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Gastric cancer is the second leading cause of cancer
deaths worldwide.! Early detection and accurate diagnosis
of depressed gastric mucosal cancer are effective ways to
decrease mortality because the depressed type is the
predominant morphology among gastric mucosal cancers.?
Moreover, detection of mucosal cancers < 20 mm in diam-
eter is ideal because they are curable with minimally invasive
treatments such as EMR and endoscopic submucosal dissec-
tion (ESD).>® However, these approaches have proven diffi-
cult when using conventional white-light imaging (C-WLI)
endoscopy because depressed-type cancer shows subtle
morphologic changes. Accurate diagnosis is hampered by
the lack of reliable diagnostic criteria. A novel endoscopic
technology, magnifying narrow-band imaging (M-NBI), is a
powerful tool for characterizing gastric mucosal lesions
because it can visualize the microvascular architecture as
well as morphology of such lesions.”

We performed a multicenter, prospective, randomized,
controlled trial and reported that M-NBI was more useful
than C-WLI in terms of the ability to diagnose small, depressed
gastric cancerous lesions (UMIN-CTR 000001072).% In this
randomized controlled trial, 2 criteria,™*® the presence of
a demarcation line (DL) and an irregular microvascular
pattern (IMVP), were used for the endoscopic evaluation of
lesions using M-NBI, whereas the presence of an irregular
margin (IM) and spiny depressed area (SDA) were used for
C-WLI evaluation. However, the endoscopic findings that
contribute to the accurate diagnosis of small, depressed
gastric cancerous lesions have not been fully identified.
Moreover, M-NBI still leads to misdiagnosis of some lesions,
and the reasons for these misdiagnoses are unclear. There-
fore, the aim of this study was to identify an efficient diag-
nostic strategy using the most reliable endoscopic findings
to diagnose early gastric cancers and propose an ideal diag-
nostic approach to these cancers.

METHODS

Study design and endoscopic procedure

This study was conducted as a post-hoc analysis of data
collected in our randomized controlled trial® The protocol
of the trial was approved by the Ethics Committee of the
- Kyoto University Graduate School of Medicine on February
14, 2008. The UMIN Clinical Trials Registry identification
number for this study is 000001072 on March 15, 2008. In
the trial, 1353 patients with concomitant gastric cancer or a
history of endoscopic resection of early gastric cancer were
enrolled and underwent endoscopic screening with C-WLI
between june 2008 and May 2010. The target lesions were
“newly detected and undiagnosed” small, depressed gastric
lesions < 10 mm in diameter. Only the first lesion detected
in each patient was selected for examination.

Among all patients 353 previously undiagnosed lesions
were found in 362 patients that were randomly assigned
to the M-NBI (n = 177) and C-WLI (n = 176) groups.

The diagnosis for the target lesion was made on-site by 1
endoscopist according to predetermined diagnostic criteria
for C-WLI and M-NBI, and the result was recorded on a case
report form. For the C-WLI group, M-NBI examination was
performed after completion of a diagnosis based on C-WLI
(M-NBI after C-WLI) to evaluate the effect of using M-NBI in
conjunction with C-WLI. At least 2 endoscopic images of the
target lesion in each mode were captured and stored in a
computer server during the diagnosis. After compilation
of all endoscopic diagnoses, at least 1 biopsy specimen
was obtained from the target lesion. Lesions diagnosed as
cancer or suspicious for cancer were removed by EMR/
ESD to obtain a final histologic diagnosis. The demo-
graphics of the study samples are summarized in Table 1.

The biopsy and EMR/ESD specimens were evaluated
based on the revised Vienna classification. Category C4
(mucosal high-grade neoplasia) and C5 (submucosal inva-
sion by neoplasia) were diagnosed as cancerous lesions,
and C1 (negative for neoplasia), C2 (indefinite for neoplasia),
and C3 (mucosal low-grade neoplasia) were diagnosed as
noncancerous lesions. When indeterminate lesions were
encountered, we consulted with a main expert pathologist
as a central review system to obtain a final diagnosis. The
lesions in the M-NBI group comprised 20 cancerous and
157 noncancerous lesions, and those in the C-WLI group
comprised 20 cancerous and 156 noncancerous lesions
(Fig. 1). The prevalence rate was almost identical in both
groups (11. 2% and 11.3%, respectively).

As described in the previous trial? this study was
conducted according to the Standards for the Reporting of
Diagnostic Accuracy Studies initiative’* and the Declaration
of Helsinki. Randomization and masking were strictly
enforced. Thirty-one endoscopists from 9 institutions in
Japan participated after being trained in the acquisition of
C-WLI and M-NBI images of small, depressed lesions to mini-
mize diagnostic variation among observers. Ethical concerns
were fully addressed.

Endoscopy system and setting

The video endoscopy system used in this study
comprised a video processor (EVIS LUCERA CV-260SL;
Olympus Medical Systems, Tokyo, Japan) and a light source
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C-WLI group M-NBI group
(n = 176) n =177) P

SDL location
(longitudinal)

Middle third 40 49

SDL location
(circumferential)

Lessor curvature 47 68 .06

Greater curvature 40 36

GIF-Q240Z 71 65

GIF-H260Z 104 109

Noncancerous 156 157 1.00

SDL, Small, depressed lesion; M-NBI, magnifying narrow-band
imaging; C-WLI, conventional white-light imaging.

(EVIS LUCERA Olympus CLV-260SL; Olympus Medical Sys-
tems) that worked in both the C-WILI and NBI modes.
In the NBI mode, narrow-banded short-wavelength lights
(400-430 nm and 525-555 nm) were used to contrast the
microvascular architecture and mucosal surface of the super-
ficial mucosa.***4 High-resolution magnifying endoscopy
with a capability of 80-fold optical magnification was used
(GIF-Q240Z, GIF-H260Z, and GIF-FQ260Z; Olympus Medi-
cal Systems). A soft black hood (MB162 or MB46; Olympus
Medical Systems) was attached at the tip of the endoscope.
The structure enhancement of the endoscopic video pro-
cessor was set to B-mode level 4 or 6 for C-WLI and to
B-mode level 8 for M-NBI. The color mode was fixed atlevel 1.

Endoscopic criteria used to diagnose cancers
The 2 criteria®'® used in the endoscopic evaluation of

lesions using M-NBI were the presence of a DL and an

IMVP (Fig. 2). An IMVP refers to microvessels that differ
in shape, take the shape of a closed or open loop, or are
tortuous, branched, or bizarrely shaped. The vessels differ
in both size and diameter, and the distribution of the
microvessels is asymmetric with an irregular arrangement.
The criteria used in the endoscopic evaluation of lesions
using C-WLI were the presence of an IM and an SDA
(Fig. 3). These findings were independently assessed and
documented on a 3-point scale (present, absent, or indeter-
minate). Endoscopic diagnoses using both C-W1LI and M-NBI
were determined according to the combined visibility of the
2 findings. (1) If both findings were present, the diagnosis
was cancer. (2) In the event of a combination other than
pattern (1), the diagnosis was a noncancerous lesion.

Outcome measurements

Using the outlined criteria from C-WLI, M-NBI alone,
and M-NBI after C-WLI, we compared the endoscopic diag-
nosis with the histologic diagnosis to determine the posi-
tive numbers of endoscopic findings in cancerous and
noncancerous lesions, accuracy, sensitivity, specificity, pos-
itive predictive value, and negative predictive value. The
diagnostic performance of each diagnostic criterion among
C-WLI, M-NBI alone, and M-NBI after C-WLI was analyzed.

To clarify the reasons for incorrect diagnoses after re-
viewing the M-NBI findings and to extract the information
that can be efficiently used in the training for M-NBI exam-
ination of early gastric cancers, the 2 experienced endo-
scopists who had analyzed more than 3000 endoscopic
procedures using M-NBI reviewed the electronic images
recorded in an image database for all facilities.

Statistical analysis

Demographics of the study samples between the C-WLI
group and M-NBI group were compared using the
Mann-Whitney U test for age and lesion size and the %2
test for gender, lesion location, endoscopy system, and his-
tologic findings. Analyses of differences in the association
between each endoscopic finding and cancer as well as an-
alyses of differences in the diagnostic performance of the
endoscopic findings provided by C-WLI, M-NBI alone,
and M-NBI after C-WLI were compared using Pearson’s
%? test and data from subjects with histopathologically
confirmed diagnoses. Positive numbers of endoscopic find-
ings in cancerous and noncancerous lesions were calcu-
lated with respect to relative risk.

