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Table 2. Body weights and histopathologic evaluation of gastritis in Mongolian gerbils and mice in experiment Il
Animal Group (n) Treatment BW (g) Scores of gastritis
Infiltration of Infiltration of
neutrophils mononuclear cells
Antrum Corpus Antrum Corpus
Gerbils G (10) Hp + 10 ppm PS 764 + 4.5 23+05 1.6 +0.9 24 £04 1.8+ 05
H{19) Hp + 3 ppm PS 742 + 106 22+04 19+ 11 25x05 20x08
1{10) Hp + 1 ppm PS 743 +7.7 2404 1.6 +0.8 25+04 2008
J (10) Hp 70.8 + 8.2 23+ 04 1.2+09 2.7 02 17 £07
K (8) Broth + 10 ppm PS 73.8 + 4.2 0.0+ 0.0 0.0+ 0.0 0.1 £ 0.2 0.1 +02
L (10) Broth 752 + 6.4 01 +02 0.0+00 0.2 £ 0.2 0.0 £00
Mice M (19) Hp + 10 ppm PS 302 +£22 1.0+ 03 13+ 06 09 £0.2 12+ 04
N (19) Hp + 3 ppm PS 305+ 2.0 11+03 1404 1.0+0.2 1.3 £ 04
019 Hp + 1 ppm PS 304 + 1.8 08+03 1005 0.8 + 0.3 1.1+ 05
P (20) Hp 289 +28 1.0+ 05 12+ 0.6 0.8 + 0.3 1.0+ 05
Q @21) Broth + 10 ppm PS 29.2+ 1.8 0.0 + 0.1 0.2 +03 0.0+ 0.0 0.0 £ 0.1
R (20) Broth 284 1.0 0.1£0.2 0.4 £ 05 0.0+ 0.0 0.0x00
NOTE: Values for results are expressed as mean + SD.

Statistical analysis

The Fisher's exact test was used to assess incidences of gastric
adenocarcinomas. Quantitative values were expressed as mean =
SD or SE, and differences between means were statistically analyzed
by the ANOVA or Kruskal-Wallis followed by the multiple compar-
ison test. P values of <0.05 were considered to be statistically

significant.

Results

Average body weights, titer of anti-H. pylori

antibodies, and relative organ weights

Data for average body weights, titer of anti-H. pylori
antibodies, and relative organ weights in the long-term exper-
iment (experiment I) and average body weights in the short-
term experiment (experiment II) are shown in Tables 1 and 2,
respectively. There was no significant variation of body
weights in experiments I and II. In experiment 1, all H. pylori-
infected groups (groups A-D) showed significantly higher
values for anti-H. pylori antibody titers than the noninfected
group (group E). The relative liver weights in groups A to D
were markedly higher than in nontreated control group (group
F). The relative kidney weights in group E were statistically
decreased compared with group F. In internal organs other than
the stomach, including the liver, kidney, spleen, heart, and lung
of all groups (groups A-F), no macroscopic or microscopic
lesions were observed.

Status of gastritis

All gastric mucosal specimens from uninfected gerbils and
mice had normal histomorphology (Fig. 1C, a). Histologic
findings for chronic gastritis in experiments I (Table 3) and
1I (Table 2) are summarized. The long-term H. pylori-infected
gerbils showed severe gastritis with intestinal metaplasia and
HPGs (Fig. 1C, b). There were no significant differences in in-
flammatory scores, including infiltration of neutrophils or
mononuclear cells, intestinal metaplasia, and HPGs, both in
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the antrum and corpus, among all infected groups in experi-
ment L. In experiment II, the infiltration of neutrophils and
mononuclear cells of short-term H. pylori-infected gerbils
was greater than that in mice. There were no statistically sig-
nificant differences in the degree of inflammation among
H. pylori-infected animals, as in experiment I. In experiment
I, the score for iNOS immunohistochemistry in group A
(H. pylori + MNU + 10 ppm pitavastatin) was markedly higher
than that in group D (H. pylori + MNU) both in the antrum
and corpus (Fig. 1C, ¢ and d).

Incidences of glandular stomach adenocarcinomas

In experiment I, both well-differentiated and poorly differ-
entiated adenocarcinomas were found in H. pylori-infected
and MNU-treated groups (groups A-D) at 52 weeks after
infection (Fig. 1C, ¢ and f). However, there were no signifi-
cant differences in the incidences among groups A to D
[group A, 45.0% (18 of 40); group B, 56.4% (22 of 39); group
C, 50.0% (20 of 40); group D, 41.5% (17 of 41); Table 1]. In
noninfected control groups (groups E and F) and short-term
infected groups (experiment II), no tumors developed in the
stomach.

Serologic results

On serologic examination, pitavastatin treatment signifi-
cantly increased serum T-Chol, TG, and LDL levels in
H. pylori-infected gerbils in a dose-dependent manner (groups
A-D) in the long-term experiment (experiment I; Fig. 2).
Similarly, in noninfected animals (groups E and F), serum
LDL levels were increased by 10 ppm pitavastatin treatment.
On the other hand, HDL levels were markedly reduced in
both group D (H. pylori + MNU) and group E (10 ppm pita-
vastatin) compared with group F (untreated control).

In experiment II, serum TG and HDL levels showed sig-
nificant up-regulation by pitavastatin treatment in H. pylori-
infected gerbils (groups G-J). In contrast, T-Chol and HDL

www.aacrjournals.org



i
\
]
z

Pitavastatin Fails to Inhibit Gastric Cancer

levels were markedly decreased by 10 ppm pitavastatin in
noninfected gerbils (groups K and L). In H. pylori-infected
mice (groups M-P), serum TG levels were significantly in-
creased by pitavastatin, as in the gerbil case. In noninfected
mice (groups Q and R), the serum LDL level showed a ten-
dency for decrease with 10 ppm pitavastatin treatment,
although this was not statistically significant (P = 0.063).

Administration of pitavastatin and mRNA expression

of IL-18, TNF-a, and iNOS

Gastric IL-18, TNF-«, and iNOS mRNA were found to be
expressed at very low levels in the noninfected control gerbils.
However, in the H. pylori-infected animals, the levels of these
inflammatory factors were markedly elevated in the antrum
and corpus (Fig. 3A and B). In the long-term experiment
(experiment I), relative expression of IL-1p and TNF-a in the
antrum of pitavastatin-treated groups (groups A-C) was
significantly up-regulated compared with the untreated group
(group D; Fig. 3A).

Discussion

The present study did not provide any evidence of statin
protection against gastritis or gastric carcinogenesis in two
animal models. The relationship between statin use and can-
cer incidence has been evaluated in numerous epidemiologic
studies. Some reports supported a role in cancer chemopre-
vention (6, 28), and others refuted the hypothesis (29). Re-
cently, Lubet et al. (30) suggested that atorvastatin and
lovastatin fail to inhibit mammary carcinogenesis of rodents.
In case of gastrointestinal cancer, clinical studies of statins
for preventive effects have also produced conflicting results
(31). Statins are the most widely used drugs both in the
amounts prescribed and the proceeds of sales (32), so we
need to clarify whether they are truly effective for cancer
chemoprevention. Here, we showed that H. pylori-associated
gastric carcinogenesis in Mongolian gerbils is not prevented

by oral administration of pitavastatin at 10 ppm in the diet.
We selected the pitavastatin as a strong candidate to allevi-
ate gastritis and gastric carcinogenesis as well as to lower
the serum lipid levels because pitavastatin has more potent
lipid-lowering effects than pravastatin, simvastatin, and
atorvastatin (21, 33). Furthermore, pitavastatin has been
known to be minimally affected by cytochrome P450 3A4
inhibitors unlike simvastatin, lovastatin, and atorvastatin
(34). Because cytochrome P450 metabolisms in gerbils have
not been fully clarified yet, we selected pitavastatin to avoid
species difference in the drug metabolism in this experi-
ment. Among mice strains, C57BL/6 mice showed excellent
colonization of H. pylori in the antrum, whereas BALB/c
and CBA mice showed only mild gastritis (35); thus, the for-
mer was chosen here. Pitavastatin has been shown to pre-
vent digestive system carcinogenesis, such as colorectal and
lingual cancer, in mouse models (14, 36); however, the de-
gree of gastritis in our study was not attenuated by pitavas-
tatin in H. pylori-infected gerbils and mice. The major
determining factor of stomach carcinogenesis is the severity
of H. pylori-induced gastritis (37). Therefore, the ineffective-
ness of pitavastatin regarding prevention of gastric cancer
development in the gerbil model might be due to the lack
of suppressive effects on H. pylori-induced gastritis.

