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Table 5 continued

Baseline Post-treatment P value

P value

Number of patients 0.322 0.322

Number of lesions 0.314 0.077

Second tertile

L. casei group (n = 13)

Number of patients (%) 10 (76.9) 9 (69.2) >0.999
Total number of lesions (mean £ SD) 46 (3.5 £ 3.6) 15 (1.6 + 1.1) 0.118
Median number (range) 2 (0-10) 1 (0-3)

Control group (n = 12)

Number of patients (%) 9 (75.0) 7 (58.3) 0.667
Total number of lesions (mean =+ SD) 32 (2.7 £2.8) 21 (1.8 £ 2.9) 0.273
Median number (range) 1.5 (0-9) 1 (0-10)

P value

Number of patients >0.999 0.688

Number of lesions 0.664 0.828

Third tertile

L. casei group (n = 13)

Number of patients (%) 9 (69.2) 4 (30.8) 0.115
Total number of lesions (mean £ SD) 3527 £33) 10 (0.8 £ 1.4) 0.077
Median number (range) 1(0-9) 0 (0-4)

Control group (n = 12)

Number of patients (%) 6 (50.0) 6 (50.0) >0.999
Total number of lesions (mean & SD) 20 (1.7 £ 2.7) 21 (1.8 £2.1) 0.795
Median number (range) 0.5 (0-9) 1 (0-6)
P value

Number of patients 0.428 0.428

Number of lesions 0.384 0.289

The small bowel was divided into three parts (first, second and third tertile) on the basis of each patient’s small bowel transit time

small bowel injury in rats and that its probiotic effects may
be mediated through the anti-inflammatory effects of lactic
acid. More recently, Montalto et al. [20] showed that
treatment with probiotic mixture (VSL#3) including
L. casei significantly reduced the fecal calprotectin con-
centrations in healthy volunteers receiving indomethacin.
However, the efficacy of probiotics has only been indi-
rectly evaluated, and up till now, there have been no reports
on low-dose aspirin-associated small bowel injury. In the
present study, we directly evaluated the effect of L. casei
using CE and found that the probiotic stimulated healing of
aspirin-associated mucosal injuries.

As regards doses and time of administration, up till the
present no clear data regarding the relationship between the
amount of probiotic bacteria and the beneficial effects have
been reported. In particular, no studies have appeared small
bowel injury in chronic NSAIDs/aspirin users. Therefore,
we based the therapeutic term (3 months) according to the
previous studies [36, 37] in which the effect of the probi-
otic on small bowel inflammation was endoscopically

f Springer

evaluated in a similar manner to our study. As for the dose
of L. casei, it would be desirable to use a high dosage
probiotics containing a high concentration of live bacteria
to ensure their survival with functional activity along the
entire length of the intestine. It is unclear whether the dose
of L. casei used in this study is optimal, but the dose of
L. casei used in the present study (45 x 10® to
63 x 10° CFU daily) is higher compared with similar
previous work. Thus, we designed our study based on the
speculation that this dose of L. casei would be enough to
prevent aspirin-induced small bowel injury. Further
investigations are needed to confirm the optimal thera-
peutic term and doses of probiotic treatment on small
bowel injury.

As for the prevention of NSAID-induced small bowel
injury, several studies have already shown that omeprazole,
a proton pump inhibitor, is not effective [38, 39], whereas
misoprostol, a prostaglandin analog, effectively reduced
the incidence of small bowel lesions induced by 2 weeks’
administration of diclofenac [21]. Prostaglandin has been
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{a) Hemoglobin concentration in the 13 patients of the L. casei group

P=0.002
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(b} Hemoglobin concentration in the 12 patients of the Control group
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Fig. 4 Hemoglobin concentration at the time of the baseline capsule
endoscopy and at the time of the post-treatment capsule endoscopy in
the 13 patients of the L. casei (a) and 12 patients of the control group

(b)

shown to reverse NSAID-induced changes in intestinal
permeability [40], a local intestinal event that is considered
to play a pivotal role in the development of inflammation
and injury. The efficacy of this drug has also been reported
in aspirin-induced enteropathy [41]. However, misoprostol
is often poorly tolerated because of its side effects, such as
diarrhea and abdominal pain. Indeed, in a pilot study to
evaluate the efficacy of misoprostol on aspirin-induced
enteropathy, 3 of the 11 patients who received misoprostol
discontinued the drug owing to the development of severe
watery diarrhea [41]. Therefore, development of an effec-
tive alternative agent against NSAID/aspirin-induced
enteropathy is strongly desired.

Although our previous report showing the characteris-
tics of small bowel injury in chronic low-dose aspirin users
demonstrated that ulcers were observed mainly in the distal
part of the small bowel [9], the mucosal breaks in this study
did not show a similar tendency. A possible reason for this
discrepancy is that the definition of the CE findings in this
study abandoned the differentiation of mucosal breaks
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from other terms, such as erosions or ulcers, to simplify the
evaluation of the efficacy of L. casei on aspirin-induced
small bowel mucosal injury. Indeed, ulcers showed a ten-
dency to exist in the distal part of the small bowel if we
differentiated ulcers from mucosal breaks in this study
(data not shown). Another possible reason is the interin-
dividual differences among the patients who participated in
the study. This study included asymptomatic patients with
unexplained iron deficiency anemia, while our previous
study included symptomatic patients with symptoms such
as gastrointestinal bleeding or abdominal pain [9]. Fur-
thermore, we compared the distribution of small bowel
injuries at the baseline and post-treatment CE to evaluate
the correlation between the therapeutic effect of L. casei
and the distribution of aspirin-induced small bowel inju-
ries. In the first tertile, significant decreases in the per-
centage of the patients with mucosal breaks and the number
of mucosal breaks were observed at the post-treatment CE
compared with the results at the baseline CE. A decrease in
the number of mucosal breaks in the third tertile was also
observed in response to probiotic treatment in the L. casei
group; however, the difference did not reach statistical
significance. These results may be influenced by the dif-
ference in the intestinal microbial flora between the prox-
imal and the distal small bowel [42]. The luminal bacterial
load increases from the proximal to the distal small bowel,
and these changes may play a pathogenic role in NSAID/
aspirin-induced injury. The efficacy of probiotic treatment
in the distal part of the small bowel can be explained by the
modulation of the abundant intestinal bacteria, thereby
preventing enterobacteria from invading the small bowel
mucosa. Although the intestinal bacterial flora is likely to
be sparse in the proximal small bowel, low numbers of
microorganisms, mainly consisting of acid-tolerant lacto-
bacilli and streptococci, exist in the proximal part of the
small bowel. The probiotics might have a great effect on
these enterobacteria in the proximal small bowel because
the concentration of ingested live bacteria with functional
activity is higher in the proximal small bowel than in the
distal small bowel. The actual mechanisms of probiotics
against small bowel injuries remain poorly understood, and
further investigations are needed.

CE has revealed numerous inflammatory lesions and has
shed light on the small bowel mucosal injury induced by
NSAIDs and aspirin. Despite these investigations, the clin-
ical significance of NSAID/aspirin-associated mucosal
injury is not yet clear. Almost all the patients taking low-dose
aspirin have some degree of intestinal mucosal injuries, but it
has not been investigated as to whether these lesions of the
small bowel can actually explain the iron deficiency anemia
of unknown source in patients on low-dose aspirin. Our
results demonstrated that treatment with L. casei produced a
significant improvement in serum hemoglobin concentration

@ Springer



904

J Gastroenterol (2011) 46:894-905

that was not observed in the control individuals. The
hemoglobin concentration in the L. casei group changed in
parallel with the small bowel mucosal injuries (the number of
small bowel lesions and CE score), suggesting that these
mucosal injuries might induce microbleeding and be the
cause of the anemia of unknown source. On the other hand,
the hemoglobin concentrations in a few patients in the con-
trol group increased without probiotic treatment. Further
studies are needed to elucidate the correlation between the
small bowel injuries and changes in the blood hemoglobin
concentration in chronic low-dose aspirin users.

The present study had a number of limitations. The primary
concern is the possibility that the CE findings might not be
direct consequences of the low-dose aspirin administration.
Follow-up CE examinations after aspirin withdrawal were not
performed because the majority of the patients who take
aspirin as an antiplatelet agent could not discontinue it.
However, no patients had a new diagnosis of Crohn’s disease,
Behcet’s disease, intestinal tuberculosis or other inflammatory
bowel diseases. Moreover, the CE findings and scores in this
study were consistent with those in other recent investigations
that studied the characteristics of the small bowel injury in
chronic low-dose aspirin users [9, 23, 41]. Thus, although
most of the CE findings of this study are suggestive, they are
still not definitive. Another limitation was the design of this
study. Although our study was conducted as a randomized
controlled trial, there was no placebo control group, and the
study size was small. A placebo-controlled large-scale trial is
needed to confirm our results. In addition, four patients were
excluded from the current analysis after the randomization,
and the follow-up CE was not performed in these patients. An
intention-to-treat analysis would be desirable.