In addition, all lesions diagnosed incorrectly using M-NBI
were analyzed in terms of their endoscopic findings together
with their histologic findings. The differences in the charac-
teristics between correct and incorrect diagnoses were
compared using the Mann-Whitney U test for lesion size
and inspection time and using the % test for lesion location.

All P values were 2-sided and were not adjusted for mul-
tiple tests. P < .05 were considered statistically significant.
All statistical analyses were performed using the Dr. SPSS II
statistical software package (SPSS Japan Inc., Tokyo, Japan).
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Figure 1. Trial profile, randomization, and examination. In this study, 1353 patients with concomitant gastric cancer or a history of endoscopic resection
of early gastric cancer were enrolled and underwent endoscopic screening with C-WLI. Among these patients, 353 previously undiagnosed lesions were
found in 362 patients that were randomly assigned to the M-NBI (n = 177) and C-WLI (n = 176) groups. SDLs, Small, depressed lesion; M-NBI, magnifying

narrowband imaging; C-WLI, conventional white-light imaging.

Figure 2. Endoscopic findings from magnifying narrowband imaging (M-NBI), A, A demarcation line (DL) is present between a depressed lesion and the
surrounding mucosa (yellow lines). B, An irregular microvascular pattern (IMVP), is diagnosed if the vessels differ in shape or are a closed loop, open
loop, tortuous, branched, or bizarrely shaped. The size of the vessels also varies, and their arrangement and distribution are irregular and asymmetric,

respectively (white lines).
RESULTS

Association between each endoscopic finding
and histologic result

Table 2 shows the association between each endoscopic
finding in the cancerous and noncancerous lesions as
diagnosed by C-WLI, M-NBI alone, and M-NBI after C-WLL

All endoscopic findings in C-WLI showed no significant
differences between cancerous and noncancerous lesions.
However, all endoscopic findings (DL, IMVP, and both a
DL and an IMVP) in both the M-NBI alone and M-NBI
after C-WLI groups were significantly associated with the
diagnosis of cancerous lesions (P < .01 for all). In
particular, IMVP and both a DL and an IMVP had strong
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Figure 3. Endoscopic findings from conventional white-light imaging (C-WLI). A, An IM indicates the presence of an IM between a small, depressed
lesion and the surrounding mucosa (yellow line). B, A spiny depressed area (SDA) indicates the presence of an SDA at the edge of a small, depressed

lesion (yellow arrowbeads).

associations with a cancer diagnosis (relative risks of 7.9
and 10.5 in M-NBI alone and 24.7 and 29.6 in M-NBI after
C-WLI, respectively).

Diagnostic performance of each endoscopic
finding

Table 3 shows the diagnostic performance according to
each endoscopic finding from C-WLI, M-NBI alone, and
M-NBI after C-WLIL.

Accuracy. The accuracy of both M-NBI alone (90%;
95% confidence interval [CI], 85%-94%) and M-NBI after
C-WLI (97%; 95% CI, 93%-99%) using a DL and an IMVP
was significantly better than that of C-WLI using an IM
and an SDA (65%; 95% Cl, 57%-72%).

Sensitivity and specificity. Figure 4 shows the results
of the comparison of the sensitivity and specificity of
individual endoscopic findings provided by C-WLI, M-NBI
alone, and M-NBI after C-WLIL. The endoscopic findings
of C-WLI were low in sensitivity (75% [95% CI, 51%-91%]
for IM, 40% [95% CI, 19%-64%] for SDA, and 40% [95%
CI, 19%-64%)] for IM and SDA) and specificity (44% [95%
Cl, 36%-52%] for IM, 64% [95% CI, 56%-72%] for SDA,
and 68% [95% CI, 60%-75%] for IM and SDA). The
endoscopic diagnostic performance increased for C-WLI,
followed by M-NBI alone; M-NBI after C-WLI ultimately
showed the best diagnostic performance.

The sensitivity of an IMVP was low (60%; 95% CI,
36%-81%) in M-NBI alone, indicating that IMVP evaluation
using M-NBI alone could lead to misdiagnosis of some
cancers, and the sensitivity of an IMVP did not improve
by combining it with evaluation of a DL (60%; 95% CI,
36%-81%). The sensitivity of an IMVP and both a DL and
an IMVP in M-NBI alone significantly improved when they
were evaluated after C-WLI (95% [95% CI, 75%-100%] and
95% [95% CI, 75%-100%]; P = .02 and P = .02, respec-
tively). The specificity of an IMVP and both a DL and an
IMVP was high in M-NBI alone (92% [95% Cl, 87%-96%]
and 94% [95% CI, 89%-97%], respectively) and M-NBI after

WLI (96% [95% CI, 92%-99%] and 97% [95% CI, 93%-100%)],
respectively), suggesting that the presence of an IMVP indi-
cates a high probability of cancer.

The sensitivity of a DL in M-NBI alone and M-NBI after
C-WLI was high (85% [95% CI, 62%-97%)] and 95% [95%
Cl, 75%-100%], respectively), whereas the specificity of
these findings (53% [95% Cl, 45%-61%] and 49% [95% CI,
41%-58%)], respectively) was significantly lower than that
of an IMVP (92% [95% CI, 87%-96%)] and 96% [95% CI,
929%-99%); P = .000 and P = .000, respectively). The spec-
ificity of a DL in M-NBI alone and M-NBI after C-WLI
improved significantly when evaluated in combination
with an IMVP (94% [95% CI, 89%-97%] and 97% [95% CI,
93%-100%]; P = .000 and P = .000, respectively). This sug-
gests that DL is a reliable finding for identification of cancer
but it needs to be evaluated with C-WLI findings and the
presence of an IMVP to exclude false-positive lesions.

Positive predictive value and negative predictive
value. The positive predictive value of a DL in M-NBI
alone and M-NBI after C-WLI were 19% (95% CI, 11%-
28%) and 19% (95% CI, 13%-29%), respectively, and were
similar to those in C-WLI (15% [95% CI, 8%-23%] for IM,
13% [95% CI, 6%-23%)] for SDA, and 14% [95% CI,
6%-25%] for IM and SDA). The low positive predictive
value of a DL in M-NBI alone and M-NBI after C-WLI
improved significantly when evaluated with IMVP (P < .01
and P < .01, respectively).

The negative predictive value of all endoscopic findings
of M-NBI alone exceeded 95% (97% [95% CI, 90%-98%] for
DL, 95% [95% CI, 90%-98%] for IMVP, and 95% [95% CI,
90%-98%] for both DL and IMVP). The negative predictive
value of all endoscopic findings of M-NBI after C-WLI was
99% (99% [95% CI, 93%-100%) for DL, 99% [95% CI,
969%-100%] for IMVP, and 99% [95% CI, 96%-100%)] for
both DL and IMVP). This indicates that M-NBI findings,
especially when M-NBI is performed after C-WLI, could
be good markers to exclude cancer from small, depressed
gastric lesions that were detected with C-WLIL
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Pathologic diagnosis

Method Endoscopic findings

Cancer

M-NBI alone DL 17

DL and IMVP 12

IMVP 19

M-NBI, Magnifying narrow-band imaging; C-WLI, conventional white-light imaging; DL, demarcation line; IMVP, irregular microvascular pattern; IV, irregular
margin; SDA, spiny depressed area; RR, relative risk; Cl, confidence interval.

Noncancetrous RR [95% Cl] P
56 1.1 [.6-2.0] J2

74 1.8 [14-2.3] <.01

9 10.5 [5.1-21.7] <.01

6 ) 24.7 [11.2-54.5] <.01

Method Endoscopic finding Accuracy (%)

SDA 61

DL and IMVP 90

IMVP 96

Sensitivity (%)

M-NBI, Magnifying narrow-band imaging; C-WL/, conventional white-light imaging; DL, demarcation line; IMVP, irregular microvascular pattern; IM, irregular
margin; SDA, spiny depressed area; PPV, positive predictive value; NPV, negative predictive value.

