer {n = 30} and normal pancreatic tissues (i = ) were measured by real-time RT-PCR. The leve] of KiSS1 mRNA in pancreatic cancer tissues
was significantly jower than that of normal pancreatic tissues {p = 0.018). The level of hOT7T175 mRNA in pancreatic cancer tissues was signifi-

canily higher than that of normal pancreatic tissues (p = 0.027).



88 T Masui et ol. | Biochemical and Biophysical Research Communications 315 (2004) 85-92

BKiSS1

RhQT7T175

mRNA expression per GAPDH (x10-%)

AsPC-1
BxPC-3
Capan-2 |
CFPAC-1
PANC-1
Suit-2

Fig. 2. Expression of XiSS1 mRNA and hOT7T175 mRNA in pan-
creatic cancer cell lines. The KiSS! mRNA and hOT7T175 mRNA in
pancreatic cancer cells were measured by real-time RT-PCR. AsPC-1
and SUIT-2 showed high level of metastin mRNA expression nd
other 4 cell lines showed very low level of expression. In contrast, all
cell lines expressed hROT7T175 mRNA. PANC-1 cell most highly ex-
pressed hOTTT17S mRNA, Measurements were repeated three times
and daty are expressed as means £ SEM.

pancreatic cancer tissues was significantly lower than
normal pancreatic tissues (p = 0.018). In contrast, ali
the pancreatic cancer tissues (30/30) and normal pan-
creatic tissues (5/5) expressed KiSS1 receptor hOT7T175
mRNA, and the expression level of hOT7T175 mRNA
in pancreatic cancer tissues was significantly higher than
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that of normal tissues (p = 0.027) (Fig. 1B). We tested
paired samples from § patients {cancer and normal tis-
sues from each patient). The expression of hOT7T175
was higher in cancer tissue than the adjacent normal
pancreatic tissue in all the 5 paired samples.

Expression of KiSS1 and hOT7T175 in pancreatic cancer
cell lines

We next measured the expression of KiSSI mRNA
and hOT7T175 mRNA in 6 pancreatic cancer cell lines
(Fig. 2). Among 6 pancreatic cancer cell lines, AsPC-]
and SUIT-2 showed high leve] of KiSS1 mRNA ex-
pression and the other 4 cell lines showed a very low
level of expression. In contrast, all cell lines expressed
hOT7T175 mRNA at various degrees. PANC-1 cell
most strongly expressed hOT7T175 mRNA. According
to these results, we chose AsPC-1 cell line as a repre-
sentative of high KiS81 and low hQT7T175, and chose
PANC-1 cell line as that of low KiSS! and high
hOT7T175. We used these two cell lines in the following
experiments.

Effects of exogenous metastin on proliferation, migration,
and invasion through endogenous metastin receptor

We examined the effect of exogenous metastin on
pancreatic cancer cell proliferation. Metastin peptide
was added to AsPC-1 and PANC-1 cells in the phase of
exponential growth at final concentrations of 0, 0.1, 1,
and 10 uM for 48 and 96 h. The addition of metastin had
no effects on cell proliferation of AsPC-1 and PANC-1.

B 4o, BASPC-1 M PANC-1
1.0 5 Y%’
% 0.8} % %
§ 0.6 % %
0.2+ E % Zé
0 0.1 1 10
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Fig. 3. Bifects of exogenous metastin on migration and jnvasion of pancreatic cancer cells, (A) Effect of metastin on migration of pancreatic cancer
cells. Cells were treated with various concentrations of metastin for 12h. Metastin at | and 10pM significantly suppressed migratory activity of
PANC-1 cells, {B) Effect of metastin on invasion of pancreatic cancer cells, Cells were treated with various concentrations of metastin for 124,
Invasion activity was not affected by tested concentrations of metastin in both AsPC-1 and PANC-1. Experiments were repeated three times and data

are expressed as means+SEM. * Represents p < 0.05 against control.
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Next, we fested the effect of metastin on migration
and invasion of these cell lines. The migration of
AsPC-1 was not significantly affected by metastin, while
PANC-1 was sigpificantly inhibited by metastin at 1
and 10 uM (p < 0.05) (Fig. 3A). The invasion of the two
cell lines was not significantly affected by metastin
(Fig. 3B).