In conclusion, data from this pilot study suggest that
probiotic treatment (L. casei) protects against aspirin-
associated small bowel injury. Further larger scale studies
are necessary to confirm the beneficial effect of probiotics.

Acknowledgments This work was supported in part by Health and
Labour Sciences Research Ministry of Health, Labour and Welfare of
Japan to A.N.

Conflict of interest The authors of the article have nothing to
disclose.

References

1. Awtry EH, Loscalzo J. Aspirin. Circulation. 2000;101:1206-18.

2. Antithrombotic Trialists’ Collaboration. Collaborative meta-
analysis of randomized trials of antiplatelet therapy for preven-
tion of death, myocardial infarction, and stroke in high risk
patients. BMIJ. 2002;324:71-86.

3. Patrono C, Garcia Rodriguez LA, Landolfi R, Baigent C. Low-
dose aspirin for the prevention of atherothrombosis. N Engl J
Med. 2005;353:2373-83.

@ Springer

10.

11.

12.

13.
14,

15.

16.

17.

18.

19.

20.

21.

99

. Weil J, Colin-Jones D, Langman M, Lawson D, Logan R,

Murphy M, et al. Prophylactic aspirin and risk of peptic ulcer
bleeding. BMI. 1995;310:827-30.

. Patrono C. Aspirin as an antiplatelet drug. N Engl J Med. 1994;

330:1287-94.

. Iddan G, Meron G, Glukhovsky A, Swain P. Wireless capsule

endoscopy. Nature. 2000;405:417.

. Yamamoto H, Sekine Y, Sato Y, Higashiwaza T, Miyata T, Iino

S, et al. Total enteroscopy with a nonsurgical steerable double-
balloon method. Gastrointest Endosc. 2001;53:216-20.

. Endo H, Hosono K, Inamori M, Kato S, Nozaki Y, Yoneda K,

et al. Incidence of small bowel injury induced by low-dose
aspirin: a crossover study using capsule endoscopy in healthy
volunteers. Digestion. 2009;79:44-51.

. Endo H, Hosono K, Inamori M, Nozaki Y, Yoneda K, Fujita

K, et al. Characteristics of small bowel injury in symptom-
atic chronic low-dose aspirin users: the experience of two
medical centers in capsule endoscopy. J Gastroenterol. 2009;44:
544-9.

Matsumoto T, Kudo T, Esaki M, Yano T, Yamamoto H,
Sakamoto C, et al. Prevalence of non-steroidal anti-inflammatory
drug-induced enteropathy determined by double-balloon endos-
copy: a Japanese multicenter study. Scand J Gastroenterol.
2008;43:490-6.

Graham DY, Smith JL. Aspirin and the stomach. Ann Intern Med.
1986;104:390-8.

Watanabe T, Higuchi K, Kobata A, Nichio H, Tanigawa T, Shiba
M, et al. Non-steroidal anti-inflammatory drug-induced small
intestinal damage is Toll-like receptor 4 dependent. Gut.
2008;57:181-7.

Fuller R. Probiotics in human medicine. Gut. 1991;32:439-42.
Rembacken BJ, Snelling AM, Hawkey PM, Chalmers DM, Axon
AT. Non-pathogenic Escherichia coli versus mesalazine for the
treatment of ulcerative colitis: a randomised trial. Lancet. 1999;
354:635-9.

Sood A, Midha V, Makharia GK, Ahuja V, Singal D, Goswami P,
et al. The probiotic preparation, VSL#3 induces remission in
patients with mild-to-moderately active ulcerative colitis. Clin
Gastroenterol Hepatol. 2009;7:1202-9.

Asahara T, Nomoto K, Watanuki M, Yokokura T. Antimicrobial
activity of intraurethrally administered probiotic Lactobacillus
casel in a murine model of Escherichia coli urinary tract infec-
tion. Antimicrob Agents Chemother. 2001;45:1751-60.

Sgouras D, Maragkoudakis P, Petraki K, Martinez-Gonzalez B,
Eriotou E, Michopoulos S, et al. In vitro and in vivo inhibition of
Helicobacter pylori by Lactobacillus casei strain Shirota. Appl
Environ Microbiol. 2004;70:518-26.

Chung YW, Choi JH, Oh TY, Eun CS, Han DS. Lactobacillus
casei prevents the development of dextran sulphate sodium-
induced colitis in Toll-like receptor 4 mutant mice. Clin Exp
Immunol. 2008;151:182-9.

Watanabe T, Nishio H, Tanigawa T, Yamagami H, Okazaki H,
Watanabe K, et al. Probiotic Lactobacillus casei strain Shirota
prevents indomethacin-induced small intestinal injury: involve-
ment of lactic acid. Am J Physiol Gastrointest Liver Physiol.
2009;297:G506-13.

Montalto M, Gallo A, Curigliano V, D’Onofrio F, Santoro L,
Covino M, et al. Clinical trial: the effects of a probiotic mixture
on non-steroidal anti-inflammatory drug enteropathy—a ran-
domized, double-blind, cross-over, placebo-controlled study.
Aliment Pharmacol Ther. 2010;32:209-14.

Fujimori S, Seo T, Gudis K, Ehara A, Kobayashi T, Mitsui K,
et al. Prevention of nonsteroidal anti-inflammatory drug-induced
small-intestinal injury by prostaglandin: a pilot randomized
controlled trial evaluated by capsule endoscopy. Gastrointest
Endosc. 2009;69:1339-46.



J Gastroenterol (2011) 46:894-905

905

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Gralnek IM, Defranchis R, Seidman E, Leighton JA, Legnani P,
Lewis BS. Development of a capsule endoscopy scoring index for
small bowel mucosal inflammatory change. Aliment Pharmacol
Ther. 2008;27:146-54.

Endo H, Hosono K, Higurashi T, Sakai E, Iida H, Sakamoto Y,
et al. Quantitative of low-dose aspirin-associated small bowel
injury using a capsule endoscopy scoring index. Dig Endosc.
2011;23:56-61.

Davies NM, Jamali F. Pharmacological protection of NSAID-
induced intestinal permeability in the rat: effect of tempo and
metronidazole as potential free radical scavengers. Hum Exp
Toxicol. 1997;16:345-9.

Banerjee AK, Peters TJ. Experimental non-steroidal anti-
inflammatory drug-induced enteropathy in the rat: similarities to
inflammatory bowel disease and effect of thromboxane synthe-
tase inhibitors. Gut. 1990;31:1358-64.

Koga H, Aoyagi K, Matsumoto T, lida M, Fujishima M. Exper-
imental enteropathy in athymic and euthymic rats: synergistic
role of lipopolysaccharide and indomethacin. Am J Physiol.
1999;276:G576-82.

Bjarnason I, Hayllar J, Smethurst P, Price A, Gumpel MJ. Met-
ronidazole reduces intestinal inflammation and blood loss in non-
steroidal anti-inflammatory drug induced enteropathy. Gut.
1992;33:1204-8.

Kent TH, Cardelli RM, Stamler FW. Small intestinal ulcers and
intestinal flora in rats given indomethacin. Am J Pathol.
1969;54:237-49.

Scarpignato C. NSAID-induced intestinal damage: are luminal
bacteria the therapeutic target? Gut. 2008;57:145-8.

Hiitt P, Shchepetova J, Loivukene K, Kullisaar T, Mikelsaar M.
Antagonistic activity of probiotic lactobacilli and bifidobacteria
against entero- and uropathogens. J Appl Microbiol. 2006;100:
1324-32.

Matsumoto S, Hara T, Hori T, Mitsuyama K, Nagaoka M,
Tomiyasu N, et al. Probiotic Lactobacillus-induced improvement
in murine chronic inflammatory bowel disease is associated with
the down-regulation of pro-inflammatory cytokines in lamina
propria mononuclear cells. Clin Exp Immunol. 2005;140:417-26.
Ingrassia I, Leplingard A, Darfeuille-Michaud A. Lactobacillus
casei DN-114001 inhibits the ability of adherent-invasive Esch-
erichia coli isolated from Crohn’s disease patients to adhere to

100

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

and to invade intestinal epithelial cells. Appl Environ Microbiol.
2005;71:2880-7.

Bertrand V, Guimbaud R, Tulliez M, Mauprivez C, Sogni P,
Couturier D, et al. Increased in tumor necrosis factor-alpha pro-
duction linked to the toxicity of indomethacin for the rat small
intestine. Br J Pharmacol. 1998;124:1385-94.

Saud B, Nandi J, Ong G, Finocchiaro S, Levine RA. Inhibition of
TNF-alpha improves indomethacin-induced enteropathy in rats
by modulating iNOS expression. Dig Dis Sci. 2005;50:1677-83.
Borruel N, Carol M, Casellas F, Antolin M, de Lara F, Espin E,
et al. Increased mucosal tumor necrosis factor alpha production in
Crohn’s disease can be downregulated ex vivo by probiotic
bacteria. Gut. 2002;51:659-64.

Van Gossum A, Dewit O, Louis E, de Hertogh G, Baert F,
Fontaine F, et al. Multicenter randomized-controlled clinical trial
of probiotics (Lactobacillus johnsonii, LA1) on early endoscopic
recurrence of Crohn’s disease after ileo-caecal resection. Inflamm
Bowel Dis. 2007;12:135-42.