Specificity (%) PPV (%) NPV (%)

40 64 13 89

60 94 57 95

95 96 76 929

Analysis of lesions incorrectly diagnosed by
M-NBI

We experienced 23 incorrect diagnoses (false positive,
14; false negative, 9) and 330 correct diagnoses for
both M-NBI alone and M-NBI after C-WLI. There were no
significant differences in characteristics (lesion size and
location and time to establish diagnosis) between the
correctly and incorrectly diagnosed lesions (Table 4).
Two reviewers with experience in endoscopic diagnosis
of more than 3000 cases using M-NBI reviewed the
images of lesions that were misdiagnosed by M-NBI and
identified the reasons for misdiagnosis as follows.

Technical factors. In 10 cases (5 false positives and
5 false negatives), the findings were judged to be indeter-
minate because the images were at a low magnification
and/or out of focus.

Cognitive factors. Eleven cases had originally been
misdiagnosed despite adequate examination. Eight cases
were diagnosed as false positives, and 3 were diagnosed
as false negatives. Reviewers correctly diagnosed lesions
in 5 of the 8 false positives and 2 of the 3 false negatives.
Thus, the reviewers posited that 1 reason for misdiagnosis
was a lack of interpretive skill on the part of the endoscop-
ist. The cases that were misdiagnosed despite adequate ex-
amination included 3 false positives and 1 false negative
that the reviewers also misdiagnosed. This was presumably
because of the limitations of the endoscopic criteria for
diagnosing cancers used in this study.

Others. One diagnosis was mistakenly entered as a his-
tologic noncancerous lesion on the case report form. One
patient was misdiagnosed with a noncancerous lesion
because of a sampling error as a result of forceps biopsy.
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Figure 4. Comparison of the sensitivity and specificity of individual endo-
scopic findings in magnifying narrow-band imaging (M-NBI) alone, con-
ventional white-light imaging (C-WLI), and M-NBI after C-WLI. Among all
endoscopic findings, diagnostic performance improved significantly for
C-WLI alone, followed by M-NBI alone, and then by M-NBI after C-WLI.

DISCUSSION

In this study, we found that the endoscopic diagnostic
performance increased for C-WLI, followed by M-NBI
alone; M-NBI after C-WLI ultimately showed the best diag-
nostic performance for each diagnostic criterion (Fig. 4).
Therefore, M-NBI should generally be performed after
evaluation of C-WLI findings. The combination of DL and
IMVP characterized by M-NBI after C-WLI contributed to
the most reliable diagnosis for small, depressed gastric
lesions and can be an ideal, simple, standard diagnostic
strategy for small, depressed gastric lesions.

Based on the current results, we herein propose an
efficient endoscopic diagnostic strategy for small, depressed
gastric lesions, as indicated in Figure 5. In the M-NBI after
C-WLI technique, both a DL and an IMVP had a high
negative predictive value (99% and 99%, respectively),
indicating that both criteria were sufficiently sensitive for
exclusion of noncancerous lesions. A DL is technically
easier to identify than an IMVP.»® Therefore, the
identification of a DL should be the first step in the
diagnosis of gastric cancer because the absence of a DL
alone allows for the exclusion of a noncancerous lesion. If
a DL is absent, a noncancerous lesion can be diagnosed
without any additional findings. Next, the presence of an
IMVP is evaluated within a DL. If both a DL and IMVP are
present, cancer is strongly suggested because an IMVP is
sufficiently specific in the diagnosis of cancer (ie, it has a
high positive predictive value) and an additional procedure
with curative intent is indicated. If an IMVP is absent, the
lesion can be diagnosed as a noncancerous lesion without
a target biopsy sample because the negative predictive
value of an IMVP is also very high. This strategy will
provide a high level of accurate diagnosis for small,
depressed gastric lesions. In particular, because the negative
predictive value of both a DL and an IMVP is very high in

rect and incorr

Incorrect
diagnosis

Correct
diagnosis

(n =330) (n=23) P

SDL location
(longitudinal)

Middle third 82 7 45

SDL location
(circumferential)

Lesser curvature 106 9

Greater curvature 74 2

Average(s) 72 100 15

M-NBI, Magnifying narrow-band imaging; SDL, small, depressed lesion.

M-NBI after C-WLI, the benefits of this strategy include
reductions in the risk of hemorrhage, number of biopsy
specimens for pathologic analysis, procedure time, and
medical expenses, especially when a noncancerous lesion is
diagnosed.

Analysis of lesions incorrectly diagnosed by M-NBI re-
vealed reasons for misdiagnosis. The reasons for misdiagnosis
included both technical and cognitive factors; thus, training
should involve both aspects. Technical errors were mainly
caused by difficulty in observation of a DL and an IMVP at
maximum magnification. Attachment of a rubber cap is very
helpful for capturing in-focus magnified images, but we failed
to obtain sufficient images in some cases. To improve the per-
formance of these techniques, 1 of the authors has published
a book with a DVD*® explaining the techniques necessary to
perform M-NBI at maximum magnification. The. role of
videos in transferring information relating to endoscopic
technique will be more important than that of text from
now on. Cognitive factors included the lack of
interpretative skill on the part of the endoscopist. In their
review of the images, the 2 reviewers revised the diagnosis
in 7 cases, indicating a false-positive rate of 4.5% and false-
negative rate of 22.5%. These numbers could have improved
with better mastery of interpretative skill. An e-learning sys-
tem was developed to improve interpretative skill using M-
NBI, and a multicenter study, entitled “Learning curve with
an e-learning system on magnifying narrow-band imaging
in endoscopic diagnosis of gastric lesions: A randomized
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Figure 5. Strategy of using simplified criteria to make an endoscopic
diagnosis of small, depressed lesions using magnifying narrowband imag-
ing (M-NBI). When a small, depressed gastric lesion is detected by conven-
tional white-light imaging (C-WLI), the presence or absence of a
demarcation line (DL) should be the first step in diagnosing gastric can-
cer. If the DL is absent, a noncancerous lesion can be diagnosed. If the
DL is present, the presence of an irregular microvascular pattern (IMVP)
should be used for diagnosis. If an IMVP is absent, a noncancerous lesion
can be diagnosed without a target biopsy sample and/or EMR/ESD. Finally,
if both a DL and an IMVP are present, cancer is strongly suggested, and
additional procedures are indicated.

study” (UMIN-CTR 000008569), was begun to examine the
system’s usefulness. After the review of recorded images by
the 2 experts, there were limits of diagnosing lesions with
M-NBI in 4 cases. The lesions did not fulfill the endoscopic
cancerous or noncancerous diagnostic criteria of a DL and
an IMVP according to M-NBI. For these lesions, development
of other diagnostic equipment or another method is required
to further improve the diagnostic performance.

This study has limitations. The study samples were
limited to <10- mm depressed lesions. A diagnosis based
on the microvascular pattern and a DL, but not the micro-
surface pattern, is not universally applicable to all macro-
scopic types of lesions. However, all small, depressed
lesions in this study had a microvascular pattern that
could be visualized, allowing the lesions to be diagnosed.
Thus, the current authors are prospectively studying
(UMIN-CTR 000004045) the ability of M-NBI to diagnose all
macroscopic types of lesions using the vessel-plus-surface
classification system’ put forth by Yao et al without size
or macroscopic type limitation. The vessel-plus-surface
classification system uses the microsurface pattern, micro-
vascular pattern, and DL as indices.

In conclusion, the current study suggests that although
M-NBI alone provided good diagnostic performance, it is
important to conduct a C-WLI evaluation before M-NBI
diagnosis. When using M-NBI, identification of a DL is
the first step in the diagnosis of cancer, and the subse-
quent identification of an IMVP is useful for excluding
noncancerous lesions among the lesions that were identi-
fied to have a DL. Training in both techniques and knowl-
edge is important to improve M-NBI diagnosis.
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The preventive effects of low-dose enteric-coated
aspirin tablets on the development of colorectal
tumours in Asian patients: a randomised trial

Hideki Ishikawa," Michihiro Mutoh,? Sadao Suzuki,® Shinkan Tokudome,*
Yoshihisa Saida,” Takashi Abe,® Shozo Okamura,” Masahiro Tajika,® Takashi Joh,’
Shinji Tanaka, '® Shin-ei Kudo,"" Takahisa Matsuda, '® Masaki limuro, 314
Tomomi Yukawa, " Tetsuji Takayama," Yasushi Sato,"® Kyowon Lee,"”

Shinji Kitamura, '® Motowo Mizuno, Yasushi Sano,?® Nobuhisa Gondo,?’

Kenji Sugimoto,?? Masato Kusunoki,?® Chiho Goto,?* Nariaki Matsuura,?

