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Figure 3 Northern and western blots analyses on Spink3, Prss1, and amylase expressions in cerulein-induced acute pancreatitis.u(a) Northern blot analysis;
185 and 28S were used as loading controls because G3PDH expression was induced by cerulein treatment. The same JF1 samples were arranged in the first
four lanes of northern blots. (b) Densitometric analysis for Spink3 and Prss1 expressions without cerulein induction in northern blot. (c) Densitometric

analysis for Spink3 and Prss1 expressions with cerulein induction in northern blot. (d) Western blot analysis. f-actin was used as a loading control. The same
JF1 samples were arranged in the first four lanes of western blots. (e) Densitometric analysis for Spink3 and Prss1 expressions after cerulein induction in
western blot. (F) Densitometric analysis for Spink3 and Prss1 expressions with cerulein induétion in western blot. Unfilled bars represent untreated strains of

mice, whereas black bars indicate the treated strains. '—" saline treatment.

Levels of Prssl mRNA in JF1 and C57BL/6 strains were
lower than those in other strains under a normal diet (Figure
‘5a and b). After CDE diet, levels of Prss] mRNA were
decreased in C57BL/6, BALB/c, CBA/], and C3H/He] mice
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*+ cerulein treatment. *P<0.05. NS: no significance.

(Figure 4a and c). Protein expression for Spink3 and Prssl
~ was examined by western ‘blot analyses. Under normal diet,
the levels of Spink3 were again higher in JF1 and C57BL/6]
than those in other three strains (Figure 4d and e). After CDE
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Figure 4 Northern and western blot analyses on Spink3, Prss1, and amylase expressions in CDE diet-induced acute pancreatitis. (a) Northern blot analysis;
18S and 28S were used as loading controls because G3PDH expression was induced by cerulein treatment. The same JF1 samples were arranged in the first
four lanes of northern blots. (b) Densitometric analysis for Spink3 and Prss1 expressions without CDE diet in northern blot. (c) Densitometric analysis for
Spink3 and Prss1 expressions with CDE diet in northern blot. (d) Western blot analysis. f-actin was used as a loading control. The same JF1 samples were ‘
arranged in the first four lanes of western blots. (e) Densitometric analysis for Spink3 and Prss1 expressions without CDE diet in western blot. (f) Densito-
metric analysis for Spink3 and Prss1 expressions with CDE diet in western blot. Unfilled bars represent untreated strains of mice, whereas black bars mdicate

the treated stralns *P<0.05. NS: no significance.

diet, Spink3 expression increased 51gmﬁcantly in JF1, but
moderately in other strains (Figure 4d and f). ’

The level of Prssl protein expression was lower in CBA/]
than those in other four strains without CDE diet (Figure 4d
and e). With CDE diet, Prssl expression increased sig-
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nificantly in CBA/] and C3H/He], whereas expression re-
mained unchanged in JF1, C57BL/6], and BALB/c mice
(Figure 4d and f). These results also suggest that the induction
levels of Spink3 and Prss1 are negatively and positively related
to susceptibility of CDE-induced pancreatitis, respectively.
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Figure 5 Trypsin activity and LC3-lI expression. (a) Trypsin activity in cerulein-induced and CDE-diet-induced acute pancreatitis. Trypsin activity coincided
with protein expression level of Prss1. (b) LC3-1I/LC3-I ratio in cerulein-induced and CDE diet-induced acute pancreatitis. LC3-1l levels were inversely related
to Spink3 levels when treated with cerulein, suggesting the function of Spink3 as an inhibitor of autophagy.

Trypsin Activity

" As activation or extent of trypsinogen to trypsm during in-
itiation of acute pancreatitis is associated with the severity of
acinar cell injury, we examined the trypsin activity level within
pancreatic tissue homogenates among five mouse strains. The
highest activity was shown in C3H/He], followed by CBA/],
BALB/c, JF1, whereas C57BL/6] displayed the lowest value in
cerulein-induced pacreatitis (Figure 5a, left panel). In CDE diet,
trypsin activity level was significantly higher in C3H/HeJ than
those in other strains (Figure 5a, right panel). Not surprisingly,
the variation of trypsin activity was consistent with the ex-
pression pattern of trypsinogen among the five mouse strains.

Expression of LC3, an Autophagic Indicator

To approve that Spink3 functions also as a suppressor of
_autophagy, we checked in the five mouse strains the expres-
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sion level of microtubule-associated protein 1 LC3. As LC3-1
is converted into LC3-1I during autophagosome formation,
we determined the LC3-II/LC3-1 ratio.by densitometric
analysis. As shown in Figure 5b, the ratio was higher in C3H/
He], BALB/c, and CBA/] than that in JF1 and C57BL/6] when
treated with cerulein, showing that the mouse strain with
higher Spink3 expression possessed low level of LC3-II,
meaning less severe degree of autophagy.

Nucleotide Sequences of Prss1 and Spink3 ¢cDNAs

To examine whether there was any nucleotide changes in
coding regions of the PrssI and Spink3 genes, we sequenced
c¢DNA of these two genes isolated from all five strains.
Nucleotide sequences of Prss! and Spink3 cDNAs were ex-
actly the same in four strains of mice: C57BL/6], CBA/],
BALB/c, and C3H/HeJ. In contrast; in the 807 bp of the Prssl
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Table 1 Single-nucleotide polymorphisms in JF1 ¢DNA vs B6

Prss1 (807 bp)

Spink3 (284 bp)

Position Nucleotide change Amino-acid change - Position Nucleotide change Amino-acid change
Exon 1 156>C No Exon 3 192G>A No

Exon 3 342A>T No Exon 3 198C>T ; No

Exon 4 516G>A No Exon 4 279A>G No

Exon 4 519T>C ) No

Exon 4 568G>A “E150K

JF1, Japanese Fancy Mouse 1. E190A, substitution of the glutarﬁic acid (E) at amino-acid position 190 with lysine (K).

cDNA sequence of JF1 mice, five nucleotide changes were
found (Table 1). However, only the alteration, G to A at
position 568, resulted in substitution of glutamic acid with
lysine at amino-acid position 190 (Table 1). On the other
hand, three nucleotide changes were found within the 284 bp
region of Spink3 cDNA of JF1 mice without an amino-acid
substitution (Table 1).