Kuisma J, Mentula S, Jarvinen H, Kahri A, Saxelin M, Farkkila
M. Effect of Lactobacillus rhamnosus GG on ileal pouch
inflammation and microbial flora. Aliment Pharmacol Ther.
2003;17:509-15.

Goldstein JL, Eisen GM, Lewis B, Gralnek IM, Zlotnick S, Fort
JG, et al. Video capsule endoscopy to prospectively assess small
bowel injury with celecoxib, naproxen plus omeprazole, and
placebo. Clin Gastroenterol Hepatol. 2005;3:133-41.

Goldstein JL, Eisen GM, Lewis B, Gralnek IM, Aisenberg J,
Bhadra P, et al. Small bowel mucosal injury is reduced in healthy
subjects treated with celecoxib compared with ibuprofen plus
omeprazole, as assessed by video capsule endoscopy. Aliment
Pharmacol Ther. 2007;15:1211-22.

Bjarnason I, Smethurst P, Fenn CG, Lee CE, Menzies IS, Levi
AJ. Misoprostol reduces indomethacin-induced changes in human
small intestinal permeability. Dig Dis Sci. 1989;34:407-11.
Watanabe T, Sugimori S, Kameda N, Machida H, Okazaki H,
Tanigawa T, et al. Small bowel injury by low-dose enteric-coated
aspirin and treatment with misoprostol: a pilot study. Clin Gas-
troenterol Hepatol. 2008;6:1279-82.

Fujimori S, Gudis K, Takahashi Y, Seo T, Yamada Y, Ehara A,
et al. Distribution of small intestinal mucosal injuries as a result
of NSAID administration. Eur J Clin Invest. 2010;40:504-10.

@ Springer



Digesii

Digestion 2011;84:119-125
DOI: 10.1159/000323225

Original Paper

Received: September 22, 2010
Accepted: November 30, 2010
Published online: April 15, 2011

Optimal Approach for Small Bowel Capsule
Endoscopy Using Polyethylene Glycol
and Metoclopramide with the Assistance of

a Real-Time Viewer

Kunihiro Hosono Hiroki Endo  Eiji Sakai Yusuke Sekino Takashi Uchiyama
Seitaro Watanabe Hiroshilida Yasunari Sakamoto Tomoko Koide

Hirokazu Takahashi

Masahiko Inamori Noritoshi Kobayashi

Masato Yoneda Chikako Tokoro Yasunobu Abe
Kensuke Kubota Atsushi Nakajima

Division of Gastroenterology, Yokohama City University School of Medicine, Yokohama, Japan

Key Words
Capsule endoscopy - Polyethylene glycol -
Metoclopramide - Real-time viewer

Abstract

Aim: Capsule endoscopy is limited by the poor image qual-
ity of the distal bowel and incomplete small bowel transit.
The aim of this study was to establish an optimal medication
protocol for capsule endoscopy performed using a real-time
viewer. Methods: A total of 80 patients were prospectively
recruited. The patients were randomized into two groups:
the ‘conventional group’ (without any preparation) and the
‘real-time group’ (in which a real-time viewer was attached).
At 60 min after swallowing the capsule, if the capsule had
reached the small bowel, 500 ml of polyethylene glycol was
administered; if the capsule was still located in the stomach,
10 mg of metoclopramide was given intramuscularly, fol-
lowed by 500 ml of polyethylene glycol solution. Results:
The completion rate was significantly higher in the real-time
group as compared with that in the conventional group (72.5

vs. 90.0%). Our protocol yielded a significantly improved im-
age quality of the distal small bowel [image quality score =
1.6 vs. 3.0 (max 4.0)]. The detection rate of lesions in the distal
small bowel was higher in the real-time group than in the
conventional group. Conclusions: The present study clearly
showed that our protocol yielded an improved completion
rate and also improved image quality.

Copyright © 2011 S. Karger AG, Basel

Introduction

Capsule endoscopy (CE) has been developed as a con-
venient method for evaluation of the small bowel. CE pro-
vides a higher diagnostic yield than barium contrast ra-
diography of the small bowel or enteroscopy [1-4]. It is
safe, painless, and well tolerated [5]. Despite its advan-
tages, the diagnostic yield of CE may be restricted by
some limitations. In almost 20-30% of the cases, the cap-
sule does not reach the cecum within the imaging period
[6-8]. This results in failure of visualization of the more
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distal small bowel. In addition, the overall results differ
among studies, with the reported percentage of cases
with incomplete visualization of the mucosal surfaces
due to bubbles, or luminal residue obscuring the view,
especially in the distal small bowel, varying from 5 to
30% [9-12]. Several studies have examined the possibility
of shortening the transit time and improving the bowel
cleanness using different medications for bowel prepara-
tion and prescribing different fasting periods [13, 14].
Nevertheless, small bowel preparation still remains a
controversial issue. The optimal method of preparation
and the dose/time of administration of the agents used
still remain to be determined.

Recently, external real-time viewers have been devel-
oped by some companies, including Given Imaging Ltd
(Yoqneam, Israel) and Olympus Co. (Tokyo, Japan). This
device enables real-time viewing by the physician per-
forming the CE procedure. The main purpose of this de-
vice is to detect impaired gastric emptying or any cause
of blockage of the capsule [15]. However, the clinical use-
fulness of a real-time viewer in CE remains unknown.
The aim of this study was to establish an optimal medica-
tion protocol for CE performed using real-time viewer, in
order to improve the CE completion rate and the image
quality.

Methods

Patients

The study was performed between May 2009 and April 2010
at Yokohama City University School of Medicine. A total of 80
subjects who were judged, based on the history and physical ex-
amination, to be in acceptable health without severe systemic dis-
eases that could affect a CE examination were enrolled in this
study. The exclusion criteria were as follows: history of gastric or
intestinal surgery, clinical or suspected abnormalities in gastric
emptying, pregnancy, age <18 years, and intake of medications
during the previous week that could potentially affect the gastro-
intestinal motility. The study was carried out in accordance with
the Declaration of Helsinki (revised 1995), and was approved by
the Ethics Committee of Yokohama City University School of
Medicine. Written informed consent was obtained from each of
the patients for the CE study and also for the use of the data and
images for research purposes.

Study Design

In all the patients, the CE was performed with the PillCam SB
and SB2 capsule endoscopy system (Given Imaging Ltd), and the
images were viewed with the Rapid 5 Reader. Patients were ran-
domized into two groups through the use of sealed envelopes. In
the first conventional CE group, the patients were instructed to fast
for 12 h prior to the CE procedure, and swallow the capsule with
water and 0.5 ml simethicone. In the real-time group, pre-proce-
dure preparation was carried out as described above for the con-
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80 patients were recruited into the study
and randomized to two groups
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Fig. 1. Flow diagram of the study.

ventional CE group, plus a real-time viewer was attached to the
patients. At 60 min after it was swallowed, if the capsule had reached
the small bowel, 500 ml of polyethylene glycol (PEG), as a purgative,
was administered to the patient. If the capsule was still located in
the stomach, 10 mg of metoclopramide, as a prokinetic agent, was
given intramuscularly, followed by 500 ml of oral PEG (fig. 1).

Patients of both groups were permitted to drink fluids at 2 h
and to eat a meal at 4 h after the capsule ingestion. After 8 b, they
returned to the endoscopy unit where the recorder was removed
and the images were downloaded.

Scoring System

All CE examinations were read by two investigators (H.E. and
K.H.). Both were blinded to the group allocation status of the pa-
tients. Small bowel examination was considered to be complete if
the capsule had passed into the colon. The gastric transit time
(GTT) was calculated from the time the capsule entered the stom-
ach until it passed the pylorus. Small bowel transit time (SBTT)
was determined as the time from the first duodenal image until
the capsule entered the colon, and could be calculated only in
cases in which the capsule reached the colon.

The quality assessment of the capsule endoscopic image was
inaccordance with the scale used by Aymer et al., with some mod-
ification [16]. The image quality was evaluated only in cases in
which the capsule reached the colon. We used a 5-point scale (0~
4) based on the percentage of the capsule images that was unim-
paired by the presence of debris or dark luminal fluid (4, 100~
80%; 3, 80-60%; 2, 60-40%; 1, 40-20%; 0, 20-0%) (fig. 2). The
average score for 5-min segments of the video was assessed from
capsule entry into the proximal duodenum (0% of the SBTT), and
evenly spaced for every 10% of the SBTT thereafter, with the final
segment recorded in the terminal ileum (100% of the SBTT). For
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Fig. 2. Image quality score: score based on the percentage of the capsule endoscopic images that were unimpaired
by debris or dark luminal fluid: 4, 100-80%; 3, 80-60%; 2, 60-40%; 1, 40-20%; 0, 20-0%.