Effects of metastin on MAPK activation in AsPC-1 and
PANC-I cells

We analyzed the activation of MAPK by metastin.
Cancer cells in exponential phase were incubated in se-
rum containing medium and then transferred to 1%
BSA medium with metastin as described in the section of
migration and invasion assay. After incubation with
metastin for 15min, ERK1/2, p38, and INK1/2 were
investigated by immunoblotting (Fig. 4). Protein ex-
pression was measured by ATTO densito-analyzer sys-
tem AE-6920M (ATTO Corporation, Tokyo Japan) and
the relative intensity was expressed numerically (Fig. 5).
Metastin induced a significant increase of pERK1 in
AsPC-1 cells at 1 andiOpM and in PANC-1 at 0.1-
10 uM (Fig. SA). Metastin induced a significant increase
of pp38 in PANC-1 cells at 10 uM (Fig. 5B).

Effects of short variant forms of metastin on proliferation
and migration of hOT7T175 expressing pancreatic cancer
cells

We analyzed the effects of metastin and newly syn-
thesized short peptides, FM053a2TFA, FMO059a2TFA,

A ASPEH
Mitastinr coreentiation fub)
0.1 )| 1o

and FMO052a4TFA, on PANC-] cells which highly ex-
press hOT7T175. We found that the cell growth was not
affected by these 3 peptides. In migration assay, meta-
stin, FMO059a2TFA, and FMO052a4TFA significantly
inhibited the migration of PANC-1 cells (Fig. 6). We
examined the activation of ERK1/2, p38, and INK. by
these variant forms and found that ERK1 and p38 were
activated by metastin and all variant forms of metastin
(Fig. 7.

Discussion

In this study, we have demonstrated for the first time
that hOT7T175 is expressed in pancreatic cancer tissues,
but KiSS] is less expressed when compared to normal
pancreatic tissues. These results are in agreement with
the analysis by other investigators in ovarian cancer,
breast cancer, and colon cancer [2,5). Several reports
indicated that KiSS1 and its receptor hOT7T175 are
also highly expressed in placenta [4,5]. The placenta is
an invasive tissue, and there are similarities in the be-
havior of invading cancer cells and that of invading
placenta cells [17]. It is possible that KiSS1 and
hOT7T175 may constitute a common mechanism in
both of these processes, whereas the correlations of
clinicopathological factors such as distant metastasis
and invasion with KiSS1/hOT7T175 function have not
been clearly proved yet.

We next demonstrated that PANC-1 cells, which ex-
press hOT7T175, showed significant suppression of cell
migration with concomitant activation of ERK1 but not

PANGs

Mtastin ontentration (M)
0 0:1 - o
?/7

Fig. 4. Effects of metastin on MAPK agtivation in AsPC-1 and PANC-1 cells. AsPC-1 and PANC-1 cells were treated with various concentrations of
metastin for 15min. Western blot analysis identified double band corresponding to phosphorylated ERK1 (pERK }) and phosphorylated ERK2
(pERX2), single band of phosphorylated p38 (pp38), and double band showing phosphorylated TNK 1 (pJNK.1) and phosphorylated INK2 (pINK2}).
PERK was augmented in AsPC-1 by metastin at 1 and 10pM and in PANC-1 by metastin at 0.1, L, and 10uM. p38 wus augmented in PANC-1 by

metastin at 10 uM.
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Fig. 5. Effects of metastin on pERK1/2 and of pp38 in AsPC-1 and in PANC-1 cells. AsPC-1 and PANC-1 cells were treated with various con-
centrations of metastin for 15 min. Protein expression of pERK1/2 or pp38 was measured by 2 densito-analyzer system and the quantity was ex-
pressed numerically. The quantity of the protein was divided by that of p-actin and the relative intensities were calcujated. Metastin induced a
significant increase of pERK1 in AsPC-! cells at 1 and 10pM and in PANC-] at 0.1~10 M {A). Metastin induced 4 significant increase of pp38 in
PANC-1 cells at 10 uM (B). Experiments were repeated three times and datu are expressed as means &= SEM. * Represents p < 0,05 against control.
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Fig. 6. Effects of short variant forms of metastin on migration of
hOT7T175 expressing pancreatic cancer cefls, The effect of newly
synthesized short variant forms of metastin on migration of PANC-1
cells was evaluated. Metastin, FM059a2TFA, and FM052a4TFA sig-
nificantly inhibited the migration activity of PANC-1 cells. Experi-
ments were repeated thres times and data are expressed as
means + SEM. * Represents p < 0.05 against control.