Nucleotide Sequences of 3 kb Upstream Regions of
Spink3 and Prss1 Genes

" As expression patterns of Spink3 and Prssl differed among
mouse strains, we sequenced the approximately 3 kb pro-
moter regions of Spink3 and Prssl genes. We chose JF1 and
C3H/He] as representatives of resistant and susceptible
mouse strains, respectively. As the most conserved binding
sites for transcription factors in pancreas-specific genes reside
within the 1kb upstream region, we focused on the 3kb
upstream regions of both Spink3 and Prssl genes in this
study. All of the sequence data were aligned and compared
with the corresponding public database for C57BL/6] mice.
For the upstream nucleotide sequence of the Spink3 gene,
eight nucleotide changes (8/3000=0.27%) were found
in C3H/He] vs C57BL/6], whereas 92 nucleotide changes
(92/3000 = 3.07%) appeared in JF1 wvs C57BL/6] mice,
representing a huge difference in the 3kb upstream of the
transcription start site in JF1 mice (Supplementary Figure 2).
Notably, almost half of nucleotide changes®® were found
within the 1kb upstream region in JF1 (Supplementary
Figure 2). Several conserved motifs for transcription fac-
tors’ ¢ were found in the 3kb upstream regions of Spink3
genes as summarized in Supplementary Figure 2. Interest-
ingly, an additional 10 bp was found between —372 and —381

in JF1 mice, although a conserved motif has not been"

reported around this region.
With respect to the Prss1 gene, 46 (46/3000 = 1.53%) or 39

(39/3000 =1.30%) nucleotide changes were identified in .

C3H/He or JF1 strains against C57BL/6] mice, respectively
(Supplementary Figure 3). However, the region between
—3000 and —2300bp of C57BL/6] was the same as that of
JE1, but not of C3H. On the other hand, the region between
—~2300 and —1bp of C57BL/6] mice was similar to that
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of C3H mice. Three binding sites were found in the 1kb
upstream region of the Prssl gene’™’ (Supplementary
Figure 3). All these sequences are identical in all strains ex-
cept one nucleotide change at —192 of the binding site
(ATCACCTGCT) for nuclear protein in JF1 mice.

DISCUSSION

In this study, we showed strain differences using two models
of experimental acute pancreatitis and identified a negative
and positive relationship regarding the expression levels of
Spink3 and Prssl, respectively, in the susceptibility to ex-
perimental acute pancreatitis. In addition, we showed that

-sequence differences in the promoter region of the Spink3

gene was significant between JF1 and other laboratory mouse
strains, suggesting that differences in gene regulation are. .
connected to a susceptibility to induced acute pancreatitis.

Pathologically, there were qualitative differences between
cerulein- and CDE diet-induced pancreatitis in addition to
the severity of pancreatitis. In the CDE diet model, much
more hemorrhagic legions were noticed, as has been reported
before.?® This difference may be caused by different induction
mechanisms in the early stages of acute pancreatitis. Cerulein
is a cholecystokinin analog that can stimulate pancreatic
acinar cells to secrete digestive enzymes. In supramaximal
stimulation by cerulein, secretory activity increases drama-
tically, but membrane recruitment is insufficient for a strong
demand of zymogen granule membrane, resulting in an
inhibition of exocytosis at the luminal plasma membrane. On
the other hand, a more likely target of ethionine is phos-
pholipid metabolism of membranes that are involved in the
processes of intracellular transport and secretion of pan-
creatic enzymes. Feeding a choline-deficient diet potentiated
the activity of ethionine, because a choline-deficient diet also
induced changes in membrane phospholipids of cellular
organelles.”* ™ Although the detailed mechanism for he-
morrhagic lesions remains unclear, destruction of the elastic
tissue of the intrapancreatic vessels may also occur in such a
situation.

In two experimental models, we observed similar strain
differences in disease susceptibility, which were most severe
in C3H/HeJ and CBA/] strains, moderate in BALB/c mice,
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and mildest in C57BL/6] and JF1 strains. In human beings, a
relationship between the PRSS1 gene mutations and the
onset of pancreatitis has been established by many in-
vestigations.?">>**2 Thus, it is possible that differences in
primary structure or expression of the Prss! gene are
responsible for strain differences. Although we found one
single-nucleotide polymorphism (SNP) in exon 4 that
resulted in substitution of glutamic acid with lysine at ami-
no-acid position 190 in JF1 mice, this mutation was not
observed in the PRSS1 gene of human patients, suggesting
that the coding region of the Prss1 gene is not related to the
susceptibility to pancreatitis among these strains.
Interestingly, Prssl protein expression was obviously in-
creased in BALB/c, CBA/], and C3H/He] mice, but not in JF1
and C57BL/6] mice with cerulein treatment. This high Prssl
expression coincided with a high trypsin activity. Many
nucleotide changes found in the 3 kb upstream region of the

Prssl gene among C57BL/6], C3H/He}, and JFI strains may

be responsible for different expression level.

Differences in the primary structure or expression of the
Spink3 gene may also be involved in susceptibility to the
development of pancreatitis. However, we could not find any
SNPs with an amino-acid substitution between JF1 and other
strains of mice. Thus, the coding region of the Spink3 gene
was not related to pancreatitis susceptibility. Meaningfully,
we found a significantly higher expression of Spink3 in JF1
and C57BL/6] mice under normal feeding (Figure 3a and b).
Furthermore, Spink3 expression was strongly augmented in
JEF1 mice with cerulein treatment. This high Spink3 expres-
sion was associated with low level of LC3-1I expression, im-
plying the function of Spink3 as an inhibitor of autophagy.
As shown in Supplementary Figure 2, we found significant
nucleotide changes in the 3kb upstream region of the Spink3
gene of JF1 mice. It is of interest that an additional 10 bp was
inserted between —372 and —381 region in JF1 mice, al-
though a conserved motif has not been reported around this
region. Therefore, this region might be involved in the reg-
ulation of gene expression under cerulein stimulation. Taking
these into account, the mechanisms by which Prssl and
Spink3 might be influencing the susceptibility are proposed
here in a molecular model shown in Figure 6. In resistant
strains, increased Spink3 expression caused by cerulein or
CDE diet suppresses autophagy, leading to reduced activation
of trypsinogen. In addition, Spink3 can bind to trypsin to
inhibit its activity directly. Thus, both enhanced Spink3 and

low Prssl expression result in reduced trypsin activity, lead-

ing to less severe acute pancreatitis. In susceptible strains, low
level of Spink3 expression results in enhanced autophagy,
causing the conversion of trypsinogen to trypsin, and in
low-level inhibition of trypsin. Thus, both high Prss1 and low
Spink3 expressions result in increased trypsin activity,
leading to more severe acute pancreatitis.

After activation of trypsinogen, inflammation is eventually
induced in both models. Therefore, different responses
in inflammatory factors, such as NF-«B, TNF-, IL-1,
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Figure 6 Proposed model for the function of Prss1 and/or Spink3 on
susceptibility of acute pancreatitis. In resistant strains, increased Spink3
expression caused by cerulein suppresses autophagy, and trypsin activity,

~leading to less severe acute pancreatitis. In susceptible strains, low

expression of Spink3 and high expression of Prss1 result in enhanced
autophagy, causing the conversion of trypsinogen to trypsin and in low-
level inhibition of trypsin, thus leading to more severe acute pancreatitis.