Table 1. Characteristics of the patients undergoing conventional
and real-time CE

Patients, n 40 40

Age (£ SD), years 585x158 60.6x16.5 0.56
Male, n 23 (57.5%) 27 (67.5%) 0.36
Body mass index (=SD) 21.6%3.1 21.5%3.6 0.87
Diabetes mellitus, n 6 (15.0%) 5(12.5%) 0.74
Hospitalization, n 9 (22.5%) 9(22.5%) -~
Indication for CE, n

OGIB and/or IDA 31(77.5%)  35(87.5%) 0.24
Abdominal pain 3 (7.5%) 2 (5.0%) 0.64
Others 6 (15.0%) 3 (7.5%) 0.29

OGIB = Obscure GI bleeding; IDA = iron deficiency anemia.

the subsequent statistical analysis, the 5-min segments were also
combined to allow an assessment of the bowel cleanness in the
proximal third (0, 10, 20, and 30% of the SBTT), middle third (40,
50, and 60 of the SBTT), and distal third of the small bowel (70,
80, 90, and 100% of the SBTT).

Statistical Analysis

The results were presented as mean * SD for the quantitative
data and as frequency (percentage) for the categorical data. Data
with a normal distribution were compared using the two-sided
Student’s t test. Categorical data were analyzed using the x? test
or the Yates x test. p values <0.05 were considered to denote sta-
tistical significance. To assess the reporting consistency between
the two reviewers for image quality, the k score was calculated.

Optimal Approach for Capsule
Endoscopy

Results

Characteristics of the Patients and the Indications

for CE

A total of 80 patients were prospectively recruited for
this study within the defined periods. The characteristics
of the patients and the indications for CE are shown in
table 1. Forty patients were randomized to the conven-
tional CE group, and the remaining patients underwent
real-time CE. The mean age of patients was 59.8 years
(range 21-84), and 62.5% were male. The most frequent
indication for CE was obscure gastrointestinal bleeding
(82.5%). There was no significant difference in age (p =
0.56), sex ratio (p = 0.36), body mass index (p = 0.87),
prevalence of diabetes mellitus (p = 0.74), frequency of
hospitalization, or distribution of the indications for CE
between the two groups.

Transit Times, Completion Rate and Adverse Events

The small bowel examination could be completed in
29 patients of the conventional CE group (72.5%) and 36
patients of the real-time CE group (90.0%) (p = 0.04). The
mean GTT was 42.0 *+ 41.4 and 38.7 = 32.9 min in the
conventional and real-time CE groups, respectively
(£SD, p = 0.69). The mean SBTT was 278.4 £ 76.5 and
235.0 £ 116.2 min in the conventional and real-time CE
groups, respectively (p = 0.08) (table 2). At 60 min after it
had been swallowed, there were 8 and 7 patients in the
conventional and real-time groups, respectively, in whom
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Table 2. Completion rate, GT'T, SBTT, and image quality in the study groups

Completion rate, n (%)

Mean GTT (range), min

Mean SBTT (range), min

Mean image quality score
Proximal bowel (0-30% of SBTT)
Mid small bowel (40-60% of SBTT)
Distal small bowel (70-100% of SBTT):

29740 (72.5) 36/40 (90.0) 0.04*
42.0 (1-158) 38.7 (4-141) 0.69
278.4 (91-414) 235.0 (20-428) 0.08
3.2 34 0.37
2.5 3.2 0.055
1.6 3.0 <0.001*

*p <0.05.
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Fig. 3. Image quality score according to the extent of capsule pro-
gression through the small bowel. In the conventional group, the
image quality worsened as the capsule progressed distally. On the
other hand, the image quality tended to be better in the real-time
CE group than in the conventional CE group for all small bowel
segments.

the capsule was still located in the stomach. Therefore,
metoclopramide was used as a prokinetic agent in these
7 patients of the real-time CE group. In 6 of these 7 pa-
tients (85.7%: 6/7), the capsule then passed into the cecum
within the recording time. The mean GTT and SBTT in
the 6 patients in whom total enteroscopy could be com-
pleted using metoclopramide were 94.3 +17.6 and 201.8
+ 157.1 min, respectively. The GTT in the remaining 1
patient in whom successful execution of total enteroscopy
failed even after metoclopramide administration was 141
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min. On the other hand, in the conventional CE group,
the capsule reached the cecum within the recording time
in only 4 of the 8 patients (50%), in all of whom the GTT
exceeded 60 min. The mean GTT and SBTT in the re-
maining 4 patients of the group in whom total enteros-
copy could be accomplished were 103.8 £ 23.4 and 218.0
* 86.1 min, respectively. The GT'T in the 4 patients of the
group with failed total enteroscopy was 122.5 * 43.7
min.

There were no known cases of capsule retention or se-
rious adverse events in any of the study participants. In
the real-time CE group, none of the patients complained
of discomfort or difficulty in ingesting 500 ml of PEG
solution.

Image Quality

The image quality was good in the proximal bowel
segment in both groups. The mean image quality scores
were 3.2 and 3.4 in the conventional and real-time CE
groups, respectively (p = 0.37) (table 2). However, in the
conventional CE group, the image quality became worse
as the capsule progressed more distally. In the mid small
bowel segment, the mean image quality scores were 2.5
and 3.2 in the conventional and real-time CE groups, re-
spectively (p = 0.055). The views were impaired by bile,
residue, and bubble artifacts. On the other hand, in the
real-time group, the image quality scores tended to be
better than those in the conventional CE group for all the
small bowel segments. There was a significant difference
between the two groups with regard to the image quality
for the distal small bowel (1.6 in the conventional CE
group vs. 3.0 in the real-time CE group, p <0.001) (fig. 3).
The k statistic (between authors H.E. and K.H.) demon-
strated a good level of consistency, with a value of 0.71
(95% CI, 0.51-0.86).

Hosono et al.



Positive Findings and Diagnostic Yield

Positive findings were obtained in 25 of the 40 (66.5%)
patients in the conventional CE group and in 29 of the 40
(72.5%) patients in the real-time CE group (table 3). Posi-
tive findings included angioectasia, ulcers, erosions, and
tumors/polyps. The diagnostic yield in the conventional
group was lower than that in the real-time group; how-
ever, the difference did not reach statistical significance
(p = 0.34). However, when the lesion detection rate was
compared according to the segment of the small bowel, a
larger number of lesions was detected in the real-time CE
group as compared with that in the conventional CE
group in the distal third of the small bowel (p = 0.003)
(fig. 4).

Discussion

In recent years, the indications for CE examinations
have expanded. CE is expensive and time-consuming,
and in order to reduce the number of unfruitful proce-
dures and minimize the cost, it is necessary to establish a
protocol for increasing the diagnostic yield. The diagnos-
tic yield of CE depends on several factors, including the
GTT, SBTT, and the image quality [17]. The capsule pas-
sage time varies considerably among subjects because the
capsule is transported passively through the gastrointes-
tinal tract. If the capsule is transported slowly and does
not reach the cecum within the recording time, the CE
would be incomplete. In cases of incomplete CE, signifi-
cant lesions outside the observation range may be missed.
For example, small bowel ulcers in chronic low-dose as-
pirin users tend to exist in the distal part of the small
bowel [18]. Incomplete CE would be associated with a
lower likelihood of visualization of these lesions, making
the procedure wasteful. Moreover, in the distal segment
of the small bowel, the presence of luminal residue wors-
ens the quality of the images [9-12]. If the quality of the
image is poor, the lesions can be masked by the bowel
contents.

Recently, a new generation of CE has been equipped
with a real-time video monitor that enables real-time vi-
sualization of the small bowel lumen. Some studies have
demonstrated the usefulness of a real-time viewer; how-
ever, its role and significance have not yet been clarified.
Lai et al. [19] used real-time viewing to monitor the cap-
sule progression. If the capsule had not reached the small
bowel by the first 30 min, an additional liter of PEG was
given to the patient. If the capsule still failed to enter the
small bowel within the next 30 min, 250 mg of erythro-

Optimal Approach for Capsule
Endoscopy

*p<0.05
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Fig. 4. Relationship between the distribution of small bowel le-
sions and the allocated group of the patients (conventional CE,
real-time CE group). In the distal third of the small bowel, there
were more numerous lesions in the real-time group than in the
conventional group.