Toshiyuki Sakai," Keiji Wakabayashi®®

ABSTRACT

Objective To evaluate the influence of low-dose,
enteric-coated aspirin tablets (100 mg/day for 2 years)
on colorectal tumour recurrence in Asian patients with
single/multiple colorectal tumours excised by endoscopy.
Design A double-blinded, randomised, placebo-
controlled multicentre clinical trial was conducted.
Participants 311 subjects with single/multiple
colorectal adenomas and adenocarcinomas excised by
endoscopy were enrolled in the study (152 patients in
the aspirin group and 159 patients in the placebo
group). Enrolment began at the hospitals (n=19) in
2007 and was completed in 2009. -

Results The subjects treated with aspirin displayed
reduced colorectal tumourigenesis and primary endpoints
with an adjusted OR of 0.60 (95% Cl 0.36 to 0.98)
compared with the subjects in the placebo group.
Subgroup analysis revealed that subjects who were non-
smokers, defined as those who had smoked in the past
or who had never smoked, had a marked reduction in
the number of recurrent tumours in the aspirin-treated
group. The adjusted OR for aspirin treatment in non-
smokers was 0.37 (Cl 0.21 to 0.68, p<0.05).
Interestingly, the use of aspirin in smokers resulted in an
increased risk, with an OR of 3.44. In addition, no
severe adverse effects were observed in either group.
Conclusions Low-dose, enteric-coated aspirin tablets
reduced colorectal tumour recurrence in an Asian
population. The results are consistent with those
obtained from other randomised controlled trials in
Western countries.

The clinical trial registry website and the
clinical trial number http:/www.umin.acjp (number
UMINO00000697).

INTRODUCTION

Among chemopreventive interventions, aspirin
(acetylsalicylic acid) has been examined in numer-
ous trials that support its suppressive effect on
colorectal cancer (CRC) development. Aspirin is a
synthetic medicine based on the structure of salicy-
lates, which are commonly found in fruits and
vegetables. Aspirin’s antineoplastic effects have

cyclo-

been mechanistically explained by its
oxygenase (COX) inhibitory activity. The use of
aspirin as a cancer chemopreventive agent is advan-
tageous because it has a long history of clinical use
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and its adverse effects are well known. Moreover, the cost-
effectiveness of aspirin administration to prevent other diseases,
such as cardiovascular disease, has also been demonstrated.!

An early prospective cohort study of 662424 adults (the
Cancer Prevention Study II cohort) demonstrated that the CRC
death rate decreased with frequent aspirin use. The decreased
relative risk (RR) of CRC among frequent aspirin users (>16
times/month for at least 1 year with doses greater than 160 mg)
was 0.60 (95% CI 0.4 to 0.89) in men and 0.58 (95% CI 0.37
to 0.9) in women.”> An updated analysis of this cohort (the
Cancer Prevention Study II Nutrition cohort) demonstrated that
long-term daily aspirin use (=325 mg/day for >5 years) is asso-
ciated with reduced incidence of CRC compared with non-users
(RR=0.68, 95% CI 0.52 to 0.90 among men and women col-
lectively).> * The factors that may affect the impact of aspirin
include the population, dose of aspirin and duration of interven-
tion.* In the general population, trials of 75-325 mg/day aspirin
for 3 years reduced the risk of recurrent of colorectal adenoma
by 17%.° Moreover, the use of aspirin for § years or longer
reduced the incidence and mortality of CRC by 30%-40% after
20-year follow-up.®

A considerable amount of evidence on the utility of aspirin
has been generated in Western populations; however, the evi-
dence for aspirin as a cancer chemopreventive agent in Asian
populations is limited. Thus, it is important to present evidence
that aspirin is also effective as a cancer chemopreventive agent
in Asian populations.

We recently reported a double-blinded, randomised, placebo-
controlled clinical trial of a high-risk CRC group, familial aden-
omatous polyposis, to evaluate the effect of low-dose, enteric-
coated aspirin tablets. Secondary endpoint data from the trial
revealed that subjects with a mean baseline polyp diameter of
<2 mm administered aspirin displayed a significant reduction in
mean polyp size.”

We investigated the effects of low-dose, enteric-coated aspirin
tablets administered for 2 years in a double-blinded, rando-
mised, placebo-controlled clinical trial in patients with a single/
multiple colorectal adenomas and/or adenocarcinomas with
invasions confined to the mucosa and excision by endoscopy.
This population was considered to be a high-risk colorectal
tumour group. Low-dose, enteric-coated aspirin tablets
(100 mg/day) were chosen for the study because low-dose
aspirin may circumvent the risk of upper GI toxicity.® In add-
ition, the enteric coating may decrease gastric mucosal damage,
as demonstrated in the MAJIC study targeting high-risk cardio-
vascular Japanese patients’ as well as other short-term endo-
scopic studies.°

Here, we report the efficacy and safety of low-dose, enteric-
coated aspirin tablets in the suppression of colorectal tumour
recurrence in Asian patients with colorectal adenomas and/or
adenocarcinomas with confined mucosal invasions that were
excised by endoscopy.

METHODS

Trial methodology

In this double-blinded (both subjects and investigators), rando-
mised, placebo-controlled trial using low-dose, enteric-coated
aspirin tablets, the subjects received either 100 mg/day aspirin
or placebo for 2 years. Each case was randomised by investiga-
tors using a computer-aided system from the Medical Research
Support website. Using a minimisation algorithm, the primary
examination selection was balanced with respect to three stratifi-
cation variables: institution, age (<60 and >60 years) and sex
(male or female). The website was only available to the trial

investigators. Subject enrollment and intervention assignment
began at each hospital in January 2007, and the trial ended in
July 2009. To further evaluate the effects of aspirin, follow-up
for more than 2years after the randomised trial was also
planned. An Ethics Monitoring' Committee was established for
this multicentre trial (n=19) that was primarily based at Osaka
Central Hospital. A system to ensure continuous follow-up of
adverse events was also established. All hospitals participating in
this trial obtained approval from their own ethics committees.
This trial is registered and details are available at http:/www.
umin.ac.jp (number UMIN000000697), where the full trial
protocol can be accessed.

Trial population
The trial population (n=389) consisted of patients with single/mul-
tiple colorectal adenomas and/or adenocarcinomas with invasions
confined to the mucosa. The colorectal tumours of all subjects par-
ticipating in the trial were excised by endoscopy before the trial
start. An endoscopic examination was performed twice before the
start of the trial; the examinations occurred at an average of 488.4
+472 (mean=SD) days apart to confirm that all colorectal tumours
were excised. All of the subjects were Asian men or women 40-
70-years-old living in Japan. The following are exclusion criteria for
the trial: (1) patients with familial adenomatous polyposis, Lynch
syndrome or colorectal resection; (2) patients currently taking an
antithrombotic or anticoagulant, including aspirin; (3) individuals
with a history of stroke or gastric/duodenal ulcers (with the excep-
tion of patients with confirmed scars resulting from the successful
eradication of Helicobacter pylori); (4) patients with IBD, haemor-
rhagic diverticulitis or haemorrhagic tendency; (5) patients with a
platelet count of <100 000/mm® or abnormal prothrombin time;
(6) patients with a known aspirin allergy; (7) patients currently
taking an anticancer drug; (8) pregnant patients or those who
planned to become pregnant during the trial period; and (9)
patients taking non-steroidal anti-inflammatory drugs (INSAIDs) for
pain relief more than thrice weekly. We calculated that 266 rando-
mised patients would achieve an 80% power (with a 5% type I
error) to detect a 40% difference in the recurrence rate of adenoma
given a 40% risk of recurrence in the placebo group.'® However,
data were unavailable to calculate an appropriate number of indivi-
duals to recruit from the Asian population; therefore, we set our
recruitment goal in the initial aspirin protocol to 700 randomised
patients.

Consent interviews were performed individually, and written
informed consent was obtained from all patients.

Investigational drug

Low-dose, enteric-coated aspirin tablets (100 mg per tablet) and
the placebo tablets were kindly provided by Bayer Pharma AG
(Leverkusen, Germany) and imported into Japan. The trial was
financed by research funding from the Ministry of Health,
Labor and Welfare, not by Bayer Pharma AG. We signed an
agreement to certify that no conflicts of interest with Bayer
Pharma AG existed. The investigational drugs were placed in
blister packages (calendar sheets of 31 tablets), and both sides of
the package were aluminium-laminated.