In the long-term experiment, interestingly, our data sug-
gested that the serum lipid levels (T-Chol, TG, and LDL) of
H. pylori-infected and MNU-treated gerbils were significantly
increased by pitavastatin in a dose-dependent manner. In non-
infected gerbils, similarly, values for LDL cholesterol level
were markedly elevated by the statin, although the HDL cho-
lesterol level was significantly decreased. It was expected that
pitavastatin would lower the LDL without changing HDL le-
vels. Therefore, we did the additional short-term experiment
(experiment II} to clarify whether the effect of pitavastatin on
serum lipid profile was influenced by H. pylori infection, MNU
treatment, or biological trait of gerbils. Again, inflammatory

Table 3. Histopathologic evaluation of gastritis in Mongolian gerbils in experiment |

Infiltration of
mononuclear
cells

Group Treatment Infiltration of
{n) neutrophils

intestinal
metaplasia

HPGs COX-2

immunostaining

iNOS
immunostaining

Antrum Corpus Antrum Corpus Antrum Corpus Antrum Corpus Antrum Corpus Antrum Corpus

A (40)
10 ppm PS
B (39)
3 ppm PS
C (40)
1 ppm PS
D (41) Hp + MNU
E (10) Broth +
10 ppm PS
F(6) Untreated
control

Hp+MNU+ 2.0+40.7 2.3x0.8 2.8+04 2.6+0.5 1.2+0.8
Hp+MNU+ 21206 2.4:0.8 2.7+04 2.5:05 1.3:0.8
Hp+ MNU + 2.0£0.7 2.320.7 2.7+0.4 2.5+0.6 1.3+0.9

1.8+0.6 2.1+0.8 2.6+0.5 2.4+0.5 1.0+0.7
0.0+0.0 0.0:0.0 0.3+0.4 0.0:+0.0 0.0z0.0

0.0£0.0 0.0+0.0 0.0+0.0 0.0+£0.0 0.0£0.0

1.6+0.8 2.3:0.7 2.2+09 1.3+0.7 1.6£0.7 2.0+0.6* 1.8+0.6*

16+£0.6 2.3:0.7 2.320.7 1.5£0.8 1.720.7 1.7+05 1.7+0.6

1.640.8 2.3x06 2.0+09 15407 1.61£0.7 1.6+0.6 1.4+0.5
1.420.5

0.0+0.0

1.2+0.7 2.1x0.7 1.920.8 1.6+0.8 1.540.6 1.5+0.6
0.0+0.0 0.0:£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.1x0.3

0.0+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0

NOTE: Values for results are expressed as mean + SD.
*P < 0.01 versus group D.
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Fig. 2. Serologic results were depicted by box plots. Line inside each box, median; boxes, 25th and 75th percentiles; error bars, 90th and 10th percentiles. *, P <0.05;
* P < 0.01.

scores for gastritis in H. pylori-infected gerbils and mice were  in noninfected gerbils, pitavastatin significantly reduced the
not attenuated by pitavastatin, and serum TG levels were sig-  serum T-Chol and HDL levels. These serologic results suggest
nificantly increased. On the other hand, in the noninfected  that H. pylori infection might influence the effects of the statin.
mice, LDL cholesterol showed tendency for decrease. Similarly, ~ Oral administrated pitavastatin is absorbed mainly in the
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duodenum and colon with a minimum metabolic change but
partly in the stomach. Thus, there is a possibility that the phar-
macokinetics of pitavastatin might be modified by H. pylori—
induced severe chronic gastritis.

Some infectious diseases, such as Chlamydia pneumoniae
infection, have been considered as risk factors for coronary
heart disease (18), and several studies have pointed to an
association between H. pylori infection and vascular
changes due to the alteration of the serum lipid profile
(19, 38). Previous studies reported that the serum T-Chol,
TG, or LDL concentrations in H. pylori-infected persons
are significantly elevated over those in noninfected indivi-
duals (39, 40). On the other hand, several authors de-
scribed HDL cholesterol levels to be decreased by long-
term infection with H. pylori (41-43). In the present study,
H. pylori-infected animals showed similar lipid dynamics
with significant elevation of TG and LDL and depression
of HDL, and pitavastatin markedly up-regulated the T-Chol
and TG levels in infected groups. Thus, our data support
the hypothesis that the conversion of serum lipid dynamics
caused by H. pylori infection influences the cholesterol-low-
ering effect of pitavastatin.

The antral mRNA expression levels of inflammatory cyto-
kines (IL-1p and TNF-a) were found to be significantly in-
creased by pitavastatin treatment in H. pylori-infected and
MNU-treated gerbils, although there were no significant dif-
ferences in inflammatory scores. In addition, the immunoreac-
tivity scores of iNOS both in the antrum and corpus of these
gerbils were higher than those of control (H. pylori + MNU)
gerbils. Recently, Habara et al. (44) showed that pitavastatin
up-regulates iNOS expression in cytokine-stimulated hepato-
cytes. The findings described here suggest potential enhancing
effects of statins on H. pylori-induced gastritis through up-reg-
ulation of these inflammatory factors, in contrast to the anti-
inflammatory effects reported in colon.

Statins are well recognized as relatively safe drugs, al-
though adverse effects include hepatotoxicity and myopathy
at low incidence. In the present study, there was no signifi-
cant variation in body weights with pitavastatin treatment in
either H. pylori-infected or noninfected animals. No macro-
scopic lesions in the liver, spleen, kidney, heart, lung, pancre-
as, testis, and skeletal muscles were observed. In addition,
histologic examination revealed no pathologic findings in
the liver, spleen, kidney, heart, lung, and skeletal muscles

antrum

Fig. 3. Relative expression levels of
IL-1B, TNF-a, and iNOS mRNAs in the
gastric mucosa. A, expression in the
antrum and corpus of gerbils at 52 wk
after infection. Columns, mean arbitrary
units relfative to 1.0 for controls {group F);
bars, SE. Note increase in groups A to

C (pitavastatin-treated groups) compared
with group D (H. pylori-infected controf
group), especially in the antrum. *, P <
0.05; *, P < 0.01. B, expression levels in
the antrum of glandular stomachs of
gerbils at 12 wk after infection. Columns,
mean arbitraty units relative to 1.0 for
controls {group L); bars, SE. Note increase
in group G (10 ppm pitavastatin-treated
gerbils) compared with group J

(H. pylori-infected control gerbils),
although statistically significant
differences are lacking among groups
GtoJ.
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of gerbils at 52 weeks. Therefore, it was considered that pi-
tavastatin toxicity was lacking or limited at the dose used in

the present study.