Table 3. Diagnostic yield and number of patients with positive
findings

Diagnostic yield, n (%)

25/40 (66.5)  29/40 (72.5) 0.34
Patients with positive findings, n
Angioectasia 8 8 -
Ulcer 4 10 0.07
Erosion 9 9 -
Tumor/polyp 1 1 -
Others 3 1 0.31
No findings 15 11 0.26

mycin was given orally to accelerate gastric emptying.
They found that their interventions might have helped to
improve the CE completion rate. Ogata et al. [20] also
demonstrated that the real-time viewer was useful for de-
tecting gastric transit abnormalities and determining the
need for metoclopramide administration in patients un-
dergoing CE. These reports evaluated mostly the CE
completion rate, but did not shed any light on the im-
provement of the image quality. To gain good image qual-
ity, an optimal medication protocol should be designed.
In this study, according to the progress of the capsule
as viewed by the real-time viewer, we prescribed appro-
priate medications, such as a purgative or a prokinetic
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agent. The results of the study show that our protocol in-
creased the CE completion rate and also improved image
quality, especially in the distal small bowel. As a result,
the lesion detection rate in the distal small bowel in-
creased. ‘

In order to increase the CE completion rate, we used
metoclopramide as a prokinetic agent. It has been noted
that prolonged capsule retention within the stomach re-
duces the likelihood of complete small bowel transit
within the recording time [21]. It has been reported that
the use of prokinetics such as metoclopramide [22],
erythromycin [14] and mosapride [23] may decrease the
randomness of the gastric emptying and reduce the SBTT.
Selby [22] reported that the administration of oral meto-
clopramide before the capsule ingestion reduced the
GTT. Metoclopramide has several actions that may ac-
count for its favorable influence on the capsule transit
time. Its main effect is in the proximal gastrointestinal
tract. It improves the gastric tone and peristalsis, relaxes
the pyloric sphincter, and improves antroduodenal coor-
dination [24] by a combination of its cholinergic and an-
tidopaminergic effects [25]. It also increases the motility
of the proximal small bowel [26]. In the present study, we
prescribed metoclopramide in cases where the capsule
was retained within the stomach for >60 min, as assessed
with the assistance of the real-time viewer. In this study,
the time was set at 60 min because the third quartile val-
ue of the GTT without the use of any prokinetic agents or
bowel preparations was determined previously at our de-
partment to be approximately 60 min (data not shown).

In order to improve the image quality, we used a small
volume of PEG solution as a purgative. Some studies have
demonstrated that adequate bowel preparation can lead
to improvement of the small bowel image quality and
thereby increase the diagnostic yield [27]. For example,
Viazis et al. [13] demonstrated that administration of 2 1
of a PEG solution, as a bowel preparation agent, 16 h be-
fore performing CE, increased the diagnostic yield. In-
gestion by the patient of 4 1 of a PEG solution was also
reported to improve the quality of visualization of the
small bowel and the complete CE rate [10]. The main dis-
advantage, however, of bowel preparation is that it is not
comfortable for the patients [28], and it has been revealed
as a major source of discomfort in patients undergoing
colonoscopy. It would be a considerable burden for pa-
tients to drink large amounts of PEG solution, and small-
er volumes may be more acceptable. Therefore, in the
present study, 500 ml of PEG solution was used for bowel
preparation. Indeed, none of the patients complained of
discomfort or difficulty in ingesting the PEG solution,
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and this volume appeared to be sufficient to clean the dis-
tal small bowel.

The present study had some limitations. First, the
number of study subjects was small, although statistical-

ly significant differences in the CE completion rate and

image quality between the two study groups were
achieved. Second, the decision to use 500 ml of PEG solu-
tion about 60 min after ingestion of the capsule was not
based on real-time observation of the capsule position.
The timing of administration of PEG solution is impor-
tant. Some investigators have suggested that PEG may in-
crease the GTT [11, 29]. Ben-Soussan et al. [11] mentioned
that a hyperosmolar state was generated by the PEG prep-
aration, leading to increased gastric distension with fluid
and decreased release of the gastric contents. To avoid
these effects, it would be desirable to have the capsule al-
ready in the small bowel when the PEG is administered.
However, it is difficult to continually monitor the prog-
ress of the capsule through the stomach into the small
bowel by real-time viewing. Therefore, we used metoclo-
pramide when we detected delayed gastric emptying of
the capsule with the real-time viewer, in the hope that the
capsule would reach the small bowel early.

In conclusion, the results of the present study clearly
showed that our protocol using PEG and metoclopramide
improved the CE completion rate and image quality.
Therefore, our protocol may be useful in clinical practice
for CE.
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Leptin acts as a growth factor for colorectal tumours
at stages subsequent to tumour initiation in murine

colon carcinogenesis

Hiroki Endo,” Kunihiro Hosono," Takashi Uchiyama, Eiji Sakai,’ Michiko Sugiyama,’
Hirokazu Takahashi," Noriko Nakajima,? Koichiro Wada,® Kiyoshi Takeda,*

Hitoshi Nakagama,® Atsushi Nakajima'

ABSTRACT

Background and aims Obesity increases the risk of
colorectal cancer (CRC). Serum leptin levels are markedly
elevated in obese individuals, but the involvement of
leptin in CRC growth remains unclear. We explored the
hypathesis that leptin signalling regulates the growth of
CRC, by examining the effects of leptin deficiency on
murine colon tumour growth.

Metheds We used genetic (leptin-deficient and leptin
receptor-deficient) models of obesity and investigated
carcinogen-induced colon polyp formation and cell
proliferation in the colonic epithelium. Colonic tissues and
cell lines were analysed by histopathology and
molecular-biology methods.

Results A significant increase in the proliferative activity
of normal colonic epithelial cells was observed in the
obesity model; on the other hand, significant decrease of
tumour cell proliferation was observed in leptin-deficient
tumours, and tumour growth was dramatically inhibited
in leptin-deficient and leptin-receptor-deficient mice
despite the animals exhibiting severe obesity. Notably,
a marked increase of the leptin receptor (ObR)
expression levels was observed in colon tumours as
compared to the normal epithelium. Nuclear B-catenin
staining was pronounced in all tumours, irrespective of
leptin deficiency, whereas altered cellular localisation of
B-catenin was not observed in the normal colonic
epithelial cells. In vitro, B-catenin knockdown decreased
ObR expression, and stimulation of recombinant Wnt
increased ObR expression. In addition, the proliferative
and survival effects of leptin were found to be mediated
by the ObR/signal transducer and activator of
transcription 3 (STAT3) signalling in colon tumours.
Conclusions Our findings indicate that leptin is
important for CRC growth in obesity, and acts as

a growth factor for CRC at stages subsequent to tumour
initiation in colorectal carcinogenesis. Thus, inhibition of
leptin signalling may be an effective strategy for therapy
and prevention of colonic adenoma and cancer, which
show activation of Wnt signalling.

INTRGDUCTION

Obesity increases the risk of not only cardiovas-
cular disease and type 2 diabetes mellitus, but also
of various types of cancers.? ® In particular, obesity
has been shown to be associated with advanced
progression of colorectal cancer (CRC).* For
a number of cancers, including CRC, the risk of the
disease is also elevated in individuals with obesity.”

Gut 2011,60:1363—1371. doi:10.1136/gut.2010.235754
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Epidemiological studies have revealed that obesity,
especially visceral adipose tissue, raises the risk of
colon adenoma® and CRC, and the results of
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animal experiments suggest a link between obesity and CRC.
Obesity is strongly associated with adipose tissue dysfunction
and altered serum levels of adipokines, which might underlie the
risk of CRC, but no definitive conclusions have been reached.
Leptin, a 16-kDa product of the ob gene involved in energy
balance and regulation of food intake,? is secreted predominantly
in adipose tissue and is correlated with the percentage of body
fat.” Serum leptin levels are markedly elevated in obese indi-
viduals,'® and thus we hypothesised an association between this
adipokine and increased risk of CRC.

Data concerning the effect of leptin on CRC development are
contradictory and difficult to interpret.'*"2° In humans, several
case—control studies have shown an elevated risk of CRC
associated with high serum leptin level,! *? although in some
studies, no elevation of the serum leptin levels were found in
patients with CRC." ™ In experimental studies, although there
has been general agreement that leptin acts as a growth factor
for colon cancer cells in vitro,*® ™" conflicting results have been
reported from in vivo studies that have investigated the effects
of leptin on rodent colonic epithelial cell proliferation’® ' and
colon carcinogenesis."® 2* Overall, the role of leptin in CRC
induction and growth remains unclear.

Here, we explored the hypothesis that leptin signalling might
regulate the growth of CRC to account for the clinical obser-
vation that obesity correlates with increased progression of
CRC. We confirmed that ablation of leptin or leptin receptor
(ObR) markedly inhibited the growth of colon tumours.
Furthermore, we found that the ability of leptin to regulate CRC
growth was mediated by colonic leptin signalling via the ObR/
signal transducer and activator of transcription 3 (STAT3)
pathway. This suggests that leptin signalling is a direct pathway
that is crucial for CRC growth, which is a reasonable explana-
tion for the tendency of CRC to be more aggressive in obese
individuals who are known to show elevated serum leptin levels.

MATERIALS AND METHODS

Animals and tumour induction

Six-week-old male C57BL/6]-0b/0b mice, C57BL/KsJ-db/db mice,
and their respective control C57BL/6] and C57BL/Ks] mice
(wild-type; WT) were obtained from the Jackson Laboratory
(Bar Harbor, Maine, USA). The animals were fed either a normal
diet (ND) or high-fat diet (HFD) until the end of the study
(Supplementary figure 1). The compositions of the ND (MF;
Oriental Yeast Co., Tokyo, Japan) and the HFD (High Fat Diet
32; CLEA Japan Inc., Tokyo, Japan) have been described
previously.®!