Heat Shock Protein, NO, or TLR4, among strains may be
involved in pancreatitis susceptibility. Actually, inflammatory
responses are different from one strain to another and a given
strain can have variable inflammatory responses from one
form of damage to another. For example, inbred rhice
varied significantly in their susceptibility to cigarette smoke-
induced emphysema.*>** Further studies will be required to
analyze genetic mechanisms for differences in inflammatory
responses. ‘ '
Advances in molecular physiology indicate the mouse to be
an ideal investigative' model] to determine genomic variants
that affect susceptibility to disease. This model offers the

advantage of studying a large number of genetically identical

animals under controlled conditions. Animal studies com-
plement human studies by introducing an experimental
control and the opportunity to pursue functional genomics
and expression studies at the level of organs, tissues, or cells.
Molecular mechanisms for disease resistance/susceptibility
may differ among strains, and the JF1 strain may give a
unique opportunity to examine such mechanisms that may
not be found in other laboratory mouse strains.

Supplementary Information accompanies the paper on the Laboratory
Investigation website (http://www.laboratoryinvestigation.org)

ACKNOWLEDGEMENTS

We herein sincerely appreciate the excellent work on theé tissue sectioning
preparation by Mrs Michiyo Nakata and Ms Yumi Otake. We also thank the
Riken BioResource Center, Tsukuba, Japan for supplying JF1 mice. This work
was supported in part by KAKENH! (Grant-in-Aid for Scientific Research) in
Priority Areas ‘Integrative Research Toward the Conquest of Cancer’
(17012018) from the Ministry of Education, Culture, Sports, Science, and
Technology, a Grant-in-Aid for Scientific Research (S) (21220010) and a
Grant-in-Aid for Young Scientists (B) (18790968) from the Japan Society for
the Promotion of Science (JSPS) of Japan. ‘

663



Exp. Anim. 59(4), 421-429, 2010

—Original—
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Abstract: Although chronic pancreatitis is a risk factor for pancreatic ductal adenocarcinoma
(PDA), the relationship between chronic pancreatitis and PDA remains obscure. A critical
obstacle to understanding the role of chronic pancreatitis is the lack of animal models. To
develop one such model, mice were fed long-term with a choline deficient ethionine-
supplemented (CDE) diet. Histological evaluation revealed that chronic pancreatitis,
characterized by acinar atrophy, fibrasis and well-developed tubular complexes (TCs), was
observed after 24 weeks of CDE diet treatment. Furthermore, expression of epidermal growth
factor receptor (EGFR) and its ligands; serine protease inhibitor Kazal type 3 (Spink3) and
transforming growth factor o, (TGF «) and activation of K-Ras (GTP-Ras formation), which
are frequently observed in human PDA, were indeed observed in parallel with TCs formation.
Neoplastic lesions were not found after 54 weeks of treatment, suggesting that a continuation

of CDE diet or another insult is required for the development of PDA.
Key words: CDE diet, chronic pancreatitis, EGFR, Spink3, tubular complex

Introduction

Several recent reports have shown that chronic pan-
creatitis is a risk factor for pancreatic ductal adenocar-

cinoma (PDA) [25,27]. This was clearly demonstrated

in cases of hereditary chronic pancreatitis [26]. The
incidence of pancreatic cancer in such patients increased
53 times more than that of the control [26]. However,
information regarding the mechanisms behind the de-
velopment of pancreatic carcinoma in the setting of

chronic pancreatitis is scarce, particularly with respect
to early molecular events. Concerning the molecular
events in pancreatic adenocarcinoma and dysplasias,
there are evidences for overexpression of epidermal
growth factor receptor (EGFR) [32] and enhanced auto-
crine epidermal growth factor (EGF)-family signaling
[4,13,19,33,38]. Consistent with the existence of such
an autocrine loop, pancreatic adenocarcinomas overex-
press EGF-family ligands, such as transforming growth
factor o (TGF o) and EGF [13, 19]. EGFR and human
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epidermal growth factor receptor 2 (HER?2) induction
also occurs in low-grade pancreatic intraepithelial neo-
plasms (PanINs), indicating that autocrine EGF family
signaling is operative in the early stages of a pancreatic
neoplasm [10]. However, it is not known whether such
molecular events start during the onset of pancreatic
carcinoma or chronic pancreatitis.

A critical obstacle to understanding the role of chron-
ic pancreatitis in-the development of pancreatic carci-
noma is the lack of appropriate animal models for
chronic pancreatitis which demonstrate similar clinical
courses as in human patients. Cerulein (a cholecystoki-
* nin analog) can cause supramaximal stimulation of secre-
tion and thus cause acute pancreatitis in the mouse [21].
Repetitive acute injury to the pancreas by cerulein in the
mouse can reproduce some of the morphological char-
acteristics of human chronic panreatitis such as acinar
cell atrophy and fibrosis [29]. However, analysis of

carcinogenesis-related molecules has not yet been done.
 Several trans genic models for pancreatitis have been also
described [1, 9, 11, 28]. Two of them are based on ge-
netic alterations found in human hereditary pancreatitis
including the cationic trypsinogen gene and the cystic
fibrosis transmembrane regulator gene [1, 11], but these
models are limited by low penetrance (40% at 1 year of
age) and significant latency of the phenotype. Marrache
et al. [28] reported that the pancreas was atrophic and
occasionally showed dilation of the pancreatic and bil-
-iary ducts secondary to proximal fibrotic stenosis in Ela-
sshIL-1/ (elastase promoter-driven human interleukin-
1) transgenic mice. However, forced expression of
IL-18 does not reflect the situation in human patients.

Chronic pancreatitis is characterized by parenchymal
changes including inflammation, fibrosis and loss of
exocrine and endocrine tissue. Furthermore, acinar cells
are replaced by metaplastic ductal lesions, called tubular
complexes (TCs), which form complex arrangements
with a monolayer of flattened duct-like cells [17,22, 39].
Clinically, pain, maldigestion and diabetes mellitus occuf

as the result of long-standing pancreatic injury. Choline

deficient ethionine-supplemented (CDE) diet is also

known to induce acute hemorrhagic pancreatitis in mice

[7, 14, 16, 30]. CDE diet-induced pancreatitis is con-
sidered to be an ideal model because of a similar natural

history to that of the human disease as well as the histo- -

logical and biochemical similarities [2]. However, there
are no reports on CDE diet-induced chronic pancreati-
tis. In the cerulein model, cerulein should be injected
every hour for six hours, followed by repeated injections
twice every week for 10 weeksy[29]. In contrast, feeding
with CDE diet is easy.

In this manuscript, we used long-term administration
of a CDE diet to develop a model of chronic pancreati-
tis and examined whether increased expression of car-
cinogenesis-related molecules was observed during
chronic pancreatitis. This CDE diet model reproduced
three key‘ responses of human chronic pancreatitis: de-
velopment of acinar atrophy, fibrosis and TCs which
indicated that acinar cells acquired ductal cell charac-
teristics. We also showed increased expression of car-
cinogenesis-related molecules.