Trial questionnaire

At the time of trial enrolment, the height, body weight, medical
history, smoking history, alcohol ingestion and use of NSAIDs
were investigated for each patient using a questionnaire. In add-
ition, data regarding everyday meals were collected using a self-
administered food-frequency questionnaire developed by the
Department of Health Promotion and Preventive Medicine,
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Nagoya-City University Graduate School of Medical Science,
Aichi, Japan.!? Non-smokers were defined as people who had
smoked in the past or never smoked. Occasional drinkers were
defined as people who drank less than twice a week.

To ensure the accurate characterisation of adverse effects and
evaluation of tolerability, the subjects were asked to keep a treat-
ment diary that documented their conditions during treatment,
such as drug compliance and medical conditions, and a blister
sheet was sent to the data centre every month.

Trial endpoints

Colonoscopy was performed at least three times, twice before the
start of the trial and once at the end of the trial. All the patients were
given an oral lavage solution for colonic cleansing at the time of the
colonoscopy for clear imaging, and a medical colonoscopy specialist
carefully examined the patients from the rectum to the cecum. The
final endoscopy examination was performed 2 years after the start of
the trial. Recurrent tumours were further diagnosed by histology
after tumour excision. The primary endpoint was the incidence of
adenoma or adenocarcinoma recurrence. The data were analysed
using logistic regression and ORs, and general factors, such as sex,
age and the tumour number before the trial, were used to adjust
occasional deviation during the randomised allocation. Each tumour
was removed and examined histologically by a pathologist. Tumours
were classified as adenomas or adenocarcinomas according to the
Japanese Classification of Colorectal Carcinoma’ criteria. The sec-
ondary endpoints included recurring tumour number, size and hist-
ology as well as the effects of lifestyle, such as smoking and alcohol
drinking, and the frequency of adverse effects.

Statistical analysis

The baseline characteristics of the two arms were compared using
the ? test or the t test. The adverse effect rates of both arms were
compared using the x* test. If needed, Fisher’s exact probability
was applied due to sparse data in a table. To adjust for potential
confounding effects at baseline, logistic regression was performed.

Recruited:490

| Refused:101 (21%) |

A4

Consented:389

A4
Randomized

N

Aspirin group: 191 l | Placebo group: 198 ]

B > 71 years old: 1 $ Failed excision of
all tumors: 1

s39yearsold: 1

=< 39 years old: 2

2-year
#| endoscopy not 2-year
performed:36 endoscopy nhot
(19%) performed:37
k4 v (19%)
152 159

Figure 1 Flowchart of subject recruitment.

We also examined the effect modification (interaction) of
several factors, such as (1) sex, (2) age, (3) smoking and (4)
alcohol drinking, on the main effect of aspirin by adding an
interaction term to the logistic regression. In this analysis, we
determined the ORs of the subgroups of the above factors and
the difference in the ORs of the subgroups.

All statistical analyses were based on the intention-to-treat
and performed using PC-SAS (V9.3; SAS Inc., Cary, North
Carolina, USA), with p<0.05 considered statistically significant.

RESULTS

Characteristics of the trial subjects

A total of 490 patients were screened, and 389 patients provided
informed consent. Subject enrolment began in January 2007, and
the trial ended in July 2009. Subject recruitment ended according
to the planned time schedule. After randomisation, the aspirin and
placebo group consisted of 191 and 198 subjects, respectively. At
the end of the trial, 152 subjects from the aspirin group and 159
subjects from the placebo group underwent a 2-year follow-up
endoscopy examination (figure 1). The characteristics of the sub-
jects in the aspirin and placebo groups after randomisation are dis-
played in table 1. No significant differences between the two
groups were observed with regard to the following characteristics:
age, sex, smoking status, alcohol drinking status, height, weight,
body mass index, tumour number upon entry into the trial, past
history of CRC with invasion confined to the mucosa, treatment
period, compliance (ie, whether patients correctly take medicine
and follow the doctors’ instructions (data not shown)), surgical
history (data not shown) and family history of CRC (data not
shown). The serum concentrations of alanine transaminase, aspar-
tate amino transferase, y-glutamy! transpeptidase and triglycerides
were almost identical between the groups (data not shown).

Colorectal tumour recurrence as the primary endpoint

In total, 96 patients did not experience colorectal tumour recur-
rence in the aspirin group (total 152), and 86 patients in the
placebo group (total 159) did not recur. In crude analyses, the sub-
jects in the aspirin group tended to demonstrate a reduced number
of colorectal tumours, which was the primary endpoint, compared
with subjects in the placebo group. The OR was 0.69 (95% CI

Ishikawa H, et al. Gut 2014;0:1-5. doi:10.1136/gutjnl-2013-305827



Downloaded from gut.bmj.com on February 1, 2014 - Published by group.bmj.com

0.44 to 1.08); despite a marginal difference, the value was not stat-
istically significant. To adjust for potential confounders, such as
sex, age and the number of recurrent tumours, we performed
logistic regression and obtained a significant OR value of 0.60
(95% CI 0.36 to 0.98). The OR for the number of recurrent
tumours <4 in the aspirin group was 0.34 (0.09 to 1.26), and the
OR for a tumour >3 mm in longitudinal diameter was 0.86 (0.63
to 1.16), but the value was not statistically significant.

The effects of smoking and drinking on colorectal tumour
recurrence

Using a logistic regression with smoking as the interaction term
and aspirin as the effect, we observed that smoking displays strong
effect modification on the main effect of aspirin (p for inter-
action=0.004). Namely, the OR for non-smokers was 0.37 (95%
CI 0.21 to 0.68), and this value was significantly different from
the OR for smokers (OR 3.44, 95% CI 1.12 to 10.64) after adjust-
ment for age, sex and the number of tumours (table 2). In contrast,
no significant effect modification for sex (p=0.68), age (p=0.53)
or alcohol consumption (p=0.32) was observed. With regard to
sex, the OR was 0.48 (95% CI 0.15 to 1.55) and 0.63 (95% CI
0.36 to 1.08) among men and women, respectively. For age, the
OR was 0.68 (95% CI 0.36 to 1.28) and 0.49 (95% CI 0.22 to
1.08) for subjects aged <60 and >60 years, respectively. For
. alcohol consumption, the OR was 0.72 (95% CI 0.37 to 1.40)
and 0.44 (95% CI 0.21 to 0.95; p<0.05) for drinkers and occa-
sional drinkers, respectively.

In addition, no severe adverse effects, such as cardiovascular
events, were reported in either group. GI bleeding was not
observed. Of note, colorectal adenocarcinomas were observed
in four subjects: two cases from the aspirin group (one adeno-
carcinoma with invasion confined to the mucosa, and one
adenocarcinoma with muscularis propria invasion) and two in
the placebo group (two adenocarcinomas with invasion confined
to the mucosa). The remaining tumours were tubular adenomas;
villous adenomas were not identified. In addition, three high-
grade dysplasias were detected; one case was observed in the
aspirin group, and two cases were noted in the placebo group.
The adenocarcinomas were 10-20 mm in diameter. The lesions
were localised to the transverse colon (n=2), the descending
colon (n=1) and the sigmoid colon (n=1).

DISCUSSION

In the present trial, we enrolled subjects with single/multiple
colorectal adenomas and/or adenocarcinomas with invasions
confined to the mucosa that were excised by endoscopy. Patients

treated with low-dose, enteric-coated aspirin tablets for 2 years
were shown to have a low risk of incidental colorectal tumour
development, and this appeared to be reduced after adjustment
for sex, age and the number of baseline tumours. Moreover,
smoking significantly modified the preventive effect of aspirin.

In a meta-analysis of subjects with a history of colorectal
adenoma or cancer in four randomised adenoma prevention
trials (nearly 3000 patients), aspirin reduced the occurrence of
advanced lesions (ie, tubulovillous adenomas, villous adenomas,
adenomas >1 cm in diameter, adenomas with high-grade dyspla-
sia or invasive cancer) by 28% (adenoma 17%; RR=0.83; 95%
C10.72 to 0.96). Our trial also demonstrated reduced adenoma
occurrence (OR=0.69), and similar effects were obtained com-
pared with the meta-analysis by Cole et al.> However, the ORs
we used have a predictable effect on the comparison of the two
sets of analyses. Regarding the limitations of our trial, the
number of subjects enrolled is rather small, but the tumour recur-
rence results are consistent with previous studies. Thus, our data
demonstrate that aspirin is also useful as a CRC chemopreventive
agent in an Asian population. Of note, the first Asian adjuvant
study (ASCOLT, NCT00565708) is ongoing, wherein patients
with Dukes C or high risk Dukes B CRC are treated with aspirin
(200 mg/day for 3 years).