In conclusion, pitavastatin does not seem to be associated

care is needed in use of statins for H. pylori-infected indivi-
duals, especially those with severe chronic gastritis. Large-scale

epidemiologic studies should be recommended to determine

with reduced risk of stomach carcinogenesis in H. pylori—

infected Mongolian gerbils. Furthermore, H. pylori infection
interferes with the serum lipid-lowering effects of pitavastatin
in gerbil and mouse models. Our results therefore suggest that
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The association between obesity and the risk of colorectal cancer
(CRC) cannot be easily evaluated because CRC itself is associated
with a gradual loss of bodyweight. Aberrant crypt foci (ACF) can be
classified as dysplastic ACF or non-dysplastic ACF by magnifying
colonoscopy, and dysplastic ACF are thought to be a biomarker of
CRC. Ninety-four participants who underwent colonoscopy at
Yokohama City University Hospital, Japan, were enrolled in the
current study. We detected 557 ACF, including 67 dysplastic ACF
(12.0%). Univariate regression analysis was conducted to determine
correlations between the number of dysplastic ACF and various
potential risk factors, including patient age, waist circumference,
body mass index, visceral fat area (VFA), and plasma adiponectin
level. The results of muitiple regression analysis revealed that the
number of dysplastic ACF correlated with age (correlation coefficient
r=0.212, P=0.0383) and plasma adiponectin level (r=-0.201,
P =0.0371), even after. adjustments for sex, waist circumference,
body mass index, and VFA. Our univariate correlation analysis data
showed a significant correlation with the number of dysplastic ACF
with VFA (r=0.238, P = 0.0209), no correlation with subcutaneous
fat area, and an inverse correlation with the plasma level of
adiponectin (r = -0.258, P = 0.0118). Thus, our results suggest that
aging and visceral fat accumulation could correlate moderately with
colorectal carcinogenesis. The novelty of our study lies in the finding
that visceral fat accumulation and a low plasma adiponectin level
may promote colorectal carcinogenesis; therefore, these obesity-
related parameters may serve as novel targets for CRC prevention.
(Cancer Sci 2009; 100: 29-32)

Obesity and its associated visceral fat accumulation have
been reported to be linked to an elevated risk of cardio-
vascular disease, diabetes mellitus, and mortality, and these
complications are rapidly becoming significant problems.?
Visceral adipose tissue is not only fat storage tissue, but also a
metabolically active organ secreting many adipocytokinés, such
as adiponectin.’ Obesity is reportedly an important risk factor
for CRC.® CRC has high mortality and morbidity rates, and its
prevalence has been increasing.®® The precise risk factors for
CRC remain unclear, although a family history and several
dietary and lifestyle factors have been proposed to be involved.®

The association between obesity and the risk of CRC cannot
be easily evaluated because of the confounding effect of
bodyweight loss with CRC. Therefore, we sought to identify a
biomarker for risk assessment and monitoring of CRC. ACF,
which were first discovered in mice treated with azoxymeth-
ane,® have been clearly shown to be precursor lesions of CRC,
and are now established as a biomarker of the risk of CRC in
azoxymethane-treated mice and rats.® In humans, ACF can be

doi: 10.1111/).1348-7006.2008.00994.x
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classified as dysplastic or non-dysplastic through the use of
magnifying colonoscopy.!'”? ACF have not been firmly estab-
lished to be precursors of CRC; however, dysplastic ACF could
possibly serve as a biomarker of the risk of CRC. Previous stud-
ies have reported that individuals with CRC have more ACF
than those without CRC, therefore dysplastic ACF represent
potential clinical precursors of CRC and colorectal adenoma.¢-
Recently, an association was suggested to exist between obesity
and the risk of CRC.%5'® However, the relationship between
obesity and ACF remains unclear. Therefore, the current study
in a clinical population aimed to investigate the relationship
between various obesity-associated parameters and rectal
dysplastic ACF.

Patients and Methods

Study population. We prospectively evaluated 94 subjects
recruited from the population of healthy individuals who
underwent colonoscopy at Yokohama City University Hospital,
Japan. The exclusion criteria included: presence of contrain-
dications to colonoscopy; current or past non-steroidal anti-
inflammatory drug use including aspirin; family history of CRC;
or history of adenoma, carcinoma, familial adenomatous polyposis,
inflammatory bowel disease, or radiation colitis. Subjects with a
history of colectomy, gastrectomy, or colorectal polypectomy,
and those treated with daily insulin self-injection or sulfonylurea
for diabetes mellitus, were also excluded. In order to investigate
the influence of obesity on colorectal carcinogenesis, patients
with colorectal adenoma or carcinoma at the time of colonoscopy
were also excluded from the study. Written informed consent
was obtained from all subjects prior to their participation. The
study protocol was approved by the Yokohama City University
Hospital Ethics Committee.

Collection and analysis of blood samples for adiponectin level.
Blood samples were obtained in the morning on the day of
colonoscopy after overnight fasting. Plasma adiponectin levels
were measured by enzyme-linked immunosorbent assay of the
total forms of human adiponectin (SRL Co., Tokyo, Japan).

Magnifying colonoscopy for identification of ACF. Participants’
bowel preparation for the colonoscopy was carried out using

5To whom correspondence should be addressed

E-mail: hirokazu@med.yokohama-cu.ac.jp

Abbreviations: ACF, aberrant arypt foci; BMI, body mass index; CRC, colorectal can-
cer; CT, computed tomography; SFA, subcutaneous fat area; TFA, total fat area;
VFA, visceral fat area.
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Non-dysp!aétic ACF

Dysplastic ACF

polyethylene glycol solution. A Fujinon EC-490ZW5/M colono-
scope was used for the magnifying colonoscopy (Fujinon
Toshiba ES Systems, Tokyo, Japan). Total colonoscopy was
carried out before imaging of rectal ACE. Subsequently, 0.25%
methylene blue was applied to the mucosa with a spray catheter.
Aberrant crypts were distinguished from normal crypts by their
deeper staining and larger diameter, and the number of ACF in
the rectum was counted. This counting was conducted in the
lower rectal region, extending from the middle Houston valve
to the dentate line, based on the results of a previous study.(®
All ACF were recorded photographically and evaluated by two
independent observers who were unaware of the subjects’

. clinical histories.

Criteria used for endoscopic diagnosis. ACF were defined as
lesions in which the crypts were more darkly stained with
methylene blue than normal crypts and had larger diameters,
often with oval or slit-like lumens and a thicker epithelial
lining. 4™ Dysplastic ACF were defined as crypts in which
each lumen was compressed or not distinct, with an epithelial
lining that was much thicker than that of normal surrounding
crypts. Non-dysplastic ACF were classified as hyperplastic or
non-hyperplastic.!®

Measurement of VFA and SFA. BMI was calculated using the
following equation: bodyweight (kg)/(height [m]?). Intra-
abdominal adipose tissue was assessed, as described previously
by measuring the VFA, SFA, TFA, and waist circumference
from CT images at the level of the umbilicus.*!® All CT scans
were carried out with the subjects in the supine position. The
borders of the intra-abdominal cavity were outlined on the CT
images, and the VFA was quantified using Fat Scan software
(N2 System Corporation, Kobe, Japan).

Statistical analysis. We examined the associations between the
risk factors for CRC and the number of dysplastic ACE All data
were expressed as mean + SD, unless otherwise indicated. The
relationships between the number of dysplastic ACF and
relevant covariates were examined by univariate regression
analysis, and standardized correlation coefficients were determined
using Stat View software (SAS Institute, Cary, NC, USA). Multiple
regression analysis was carried out to assess the relationship
between the number of dysplastic ACF and potentially
associated variables, and to determine the standardized
correlation coefficients. The dependent variable was the
number of dysplastic ACF, and the independent variables
were age, sex, VFA, and plasma adiponectin level. Waist circumf-
erence and BMI were excluded from this analysis because these
factors have a high correlation with VFA. P-values < 0.05
were considered to denote statistical significance.