of INK1/2 in response to exogenous metastin, while
AsPC-1 cells with low expression of hOT7T175 revealed
comparatively less response. Of note, the cell growth
suppression was not observed both in PANC-1 and in
AsPC-1, that is consistent with the previous results
in melanoma and in breast cancer cells [1,2]. In contrast,

in other types of cells, KiSS1 product was reported to
activate ERKs and to inhibit cell proliferation [7). These
controversial results suggest that the proliferative char-
acteristics were not a property shared by this receptor.
Rather this, ERK. activation may be involved in sup-
pression of the tumor cell motility. In our study, sup-
pression of the motility of PANC-1 cells was
concomitant with the activation of ERK pathway.
Moreover, as demonstrated by the newly synthesized
short peptide treatment, the rate of ERK activation is in
proportion to the suppression of migration.

Activation of MAP kinase and p38 has been described
in hOT7T175 transfected Chinese hamster ovary cells
{CHO cells) [7]. However, it has been shown that only
MAP kinase but not p38 was activated with metastin
treatment in anaplastic thyroid cancer cells ARO, which
endogenously express hOT7T175 [18)]. This discrepancy
may be partly accounted by the expression level of
hOT7T175 and may be by the cell specificity. In our ex-
periment, PANC-1 ¢ells with high expression of
hOT7T175 showed activation of ERKI and p3g, while
AsPC-1 cells with less hOT7T175 expression did not.
These results may indicate the necessity of strong meta-
stin-hOT7T175 signals on p38 activation in cancer cells.

We found metastin did not suppress invasion of
PANC-1 and AsPC-1 cells, although several authors
have reported that metastin suppresses invasion of
melanoma and breast cancer cells [2,5]. The inhibitory
effect on invasion could be explained by the report that
showed that KiSS1 represses the invasion of HT1080
cells through decreased type 4 collagenase (MMP-9)
expression and downregulation of NF-xB [3], In pan-
creatic cancer tissues, we previously reported that active
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Fig. 7. Effects of short variant forms of metastin on MAPK activation in hOT7T175 expressing pancreatic cancer cells. (A) The activation of ERKV/
2, p38, and INK ERK] activation by metastin and short variant forms of metastin was observed in PANC-1 cells. (B) pERKI expression was
measured by a densito-analyzer system, the quantity of the protein was divided by that of B-actin, and the refative intensities were calcufated. In
PANC- cells, ERK 1 was significantly activated by metastin and all variant forms of metastin. Experiments were repeated three times and data are

expressed as means £ SEM. * Represents p < 0.01 againstconirol.:

form of MMP-2 was detected in all samples; however,
active form of MMP-9 was seen in only 21% of the
samples [19]. Because latent forms of MMP-2 and
MMP-9 were expressed in all pancreatic cancer tissues,
MMP-9 may not mainly contribute to cancer invasion
when compared to MMP-2. This might be one of the
reasons why metastin did not affect invasion of PANC-1
and AsPC-1 cells. To our knowledge, there has been no
other investigation on migration or invasion of cancer
cells which endogenously express hOT7T175,

Our newly synthesized short variant forms of meta-
stin showed significant suppression on motility of
PANC-1 cells. These peptides are composed of 6-9
amino acids, suggesting that at most 10 amino acids of
the C-terminus of metastin-54 will be sufficient for its
binding affinity and function. However, FM053a2TFA
is less effective in suppressing migration of PANC-1 cells
when compared to other two compounds or metastin-
54. Interestingly, the suppressive activity was in pro-
portion to the ERK activation rates. Much remains to
be understood about how effective they will block mi-
gration and how the peptides could be stably delivered
to the tumors, The effective short peptide has an ad-
vantage that it would not cause immune responses if it
could be given to patients orally.