Materials and Methods

Mice

Female C57BL/6J mice (starting at 8 weeks old) were
housed in a climate-controlled room on a 12-h light-dark
cycle (CLEA Japan, Inc., Tokyo, Japan). All procedures
were approved by the Animal Care and Use Committee
of Kumamoto University.

CDE diet-induced pancreatitis

Acute pancreatitis was induced by a CDE diet which
was purchased from MP Biomedicals (catalog number;
960214, Solon, OH, USA), including vitamin free casein
(10%), alpha soy protein (10%), DL-ethionine (0.5%),
sucrose (56%), lard (20%) and mineral mix (3.5%).

Chronic lesions were induced by repeated acute pan-
creatitis episodes. Mice were fasted for 24 h (day 0) and
then fed a CDE diet for 72 h (days 1 to 4; necrosis phase).
Then, they were fed regular laboratory chow for 72 h
(days 4 to 7; regeneration phase). We defined these 7
days as one cycle and tried to induce chronic pancreati-
tis by repeating the cycle (Fig.1A). Mice were sacrificed
on days 0, 1, 4, 5 and 7 and pancreatea were rapidly
extracted and prepared for the following studies on
weeks 0, 4; 12, 16, 24, 32, and 54 after admiﬁistration
of the CDE diet (CDE diet group, n=3 per each period).
As a control, we prepared age matched C57BL/6J mice
fed regular laboratory chow (control diet group).
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Histological analysis

Pancreatic tissues were fixed by 4% paraformaldehyde
for 48 h, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin (HE) and azan staining. TCs
were counted in x100 high-power field per cut, 5 cuts
per mouse. The area of the pancreas occupied by acinar
cells was measured in whole pancreas on HE slides using
Image] software (http://rsbweb.nih.gov/ij/).

Serum amylase activity

Mouse blood samples were collected on days 0, 1, 4,
5,and 7. Serum amylase levels were measured by SRL
Inc., Tokyo, Japan. Substrate for measurement of pan-

creatic amylase activity was 2-chloro-4-nitrophenyl-4- -

galactopyranosylmaltoside (Gal-G2-CNP) (CicaLiquid-
N p-AMY, Kanto Chemical Co., Inc., Tokyo, Japan).

Western blot analysis -
Pancreas samples were homogenized in lysate buffer
(50 mM Tris-HCI, pH 7.4, 150 mM NaCl, 1% Nonidet

P-40, a protease inhibitor cocktail (1:100 dilution; Sigma-

Aldrich, Tokyo, Japan) and a phosphatase inhibitor cock-
tail (1:100 dilution; Nacalai Tesque, Inc., Kyoto, Japan).
Extracts (15 pg of protein per lane) underwent polyacryl-
amide gel electrophoresis and were transferred to Im-
mobilon polyvinylidene difluoride membranes (Millipore,
Billerica, MA, USA). After 1 h of incubation at room
temperature in blocking buffer (TBS, 5% non-fat dry milk,
0.1% Tween-20), the membranes were incubated over-
night at 4°C with primary antibodies to-the antigens di-
luted in wash buffer (TBS, 0.1% Tween-20) containing
5% non-fat dry milk. Primary antibodies used were as
follows: rabbit anti-mouse EGFR antibody (Cell Signaling
Technology, Inc., Beverly, MA, USA), 1:1,000; rabbit
anti-mouse phosphorylated-EGFR antibody (Cell Signal-
ing Technology), 1:500; rabbit anti-mouse actin antibody
(Sigma-Aldrich Corp., St. Louis, MO, USA), 1:1,000;
rabbit anti-mouse serine protease inhibitor Kazal type 3
(Spink3) antibody [31], 1:1,000; goat anti-mouse amylase
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), 1:2,000; rabbit anti-mouse trypsinogen anti-
body (Nordic Immunological Laboratories, Tilburg, Neth-
erlands), 1:1,000; rabbit anti-mouse cyclooxygenase (Cox)
2 antibody (Cayman Chemical, Ann Arbor, MI, USA),
1:1,000; goat anti-mouse EGF antibody (R&D systems,

Inc., Minneapolis, MN, USA), 1:1,000; and mouse anti-
mouse TGF o antibody, 1:1,000 (Thermo Fisher Scien-
tific, Fremont, CA, USA). In addition, the EZ-Detect Ras
activation kit (Pierce Biotechnology,‘Rockford, IL, USA)
was used to measure Ras activation. Membranes were
then washed three times and incubated with secondary
antibody [anti-rabbit immunoglobulin G antibody, 1:2,500
dilution (Amersham Biosciences Corp., Piscataway, NJ,
USA) or anti-goat 'immunoglobulin G antibody, 1:5,000
dilution (Chemicon International, Inc., Billerica, MA,
USA)] diluted in the antibody buffer for 1 h at room tem-

. perature, followed by three washes. Blots were developed

with ECL Plus reagents (GE Healthcare, Buckingham-
shire, UK). The band intensities were quantiﬁed by den-

 sitometry using ImageJ software, then normalized by the

actin signals (n=3).

Statistical analysis )

All data are expressed as mean + standard error (SE).
Statistical significance was determined by analysis of
variance (ANOVA), followed by Dunnett’s test. The
differences were considered to be statistically significant
at P<0.05.

Results

Histological changes of the pancreas in the acute phase
after CDE diet
To analyze the initial reaction of the pancreas to the

'CDE diet, we examined histological changes during the

one course of CDE diet treatment. As shown in Fig. 1B,
evidence of acute pancreatitis, namely acinar cell necro-
sis with inflammatory infiltrates and interstitial edema,
was induced after 72 h of CDE diet treatment. However,

“these pathological changes were restored to almost the

normal state after the re-introduction of a normal diet
(Fig. 1B). We also analyzed the serum amylase levels.
The mean serum amylase level was 667 = 33 U/l on Day
0, 1,067 =317 U/l on Day 1, 2,067 + 252 U/l on Day 4
and 683 = 83 U/l on Day 7. On day 4, a significant eleva-
tion in the serum amylase levels was observed compared
with level on Day 0 (P<0.05) and returned to the basal
level on Day 7. These results suggest that destruction
and regeneration of pancreas occurred in one week.
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Fig. 1. Experimental protocol and histological changes of the pancreas in acute phase after one course of
CDE diet treatment. A. Protocol for CDE diet. Mice were fasted for 24 h (Day 0) and then fed with
a CDE diet for 72 h (Days 1 to 4; necrosis phase). Then, they were fed with regular laboratory chow
for 72 h (Days 4 to 7; regeneration phase). B. Histological changes on Days 1,4, 5, and 7. Scale
bars: 100 ym. C. Serum amylase levels on Days 1, 4, 5, and 7 (n=3). Data represent mean + SE.

*P<0.05.