30

Fig. 1. Typical features of non-dysplastic and
dysplastic aberrant caypt foci (ACF) on
magnifying colonoscopy after methylene blue
staining.

Results

Colonoscopic features of ACF. A total of 557 ACF, including 67
dysplastic ACF, were counted by magnifying colonoscopy in the
94 patients. The aberrant crypts were larger, thicker, and more
darkly stained than the normal crypts. Dysplastic ACF and
non-dysplastic ACF accounted for 12.0% (67 of 557) and 88.0%
(490 of 557) of the total, respectively. The number of subjects
with dysplastic ACF was 34, and the number with non-dysplastic
ACF was 76. In the lesions detected by magnifying colonoscopy,
the size (i.e. median number of crypts £ SD) per ACF was
15.1 £ 10.4 and per dysplastic ACF was 8.5 £ 11.8. The average
number of composition crypts per ACF was 93.2+124.3 and
per dysplastic ACF was 16.3 + 26.2. In the 94 patients, the mean
total number of ACF (non-dysplastic and dysplastic) per patient
was 5.92 +6.50, and the mean number of dysplastic ACF per
patient was 0.71 £1.16. The typical colonoscopic features of
dysplastic and non-dysplastic ACF are shown in Figure 1,

Patient characteristics, The clinical characteristics of the
study participants are shown in Table 1. The mean age was
65.1 % 10.8 years, and there were 48 men and 46 women. The
mean waist circumference, BMI, TFA, VFA, SFA, and plasma
adiponectin level were 86.3+10.0cm, 23.3+3.1kg/m?,
200.8 £91.4 cm?, 83.9+£50.1 em? 116.7 +60.4 cm?, and
11.0 £ 5.6 pg/ml., respectively.

Univariate regression analysis: Correlations between risk factors
for CRC and the number of dysplastic ACE. Age correlated signi-
ficantly with the number of dysplastic ACF, as shown in Table 2
(r=0232, P=0.0242). Sex showed no correlation with the
number of dysplastic ACE. All of the obesity parameters, except
SFA (r=-0.001, P=0.9979), correlated significantly with the
number of dysplastic ACF, as follows: waist circumference
(r=0.225, P=0.0293), BMI (= 0.307, P =0.0325), and VFA
(r=0.238, P = 0.0209). The plasma level of adiponectin showed
a significant inverse correlation with the number of dysplastic
ACF (r=-0.258, P =0.0118). Age was the only parameter that
correlated significantly with the number of non-dysplastic ACF
(r=0.218, P =0.0336), which were much more abundant than
dysplastic ACF in the study subjects.

Multiple regression analysis: Correlations between risk factors for
CRC and the number of dysplastic ACE. The results of the multiple
regression analysis are shown in Table 3. After adjustments for
sex, waist circumference, BMI, and VFA, the parameters of age
and plasma adiponectin level still correlated significantly with
the number of dysplastic ACF (P =0.0383 and P=0,0371,
respectively).
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Table 1. Clinical characteristics of study participants

Characteristic < Overall Subjects with non-dysplastic ACF Subjects with dysplastic ACF
Number ’ 94 76 34

Age (years) 65.1+10.8 66.3 + 10.1 66.2 + 8.1

Sex (male : female) 48:46 43:33 21:13

Waist circumference (cm) 86.3+ 10.0 86.0 + 10.5 88.4+11.2

Body mass index (kg/m?) 23.3+3.1 233+3.2 24.2+3.0

Total fat area (cm?) 200.8+91.4 199.5 + 95.7 222.0+96.0
Visceral fat area (cm?) 83.9 + 50.1 86.3+51.6 103.6 £ 52.6
Ssubcutaneous fat area (cm?) 116.7 £ 60.4 112.9£60.8 117.8+58.4

Plasma adiponectin (ug/mL) 11.0+5.6 11.3%£5.8 9.4+43

Data are expressed as mean + SD. ACF, aberrant crypt foci.

Table 2. Univariate correlation analysis: Correlations between the
number of non-dysplastic or dysplastic aberrant crypt foci (ACF) and
the risk factors for colorectal cancer

Table 3. Multiple regression analysis: Correlations between the
number of dysplastic aberrant crypt foci and the risk factors for
colorectal cancer

C i Non-dysptlastic ACF Dysplastic ACF Risk factor Correlation coefficient P
Risk factor

r P r P Age 0.212 0.0383*
Age 0.218  0.0336* 0232 00282+ ¥ 0.038 0.7141
Sex 0.109 0.2928 0.087 0.4069 Waist circumference -0.152 0.4508
Waist circumference 0076  0.4651 0225  0.0293* 3:’5‘:2:;?:{'2?:: g‘ggz 8'22&3
Body mass index 0.169 0.1011 0307 00325* . o adiponectin _0'201 0'0371*
Total fat area 0.126 0.2257 0.135 0.1941 p : .
Visceral fat area 0.137 0.1868 0.238 0.0209* R? for the entire model = 0.368.
Subcutaneous fat area 0.078 0.4560 -0.001 0.9979 After adjustments for sex, waist circumference, body mass index, and
Plasma adiponectin ~0.019 0.8538 0258  0.0118+ Visceral fat area, the parameters of age and plasma adiponectin level

Age, waist circumference, body mass index, visceral fat area, and
plasma adiponectin level correlated with the number of dysplastic ACF.
*P < 0.05.

Discussion

In the present study a total of 557 ACF were counted in the 94
patients, and we demonstrated a significant correlation between
the number of dysplastic ACF and the VFA, and a significant
inverse correlation between the number of dysplastic ACF and
the plasma adiponectin level. Age was also associated with the
number of ACF, that is, the number of dysplastic and non-
dysplastic ACF increased with age. CRC is thought to progress
through several morphological stages, from the formation of
polyps to the onset of malignant change.®? Genetic alterations,
including mutations in the K-ras, p53, and APC genes, have
been reported to be associated with the disease progression.®®
The K-ras mutation has also been reported in human ACE®
Therefore, the increased risk of ACF formation with age may be
influenced mainly by these genetic alterations. Sex showed no
correlation with the number of dysplastic ACF in the present
study; however, the incidence of CRC is lower in women
than in men.®?> It has been suggested that the initiation of
dysplastic ACF is comparable in men and women, but thereafter
tumor progression differs because visceral fat accumulation is
higher in men than woman. This visceral fat accumulation may
affect tumor progression.

Waist circumference has often been suggested to be associ-
ated with VFA. Consistent with this suggestion, our data showed
that both waist circumference and VFA were associated with the
number of dysplastic ACF. Recent reports have suggested that
obesity may be associated with a high risk of CRC.® Several
studies have shown that increased BMI .is associated with an
increased risk of CRC.®® The importance of the size of ACF has
been reported,®” and the correlation between size, measured as

Takahashi et al.

still correlated with the number of dysplastic aberrant crypt foci.
*P < 0.05.

the median number of crypts per both non-dysplastic ACF and
dysplastic ACF, and risk factors was analyzed. The correlation
between the median number of crypts per ACF and any risk factors
had almost the same result as the number of ACF (data not
shown). Our data showed a direct correlation between the VFA
and the number of dysplastic ACF, and an inverse correlation
between the plasma adiponectin level and the number of dysplastic
ACF (Table 2). A previous study showed that the K-ras gene
was mutated in 50-60% of patients with dysplastic ACF4®
thus genetic alterations were already underway. Visceral fat
correlated with dysplastic ACF in the current study, and another
study showed that increased visceral adiposity was a significant
predictor of lower rates of disease-free survival in patients with
resectable colorectal cancer,® suggesting that visceral fat plays
an important role in colorectal carcinogenesis and progression.
Visceral fat tissue is known to be an endocrine organ that
secretes adiponectin, which has an inverse relationship with
obesity and visceral fat.® We carried out multiple regression
analysis to assess whether plasma adiponectin may be a risk factor
for dysplastic ACF growth, independent of the effects of obesity.
If dysplastic ACF are a biomarker of the risk of colorectal ade-
noma and CRC, then some factors associated with the risk of
CRC may also influence the number of dysplastic ACE Very little
is known about the factors that initiate or promote the growth of
dysplastic ACF in humans. Our results suggest that plasma
adiponectin levels are inversely associated with the number of
ACF, and that visceral fat may be associated directly with ACF
and thus could be a risk factor for the early stage of colorectal
carcinogenesis.