In conclusion, we demonstrated that pancreatic can-
cer tissues express hOT7T175 and low expression of
KiSS1 when compared to normal pancreatic tissues. The
exogenous metastin and the variant forms of metastin
suppress migration of hOT7T175-expressing pancreatic
cancer ¢ells and activate ERK1 and p38. Qur results
suggest that hOT7T175 may be one of the promising
targets against cancer cell functions that are relevant to
metastasis, and that short variant forms of metastin
could be an anti-metastatic agent to pancreatic cancer.
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Expression of pancreatic duodenal
hoemobox-1 in pancreatic islet
neogenesis after surgical wrapping in rats

Ryo Hosotani, MD, Jun Ida, MD, Masafumi Kogire, MD, Koji Fujiraoto, MD, Ryuichire Doi, MD,

and Masayuki Imamura, MD, Kyota, Japan

Background. Surgical wrapping (SW) of the pancreas causes islet neogenesis in rodents. Pancreatic
duodenal hoemobox-1 (PDX-1) is one of the transcriptional factors needed by pancreatic stem cells to
develop a mature pancreas. The purpose of this study was determing whether islet neogenesis arises
from ductal cells and whether PDX-1 is involved in this. process. '

Methods. SW consisted of nonocelusive wrapping of the pancreas in rats. The wiapped pancreas was
then harvested, insulin content was measured, and immunohistochemical analysis for insulin,

cytokeratin, and PDX-1 was performed.

Results. The endocrine area of the wrapped pancreas significantly increased after SW. Doweble

immunostaining identified cells positive for both insulin and cytokeratin in or along the epithelial cell
lining of the ductal structures and in the centroacinar cells. PDX-1~ positive cells were detected in both
control islets and islets examined after SW, but these cells were observed in the exocrine area only after
SW. Double staining also showed that cells positive for PDX-1 but negative for insulin were present in the
exocring area 1 day after SW and that cells positive for both PDX-1 and insulin had developed 3 days

after SW.

Conclusions. In the process of adult islet neogenesis afier SW, cells in the acini and ductal structures
developed into PDX-1— expressing cells, supposedly progenitor cells, which in turn became insulin-
producing cells and thus might be the origin of small islets. (Surgery 2004;135:297-306.)

From the Department of Surgery and Surgical Basic Science, Graduate School of Medizine, Kyoto University,

Kyoto, fapan

THE PANCREAS CONSISTS OF 3 TvpEs of differentiated
tissue: the hormone-secreting cells in the islets, the
exocrine acini, and the duct tree of centroacinar
cells, ductules, and ducts. During embryogenesis in
rodents, presumptive islet precursor cells are first
observed about halfway through the gestational
petiod; these cells actively proliferate, differentate,
and then aggregate into mature islets.! New islet
formation continues for approximately the first
3 weeks of life, during which a mature morphology
is acquired and glucose sensing is activated. There-

Supported in part by the Japan Ministry of Education grant
Al2307026.
Accepted for publication July 3, 2003,

Reprint requests: Ryo Hosotani, MD, Department of Surgery,
Kobe City General Hospital, 46 Port Island, Cyuo-kn, Kobc 650-
0046, Japan.

{H)39-6060/% - scc front mater
© 2004 Elsevier Inc. All rights reserved.
doi:10.1016/50039-6060 (03)00394-5

after, and throughout the lifetime of the animal,
a constant, slow turnover of islets occurs.”

Of special interest is the regeneration of new islet
cells, including insulin-producing cells, after pan-
creatic tissue injury as the result of a process called
adult islet neogenesis. The animal models of
pancreatic tissue injury include chemical destruc-
tion of B cells by streptozotocin (STZ) or alloxan,
partial pancreatectomy, physical injury to the
pancreas by ligation of the pancreatic duct or
wrapping of the pancreas, spontaneous diabetes in
non-obese diabetic mouse model, or overexpression
of interferon-gamma in the pancreas.”® It has been
a matier of debate whether the cell-renewal process
depends on the simple replication of pre-existing B
cells in the islets, differentiation of latent pro-
genitor cells of the adult pancreas, or trans-
differentiation of fully differentiated cells such as
acinar or ductal cells, Bonner-Weir® also raised the
possibility that the process may occur by several
pathways. Most studies have provided evidence that
neogenesis is the result of differentiation of cells
that act as precursors in adult ductal epithc:lium.i’3