Although the daily aspirin doses administered for vascular
disease prevention are as effective as high-dose (1200 mg/day)
aspirin,’* analyses comparing moderate (300-325 mg/day) and
lower (81-160 mg/day) aspirin doses trials (AFPPS!! and
APACC?) revealed that the reduced risk of all adenoma recur-
rence was only observed with lower doses.” Our trial using
low-dose, enteric-coated aspirin tablets (100 mg/day) was
designed in light of these trials, thereby confirming that
low-dose, enteric-coated aspirin tablets effectively reduce recur-
rence. In addition, low-dose regimens may have an advantage in
that the lower doses potentially reduce adverse effects. Aspirin
has been reported to induce GI bleeding at a rate of 1-2 GI
bleeds per 1000 person-years.'* In our trial, no severe adverse
effects due to aspirin treatment were observed.

Aspirin’s  antineoplastic  effects are  explained by
COX-dependent and -independent mechanisms. In humans,
aspirin inhibits COX-1 and COX-2 at high doses’® and appears to
effectively inhibit prostaglandin synthesis in the colon.!® COX-
independent mechanisms underlying aspirin’s antineoplastic
effects are attributed to the modulation of nuclear factor « B: the
induction of spermidine/spermine N1-acetyltransferase, caspase-8
and -9; and the activation of 5’ adenosine monophosphate-
activated protein kinase, Erk and B-catenin,'’2

Despite copious information regarding aspirin’s functions, the
mechanism by which smoking negates aspirin’s CRC chemopre-
ventive effects remains unclear. A strong association between
antiplatelet therapy resistance (aspirin resistance) and smoking
has been reported. Specifically, a statistically significant inter-
action exists based on the multivariate analysis (risk ratio 11.47,
Cl 6.69 to 18.63, p<0.0001),** which is likely due to
smoking-induced platelet hyperactivity and chronic inflamma-
tion.” In addition, smoking-induced decreased basal GI blood
flow may also be involved.?® Thus, it is suggested that smoking
negated aspirin’s chemopreventive effects in CRC. However, the
evidence is limited. It is important to review and generate add-
itional aspirin trial data to examine the association between
NSAIDs use and smoking history and to determine whether the
benefits of aspirin are limited to non-smokers.

In conclusion, although the size of this trial is small, the results
are consistent with the observations of other aspirin adenoma
trials; thus, aspirin may be useful for chemoprevention in Asian
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patients with single/multiple colorectal tumours and no ante-
cedent risk of GI bleeding. Several years of follow-up after a ran-
domised trial are necessary to evaluate the effects of aspirin as
proposed by the CAPP2 randomised trial.>” Moreover, it would
be informative to test aspirin in combination with other chemo-
preventive agents that have demonstrated effectiveness and

agents that prevent GI bleeding (eg, proton-pump inhibitors).?®
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Intestinal Peyer’s patches prevent tumorigenesis

in ApcM"* mice
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Peyer’'s patches are nodules that play a central role in intestinal
immunity. Few studies demonstrate the relationship between the
number of Peyer’s patches and intestinal polyps. Here we identify
a statistically significant inverse correlation between the quantity
of Peyer’s patches and of the development of intestinal polyps in
ApcM™+ mice, which are a useful model to clarify the role of
Peyer’'s patches in intestinal tumorigenesis. Using this model, we
increased the number of Peyer’s patches using 0.1% and 1% corn
husk arabinoxylan through feed. Intestinal polyp formation
significantly decreased, concomitant with an increase in Peyer's
patches development (n = 12/group). In Aly”-Apci"* mice (nega-
tive control; no Peyer’'s patches) there was no change in the
amount of intestinal polyps (n= 10/group). Immune reaction
following corn husk arabinoxylan treatment was measured by
cytokine array. Increasing the number of Peyer's patches
decreased interleukin-17 production, which showed a dose depen-
dent correlation with transcription factor/lymphoid enhancer-
binding factor. This study identified a relationship between levels
of Peyer's patches and intestinal polyp formation, partly explained
by the involvement of interleukin-17 production and B-catenin
signaling in ApcV* mice.

Key Words: Peyer’s patch, corn husk arabinoxylan,

intestinal polyp, cancer prevention, Apc"™* mouse

C olorectal cancer is the third most common malignant neo-
plasm worldwide and the first leading cause of cancer deaths
(irrespective of gender) in Japan.!” According to the Ministry of
Health, Labour and Welfare, the colorectal cancer mortality rate
has increased from 1955 to the present.®* Thus, relationship
between food and intestinal tumors has generated attention
because it is proposed that this disease is not only caused by hered-
itary factors but also environmental factors like change in diet.

Nutritive and foreign substances, such as germs, simultaneously
enter the intestinal tract. The gut immune system normally pro-
tects against foreign invasion.® Peyer’s patches (PP) are a central
lymphoid organs of this immune response mechanism in the
intestines, and several important reports demonstrate an associa-
tion between PP and allergy, intestinal bacteria, etc. However,
few studies address whether or not PPs are linked to intestinal
tumorigenesis and an underlying mechanism has not been eluci-
dated.

The adenomatous polyposis coli (Apc) Min heterozygous
knockout (4pc™™*) mouse, lacking a functional Apc gene product,
is. a model of human familial adenomatous polyposis, which
spontaneously generates numerous intestinal polyps.(%-12

In this study, we observed an inverse relationship between the
number of PP and intestinal polyps in Apc™* mice. Therefore, we
artificially increased the amount of PP in murine intestines using
corn husk arabinoxylan (CHAX) as an adjuvant. We examined the

doi: 10.3164/jcbn.14-115
©2015 JCBN

effects of PP development on intestinal polyps following ingestion
of CHAX in ApcM®* and Aly"-ApcM™* mice, which have no PP in
the intestine.!'¥ Furthermore, we tried to clarify the molecular
mechanism for the prevention of polyp formation in the mice.

Materials and Methods

Mice and feed. Wild type (WT; CS57B1/6]) mice and
alymphoplasia knockout (457, C57B1/6]) mice, were obtained
from Clea Japan, Inc. (Tokyo, Japan). The ApcM™* (C57B1/61)
mice were supplied by Jackson Laboratories (Bar Harbor, Maine,
State). The mice were maintained under specific pathogen-free
conditions at the Animal Center of Nagasaki International Univer-
sity. (Nagasaki, Japan) Female Apc™™* and male Ay~ mice were
mated to obtain A""Apc™* mice. The mouse feed was com-
pounded with two different doses of CHAX (NIHON SHOKUHIN
KAKO CO., LTD, Tokyo, Japan): 0.1 and 1% mixed (i.e., 0.2
and 2 g/kg (body weight)/day each). Preparation of CHAX is
described elsewhere."” According to standard dietary intake
guidelines provided by The Ministry of Health, Labour and
Welfare, we calculated the appropriate dose for mice. We ana-
lyzed 10~12 mice in each feeding group: CHAX-free, 0.1, and
1% CHAX for each genotype (WT, AdpcM™*, and 4ly"-ApcM).
Approximately 100 mice were used in the ingestion experiment.
Mice were sacrificed at 12, 24, and 32 weeks of age for the
analysis of intestinal polyps and PP. All animal experiments were
conducted according to the Guidelines for Animal Experiments in
the Faculty of Pharmaceutical Sciences, Nagasaki International
University. ;

Genotyping. Mouse tails were genotyped using a Genomic
DNA Purification Kit (QIAGEN, Hilden, Germany) according to
the manufacture’s protocol. Allele-specific polymerase chain
reaction (PCR) primers for the Apc gene were produced according
to previously published methods."® Forward and reverse primers
for Aly”- mice had complimentary annealing temperatures and a
product length of 302 base pairs. Genomic DNA was used as a
template for PCR to amplify fragments containing forward
Aly Wild 5-CTGACATCCCGAGCTACTTCAACG, forward
Aly Mutant 5-CTGACATCCCGAGCTACTTCAACA, and
reverse 5-GCCTAGGATCGGCCATTTTCTTCC primers using
the AmpliTaq Gold 360 Master Mix (Applied Biosystems,
California, CA). Touchdown PCR consisted of one cycle of 94°C
for 9 min for the initial denaturation step. This was followed by 10
cycles each of denaturation at 94°C for 1 min, varying annealing
conditions for 1 min, and extension at 72°C for 1 min. Annealing
temperatures for the touchdown portion were as follows: starting
annealing temperatures of 72°C decreasing by 0.5°C decrements
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per PCR cycle down to 67°C. Further 25 cycles consisted of the
following: 94°C for 1 min, 68°C for 1 min, and 72°C for 1 min.