There are many reports on the existence of relationships
between the risk of CRC and exercise, energy use, glycemic
index, and food choices and dietary constituents.®**3 These
factors affect each other, therefore it is difficult to evaluate the
relationship between any one factor and the risk of CRC. Obesity
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is thought to result from many of these factors. It is also thought
that aging, visceral fat, and adiponectin are important in CRC
carcinogenesis. Further investigation is needed to elucidate the
mechanisms that affect these relationships and the impact on the
development of CRC.

The novelty of our study lies in our use of dysplastic ACF as
a biomarker for risk of CRC to show that visceral fat accumulation
and low plasma adiponectin level may affect colorectal carcino-
genesis. Further studies should be conducted to clarify the role
that visceral fat accumulation and reduced plasma adiponectin
play in dysplastic ACF growth and whether these obesity-related
parameters may serve as novel targets for CRC prevention.
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Abstract _
Backgound When considering surgery for branch duct-
intraductal papillary mucinous neoplasms (BD-IPMNs)
with suspected malignancy, it should be recognized that
these lesions are frequently multifocal and are usually
found in elderly patients with potential comorbidities that
could affect the outcome of surgery. Clinical trials of
chemoprevention have been conducted for a wide variety
of malignancies.

Methods Twenty-two BD-IPMN patients participated in
the trial at our institution from June 2004 to January 2007.
Ten of the 22 patients who rejected surgical therapy
although their lesions or clinical symptoms met the criteria
for surgical resection of the International Association of
Pancreatology guidelines were assigned to the treatment
group. Sulindac (150 mg twice daily) and omeprazole

T. Hayashi - H. Ishiwatari - H. Thara - Y. Kawano -

K. Takada - K. Miyanishi - M. Kobune - R. Takimoto - J. Kato
Fourth Department of Internal Medicine,

Sapporo Medical University School of Medicine,

Sapporo, Japan

T. Sonoda .
Department of Public Health, Sapporo Medical University
School of Medicine, Sapporo, Japan

T. Takayama

Department of Gastroenterology and Oncology,
Institute of Health Biosciences,

The University of Tokushima Graduate School,
Sapporo, Japan

Y. Niitsu (B<)

Department of Molecular Target Exploration,
Sapporo Medical University School of Medicine,
South-1, West-16 Chuo-ku Sapporo,

Hokkaido 060-8556, Japan

e-mail: niitsu@sapmed.ac.jp

@ Springer

(20 mg once daily) were administered to these patients for
18 months. The remaining 12 patients comprised the con-
trol group. Branch duct diameter and mural nodule heights
were monitored by either magnetic resonance cholangio-
pancreatography (MRCP) or computed tomography (CT)
and by endoscopic ultrasonography (EUS).

Results Both branch duct diameter and mural nodule
height of BD-IPMNs in the treatment group were signifi-
cantly reduced, while those in the control group were
unchanged. Immunohistochemical staining for cyclooxy-
genase-1 and -2 was negative in hyperplasia, adenoma and
carcinoma portions of resected pancreatic specimens but
was clearly positive for glutathione-S—trans‘ferase 7 (GST-n),
suggesting that GST-n is a putative target molecule for
sulindac.

« Conclusions Although a larger scale randomized con-

trolled study is needed in future, the present results suggest
the promise of chemoprevention of carcinoma derived
from BD-IPMNs by sulindac.

Keywords ~ Intraductal papillary-mucinous neoplasm -
Chemoprevention - Non-steroidal anti-inflammatory
drugs - Glutathione-S-transferase n

Abbreviations

TIAP International Association of Pancreatology

BD-IPMNs Branch duct intraductal papillary-mucinous
neoplasm

MD-IPMN  Main duct intraductal papillary-mucinous
neoplasm

ERP Endoscopic retrograde pancreatography

CT Computed tomography

MRCP Magnetic resonance cholangiopancreatography

EUS Endoscopic ultrasonography

NSAIDs Non-steroidal anti-inflammatory drugs
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COX-1 Cyclooxygenase-1

COX-2 Cyclooxygenase-2

GST-n Glutathione-S-transferase 7 .
Introduction

Over the past 15 years, mostly due to developments in high-
resolution abdominal imaging techniques, the number of
patients found to have intraductal papillary mucinous neo-
plasms (IPMNs) has dramatically increased. IPMNs can be
categorized into two groups based on a topographical dif-
ference: neoplasms arising from the main pancreatic duct
(MD-IPMNs) and IPMNs involving only the secondary
branch ducts (BD-IPMNs). Recent studies have revealed
that these two types of IPMNs also differ with regard to
biological behavior, such as invasiveness and expansion
rate [1]. The prevalence of cancer among MD-IPMNs and
BD-IPMNs ranges from 57-92% to 6-46%, respectively,
indicating immediate surgical resection for the former
lesion [2-5]. As to the therapeutic strategy for the latter
lesion, the International Association of Pancreatology (IAP)
suggests that patients with no symptoms, with a branch duct
diameter of <30 mm, with no mural nodules and a main
pancreatic duct diameter <6 mm can be followed with
periodic imaging and that patients who develop any one of
those four findings should undergo surgery [6]. However,
when considering surgery for BD-IPMNs, it should be
noted that the lesions are frequently multifocal, are usually
found in elderly patients with potential comorbidities that
can affect the outcome after surgery, and are associated with
a high incidence of extra pancreatic malignancies.

Clinical trials of chemoprevention have been conducted
for a wide variety of malignancies, including colorectal
cancer, lung cancer, etc. [7-10]. Since chemoprevention is a
more active approach than the simple watch and wait follow-
up for non-operative BD-IPMNs and is considered to be
suitable for avoiding the difficulties described above, in the
present study, we attempted to treat patients with BD-
IPMNs who had refused surgery with a non-steroidal anti-
inflammatory drugs (NSAIDs), sulindac, which has been
used to suppress the growth of pancreatic cancer cell line and
to prevent the occurrence of pancreatic neoplasia [11-13].

Methods

Clinical trial of sulindac administration
to patients with TPMNs

This clinical trial was approved by Institutional Review
Board of Sapporo Medical University. Written informed
consent was obtained from all enrolled subjects.