SURGERY 297
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However, using an experimental model of diabetes,
Guz et al* indicate the possibility that regeneration
of B cells may originate in intraislet precursor cells.
The authors showed in STZ-treated mice that
insulincontaining cells reappeared in the islets
after STZ-mediated elimination of existing B cells
and that this B-cell regeneration was significantly
enhanced once normoglycemia was attained after
exogenous insulin administration: There is asyetno
agreement, however, on the exact mechanism of
adult islet neogenesis or on the origin of putative
progenitor cells and their regulation.

PDX-1, the homeodomain-containing transcrip-
tonal factor of pancreatic duodenum homeobox
gene-l—also known as IPF-1, IDX-1, or STF-1—
plays a critical role in pancreatic stem cell biology,
since PDX-1 knockout mouse studies have dem-
onstrated that neenatal PDX-1 .—/— mice are
apancreatic.*” Immunohistochemical studies of
mouse pancreatic development also showed that
PDX-1-positive cells were initially expressed by
multipotential precursors and only later became
restricted to the insulin-containing B cells.® Several
animal studies of the adult pancreas have demon-
strated the occurrence of ectopic expression of
PDX-1 in pancreatic ductal structures or of
overexpression inside the islews. %1%

The purpose of this study was to determine
whether islet neogenesis arises from ductal cells and
whether PDX-1 is involved in this process. To test
this, we conducted an immunochistochemijcal exam-
ination of the expression of PDX-1 after non-
acclusive pancreatic wrapping in a model of islet
hyperplasia (nesidioblastosis). This model is dis-
tnct from other models such as those of regener-
ation of both the exocrine and the endocrine
pancreas after pancreatectomy or of recovery of
islets after STZ chemical destruction. To identify the
origin and fate of PDX-1-presenting cells, we used
double immunostaining with cytokeratin and
insulin.

MATERJAL AND METHODS

Animal preparation. Six-week-old male Wistar
rats, weighing between 176 and 204 g, were kept in
a screen-bottomed cage at 22°C on a 12-hour light-
dark cycle with free access to water and a standard
laboratory diet. Animal eare and surgery were
carried out at the Institute of Laboratory Animals
of Kyoto University in accordance with the in-
stitute’s guide for the care and use of laboratory
animals.

Experimental design. The surgical wrapping
(SW) model was initially developed in the hamster
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with the use of celiophane wrapping*'® and was
followed by the non-occlusive wrapping technique
with a silk tie in rats.!® We have adopted the rat
model in this study. Briefly, SW wrapping was
performed through a midline laparotomy, with
the rats under anesthesia with diethylether in-
halation, and the splenic lobe of the pancreas was
gently freed from the transverse colon with use of
a radio knife. A 2-0 silk tie was brought around the
pancreas at the level of the portal vein in a gentle
and non-occlusive manner, taking care not to
involve other organs or splenic vessels in the tie.
The abdomenwas then closed; the whole procedure
took approximately 10 minutes.

Pancreatic tissues were examined in 5 rats at fime
points of 1, 8, 7, and 14 days after surgery. Sham-
operated rats served as the control. The surgically
wrapped animals were anesthetized with dieth-
ylether, and the splenic lobe of the pancreas distal
from the tie was removed and weighed. The
proximal parts of the splenic lobes of the pancreas
were frozen immediately with liquid nitrogen and
stored at —80°C until further processing. The distal
parts of the splenic lobes were rinsed with phos-
phate-buffered saline (PBS) and were immersion-
fixed overnight at 4°C in 4% paraformaldehyde
buffered with 0.1 mol/L sodium phosphate (pH
7.4). _
Protein exiraction and insulin measurement, All
the tissue samples for the protein assay were stored
at —80°C. The subsequent procedures were done at
—4°C. Frozen tissues were crushed with a hammer,
and small pieces of tissue were immediately sus-
pended on ice with 5 volumes of 70% ethanol
containing 0.15 mol/L HCL. The extracted tissues
were homogenized with a microtip sonic homoge-
nizexr (Handy Sonic; Tomyseiko, Tokyo, Japan) for
10 seconds and incubated for more than 24 hours
at —20°C, After the extracts were cleaned by cen-
trifugation at 12,000 rpm {400g) for 10 minutes at
4°C, the supernatants were collected. Protein
concentrations were measured with a protein assay
kit (Tonein-TP; Otsuka Pharmaceutical, Tokyo,
Japan). Insulin concentration in a tissue extract
was assayed with an enzyme immunoassay kit (Glan-
zyme insulin-RIA TEST; Sanyo, Kyoto, Japan)
according to the manufacturer’s protocol. After
the insulin and protein concentrations of all the
samples were measured, the insulin content of the
tissue was determined for each of the groups.