Histological changes of the pancreas in the chronic
phase after long-term CDE diet
We carefully analyzed the formation of TCs as well
as acinar cell atrophy and fibrosis. Four (Fig. 2B) and
twelve weeks (not shown) after starting the CDE diet,
the histology was almost normal. After 16 weeks (Fig.
2C), TCs were formed in some areas. After 24 weeks,
formation of TCs were remarkable (Fig. 2D and 2E). At
this stage, chronic pancreatitis-like features character-
ized by well-developed TCs, acinar atrophy and fibrosis

were established. On the 54th week, pancreatic glandu-

lar atrophy was observed (Fig. 2F and 2G). In addition,

pancreatic acinar cells decreased in number and were

replaced with interstitial tissues. In spite of the severe
pancreatic degeneration, neoplastic changes were not

observed. To evaluate pancreatic fibrosis, we performed

azan staining. Although fibrous tissue around the TC
was stained, the extent of the fibrosis was mild (Fig. 2H
and 2I). .

" The number of TCs was 6.0 + 1.4 at 12 weeks, 11.6 +

1.7 at 16 weeks, 25.2 + 4.2 at 24 weeks, 26.4 +2.0 at 32
weeks and 33.6 = 5.6 at 54 weeks after starting the CDE
diet; TCs were not observed in the control diet group
(Fig. 3A). One-way ANOVA, indicated statiétically
significant increases in the number of TCs at 24,32, and
54 weeks compared with the number at 4 weeks. In
addition, we quantified the extent of acinar cell Joss 'by
morphometric analysis. In the control diet group, there
was no significant decrease in acinar cell volume, al-. -
though there was a slight decrease because of the in-
crease in islet volume. In CDE-fed mice, the volume of
acinar cells decreased gradually from 47 + 6% af 24
weeks 10 44 + 16% at 32 weeks and 23 + 5% after 54
weeks of CDE diet (Fig. 3B).

Activation of carcinogenesis-related molecules after long

term CDE diet , ‘
We investigated the molecular events caused by long-

term CDE diet using western blotting. EGFR overex-

pression, EGFR phosphorylation and K-Ras gene muta-
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Fig. 2. Histological changes of the pancreas after long term CDE diet treatment. Mice were given regular laboratory
chow (A) or CDE diet for 4 (B), 16 (C), 24 (D, E), or 54 (F, G) weeks. Pancreatic sections were analyzed by
HE staining. Higher magnifications of the boxed areas at 24 and 54 weeks are shown in the lower column.
Azan staining of pancreata.from CDE diet mice is shown in H (24 weeks) and I (54 weeks). Arrows indicate
tubular complexes. Scale bars: 100 ym.

(A) 22 (B)

Area of acinar cell/pancreas (%)

Number of tubular complexes

4w 12w 16w 24w 32w 54w 4w 12w 16w 24w 32w 54w

Treatment Periods (Weeks) Treatment Periods (Weeks)

Fig. 3. Analysis of the number of tubular complexes and the volume of acinar cells. Number of tubular complexes (A) and
volume of acinar cells (B) are shown for each treatment period. The black bar shows the control diet group, and the
gray bar shows the CDE diet group. Data represent mean + SE. (n=3, 5 cuts per mouse, *¥*P<0.01, *P<0.05).
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tions (activation of K-Ras molecule) are reported to be
the key events in the process of pancreatic carcinogen-

esis. In the control diet group, there were no significant

changes during the'examination period (Fig. 4A). Com-
pared with the control diet group, CDE diet induced
overexpression and phosphorylation of EGFR after 4
weeks (Fig.4B). The level of EGFR expression reached
its peak at 12 to 16 weeks and declined after 32 weeks.
Activation of the K-Ras molecule was-also detected af-
ter 12 weeks. Expression patterns of EGF, TGF «, and
Spink3, one of the potent ligands for EGFR [34], were
similar to that of EGFR. The expression of EGF fol-
lowed a similar course, but was weaker than that of the
other ligands for EGFR. We also investigated the expres-
sion of Cox 2 as a parameter of inflammatory responses.
Cox 2 was also overexpressed in a manner similar to
EGFR in the mice fed the long-term CDE diet. There
_ were no significant changes in amylase and trypsinogen
levels related to the CDE diet (Fig. 4).

Discussion

In this study, we developed a model of chronic pan-
creatitis that reproduces three key responses of human
chronic pancreatitis: development of acinar atrophy, fi-
brosis, and TCs. We also demonstrated the expression
of EGFR and its potent ligands, phosphorylation of
EGFR, and the activation of K-Ras in the step of chron-
ic inflammation. .

Compared with other experimental models, CDE diet-
induced pancreatitis is considered to be an ideal model
because of its similar natural history to that of the human
disease as well as histological and biochemical simi-
larities [2]. The mechanism of acute pancreatitis devel-
opment in the mice fed the CDE diet remains unclear.
It is likely that ethionine disrupts phospholipid metabo-
lism of membranes that are involved in the processes of
intracellular transport and secretion of pancreatic en-
zymes. A choline-deficient diet would potentiate the

activity of ethionine in this respect, because a choline-

deficient diet also induces changes in membrane phos-
pholipids of cellular organelles [8, 23, 24]. Thus, normal
luminal exocytosis appeared to be blocked, and subse-
quently zymogen granules accumulated in the cytoplasm
[14, 18]. These changes may result in activation of zy-

mogens eventually leading to pancreatitis. In any case,
the CDE-diet model is simple and easy to prepare, and
thus seems to be a promising model for studies of chron-
ic pancreatitis.

As far as we know, this is the first report on the expres-
sion of carcinogenesis-related molecules such as EGFR,
K-Ras, Cox 2, and TGF «, during chronic pancreatitis.
Their expression started to increase at 4 weeks and

" reached their peaks at 12 and 16 weeks in the CDE diet

model. Expression of these molecules decreased after
32 weeks. This may have been due to the decrease in
the number of normally functioning pancreatic cells as
demonstrated in Fig. 3B. EGFR and its ligand, TGF a,
as well as PDA, are frequently overexpressed in human
pancreatic tissues obtained from patients with chronic
pancreatitis [20, 34]. The rate of K-Ras gene mutation
increases along with disease progression in chronic pan-
creatitis, and the mutations are found in nearly 100% of
PDA [3]. Furthermore, EGFR inductibn occurs in low-
grade pancreatic intra-epithelial neoplasias, indicating
that autocrine EGF-family growth signaling is operative
at the earliest stage of pancreatic neoplasia [3]. Never-
theless, PDA did not develop in our model, even after
54 weeks. On the other hand, TCs were formed with
advancing age. TCs are considered to be precursor le-
sions of PDA[15, 35], and they have often been observed
in human/rodent chronic pancreatitis and PDA[5, 6,12,
15,36, 37]. There is one report in which the transition