Forty patients were diagnosed to have BD-IPMNs,
which were grape-like multilocular cysts with a commu-
nication to the main pancreatic duct, based on results of
magnetic resonance cholangiopancreatography (MRCP) or
computed tomography (CT) at our institution from June
2004 to January 2007. Of these, a total of 22 patients
entered into the trial. Ten of these 22 patients had refused
surgical therapy although their lesions or clinical symp-
toms met the criteria for surgical resection as defined by
IAP guidelines and were assigned to the treatment group.
They had no history of regular use of NSAIDs, active
peptic ulcer, renal dysfunction or. allergy to NSAIDs.
Administration of sulindac (150 mg twice daily) to the
treatment group was continued for 18 months. This dosage
was chosen according to the previous chemopreventive
studies for colorectal cancer [14, 15]. To prevent mucosal
damage by sulindac, omeprazole (20 mg ornce daily) was
also administered. The remaining 12 patients included 11
patients whose lesions did not meet the criteria for surgical
resection and one patient (case 11) who had a history of
aspirin asthma and refused surgery, although surgical
resection was indicated for her lesion. These 12 patients
comprised the control group.

Branch duct diameter and main pancreatic duct diameter
were monitored by either MRCP or CT twice (at 6 and
18 months) during the observation period. The height of
mural nodules was measured by endoscopic ultrasonogra-
phy (EUS).

Immunohistochemistry

To explore the putative target molecule for sulindac, we
performed immunohistochemical studies of cyclooxygen-
ase-1 (COX-1), cyclooxygenase-2 (COX-2) and glutathi-
one-S-transferase m (GST-m) using eight specimens of
BD-TPMNs that had been resected at our institution between
2000 and 2007. None were from the treatment or control
group. In all cases, not only high-grade lesions but also
low-grade lesions spreading to the surrounding areas were
evaluated. Lesions corresponding to mucinous hyperplasia
according to Soldini et al. [16] were defined as hyperplasia,
lesions with low to moderate grade dysplasia according to
World Health Organization classification [17, 18] as adenoma
and lesions with high grade dysplasia and those with invasive
carcinoma, according to World Health Organization classifi-
cation as carcinoma.

Antigen retrieval was performed in Target Retrieval
Solution High pH (DAKO, Carpentaria, CA, USA) heated
at 100°C in an autoclave for 5 min. Immunohistochemical
staining of COX-1 and COX-2 was performed by the LSAB
method using an anti-COX-1 polyclonal antibody (Santa
Cruz Biotechnology Inc, Santa Cruz, CA, USA) and anti-
COX-2 polyclonal antibody (Santa Cruz Biotechnology
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Inc), respectively, and L.SAB + System-HRP (DAKO).
Immunohistochemical staining of GST-n was performed by
the dextran polymer method using an anti-GST-n poly-
clonal antibody (MBL, Nagoya, Japan).and Envision Kit
(DAKO), followed by coloring with 3,3’-diaminobenzidine
tetrahydrochloride (DAB) (Wako, Osaka, Japan) and
nuclear staining with Gill’s hematoxylin solution (Wako).
Staining intensity and width of staining area under three
microscopic fields with a magnification of 200 x were
graded according to the method of Gong et al. [19]. Score of
intensity and score of area were multiplied and the resultant
number was expressed as shown in Fig. 7.

Statistical analysis

Statistical analyses were performed using the Fisher exact
test for gender and multiplicity of lesions and Mann~—
Whitney U test for age, branch duct diameter, main pan-
creatic duct diameter and mural nodule height. Spearman’s
rank correlation coefficient was determined for the relation
between the branch duct diameter and mural nodule height.
Friedman’s test and Wilcoxon signed-rank test were per-
formed to determine changes during the observation per-
iod. Differences were considered significant at a P value of
less than 0.05 in the above analysis. Wilcoxon signed-rank
test was used for multiple comparisons of scores of
immunohistochemical staining intensity, and the Bonfer-
roni correction was applied.

Results
Demographics of patients

Demographics of patients and their BD-IPMN lesion on

‘images are shown in Table 1. Although there were no

differences in age (P = 0.39), gender (P = 0.37), multi-
plicity of ‘lesions (P = 0.59), branch duct diameter
(P = 0.12) and main pancreatic duct diameter (P = 0.34)
between the treatment and control groups, mural nodule
height differed significantly between the two groups
(P = 0.003). Cases 1-10 comprised the treatment group
and cases 11-22 the control group.

In case 1, two dilated branch ducts with diameters of 56
and 24 mm, respectively, were detected by MRCP. A mural
nodule was associated with the latter duct. In cases 2, 3, and
4, branch duct diameter exceeded 30 mm and mural nodules
were detected. Although the branch duct diameter in cases 5,
6, 8, 9, and 10 was within 30 mm, mural nodules were
detected in each of these cases, Case 7 experienced contin-
uous epigastric abdominal pain, which is one of the IAP
criteria for surgical resection of the lesion. Thus all patients in
the treatment group were recommended (o undergo surgery

@ Springer

according to IAP guidelines, but rejected the recommenda-
tion. Cases 8 and 10 transiently complained of lower
abdominal pain, which was irrelevant to the pancreatic lesion.

In the control group, case 11 had a lesion with a branch
duct diameter >30 mm, main pancreatic duct diameter
>6 mm, and mural nodule, which undoubtedly met the
criteria of surgical resection, but she rejected operation.
This patient had a history of aspirin asthma and therefore
was not eligible for treatment with sulindac. The remaining
11 patients in the control group had lesions that did not
indicate surgical resection.

To evaluate the relation between branch duct diameter
and mural nodule height as determined by either MRCP or
CT and EUS, respectively, we conducted Spearman rank-
order correlation coefficient analysis and found no statis-
tically significant correlation (r = 0.40, P = 0.067).

Changes in branch duct diameter in the treatment
group and contro} group during the 18-month
observation period

In the treatment group, there was an apparent decrease in
branch duct diameter during the period of treatment in
cases 1, 2, 3, 4, 8, and 10, although regrowth of the
diameter of the branch duct after 6 months was observed in
Patient 2. On the other hand, in cases 5, 6, 7, and 9, the
branch duct diameter was unchanged. However, when the
Friedman test was applied to this treatment group as a
whole, the decrease in branch duct diameter was statisti-
cally significant (P = 0.000055). In the control group, the
branch duct diameter tended to increase although the
increment was not statistically significant (P = 0.12). Of
note, in case 16, the branch duct diameter transiently
increased at month 6 and decreased at month 18, possibly
reflecting a change in the balance between the rate of
mucin production by the mural nodule and the drainage
rate of mucin fluid from the branch duct (Fig. 1.).

Changes in diameter of the main pancreatic duct
in the treatment and control groups during
the 18-month observation period

There were no significant changes in the diameter of the
main pancreatic duct in both the treatment and control
groups, including case 11, whose MPD was apparently
dilated (Fig. 2.).

Changes in mural nodule height in the treatment
and control groups during the 18-month observation
period

In the entire treatment group, with the exception of cases 4
and 7 who had no mural nodules, mural nodule height
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Fig. 1 Changes in branch duct
diameter during the observation
period. Number at each point
(circles) represents case
number. Friedman’s test was
used. Significant changes were
observed in the treatment group
(P = 0.000055) but not in the
control group (P = 0.12) '

Fig. 2 Changes in diameter of
the main pancreatic duct during
the observation period. Number
at each point (circles) represents
case number. Friedman’s test

was used. Significant changes

were not observed in either the

" treatment group (P = 0.75) or

control group (P = 0.66)

decreased either by 6 or 18 months of treatment. The
decrement was statistically significant by the Friedman test
(P = 0.001), When mural nodule height was compared
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with branch duct diameter in each case, no correlation was
observed. In cases 5, 6, and 9, who had no change in branch
duct diameter, mural nodule height was clearly decreased.



J Gastroenterol (2009) 44:964-975

969

In the control group, only one of 12 patients (case 11)
had a detectable mural nodule. Monitoring of the lesion
was performed in 8 of 12 patients which included case 11
because the other control group patients refused to undergo
EUS. During 6 months of observation by EUS, mural
nodule in case 11 clearly increased and only case 21 but not
other cases developed a new mural nodule (Fig. 3).