The protocols for azoxymethane (AOM)-induced aberrant
crypt foci (ACF) or the tumour model were essentially as
described previously.? Briefly, mice were given 2- or 6-weekly
intraperitoneal (i.p.) injections of 10 mg/kg AOM (Sigma, St.
Louis, Missouri, USA) and were killed at 6 or 21 weeks following
the initiation of AOM injection (Supplementary figure 1).
Macroscopic tumours were counted and measured with
a caliper. To facilitate the small tumour counting, the colons
were stained with 0.2% methylene blue solution and were
observed using stereomicroscopy. The number of ACF was
counted as described previously.”* We repeated each experiment
three times to confirm the reproducibility of our results.

Leptin treatment

Ob/ob mice were divided into two groups of eight mice each,
injected with either leptin or vehicle. Leptin-treated mice
received daily i.p. injections of 2 pg murine recombinant leptin
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protein (Peprotech, Rocky Hill, New Jersey, USA) per gram of
body weight for 6 weeks. Vehicle-treated mice received a 0.9%
saline endotoxin-free solution for 6 weeks, which was also used
for leptin injection.

Assay for proliferation and apoptosis

The entire colon was removed, gently flushed with saline to
remove any faecal contents, opened longitudinally, and fixed in
10% neutralised formalin. Paraffin sections were prepared at
3 um thickness, and stained with H&E. We evaluated the 5-
bromo-2-deoxyuridine (BrdU) (BD Biosciences, Franklin Lakes,
New Jersey, USA) labelling index to determine the proliferative
activity of the colonic epithelial cells as described previously.?!
The apoptotic tumour cells were stained using a transferase
deoxytidyl uridine end labelling (TUNEL) staining kit according
to the manufacturer’s instructions (Wako Pure Chemical, Osaka,
Japan).

Immunohistochemistry, immunofluorescence and
immunoblotting

Paraffin-embedded sections were deparaffinised and subjected to
immunohistochemical staining with primary antibodies using
a Histofine kit (Nichirei, Tokyo, Japan) in accordance with the
manufacturer’s instructions. Nuclear counterstaining was
performed with haematoxylin. In the negative controls, the
primary antibody was replaced by non-specific, non-immune
immunoglobulin of the same isotype at an equivalent final
concentration. For immunofluorescence of the cells, the cells
grown on coverslips were paraformaldehyde-fixed and permea-
bilised with 100% ethanol at —20°C. Fixed cells were incubated
with the primary antibodies and stained with Alexa Fluoro-
conjugated secondary antibodies (Molecular Probes, Eugene,
Oregon, USA). Nuclei were stained by 4 -diamidine-2'-pheny!l-
indole hydrochloride (DAPI; Molecular Probes). Confocal laser
scanning microscopic images were then generated (Olympus,
Tokyo, Japan).

Protein extracts were separated using SDS/PAGE, and the
separated proteins were transferred to a polyvinylidene
difluoride (PVDF) membrane (Amersham, London, UK). The
membranes were probed with primary antibodies and glyceral-
dehyde-3-phosphate  dehydrogenase  (GAPDH;  Trevigen,
Gaithersburg, Maryland, USA). Horseradish-peroxidase-conju-
gated secondary antibodies and the enhanced chem-
iluminescence (ECL) detection kit (Amersham) were used for the
detection of specific proteins.

Antibodies used were anti-p-ObR, anti-ObR (Santa Cruz
Biotechnology, Santa Cruz, California, USA), anti-p-STATS,
anti-STAT3,  anti-cleaved  caspase-3  (Cell  Signaling
Technology, Danvers, Massachusetts, USA), and anti-B-catenin
(BD PharMingen, San Diego, California, USA).

RT-PCR analysis

Total RNA was extracted from the colonic epithelium using the
RNeasy Mini Kit (Qiagen, Hilden, Germany). For real-time
reverse transcription polymerase chain reaction (RT-PCR), total
RNA was reverse-transcribed into cDNA and amplified using
real-time quantitative PCR using the ABI PRISM 7700 System
(Applied Biosystems, Foster City, California, USA). Probes and
primer pairs specific for ObRb and B-actin were purchased from
Applied Biosystems. The concentrations of the target genes were
determined using the delta-delta Ct method and the values were
normalised to those of the internal control. Primer sequences are
listed in the Supplementary Methods.
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Cell culture and transfection

Colon cancer cell line SW480 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), while human embryonic kidney cells
HEK 293 cells were grown in DMEM. Transfection of siRNA
was performed by using Lipofectamine 2000 (Invitrogen,
Carlsbad, California, USA). The cells transfected with B-catenin
siRNA (Invitrogen) were harvested at 48 h after transfection,
and immunoblotting and RT-PCR analysis were performed. To
confirm the Wnt3a requirement for ObR expression, the cells
were grown under recombinant Wnt3a protein (Stem Cell
Technologies, Vancouver, British Columbia, Canada) supple-
mentation?® The cells stimulated with 160 ng/ml of Wnt3a
were harvested at 48 h, and RT-PCR and immunofluorescence
analyses were performed.

Statistical analysis

Statistical analysis for comparisons of the number of ACE the
number and size of colon polyps, the BrdU labelling index, and
the blood test results were conducted using the Mann~Whitney
U test. Other statistical analyses were performed using the
Student t test. Values of p<0.05 were regarded as denoting
statistical significance.

RESULTS

Leptin regulates colorectal tumour growth, but does not
stimulate the formation of ACF

To investigate the impact of leptin on obesity-related colorectal
carcinogenesis and to determine whether it might act as
a tumour promoter, we examined the formation of chemically
induced ACE as a marker of experimental colorectal carcino-
genesis,* and of polyps in the colon specimens. The experi-
mental protocol based on AOM treatment is shown in
Supplementary figure 1. We used both dietary (HFD) and genetic
(leptin-deficient; ob/ob) models of obesity for comparison with
lean controls. To avoid the possibility that the differences in
tumourigenecity of AOM could be due to the effects of dietary
alterations on AOM metabolism, we examined the ACF model
by alternating the diet 1 week after the last injection of AOM
(Supplementary figure 2). The body weights and visceral fat
were much higher in the ob/ob and WT mice fed a HFD than in
the WT mice fed a ND (Supplementary figure 3). As expected,
HFD exposure increased the serum leptin levels in WT mice;
meanwhile, the levels of insulin and cholesterol were signifi-
cantly higher in ob/ob mice than in WT mice, and there was no
significant difference in the serum adiponectin level between the
WT and ob/ob mice (figure 1A). We found that BrdU labelling
index of the normal mucosa was significantly higher in the obese
than in lean WT mice (figure 1B,C). The number of ACF in the
obesity model was also significantly higher than in lean controls
(figure 1D,E, Supplementary figure 3). These results suggest that
obesity enhanced the development of early-stage colorectal
carcinogenesis irrespective of leptin signalling.

Therefore, we focused on the later stages of cancer progression
and observed that leptin deficiency dramatically decreased the
tumour sizes despite ob/ob mice developing overt obesity (figure
2A~C,E). These findings were closely correlated with the serum
levels of leptin, but were not associated with the dietary
conditions. It was noteworthy that the absence of leptin had
a stronger effect on colonic tumour growth than either HFD
exposure or hyperinsulinaemia, which have also been reported to
increase the risk of CRC.* %6 Tumour multiplicity was also
reduced more in 0b/0b than in WT mice, but was comparable
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under HDF conditions (figure 2A,D). Supplementary table 1
summarises the histological findings of the tumours in WT and
ob/ob mice.

Next, we analysed cell proliferation and apoptosis in WT and
leptin-deficient tumours to explain the differences in tumour
growth. We found that BrdU incorporation was significantly
lower in tumours of ob/ob mice than WT mice (figure 2EG),
which was consistent with decreased tumour growth in the
absence of leptin. Interestingly, TUNEL and cleaved caspase-3
revealed a reciprocal increase in the apoptotic response of the
colon tumours between WT and ob/ob mice (Supplementary
figure 4), which suggests that tumour cell survival also relies on
leptin signalling. Taken together, these data indicate that leptin
enhances tumour proliferation, but it might not exert the same
effects on normal mucosa and premalignant lesions.

Leptin receptors are required for colorectal tumour growth

To clarify why the effects of leptin are limited to tumour cells,
we investigated the roles of ObR in colon. We found strong ObR
expression in tumour cells, but little expression in normal
epithelial cells of the colonic mucosa (figure 3A,B). Expression of
the long form of ObR (ObRb) mRNA was found to be signifi-
cantly higher in colon tumours than in normal mucosa (figure
3C). Therefore, differences in cell proliferation dependence on
leptin between tumours and normal mucosa might be explained
by altered expression of ObRb.

Furthermore, to elucidate the contribution of ObRb to colonic
tumourigenesis, we used mice with ObRb deletion (db/db
mice).?” As expected, db/db mice, which exhibited the same
obese phenotype as the ob/ob mice (Supplementary figure 5),
were devoid of ObRb mRNA in colonic mucosa, whereas WT
mice expressed ObRb (figure 3D). In the tumour experimental
protocol (Supplementary figure 1B), we observed a significant
increase in the frequency and size of tumours in WT mice as
compared to db/db mice (figure 3E—C); meanwhile, there was no
significant difference in tumour size and multiplicity between
the db/db mice fed ND and those fed a HED (Supplementary
figure 6). Supplementary table 2 summarises histological
findings of tumours in WT and 4b/db mice. On the other hand,
the number of ACF in db/db mice was significantly higher
than in WT mice (Supplementary figure 7). These results
suggest that epithelial ObRb is required for transduction of
tumour-promoting signals from leptin.