Counts of intestinal polyps and statistical analysis. In-
testinal polyps and statistical analysis were examined according
to previously published methods.(9 All statistical analyses were
carried out using the GraphPad Prism 5 program. (GraphPad
Software Inc., San Diego, CA) The correlation coefficient of the
number of PP and intestinal polyps were analyzed using Pearson’s
correlation coefficient. We analyzed of two-group by using
Mann-Whitney ¢ test, and three or more groups were analyzed
simultaneously by using Dunnett Comparison test.

Cytokine array. Serum was collected from the heart when
mice were dissected. We pooled serum samples from four WT
mice fed with or without CHAX, respectively. Similarly, we
pooled serum samples from Apc™™ or ALy Apc™™* mice and we
analyzed using Multiplex Suspension Array (Genetic Lab Corp.,
Hokkaido, Japan) The total number of samples was six, and the
experiment was repeated two times using new samples.

Enzyme-linked immunosorbent assay (ELISA). All serum
samples were stored in a ~80°C deep freezer until use. The levels
of interleukin (IL)-17 were measured by IL-17 Mouse ELISA Kit
(Abcam, Cambridge, UK), according to the manufacturer’s
protocol. We measured fluorescence using a Mode] 680 Micro-
plate Reader (Bio-Rad, Hercules, CA).

Quantitative real-time PCR analysis. All tissue samples
from intestinal polyps of mice fed with or without CHAX were
rapidly soaked in RNA later solution (Qiagen). Total RNA was
isolated from tissue using the RNeasy Mini Kit (Qiagen). Comple-
mentary DNA (from reverse transcribed total RNA) and real-time
PCR were examined according to previously published
methods."” Primers for mouse cyclin D1 (5'primer-CCATGG-
AACACCAGCTCCTG and 3'primer-CGGTCCAGGTAGTTC-
ATGGC) and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH; 5'primer-TGTCAGCAATGCCTGCA and 3'primer-
TTACTCCTTGGAGGCCATGT) were employed. The expres-
sion levels of cyclin D1 were normalized based on GAPDH levels.

Histology and immunohistochemistry. Small intestines
were fixed, embedded, and sectioned as Swiss rolls for further
immunohistochemical examination with the avidin—biotin com-
plex immunoperoxidase technique and monoclonal mouse anti-3-
catenin antibody (Ab; BD Transduction Laboratories, Franklin
Lakes, NJ) at 100x dilution. The secondary Ab, biotinylated anti-
mouse immunoglobulin G (Vector Laboratories, California, CA),
was used at a 200x dilution. Staining was performed using avidin—
biotin reagents (Vectastain ABC reagents; Vector Laboratories),
3,3'-diaminobenzidine and hydrogen peroxide, and the sections
were counterstained with hematoxylin to facilitate orientation. As
a negative control, consecutive sections were immunostained
without exposure to the primary Ab.

Reporter assays. Caco-2 cells were plated at a concentration
of 5x10° cells/well in 12-well plates and cultivated for 24 h.
Furthermore, cells were transfected with pTOP or pFOP-Flash
(Merck Millipore, Darmstadt, Germany) luciferase reporter
plasmids (1.0 pg each) and Simian virus 40 (SV40)-RenillaLuc
(pRL-SV40; 15:1 ratio) for 24 h. All samples were normalized
for transfection efficiency using the SV40-RenillaLuc expression
plasmid (Promega, Madison, WI) as a transfection control. Cells
were harvested and lysed in 200 pl of lysis buffer 48 h after
transfection. We measured four points using 20 pl of sample, and
luciferase and Renilla luciferase activity were assayed using the
Bright-Glo Luciferase Assay System and Renilla-Glo Luciferase
Assay System respectively (Promega) using a GENios Microplate
Reader (Tecan, Minnedorf, Switzerland). Transfections were
repeated three times.

After correction of measurements, we calculated the average of
four measurements, and transcription factor/lymphoid enhancer-
binding factor (TCF/LEF) activity was calculated by TOP divided
by FOP. The relative transcriptional activity was calculated for
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the aforementioned value was divided by the measurement of the
control cell.

Results

The number of PP correlates significantly with the number
of intestinal polyps in Apc™™* mice over 24 weeks in age.
We counted the number of intestinal polyps and PP in Apc™*
mice >24 weeks in age. Mice that developed many intestinal
polyps tended to have been fewer PP in the intestine. A statisti-
cally significant inverse relationship existed between the number
of intestinal polyps and PP (» = -0.62, n = 20, p = 0.0035; Fig. 1).
In addition, the amount of PP in the intestines decreased in older
mice groups (Fig. 2). The quantity of PP in the intestines was
significantly reduced in Apc™™* mice >21 weeks of age compared
with 12-week-old Apc™™* mice. Moreover, the number of polyps
significantly increased in older mice groups.

CHAX increases the number of PP in Apc™™* mice. It re-
mains unclear whether or not PP suppresses polyp formation, and
what factors affect the development of each condition. However,

ApcMin/+ (24-42 weeks)

The number of polyps

The number of Peyer's patches

Fig. 1. The correlation between the number of intestinal polyps and
Peyer’s Patches (r =~0.62, n = 20, p = 0.0035).
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Fig. 2. The number of intestinal polyps and Peyer’s Patches according

to age. The p values are *1 =0.0385 and *2 = 0.0046 for the number of
polyps. The p values are **1 = 0.0099 and **2 = 0.0004 for the number
of PP (Mann-Whitney t test). n = 12 per group.
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Table 1. The number of PP in Apc™+ mice fed CHAX

CHAX dosage Small intestine
(%) Proximal Middle Distal Total
0 2.8+0.3 1.6+0.2 3.4+0.2 7.8+0.3
0.1 3.0+0.2 2.340.2% 3.9+0.3 9.3+0.3*%*
1 2.9+0.2 2.8 £0.3%* 3.8+0.3 9.5+ 0.2%%*

Values are mean £ SEM (n = 12/group). *p<0.05, **p<0.01, ***p<0.001; Mann-Whitney t test.

Table 2. The number of intestinal polyps in 12-week-old ApcM™* mice

CHAX dosage Small intestine . .
(%) ° Proximal Middle Distal Total Large intestine Total
0 3.9+0.7 223+2.2 27.2+2.7 53.4+t44 0.5+0.2 53.8+4.3
0.1 2.1+£05 11.0 £ 1.6** 16.2 £2.3*% 29.3 +£3.8%* 0.3+0.2 29.6 £3.9%*
1 3.0£04 10.0 + 1.7** 17.9 £2.5* 30.9 £3.3** 04+0.2 31.3 £3.4%*
Values are mean + SEM (n = 12/group). *p<0.05, **p<0.01, ***p<0.001; Mann-Whitney t test.
Table 3. The number of intestinal polyps in 12-week-old Aly-Apc™* mice (negative control group)
HAX dosa Small Intestine . .
‘ A Proximal Middle Distal Total Large intestine Total
0 43+2.9 13.7+1.6 11.3x14 29.3+2.9 0.2+0.1 29.6 +3.0
0.1 2.0+0.3 84+1.6 10.6 £2.8 21.1+£3.7 0.1+0.1 21.1+£3.7
1 3.4+0.9 11.1+3.2 11.3+2.7 258+5.9 0 25.8+5.9
Values are mean + SEM (n = 10/group).
Table 4. Serum cytokine levels in WT, Apc™™* and Aly"-Apciv* mice fed with or without CHAX
WT mice Rate of ApcMint mice Rate of Aly-ApcMi™* mice Rate of
—(without CHAX)  + (with CHAX)  change - + change - + change
IL-1B (pg/mi) <0.64 <0.64 — 438 <0.64 6.84 <0.64 <0.64 -
IL-5 (pg/ml) 10.68 4.37 2.44 8.58 7.11 1.21 22.64 129.94 5.74
IL-10 (pg/ml) 3.47 7.55 2.18 4.87 4.87 1 4.18 17.56 4.2
IL-17 (pg/ml) 3.86 1.05 3.68 3.24 0.93 3.48 <0.64 <0.64 —
The values are averages of extracted cytokines from double experiments of the cytokine array.
CHAX has been reported to increase the number of PP; therefore,  Apc™™* mice were fed CHAX.

we used this adjuvant to elucidate the effects of PP on polyp
formation.