Adverse effects

Among ten patients who received sulindac, none com-
plained symptoms or suffered from apparent adverse effect
related to sulindac.

Images of three representative cases (cases 1, 8, and 11)

Figures 4, 5, and 6 show impressive changes in lesions as
observed by imaging modalities in three patients during the
observation period.

Figure 4 shows an enlarged orifice of the ampulla of
Vater (a), filling defect in the main pancreatic duct (white
arrow, b), the communication of the dilated branch duct to
the main pancreatic duct (white bracket, b), and grape-like
multilocular cysts (white bracket, ¢) in case 1, which were
all typical imaging features of BD-IPMNs. In this case,
there were two dilated branch ducts, with diameters of 56
and 24 mm, respectively (Fig. 4c), and a nodule was

Fig. 3 Changes in mural 10 .
nodule height during the
observation period. Number at
each point (circles) represents
case number. Friedman’s test
was used. Significant changes
were observed in the treatment
group. (P = 0.001). Wilcoxon
signed-rank test was performed.
Significant changes were not
observed in the control group
(P = 0.09)

Treatment p=10)

present in the small branch duct. The maximum branch
duct diameter decreased from 56 mm (large white bracket,
Fig. 4c) to 49 mm (large white bracket, Fig. 4d) by
6 months and to 46 mm (large white bracket, Fig. 4e) by
18 months after initiation of the drug administration. The
mural nodule height in the smaller branch duct was also
reduced from 5 mm (white arrowhead, Fig. 4f) to 3 mm
(white arrowhead, Fig. 4g) by 6 months.

Another patient (case 8) in the treatment group with a
striking reduction in lesion size is shown in Fig. 5. Before
the treatment, viscous fluid oozing from the ampulla of
Vater (Fig. 5a), a dilated branch duct communicating to the
main pancreatic duct (white bracket, Fig. 5b), and a cystic
lesion in the pancreas (white bracket, Fig. 5c) were evi-
dent. Upon treatment, the diameter of the branch duct had
reduced from 17 mm (white bracket, Fig. 5¢) to 11 mm
(white bracket, Fig. 5d) by 6 months, and remained at
11 mm (white bracket, Fig. Se) at the 18th month. The
height of the mural nodule in this case was also dramati-
cally reduced from 7 mm (white arrowhead, Fig. 5f) to
4 mm (white arrowhead, Fig. 5g) by the 6 month of
observation.

-In contrast, the lesion clearly grew in size in one patient
(case 11), the control group subject who rejected surgery
despite meeting the criteria of the IAP and was not eligible
for treatment with sulindac because of a history of allergy
to NSAIDs. Figure 6 shows an enlarged orifice of Vater
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Fig. 4 Image findings in case 1.
Duodenoscopic image of
ampulla of Vater (a). ERP
image of filling defect in
moderately dilated main
pancreatic duct and two dilated
branch ducts (b). MRCP image
of two dilated branch ducts and
main pancreatic duct (¢ before
drug administration, d 6 months
after drug administration,

e: 18 months after drug
administration). EUS view of
mural nodule in smaller dilated
branch duct (f before drug
administration, g 6 months after
drug administration)

Fig. S Image findings in case 8.
Duedenoscopic image of
ampulla of Vater (a). ERP
image of dilated branch duct
communicating to main
pancreatic duct (b). CT scans of
cystic lesion of pancreas head
(c before drug administration,

d 6 months after drug
administration, e 18 months
after drug administration). EUS
view of mural nodule in dilated
branch duct (f before drug
administration, g 6 months after
drug administration)
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Fig. 6 Image findings in case
11. Duodenoscopic image of
ampulla of Vater (a). ERP
image of filling defect in
moderately dilated main
pancreatic duct and dilated
branch duct (b). CT scans of
multilocular cystic lesion of
pancreas body (¢ before
observation, d 6 months after
observation, e 18 months after
observation). EUS view of
mural nodule in dilated branch
duct (f before observation,

g 6 months after observation)

Fig. 7 Immunohistochemical staining for COX-1 in resected BD-
IPMN specimens. Staining of gastric gland and mononuclear cell of
gastritis mucosa for positive control (a). Representative specimens of
normal epithelium (b), hyperplasia (c), adenoma (d), and carcinoma
(e). High magnification images of the boxed area from a to e were

shown in a’—¢’. Normal epithelium showed no staining at all and was
scored as 0. Perinuclear area of hyperplasia and adenoma slightly
stained brownish (arrows in ¢’ and d'), but because the staining was
present only in a limited area, the score was 0. Carcinoma showed no
staining at all and was scored as 0. X200 in a—e, 1,000 x in a’'—¢'
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Fig. 8 Immunohistochemical staining for COX-2. Staining of
colonic carcinoma tissue for positive control (a). Serial sections of
BD-IPMN specimens in Fig. 7 (b-e). High magnification images
of the boxed area from a to e were shown in a’-¢’. The cytoplasm of
normal epithelium stained light brownish (arrows in b’) only in a

limited area and was scored as 0; hyperplasia did not stain at all and
was scored as 0; up to half of the area of cytoplasm of adenoma
stained light brownish (arrows in d') and was scored 2; and carcinoma
did not stain at all and was scored as 0. X200 in a-e, x 1,000 in a’'-¢’

Fig. 9 Immunohistochemical staining for GST-%. Staining of colonic
carcinoma tissue for positive control (a). Serial sections of BD-IPMN
specimens in Fig. 7 (b—e). High magnification images of the boxed
area from a to e were shown in a'~¢’. The perinuclear area of normal
epithelium stained light brownish (arrows in b'), but because the area
of staining was limited, was scored 0; hyperplasia and adenoma were

(Fig. 6a), communication of the branch duct to the main
pancreatic duct (white bracket, Fig. 6b), filling defect in
the main pancreatic duct (white arrow, Fig. 6b), and a
multilocular cyst (white bracket, Fig. 6c), consistent with
imaging findings of BD-IPMNs. During the observation
period, though the maximum branch duct diameter
remained nearly stationary (white bracket, Fig. 6c—¢), one
of the branched cysts (white arrowhead, Fig. 6¢c—€) clearly
increased in size. EUS revealed the growth of mural
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scored as 8 based on the finding that the nucleus and cytoplasm were
both stained brown throughout the lesion (arrows in ¢’ and d'); and
carcinoma was scored as 3 because the staining intensity of nucleus
and cytoplasm was low and the area showing light brown staining
included more than half of the whole lesion (arrows in €'). x200 ina—
e, x1,000 in a’—¢ .

nodules from 7 mm (white arrowhead, Fig. 6f) to 9 mm
(white arrowhead, in Fig. 6g) after 6 months.

Immunohistochemical staining of COX-1, COX-2
and GST-= in BD-IPMN tissues

In exploring the putative target molecule for sulindac, we
performed immunohistochemical staining of COX-1,
COX-2 and GST-m in BD-IPMN tissues from eight
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non-study patients who had undergone surgical resection
of the pancreas because of malignant imaging signs. Of the
eight resected tissues, portions of five consisted of carci-
noma, adenoma and hyperplasia and portions three of
adenoma and hyperplasia.