Wht signalling stimulates expression of ObRb

We explored the mechanism of ObRb expression in tumours.
Expression of ObRb was strong in the tumour epithelium where
Wnt signalling was activated. Frequent gene mutations of
B-catenin and altered cellular localisation of the protein are
features of AOM-induced colon tumours in mice.”® ?° Using
immunohistochemical analysis, we examined the expression of
B-catenin in colon tumours induced by AOM in comparison
with that in the adjacent normal mucosa. Cytoplasmic and
nuclear B-catenin staining was pronounced in all tumour tissues
of WT and 0b/0b mice, whereas antibody binding was limited to
the membranes at the intercellular borders in normal epithelial
cells (Supplementary figure 8). Importantly, the stabilised -
catenin in the nuclej was observed in tumour, irrespective of
leptin deficiency. To elucidate the roles of Wnt signalling acti-
vation in the regulation of leptin/ObRb signalling, we examined
the effects of B-catenin knockdown on leptin/ObRb pathway in
the human SW480 colon cancer cell line. Transfection of siRNA
for the B-catenin gene markedly reduced the protein expression
level (figure 4A). Notably, Wnt signalling inhibition by B-catenin
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Figure T Leptin is not involved in the A0 8 - 50 - 200 -
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samples were stained with 0.2%
methylene blue. Scale bars=100 pum.
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(E) ACF multiplicity. Results are
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knockdown markedly reduced ObRb expression (figure 4A). We
confirmed that the ObRb mRNA level was significantly reduced
in the B-catenin siRNA-transfected SW480 cells (figure 4B).
Reductions of ObRb protein expression by transfection of
B-catenin siRNA was also observed in other colon cancer cell
lines (Supplementary figure 9). It has been shown that the Wnt/
B-catenin pathway can be stimulated in HEK293 cells by addi-
tion of Wnt3a.?® We tested ObRb expression level following
Wnt3a stimulation in HEK293 cells that normally contain trace
amounts of nuclear B-catenin. Wnt3a-stimulated HEK293 cells
showed a marked increase in ObR expression (figure 4C,D).
These results are consistent with the increased expression levels
of ObR in tumours as compared with those in normal mucosa
(figure 3A—C), and indicate that the Wnt signalling activates
ObRD expression in colonic epithelium.

Leptin activates STAT3 signalling to promote colorectal tumour
growth

Phosphorylation of Tyr*** in ObRb induces STATS activation.®®
Increased amounts of phosphorylated Tyr**3®-ObRb and STAT3
(p-STAT3) were observed in tumours as compared with those in
normal mucosa (figure 5A). These data suggest that leptin exerts
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a stimulatory action on colon tumours through the ObRb/
STAT3 pathway.

To determine the contribution of leptin to changes in tumour
cell proliferation and survival, we analysed colon tumours of WT
and ob/ob mice for activation of STATS and the expression of its
target genes. Immunohistochemical analysis revealed tumour
cell nuclear localisation of p-STAT3 in colon tumour cells in WT
mice, while this signal was almost completely absent from
similar tumours in ob/ob mice (figure 5C). The frequency of
p-STAT3-positive cells was significantly higher in tumours
of WT mice fed a HFD than in those of the mice fed a ND
(figure 5C, Supplementary figure 10), closely matching the
increase in serum leptin levels (figure 1A). Meanwhile, p-STAT3-
positive cells were almost undetectable in normal mucosa of WT
and ob/ob mice (figure 5B). Importantly, the lack of STATS
activation in colonic mucosa coincided with the lack of colonic
leptin signalling, namely, lack of functional leptin (figure 1A) or
lack of colonic ObR expression (figure 3A—C). Therefore, our
data indicate that leptin is a crucial STAT3 activator in colonic
epithelium during tumour growth. Next, we analysed the
STAT3-mediated proliferative response in WT and leptin-defi-
cient tumours. To do that, we investigated the expression of
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Figure 2 Leptin regulates AOM-
induced colon tumour growth. (A)
Macroscopic findings of colon tumours.
Arrows indicate large tumours. Scale
bars=1 cm. ND, normal diet; HFD, high-
fat diet. (B) Macroscopic (left panel)
and stereomicroscopic {right panel) Z
findings of small colon tumours. Scale
bars=1 mm (left panel) and 200 um
(right panel). (C) Tumour size. Results
are averages +=SEM. (n=10). *p<0.05.
**p<0.005. (D) Tumour multiplicity in
WT and ob/ob mice fed ND or HFD.
Results are averages =SEM. (n=10).
*p<0.05. (E) Histogram showing size
distribution of tumours. (F) BrdU
incorporation in colon tumour of WT
and ob/ob mice. Scale bars=100 um.
(G) BrdU Ilabelling indices in colon
tumours of the AOM-treated WT and
ob/ob mice. Results are averages
+SEM. (n>10). *p<0.05. **p<0.005.
AOM, azoxymethane; BrdU,
bromodeoxyuridine; WT, wild type.
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cell-cycle genes and of the cyclin-dependent kinase (Cdk)
inhibitor p219P in tumours. We found that mRNA expressions
of cyclin D1, c-Myrc, cyclin B, cyclin E and cdc2 were increased
to a greater degree in WT mice than in ob/ob mice (figure 5D).
This suggested a stimulatory effect of STATS on the cell cycle,
and this observation was consistent with the downregulation of
the Cdk inhibitor p219F in tumours of WT mice. Furthermore,
we observed elevated expression levels of Bcl-Xy, and survivin in
WT mice as compared with those in ob/ob mice (figure 5D).
These results suggest that impaired induction of Bcl-Xj and
survivin protein expression may account for the increased rate
of apoptosis observed in leptin-deficient ob/ob mice.
Collectively, these results strongly support the notion that the
STATS8-associated proliferative and antiapoptotic effects are
important for tumour epithelia.

Exogenous leptin compensates for suppressed tumour growth in
leptin-deficient mice

We found that continuous treatment with recombinant leptin
during the late-stage of CRC (figure 6A) resulted in an increase
of tumour sizes (figure 6B—D), whereas tumour multiplicity
was not affected (figure 6E). Supplementary table 3 summarises
the histological findings of tumours. As expected, treatment
with recombinant leptin resulted in elevated serum levels of
leptin (figure 6F). Importantly, leptin supplementation enhanced
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STATS phosphorylation in colonic tumours (figure 6G). Thus,
leptin signalling can increase tumour size without affecting
tumour multiplicity, which has an impact on tumour growth.

DISCUSSION
The existence of a relationship between obesity-related factors
and CRC has been speculated upon in recent years, but no
definitive conclusions have been reached. The present investi-
gation to elucidate the precise mechanisms involved was
necessary because of the major clinical implications. We identi-
fied a novel mechanism to explain how leptin deficiency might
suppress colon tumour growth, even in the presence of marked
increase in the levels of other obesity-related factors. Our finding
suggests that leptin is a crucial factor for colon tumour growth
among the various obesity-related factors. We demonstrated an
increase in the proliferative activity of the normal colonic
epithelial cells and ACF formation in the obesity model but,
unexpectedly, tumour growth was inhibited dramatically in the
leptin-deficient obesity model, indicating the importance of
leptin signalling for colon tumour growth. Taken in combina-
tion, our data indicate that leptin acts as growth factor for CRC
at stages subsequent to cancer initiation.

Previous studies have provided much evidence of an associa-
tion between metabolic factors and increased risk of colorectal
carcinogenesis.” Therefore, we hypothesised at first that ob/ob
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Figure 3 Leptin receptors are required
for colorectal tumour growth. (A) and
(B) Section of colon from an AOM-
treated mouse showing a representative
tumour protruding into the colonic
lumen was stained with antibodies to
ObR. Magnified views of the boxed area
confirms the presence of ObR-positive
cells in the cytoplasm of tumour cells
{upper panel), but scarce expression of
ObR in normal epithelial cells (lower
panel) of the colonic mucosa. Scale
bars=400 um (left panel), 10 um {(right,
upper panel), and 100 pum (right, lower
panel). (C) Relative expression level of
ObRb mRNA in normal colonic mucosa
and tumours of AOM-treated mice,
analysed by real-time PCR. Results are
averages +SEM. (n=5). *p<0.005. (D)
Expression of ObRb in the isolated
colonic mucosa from WT and leptin-
receptor-deficient db/db mice. Results
are averages *=SEM. (n=5). *p<0.005.
(E) Macroscopic findings of the colon
tumours. Arrows indicate large
tumours. Scale bars=1 cm. (F) Tumour
multiplicity in WT and db/db mice
subjected to induction of colon tumours.
Results are averages =SEM. (n=10).
*p<0.05. (G) Tumour size in WT and
db/db mice. Results are averages
+SEM. (n=10). *p<0.0001. AOM,
azoxymethane; WT, wild type.