Immunohistochemistry for insulin. The follow-
ing immunohistochemical procedures were per
formed at room temperature (RT), except for the
antigen-retrieval procedure for PDX-1. The serial
sections were deparaffinized in 3 changes of xylene,
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rehydrated in descending concentrations of etha-
nol, and then washed 3 times for 5 minutes with
double-distilled water (DDW). After rehydration,
the sections were soaked in 3% HpOs for 10 minutes
to block endogenous peroxidase activities. After
being washed with DDW 2 times for 2 minutes,
the sections were incubated for 10 minutes in
PBS. Insulin antibody A0564 (DAKO, Glostrup,
Denmark) diluted 1/800 with PBS containing 1%
bovine serum albumin (BSA) was then applied, and
the sections were incubated for 30 minutes. The
sections were washed 3 times with PBS for b minutes,
a second antibody, En Vision+ (DAKO, K4003), was
applied, and the sections were incubated for 30
minutes. The sections were again washed 3 times
with PBS for b minutes, then developed for 1 to 5
minutes with diaminobenzidine-tetra-hydrochlo-
ride (DAKO, K3465) as the substrate, and washed
2 tfimes with running water.

Immunohistochemistry for PDX-1. Immunohis-
tochemical staining of PDX-1 was performed with
a specific antibody for rodent PDX-1 (a generous
gift from Dr C. V. Wright, Vanderbilt University,
Nashville, Tenn). The specificity of the antibody is
described elsewhere.!” The immunohistochemical
procedure was slightly modified in terms of the
antigen-retrieval procedure for paraffin-embedded
samnples. After deparaffinization and rehydration,
the sections were pretreated in the Target Retricval
Solution (DAKQ, $3307) in a microwave (NE-TC5,
Panasonic, Japan) for 20 minutes at 95°C and then
cooled at RT for 20 minutes. The sections were
soaked in 3% HyOs for 10 minutes and then
incubated for 10 minutes with 50 mmol/L Tris-HCl
buffer containing 0.15 mol/L NaCl and 0.1% Tris-
buffered saline Tween-20 (TBST). PDX-1 antibody,
diluted 1/1000 with ‘TBST containing 1% BSA, was
then applied, and the sections were incubated
for 60 minutes. The sections were then washed 3
times with TBST for b minutes, En Vision+ (DAKO,
K4003) was applied, and the sections were in-
cubated for 30 minutes. The sections were again
washed 3 times with TBST for 5 minutes,
developed with diaminobenzidine-tetra-hydrochlo-
ride for 1 to 5 minutes, and washed 2 times with
running water,

Double staining of insulin and cytokeratin. The
tissue sections were first reated in the manner
described in the section Immunohistochemistry for
insulin and incubated for 10 minutes in PBS.
Protein K (DAKO, 5020) was then applied for 6
minutes followed by 3 washes with PBS. Cytokeratin
antibody N1523 (DAKO) was applied, and the
sections were incubated for 30 minutes. The
sections were then washed 3 times with PBS, and
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cytokeratin antibody N1523 was applied at RT for 10
minutes. In the final steps, the sections were washed
3 times with PBS, developed with New Fuchsin
Substrate System. (DAKO, K0698) for about 2 to 3
minutes, dipped into PBS, counterstained with
Mayers hematoxylin, and immediately mounted in
glycergel (aqueous mounting medium).