- from chronic inflammation to metaplasia/dysplasia is

described [9]. Colby et al. [9] reported that Cox 2 over-
expression driven by the bovine keratin 5 promoter led
to acinar-to-ductal metaplasia, increased proliferation of
metaplastic ductal cells, and nuclear pleomorphisms ac-
companied the elevation of prostaglandin E, (PGE,).
Because PGE, confers both survival and growth advan-
tages, it may act as an inhibitor of apoptosis or a pro-
moter of proliferation. We demonstrated the overexpres-
sion’ of Spink3 along with EGFR in western blot .
analysis. We previously demonstrated that the human
serine pro{ease inhibitor, Kazal type 1 (SPINK1: mouse
homolog Spink3) can bind to EGFR and work as a

~ growth factor through EGFR [34]. Thus, Spink3 may

act as a growth factor, leading to cell proliferation and
regeneration of tissue structure. In any case, chronic
pancreatitis itself is not sufficient for the development
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Fig. 4. Expression pattern of inflammation and/or carcinogenesis-related molecules. A. Western blot analysis was performed
using the antibodies as described in Materials and Methods. B. Densitometric analysis for pPEGFR, EGFR, GTP-Ras,
Cox 2, TGF a, and Spink3 before and after CDE diet by western blot. Data are expressed as the magnification of
activity in the control before CDE diet after normalization by the actin signals. Only the data with significant differ-
ences are shown. Cont.: control diet group. CDE: CDE diet group. EGFR; epidermal growth factor receptor,
pEGFR; phosphorylated EGFR, GTP-Ras; activated K-Ras, Cox 2; cyclooxygenase 2, EGF; epidermal growth factor,
TGF «; transforming growth factor o, Spink3; serine protease inhibitor, Kazal type 3 (n=3, ¥**P<0.01, *P<0.05).
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of PDA. Further combinations of CDE diet with the
administration of other promotion insults or genetic al-
terations may result in PDA development.
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Abstract ,

Background This study was designed to define the diag-
nostic advantage of computed tomography during arterial
portography (CTAP) combined with computed tomogra-
phy-assisted hepatic arteriography (CTHA) for the preop-
erative detection of liver metastases secondary to
‘pancreatic cancer compared with that of multidetector
computed tomography (MDCT).

Methods From January 2002 to December 2007, we ret-
rospectively studied 197 consecutive patients with pancre-
atic cancer. MDCT was performed on 192 patients prior to
preoperative visceral angiography; 153 patients underwent
CTAP + CTHA at the time of preoperative angiography.
"Results Liver metastases were identified in 39 patients by
means of MDCT. Of the 153 patients who had no evidence
of liver metastases on MDCT, 129 patients underwent
" CTAP + CTHA, and 53 of these 129 patients (41.1%)
were diagnosed as having liver metastases that could not be
detected by MDCT. These tumors missed by MDCT ran-
ged from 3 to 15 mm in size. On CTAP 4 CTHA, a
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solitary nodule in the liver was detected in 11 patients, 2
nodules were detected in 6 patients, 3 lesions were detected
in 2 patients, and 24 lesions were detected in 34 patients.
The sensitivity and specificity of CTAP + CTHA versus
MDCT were 94.2 versus 48.4% and 82.7 versus 97.9%,
respectively.

Conclusions The conibination of CTAP and CTHA is
useful to confirm liver metastases and can potentially offer
more accurate staging of pancreatic cancer compared with
MDCT.

Keywords Péncreatic cancer - Liver metastasis -
CTHA - CTAP

Introduction

The prognosis of pancreatic adenocarcinoma still remains
dismal, with a S-year survival rate of 4% [1]. Despite
improvements in imaging technology, fewer than 20% of
all patients will be potentially resectable at the time of the
initial diagnosis [1, 2]. Complete pancreatic resection can
yield actuarial 5-year survival rates of 15-25% following
pancreaticoduodenectomy [3-5] and 8-14% following
distal pancreatectomy [6, 7]. Although surgery is the only
curative treatment, even after curative resection of pan-
creatic carcinoma, most patients have a recurrence,
including approximately 62% with liver metastases [8, 9].
The high recurrence rate of liver metastases in the early
period after surgery suggests that liver metastases may
have been present at the time of operation but below the
threshold (microscopic) of detection by current preopera-
tive radiological imaging and intraoperative examination.
Therefore, more precise evaluation for hepatic lesions is
necessary, because accurate detection of liver metastases
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has major implications in guiding both appropriate treat-
ment and defining prognosis.

We have . previously reported the effectiveness of
computed ‘tomography during arterial portography com-
bined with computed tomography-assisted hepatic arteri-
ography- (CTAP + CTHA) in detecting liver metastases
from pancreatic cancer [10]. The present study, which
included a large number of pancreatic cancer patients, was
designed to evaluate the diagnostic advantage of
CTAP + CTHA for the preoperative detection of liver
metastases compared with that of multidetector computed
tomography (MDCT).

Methods

We retrospectively studied 197 consecutive patients with
pancreatic cancer from January 2002 to December 2007.
Of the 197 patients, 192 underwent MDCT.

All CT scans were obtained with 4-slice MDCT
(Lightspeed QXi; General Electric Medical Systems,
Milwaukee, WI, USA). Imaging parameters were estab-
lished as a pitch of 3 with a table speed of .15.0 mm/rotation
to visualize the arterial phase and portal venous phase. All
phases were acquired in a cranial-to-caudal direction. An
18- or 20-gauge intravenous catheter was placed in the
patient’s antecubital vein. A total of 100-120 mL iopami-
dol 300 (Iopamiron; Nihon Schering, Osaka, Japan) was
infused using a power injector at a rate of 3 to 4 mL/s.
Thirty seconds after the start of the infusion, entire liver
imaging was performed during a breath-hold. Subsequently,
the portal venous phase was obtained following a scan delay
of 70 s. Each image was reconstructed with contiguous
5-mm slice thickness.

CTAP + CTHA was performed at the time of preop-
erative angiography after no remote metastasis was con-
firmed on CT. All studies were performed with an IVR-CT
system (Toshiba Medical Systems, Tochigi, Japan), which
comprised a digital subtraction angiography system (KXO-
80C/DFP-2000A; Toshiba Medical Systems) and a helical
CT scanner (X-Vision; Toshiba Medical Systems). This
equipment is capable of performing digital subtraction
angiography and CT scanning with the patient in one
position. A 5-French catheter was inserted via the right
femoral artery with the Seldinger technique, followed by
positioning the tip of the catheter in the superior mesenteric
artery, and testing the infusion capacity of the vessel.
Subsequently, helical CT during the injection of the con-
trast medium into the superior mesenteric artery was per-
formed for CTAP. CTAP was performed using 90 mL of
contrast material (Optiray 160; Tyco Japan, Tokyo, Japan)
injected at a rate of 2.5 mL/s. The CT scanning was per-
formed 25 s after the start of the injection.
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For CTHA, the tip of the catheter was placed in the com-
mon hepatic artery and biphasic CT was performed during the
injection of the contrast medium into this artery, starting at 5 s
after the start of the injection. CTHA was performed using
45 mL of Optiray 160 injected at a rate of 1.5 mL/s.