Typical immunohistochemical staining patterns for
COX-1, COX-2 and GST-x in specimens from patients
whose BD-IPMNs tissue was admixed with portions of
carcinoma, adenoma and hyperplasia are shown in Figs. 7,
8, and 9, respectively. Staining of COX-1 (Fig. 7) and COX-2
(Fig. 8) was very faint, if at all, in specimens that included
hyperplasia (c), adenoma (d) and carcinoma (e) with inten-
sity similar to that in the normal epithelial portion (b). In
contrast, staining for GST-n (Fig. 9) was evident in the
specimen with hyperplasia (c), adenoma (d) and carcinoma
(e) in contrast to the almost negative staining of the normal
epithelium (b). When we quantified the staining intensity of
all the specimens examined according to the method of
Gong et al. [19] the scores of COX-1 and COX-2 in hyper-
plasia and adenoma were at most three with no difference
corﬁpared to that of normal epithelium, while staining
intensity of GST-x in hyperplasia and adenoma scored sig-
nificantly higher compared to that of normal epithelium
(P = 0.011, P = 0.011) (Fig. 10). Statistical comparison of
scores for COX-1, COX-2 and GST-= in carcinoma to those
of normal epithelium, hyperplasia or adenoma could not be
made because carcinoma was seen in only five of the eight
resected pancreases while other lesions and normal epithe-
lial portions were present in all eight specimens.

Discussion

In forming the treatment group for the present study, for
ethical reasons we assigned only those patients who
rejected undergoing operation even though their lesions or
symptoms met the criteria of the IAP for surgical resection.
The control group was comprised of 10 patients whose
lesion did not meet the IAP criteria for surgical resection
and one patient (case 11) who had a history of asthma in
résponse to NSAIDs, although her lesion met the operation
criteria. Therefore, the study was neither randomized nor
controlled. However, we believe that the comparison of
changes between the groups was reasonable to examine the
effect of sulindac since the branch duct diameter in the
treatment group was generally larger than in the control
group. Thus, the results showing that the branch duct
diameter was significantly reduced after 18 months of
treatment with sulindac compared to the change in diam-
eter during the natural course in the control group -sug-
gested that chemoprevention held promise for treatment of
BD-IPMNs.

However, when we compared the effect of the dmug
treatment on branch ducts with that on mural nodules in
each case, we found a discrepancy. In cases 5, 6, and 9, the
height of the mural nodules decreased while the branch
duct diameter was unchanged during the course of treat-
ment. The discrepancies between the mural nodule height
and branch duct diameter in each case were also observed
in the lesions prior to treatment (Table 1).
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Those lesions having relatively large mural nodules, as
in cases 1, 8 and 10, had relatively-small branch ducts
while lesions with no mural nodule (case 4) or with a very
tiny nodule (case 5) had an obviously dilated branch duct.
Such a discrepancy may be explained by the assumption
that production rates of mucin are different in each mural
nodule and that the draining rates of mucin to the main
pancreatic duct from branch ducts are different in each
case. A small mural nodule could produce a relatively large
amount of mucin and the drainage of mucin from the
branch duct of a lesion with a large mural nodule could be
very rapid. Thus, the branch duct diameter does not nec-
essarily reflect the mural nodule height. This is compatible
with the previous notion that an increase in branch duct
diameter does not necessarily indicate malignancy or tumor
progression [20, 21]. In this context, data on mural nodule
height are considered to be more reliable than those on
branch duct diameter. Unfortunately, analysis of mural
nodule height in the control group was performed by the
Wilcoxon signed-rank test because data on some patients
for 6 months (cases 13, 17, 19, and 22) and on all patients
for 18 months were lacking. However, when we employed
the Friedman test on the treatment group, the suppressive
effect on nodule height was evident. Incidentally, in our
study, one out of seven patients (14.3%) in control group
who underwent EUS monitoring developed a new mural
nodule. This ratio is apparently higher than that (4.9%)
reported by Tanno et al. [20] who followed up 82 mural
nodule free BD-IPMN cases for 45-148 months. This
discrepancy may be due to the fact that number of our cases
was relatively small as compared to that of Tanno’s study.

The finding that the main pancreatic duct diameter was
not affected by the treatment may be due to the fact that
patients with dilated MPD (>6 mm), which is the sign for
tumor invasion to the MPD, were not enrolled in this study.
Nevertheless, collectively the present results on both
branch duct diameter and mural nodule height of BD-
IPMNs are indeed supportive of legitimate grounds for
utilization of drugs to prevent carcinoma which may be
derived from BD IPMNs. Further more, since it has been
recently reported that BD-IPMNs are not infrequently
associated with ductal carcinoma and that mucous cell
hyperplasia harboring K-ras mutation which is one of the
histological differentiation in the adenoma-carcinoma
sequence of IPMNs might be a background for the devel-
opment of ductal carcinoma [22], chemopreventive
modality may also be effective on such ductal carcinoma.
However, long term and larger scale follow up study
should be established in future to conclude the feasibility of
chemoprevention for both carcinoma derived from BD-
IPMNs and ductal carcinoma.

Because we used omeprazole in addition to sulindac in
the treatment group and not in the control group, we cannot
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single out sulindac as the sole drug causing the effect that
we observed. However, previous reports have suggested
that sulindac suppresses cell proliferation or induces cell
apoptosis and that omeprazole rather exerts cytoprotective
activity; therefore, we believe that sulindac is the principal
drug that exerted the suppressive effect on the nodules
[11, 12, 23]. ‘

The target molecule of sulindac is known to be COX-1
and COX-2 and hence we explored expression of those
enzymes in IPMNs. To our surprise, however, unlike find-
ings of a previous report [24], our study showed that neither
COX-1 nor COX-2 was overexpressed in both the prema-

" lignant and malignant portions of BD-IPMNs. Instead,

GST-x, a second class detoxification enzyme overexpressed
in many precancerous lesion as well as in cancer tissue [25],
was clearly stained in hyperplasia, adenoma and carcinoma
associated with BD-IPMNs. Because we have recently
found that GST-7n knock-out mice rarely develop colonic
cancer (unpublished observation) and that sulindac inhib-
ited activity of GST-# in vitro [23], it is highly plausible that
the target molecule of sulindac in IPMNs may also be GST-=.
A future clinical trial using a GST-n-specific inhibitor may
clarify the validity of this speculation.

In conclusion, results of the present study suggested the
usefulness of chemoprevention of carcinoma derived from
BD-IPMNs by sulindac, at least in those patients who
refused surgery even though their lesions met the criteria
for surgical resection. However, to confirm our present
observation, a randomized controlled study with a larger
number of patients is certainly needed.

References

1. Nakagohri T, Kenmochi T, Kainuma O, Tokoro Y, Asano T.
Intraductal papillary mucinous tumors of the pancreas. Am
J Surg. 1999;178:344-7.

2. Terris B, Ponsot P, Paye F, Hammel P, Sauvanet A, Molas G,
et al. Intraductal papillary mucinous tumors of the pancreas
confined to secondary ducts show less aggressive pathologic
features as compared with those involving the main pancreatic
duct. Am J Surg Pathol. 2000;24:1372-7.

3. Kobari M, Egawa S, Shibuya K, Shimamura H, Sunamura M,
Takeda K, et al. Intraductal papillary mucinous tumors of the
pancreas comprise 2 clinical subtypes: differences in clinical
characteristics and surgical management. Arch Surg. 1999;134:

- 1131-6.

4. Doi R, Fujimoto K, Wada M, Imamura M. Surgical management
of intraductal papillary mucinous tumor of the pancreas. Surgery.
2002;132:80-5.

5. Matsumoto T, Aramaki M, Yada K, Hirano S, Himeno Y, Shibata
K, et al. Optimal management of the branch duct type intraductal
papillary mucinous neoplasms of the pancreas. J Clin Gastroen-
terol. 2003;36:261-5.

6. Tanaka M, Chari S, Adsay V, Fernandez-del Castillo C, Falconi
M, Shimizu M, et al. International Association of Pancreatology