Mice were fed a diet of 0.1, 0.5, 1, or 4% CHAX to determine
the optimal concentration that leads to the greatest volume of PP
in WT mice. There were 7.7 £ 0.5 (n=14) PP in 12-week-old
WT mice administered 0.1% CHAX. The number significantly
increased to 8.9 + 0.5 when the mice were fed 0.5% CHAX and
higher. (p = 0.0246, Mann—Whitney test) We chose the 0.1% and
1% concentrations of CHAX as optimal doses for PP formation.
Furthermore, we fed 0.1% and 1% CHAX to 4pcM™* and WT
mice for 4 weeks. The number of PP significantly increased in
the ApcM™»* and WT groups (Table 1). Moreover, the number of
intestinal polyps was significantly decreased in Apc™™* mice fed
both 0.1% and 1% CHAX (Table 2). There were no significant
differences between Al Apc™™* mice fed or not fed CHAX
(Table 3). Aly~Apc™™* mice have no PP in the intestine.

Increasing the number of PP caused a decrease in IL-17
production. PP plays a central role in immunity; therefore, we
examined the changes in cytokine levels in serum. We identified
four cytokines, IL-18, IL-5, IL-10, and IL-17, in which concentra-
tion levels were increased or decreased more than three-fold
(Table 4). IL-1B and IL-17 levels in serum diminished when

K. Fujimoto et al.

Using ELISA, we measured IL-17 concentration in the serum
of Apc™™* mice fed or not fed CHAX based on the number of
PP in the small intestine. IL-17 levels gradually decreased with
increasing number of PP (Fig. 3). )

CHAX leads to a decrease in polyp development through
the B-catenin pathway. Furthermore, we examined immuno-
histochemical staining of paraffin-embedded intestinal polyps
for B-catenin and proliferation cell nuclear antigen (PCNA).
Although B-catenin is well known for accumulating in the nucleus
of intestinal polyps in ApcM™* mice, this accrual was not observed
in mice fed a 1% CHAX diet (Fig. 4a and b). In addition, the
staining intensity of PCNA was weaker in mice fed 1% CHAX
(Fig. 4c and d). Furthermore, we measured the messenger RNA
expression level of cyclin D1, which is downstream of Wnt
signaling, in intestinal polyps by quantitative real-time PCR. We
found that the expression of cyclin D1 tended to decrease as
CHAX concentration increased (Fig. 5).

IL-17 promotes TCF/LEF transcriptional activation in vitro.
We examined TCF/LEF-dependent transcriptional activity after
24-h treatment with IL-17 in Caco-2 cell transfected with pTOP-
Flash or pFOP-Flash and SV40-RenillaLuc, and differentiated
with 5 mM sodium butyrate (Fig. 6). Caco-2 cells are an estab-
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Level of IL-17

10

The number of PP in small intestine

Fig. 3.

The level of IL-17 in serum and the number of Peyer’s Patches in 12-week-old Apc™™* mice. The p values are *1 = 0.0058 and *2 = 0.0294 for

IL-17 levels compared in mice which have six Peyer’s Patches (Mann-Whitney t test). n = 2, 2, 6, 8, and 5 from the left.

<Anti p-cateninantibody>

0%
CHAX

Fig. 4.
CHAX. ¥ shows B-catenin aggregation in the nucleus.

lished cell line derived from colorectal tumors with loss of 4PC
gene function.

There was no significant increase in TCF/LEF-dependent
transcriptional activity with 0.2 ng/ml of IL-17, but this was
observed at 0.5 ng/ml (p<0.001, Dunnett’s multiple comparison
test). TCF/LEF activity was activated by IL-17 in a dose-
dependent manner. The control, 0.2, and 0.5 ng/ml IL~17 values
for TOP/FOP were 1 +£0.15, 1.13 £ 0.03, and 1.40 £ 0.12, respec-
tively.
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<Anti PCNA antibody>

Bar; 200 pm

Immunostaining of formalin-fixed paraffin-embedded polyps of the small intestine of ApcM™* mice fed with (b and d) or without (a and ¢)

Discussion

With continuing observation, we noticed that the number of
intestinal polyps in 4pcM™* mice varied. Usually, it is assumed
that intestinal polyps appear in Apc™™* mice at 8 weeks of age, and
we confirmed several polyps at this age. Furthermore, it is known
that the number of polyps will increase with age; the life span of
Apc™™* mouse is approximately 24 weeks because of bleeding
caused anemia from intestinal polyps and other factors.(#29 We
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Fig. 5. Quantitative real-time PCR of cyclin D1. The p value is

* = 0.0426 (Mann-Whitney t test). The number of polyps used: n = 6-8,
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fary
o]

1.6

L
n

1.2

0.8

o
o

0.4

o
N

Tcf/LEF transcriptional activity

Control 0.2 ng/ml 0.5 ng/mi
The concetration of IL-17

Fig. 6. TCF/LEF transcriptional activity was induced by IL-17 in Caco-2
cells. The cells were stimulated with 5 mM sodium butyrate. Data are
representative of at least there independent experiments. The TCF/LEF
transcriptional activity was significantly increased with 0.5 ng/ml of
IL-17 (*1 = p<0.001, Dunnett’s multiple comparison test).

noticed the presence of numerous PP when the mice have few
polyps in the small intestine, we sought to examine the correlation
between the number of polyps and PP. Previous reports have
shown that the number of PP in the intestines is increased when
mice are fed CHAX and/or short chain fructooligosaccharide
diet.?4® However, there were no reports that described this
change in PP levels in detail.
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Our findings show that intestinal polyp formation in 45" ApcM™*
mice is lower in comparison with Apc™™* mice. Ay~ mice are
created by a point mutation in the tumor necrosis factor receptor
associated factor (TRAF) binding domain, which is in the nuclear
Jfactor-kB (NF-xB)-inducing kinase (Nik) genel'® NF-xB is
involved in many physiological phenomena such as acute and a
chronic inflammation reactions, cell growth, and apoptosis.
Furthermore, in many cases, NF-xB is activated in malignant
tumors. Therefore, the decreased number of intestinal polyps in
Aly"=ApcM™* mice compared to Apc™™ mice may be because of
the TRAF family, which have tumor promoting properties, not
binding Nik.®2%

We examined changes in immunoassociated cytokines using
cytokine array, because PP are critical organs in intestinal
immunity and may be involved in intestinal polyp formation. In
this study, we focused on IL-17, which increased the number of PP
in intestine; the levels of IL-1f remained unchanged in WT mice.
IL-5 and IL-10 were excluded from analysis because the changes
in concentration were only observed in 4y Apc™™* mice that do
not develop PP. IL-17 is known to be produced by T helper 17
cells (Th17) cells and plays an important role in allergic responses,
such as contact hypersensitivity, delayed hypersensitivity, and
airway hyper-reactivity, as determined by IL-17 gene knockout
mouse studies.® We found an inverse correlation existed between
IL-17 concentration and the number of PP, suggesting a relation-
ship between IL-17 and the number of PP. Although the reason of
this phenomenon is not known in detail, Hirota er al.®® reported
that expression of IL-17 decreases when Th17 cells induce B cell
formation in PP.

Short chain fatty acids, such as sodium butyrate, are mainly
produced by intestinal bacteria, and are largely involved in differ-
entiation and nutrition of intestinal epithelial cells.?™® Our
cytokine array revealed that IL-17 levels were low (Table 4).
Moreover, our results demonstrate a role for IL-17 in the enhance-
ment of Wnt signal in the intestine. There are several reports
highlighting that IL-17 is involved in intestinal polyp formation in
ApcM™* mice or it can aggravate inflammatory bowel disease.®*3?
These findings support the hypothesis that the number of intestinal
polyps is decreased due to an increase in PP in ApcM™* mice fed
CHAX. Moreover, reduced expression of IL~17 in serum possibly
causes destabilization of Wnt signaling. In the future, we propose
that quantification of intestinal PP will be a useful tool for the
prevention of tumorigenesis.
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