In all patients, MDCT and CTAP + CTHA studies were
performed within 2 weeks.

All MDCT scans were reviewed by 2 experienced
abdominal radiologists in consultation. At ‘the MDCT
reading, the readers knew that the patients had pancreatic
carcinoma, but information about liver metastases was not
given. They evaluated images of combinations of plain,
arterial phase, and portal venous phase images of MDCT.
CTAP + CTHA images were evaluated independently just
after the examination by different experienced radiologists
in consultation. Lesions that were hypoattenuated on CTAP
and enhanced on CTHA were diagnosed as liver metasta-
ses. The presence of each lesion at diagnosis was defined as
positive by histological proof, intraoperative ultrasonog-
raphy (IOUS), bimanual palpation at operation, or
enlargement-of the lesions during the follow-up period on
radiological examinations. The absence of liver metastasis
at diagnosis was proved by intraoperative findings for
operative cases and/or follow-up radiological examinations
performed at intervals of more than 6 months.

Results

The characteristics of the 192 patients are outlined in
Table 1. There were 76 women and 116 men in this study.
The median age of the patients was 64.5 years (range
34-86). Of the 192 patients, 182 had extrapancreatic disease
(29 with category T3, 153 with T4) according to the General

Table 1 Patients’ characteristics

No. of patients 192
Age (years)
Median 64.5
Range 34-86
Male/female 116/76

Extension of primary tumor®

T1

T2

T3 29
T4 153

Site of primary lesion

Head ) : 118
Body 51
Tail 23

# According to the General Rules for the Study of Pancreatic Cancer
of the Japan Pancreas Society classification
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Pancreatic cancer (197 cases)

MDCT performeld (192 cases)

Liver metastases(-)
153 cases (79.7%)

|

Liver metastases(+)
39 cases (20.3%)

v

CTAP+CTHA performed
(129 cases)

Not performed CTAP+CTHA:
(24 cases)

!

Liver metastases(-)
76 cases (58.9%)

Fig. 1 Schematic diagram of the preoperative diagnoses of liver
metastases secondary to pancreatic cancer by multidetector computed
tomography (MDCT) and computed tomography during arterial
portography (CTAP) + computed tomography—assisted hepatic arte-
riography (CTHA). Liver metastases were detected by MDCT in 39

Rules for the Study of Pancreatic Cancer of the Japan
Pancreas Society classification. The pancreatic tumor was
limited to the pancreas in 10 patients (5 with T1, 5 with T2).
The primary lesion of the pancreas was located in the head
for 118 patients, in the body for 51, and in the tail for 23
patients (Table 1).

Figure 1 is a schematic diagram of the preoperative
diagnoses of liver metastases secondary to pancreatic cancer
with MDCT and CTAP + CTHA in this study. Liver
metastases were detected by MDCT in 39 patients (20.3%).
The size of these lesions ranged from 5 to 80 mm (mean
28 £ 20 mm). Of these 39 patients, 25 underwent
CTAP + CTHA. CTAP -+ CTHA could also detect these

liver metastases in all the patients. Of the 153 patients who

had no evidence of liver metastases on MDCT, 129 patients
underwent CTAP + CTHA. Of the remaining 24 patients, 9
underwent surgery without CTAP 4+ CTHA being per-
formed. Of these 9 patients, 2 suffered from liver metastases
2 and 4 months, respectively, after pancreatic resection, and
liver metastasis was detected in one patient at surgery.

Of the 129 patients who underwent CTAP + CTHA,
liver metastases were detected in 53 patients (41.1%).
These liver metastases that were not detected by MDCT
ranged from 3 to 15 mm (mean 6.2 & 2.9 mm) in size
(Fig. 2). Most of them were within 10 mm in diameter. On
CTAP + CTHA, a solitary nodule in the liver was detected
in 11 patients, 2 nodules were detected in 6 patients, 3
lesions were detected in 2 patients, and multiple lesions
were detected in 34 patients. Four of the 53 patients
underwent laparotomy, and hepatic nodules were con-
firmed at the same site as those detected by CTAP +
CTHA. As shown in Fig. 3, in a 70-year-old woman with

!

Liver metastases(+)
53 cases (41.1%)

patients (20.3%). Of the 153 patients who had no evidence of liver
metastases on MDCT, 129 patients underwent CTAP + CTHA. Of
the 129 patients who underwent CTAP + CTHA, liver metastases
were detected in 53 patients (41.1%)

90 -
n=39
— 80 oo
£ .
£ 70+ ] p<0.0001
% 60 - 8
4 o
@ 50 oo
° 8
= 40+ o
o OOO
£ 304 8
L (o]
8 20 A n=53 88
N
o 10 4
<]
o] " —
CTAP+CTHA MDCT

Fig. 2 Comparison of the sizes of the liver metastases. Liver
metastases were detected by MDCT in 39 patients. The size of these
lesions ranged from 5 to 80 mm (mean 28 & 20 mm). In 53 patients
whose metastases could not be detected by MDCT, liver metastases
could be detected by CTAP 4+ CTHA. The size of these lesions
ranged from 3 to 15 mm (6.2 £'2.9 mm). Most of them were within
10 mm in diameter

liver metastasis from cancer of the body of the pancreas, a
S-mm hypoattenuated lesion was detected in segment 3 of
the liver by CTAP. This lesion was enhanced by CTHA but
was not detected by MDCT. This patient underwent pan-
createctomy, and the hepatic nodule was confirmed histo-
logically as liver metastasis from pancreatic cancer.

We confirmed no liver metastases by intraoperative
findings in 55 patients. For the remaining 137 patients,
follow-up radiological examination revealed the absence of
liver metastases.

Of the 76 patients in whom no liver metastases were
detected by either MDCT or CTAP + CTHA, 42 underwent
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Fig. 3 Imaging in a 70-year-old
woman with liver metastasis
from cancer of the body of the
pancreas. a MDCT shows a
hypovascular mass in the body
of the pancreas (arrows).

b MDCT could not detect liver
metastasis. ¢ A 5-mm
hypoattenuated lesion is noted
on the CTAP scan in segment 3
(arrow). d CTHA shows a
focally enhanced lesion, which
is in the same place as the lesion
detected by CTAP (arrow)

pancreatectomy. Only 2 of these 42 patients had liver metas-.

tases that were detected by MDCT within 6 months after
. pancreatectomy. Among the remaining 34 patients, only 1
patient had liver metastases that were detected by MDCT
within 6 months after pancreatectomy; therefore, of these 76
patients, 73 (96.1%) were considered to be “true negative”.
Table 2 summarizes comparisons of the- diagnostic
-accuracy of liver metastasis detected by MDCT and
CTAP + CTHA. Of the 192 patients, 35 were excluded from
the analyses of diagnostic accuracy, because they died of
advanced disease within 6 months of the pancreatectomy. Of
these 35 patients 2 had undergone CTAP + CTHA. Of the
127 assessable patients for whom CTAP + CTHA had been
performed, 111 (87.4%) were diagnosed accurately. Of the
65 patients who were diagnosed as having no liver metas-
tases by CTAP + CTHA, 3 suffered from liver metastases,
and metastases could not be detected more than 6 months
after the surgery in the other 62 patients. On the other hand,
of the 62 patients diagnosed as having liver metastases by
CTAP + CTHA, metastases could not be detected within
6 months after the first CTAP + CTHA in 13 patients. The
sensitivity and specificity of CTAP 4+ CTHA versus MDCT
were 94.2% (49 of 52) versus 48.4% (30 of 62) and 82.7% (62
of 75) versus 97.8% (93 of 95), respectively.