Double staining of PDX-1 and insulin. The tissue
sections were first treated as described in the
section Jmmunohistochemistry for PDX1 and incu-
bated for 10 minutes with TBST. The sections were
then pretreated with 0.2N HCl for 20 minutes,
washed 2 times with DDW for 5 minutes, and
washed again $ times with TBST for 5 minutes.
Insulin antibody A0564 diluted at 1/800 with TBST
containing 1% BSA was applied, and the sections
were incubated for 30 minutes. The sections were
then washed 3 times with TBST, and the insulin
antibody was applied again at RT for 30 minutes. In
the final steps, the sections were washed 3 times
with TBST for 5 minutes, developed with New
Fuchsin Substrate System K0698 for about 2 to
3 minutes, dipped into PBS, counterstained with
Mayers hematoxylin, and mounted in glycergel.

In the doublestaining technique of insulin and
cytokeratin, insulin immunoreactivity (IR) was
detected with 8,3'-diaminobenzidine (DAB) brown,
and cytokeratin IR was detected with Fuchsin red
violet. Conversely, in the double-staining technique
of PDX-1 and insulin, PDX-1 IR was detected with
DAB brown, and insulin IR was detected with
Fuchsin red violet. Several tissue samples were
exposed to nonspecific immunoglobulin G as the
primary antibody to confirm specificity of the
results, including the doublestaining studies. No
samples showed immunoreaction.

Statistical analysis. Pancreatic islets were identi-
fied in the samples of insulin immunchistochem-
istry. The endocrine area of each sample was
calculated by computerized densitographic mea-
surement (ATTO, Hamamatsu, Japan), Islet sizes
were categorized as tiny (<20 p.m2 in size), small
(20~506 pm?), medium (50~100 pm®), and large
(>100 p.mg). The number of each islet category was
counted in each sample. Insulin IR and PDX-1 IR
were also detected in single cells outside the islet.
The number of these cells was also counted in each
sample. Data are expressed as the mean value + SD.
Statistical differences among each time point were
assessed by analysis of variance (ANOVA). The
Tukey-Kramer test for post hoc multiple com-
parisons was used when ANOVA was significant.
All statistical analyses were done using JMP
statistical software for Macintosh (Ver 3.02; SAS
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Fig 1. Immunchistochemical staining of insulin in the splenic lobe of the pancreas after surgical wrapping.
A, Control; B, 3 days; C, 7 days; and D, 14 days after surgical wrapping. There was a marked increase in the
number of islets after surgical wrapping. {Original magnification X100.)

Table X. Gross changes of the splenic lobe after surgical wrapping

Days after Surgical Wrapping

Control 3 7 : 14
Weight (mg) 310 = 40 805 = 40 300+ 10 310 + 40 300 = 20
Insulin content {WU/mg prot) 74 + 16 60 = 15 97+ 13 115 + 23 119 £ 25
Endocrine area (%) 1.2x03 13+04 1.5 = O'.‘.l_ 22205 2.6+ 0.4%

mean + SPD, n =5,
*P < 05 vy contral (ANQVA)Y,

Institute, Cary, NC). The level of significance was
defined as P < .05.

RESULTS

Changes in pancreatic islets after SW. Neither
edema nor atrophy of the pancreas was observed in
this model. Wet weight of the splenic lobe distal
from the tie was constant throughout the study
period (Table I). Insulin content of the spleniclobe
in control rats was 74 £ 16 yU/mg of protein. The
content increased to 119 + 25 pU/mg of protein 14
days after SW (approximately 160% of control), but
these values did not reach statistical significance.
Figure 1 shows a representative photograph of the
immunohistechemical analysis for insulin. Three
days after SW, the number of small islets increased,

and weak and spotty insulin staining was seen
on the circumference of the pre-existing islets.
Medium and large islets showed a marked increase
in number on days 7 and 14 after SW.

Calculation of the endocrine area showed that it
accounted for 1.2% & 0.3% of the total area of the
pancreas in control animals and had increased
significantly to 2.6% = 0.4% 14 days after SW
(Table I). To quantfy the changes in islets, we
calculated their number according to size (tiny,
small, medium, large} for the sake of relevance
(Fig 2). Tiny islets (<20 pm?) increased during the
relatively early phase, small (20~50 pm?®) and
medium (50~100 pm®) islets increased continu-
ously, and large islets (>100 pmg) increased in
the later stages. The number of large islets had