Discussion

We have -already reported that more than 50% of patients
were diagnosed as having liver metastases by CTAP +

CTHA in whom these metastases were not detected by

@_ Springer

Table 2 Detection of liver metastases

MDCT (n = 157) CTAP + CTHA (n = 127)
Sensitivity 48.4% (30/62) 94.2% (49/52)
Specificity 97.9% (93/95) 82.7% (62/75)

75.0% (49/62)
95.4% (62/65)
87.4% (111/127)

Positive PV
Negative PV
Overall accuracy

93.8% (30/32)
74.4% (93/125)
78.3% (123/157)

MDCT nmiultidetector computed tomography, CTAP computed
tomography during arterial portography, CTHA computed tomogra-
phy-assisted hepatic arteriography, PV predictive value

MDCT [10]. In that study, although the number of patients
was small, we concluded that the combination of
CTAP + CTHA improved the detection of liver metastases
secondary to pancreatic cancer [10] . Therefore, in the
present study, we analyzed a large number of patients with
pancreatic cancer. The major finding of the present study was
that the combination of CTAP and CTHA has sensitivity
superior to-that of MDCT for the preoperative diagnosis of
liver metastases from pancreatic cancer.

CTAP + CTHA have been the most sensitive nonsur-
gical imaging techniques for the detection of hepatic
metastases [11-14]. The sensitivity of CTAP + CTHA
was 94.2% in the present study, which is comparable with
those in other trials (72-95.8%) [15-18]. On the other
hand, the sensitivity of MDCT, at 48.4%, was too low a
level. Bhattacharjya et al. [15] reported that CTAP detected
more lesions than MDCT but the difference was not sta-
tistically significant. However, they also reported that
magnetic resonance imaging (MRI) and CTAP were
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significantly better than MDCT in detecting multiple
lesions. Satoi et al. [18] reported that MDCT was better for
detecting liver metastases of pancreatic cancer than
CTAP + CTHA. These conclusions appear to be based on
MDCT findings derived from comparisons of 1.25-mm-
~ thick vs 5-mm-thick contiguous slices. However, the sen-

“sitivity of CTAP + CTHA in the study of Satoi et al. [18]
was considerably low (72.0%) compared with that in other
trials, and their study contained only a small number of
patients (25 cases). :

The disadvantages of CTAP 4 CTHA are its low
specificity, the need for technical experts in performing the
imaging, the cost, and the relative invasiveness [16, 18].
CTAP and CTHA require a larger quantity of contrast
medium than MDCT. However, in our study, no patients
experienced renal dysfunction after CTAP + CTHA.
Therefore, it seems that CTAP + CTHA could be per-
formed in all patients, although we should monitor
patients’ renal function.

In our hospital, we have been using combination che-
motherapy with intraarterial 5-fluorouracil infusion com-
bined with systemic gemcitabine for patients
unresectable pancreatic cancer, and the combination is well
tolerated and seems to be effective [19]. In the present
study, the false-positive rate was 21% (13 out of 62). This
is a relatively high rate. The specificity of CTAP + CTHA
is relatively low, because on CTAP + CTHA some
chronic liver damage or an intrahepatic arterioportal shunt
may be depicted as the presence of liver metastases. Also,
we thought that the false positivity occurred because all the
13 patients received chemotherapy after diagnosis. These
patients received systemic administration of gemcitabine
combined with continuous arterial infusion of 5-fluoro-
uracil. Therefore, some metastases may have disappeared
because the chemotherapy was effective during the follow-
up period.

In the present study, 41.1% of liver metastases that
could not be detected by MDCT were detected by
CTAP + CTHA. The size of these metastatic lesions was
within 15 mm, and most of these lesions were within
10 mm in diameter. Liver metastases secondary to pan-
creatic cancer have often been detected as multiple and
small lesions, especially when they are within 10 mm in

diameter. Bhattacharjya et al. [15] reported that CTAP.

could detect smaller metastases (<1 cm) than CT and MRI.
Jimenez et al. [20] reported that more than 40% of cases
predicted to be resectable by CT were not resectable during
surgical laparotomy because of small metastases in the
liver and peritoneal dissemination lesions missed in most
cases. From this point of view, the combination of
CTAP + CTHA is well suited for the preoperative evalu-
ation of the existence of liver metastases from pancreatic
cancer.

with .

US is a noninvasive and relatively. inexpensive exami-
nation for the detection of liver metastases. However, the
sensitivity of US for detecting small metastases (<1 cm) is
difficult to establish [21].

Superparamagnetic iron oxide (SPIO)-enhanced MRI
has not only improved tumor detection but has also allowed
characterization of liver lesions [22]. Strotzer et al: [22]
reported that spiral CTAP could not be replaced by SPIO-
enhanced MRI because CTAP has higher sensitivity,
although its specificity is relatively low. Vogl et al. [23]
and Bhattacharjya et al. [15] have reported that the diag-
nostic efficacy of SPIO-enhanced MRI is similar to that of
CTAP. Tanimoto et al. [16] have also reported that the
diagnostic efficacy of SPIO-enhanced MRI is similar to
that of CTAP + CTHA. In the present study, MRI was not
performed for the patients, so we could not compare MRI
with MDCT and CTAP + CTHA.

Recently, gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid-enhanced magnetic resonance imaging
(Gd-EOB-DTPA-MRI) has been shown to be a useful
modality for detecting liver tumors [24-27]. Akai et al.
[24] have reported that Gd-EOB-DTPA-MRI is as useful as
MDCT for detecting liver lesions. Hammerstingl et al. [25]
have reported that Gd-EOB-DTPA-MRI is superior for the
diagnosis of focal liver lesions compared with MDCT.
Recent multicenter studies have reported that Gd-EOB-
DTPA-MRI is of clinical benefit relative to unenhanced
MRI and spiral CT [26, 27]. However, the majority of the
patients in these reports had hepatocellular carcinoma
(HCC). Therefore, further studies are needed to compare
CTAP + CTHA with Gd-EOB-DTPA-MRI for the detec-
tion of liver metastases.

In conclusion, the combination of CTAP and CTHA is
useful for the detection of liver metastases before operation
for resectable pancreatic cancer because it has higher
sensitivity for this purpose than MDCT.
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