Figure 4 Whnt signalling increases the
expression levels of ObRb. Western blot
(A) and RT-PCR (B) analyses of ObRb
expression in SW480 cells transfected
with B-catenin siRNA (50 nM). Samples
were prepared 48 h after transfection.
ObRb mRNA and protein expression
was decreased by B-catenin siRNA.
GAPDH and B-actin are shown as the
loading controls. (C) RT-PCR analysis of
ObRb expression in HEK293 cells with
and without Wnt3a stimulation. ObRb
mRNA expression levels were increased
by Wnt3a stimulation. B-actin is shown
as a loading control. (D)
Immunofluorescence of B-catenin (red)
and ObR (green) in HEK293 cells treated
with recombinant Wnt3a. Wnt3a
induced translocation of B-catenin from
the cytoplasm to the nuclei and induced
the expression of ObR. DAPI, 4 -
diamidine-2'-phenylindole
hydrochloride; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase.
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Figure 5 Leptin increases STAT3
phosphorylation in colon tumours. (A)
Immunoblot analysis for Tyr!'%.

A
p-Tye!E.0bRL

p-Siat3 [ ,
phosphorylated ObRb and
phosphorylated STAT3 (p-STAT3) in Stet3
normal colonic mucosa and tumours of GAPDH

AOM-treated mice. (B) Paraffin- % 5
embedded sections of tumour- g g §
containing colons from WT and ob/ob zZE *

mice were stained with H&E (upper
panel) and with anti-p-STAT3 (lower

E=3

2
]

WT obfob

panel). Insets in lower panels
demonstrate nuclear localisation of p-
STAT3 in WT mice, which was absent
from tumours in ob/ob mice. Scale
bars=100 um. ND, normal diet; HFD,
high-fat diet. (C) Normal colon mucosa
from AOM-treated WT and ob/ob mice
was stained with anti-p-STAT3. Scale
bars=100 um. (D} Expression of cell-
cycle and apoptosis regulators in
isolated colonic tumours from WT and
ob/ob mice. Relative mRNA expression
levels were determined by real-time
PCR. Results are averages =SEM.
{n=6). *p<0.05. **p<0.01. AOM,
azoxymethane; WT, wild type.
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mice, which have obese metabolic phenotypes with elevated
levels of insulin, glucose and lipid, would show increased
susceptibility to CRC development as compared to their lean
littermates. However, to our surprise, we found that ob/0f mice
developed far smaller tumours than the corresponding WT mice,
despite the animals exhibiting severe obesity. In contrast,
administration of a HED to WT mice resulted in increased
tumour sizes, despite the finding that levels of various obesity-
related metabolic factors, with the exception of leptin, in these
mice were not as high as those in ob/ob mice. These results
strongly indicate that, in vivo, leptin is important for the
regulation of colon tumour growth, irrespective of obesity.
Furthermore, these results also explain that CRC does not grow
under leptin-deficient conditions, regardless of the serum insulin
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levels. Leptin-deficient mice exhibited few and small tumours
despite a high intake of dietary fat. These findings suggest that
leptin is a crucial factor for CRC development, regardless of
dietary composition. Adiponectin has also been reported to
influence colorectal carcinogenesis. Recently, we have demon-
strated that adiponectin deficiency might promote the
development of CRC only under HFD conditions, using adipo-
nectin-knockout mice.?! Furthermore, a human epidemiological
study has shown that decreased levels of plasma adiponectin are
associated with increased risk of CRC.3? In a cell model study,
adiponectin has been shown to block leptin-induced colon
epithelial cell proliferation.®® However, there was no significant
difference in the serum adiponectin level between the WT and
ob/ob mice in the present study. We speculate that there are
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Figure 6 Leptin signalling stimulates A fzoxymethane Recombinartteptin orvehicte
tumour growth. (A) Scheme of \AAAAAI WAYAYAYAYAY
treatment with recombinant leptin ) N

during the late stage of CRC growth. Normel diet(adibiun)
Mice were injected i.p. with 2 ug ] i | | |
recombinant leptin, or control saline
every day from 15 weeks after initial & 10 15 0 %
AOM injection. (B) Macroscopic neek

findings of colon tumours. Arrows
indicate large tumours. Scale

bars=1 cm. (C) Tumour size. Results
are averages +SEM. (n=6). *p<0.05.
(D) Histogram showing size distribution
of colon tumours. (E) Tumour
multiplicity. Results are averages
+8EM. (n=6). (F) Vehicle- or leptin-
treated ob/ob mice were bled and the
levels of leptin (left panel) and insulin
(right panel) in serum were determined
by ELISA. Results are averages =SEM.
(n=6). *p<0.001. (G) Paraffin-
embedded sections of tumour-
containing colons of vehicle- and leptin-
treated ob/ob mice stained with anti-p-
STAT3. Scale bars=100 pum. AOM,
azoxymethane; CRC, colorectal cancer.
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many factors that influence colon carcinogenesis in an obesity ~ of colon tumours, but also induces the expression of ObR in

background, and adiponectin may be one of these factors. colon tumours. To elucidate the roles of Wnt signalling activa-
Further studies in animal CRC models are necessary to address  tion on regulation of ObR expression, we examined the effects
the interaction between adiponectin and leptin. of B-catenin knockdown on ObR expression in colon cancer cell

Using genetic models, we demonstrated that leptin is an  lines, and confirmed decrease in ObR mRNA and protein levels.
important regulator of CRC development. However, leptin  Furthermore, we also confirmed increased ObR expression levels
signalling did not have a significant effect on promotion of  in exogenous Wnt-stimulated HEK293 cells. Thus, we propose
premalignant lesions in the CRC model, because its absence did ~ that Wnt signalling contributes to the upregulation of ObR in
not alter the number of ACE These data indicate that leptin does colonic epithelium. Based on these results, we conclude that
not act as a growth-promoting agent at an early stage of colon  leptin stimulates the proliferation of tumour cells that carry
carcinogenesis. We observed that the number of ACF was activating alterations in the canonical Wnt pathway
significantly greater in ob/ob and db/db mice than in WT mice, (Supplementary figure 11). Furthermore, these data also suggest
which suggests that metabolic factors other than leptin act as  that leptin is not involved in early-stage colorectal carcinogen-

promoters of early-stage colon carcinogenesis. Furthermore, esis. Collectively, our observations provided a novel finding that
leptin signalling did not promote normal colonic epithelial cell ~ leptin acts as growth factor for CRC only after the tumour
proliferation either. Why did leptin enhance tumour cell prolif-  initiation stage during the process of colorectal carcinogenesis
eration, but not induce formation of ACF or proliferation of  (Supplementary figure 12).

normal colonic mucosa? Here, we noted a difference in ObR Our data define a novel role for leptin signalling in the control

between tumours and normal mucosa. A marked increase in  of tumour growth in addition to its essential role in food intake
ObR expression level was observed in tumours as compared  and energy regulation. The role of leptin signalling is evident
with that in the normal mucosa. Carcinogen-induced tumours  from the finding of increased ObR expression in colon tumours,
frequently show mutation of B-catenin that leads to stabilisa-  and of such increased expression coinciding with the activation
tion and nuclear translocation of B-catenin, thereby activating  of STATS. Furthermore, absence of leptin signalling prevented
the Wnt pathway. On the other hand, mutation and altered  tumour growth, and suppressed STAT3 activation in these
cellular localisation of B-catenin are not observed in normal tumours. These findings demonstrated that activation of STAT3
mucosa or ACE®® Based on this evidence, we hypothesised that ~ in tumours is crucially dependent on leptin signal transduction.
activation of the Wnt pathway not only triggers the formation  Finally, the leptin signalling mechanism of action was revealed
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operationally by the finding that treating mice with recombi-
nant leptin increased tumour growth. Taken together, these data
provide strong evidence to indicate that leptin signalling
controls tumour growth in vivo.

It has been shown previously that recombinant leptin does
not stimulate cell proliferation and carcinogenesis in vivo.'¢ 1€ 20
While continuous treatment with recombinant leptin enhanced
tumour growth in AOM-treated mice, the effect of exogenous
leptin was not as strong as we had expected. On the other hand,
there is general agreement that leptin acts as a growth factor for
colon cancer cells in vitro.">™"” These discrepancies between in
vivo and in vitro studies could be explained by the complicated
interaction between various hormones and cytokines. The
effects of leptin in vivo are not as simple as those in vitro. Leptin
is known to regulate the secretion of several hormones. Impor-
tantly, the actions of leptin involve amelioration of hyper-
insulinaemia.® %6 We observed such actions of leptin on insulin
levels in mice treated with recombinant leptin. Insulin has the
effect of promoting the development of chemically induced
tumours in the colon.’” Therefore, in vivo, the effects of exog-
enous leptin on promotion of colonic tumourigenesis might be
suppressed through a decrease in insulinaemia.

In conclusion, we clearly demonstrated a relationship between
leptin signalling and growth of colon tumours, using leptin-
deficient or leptin-receptor-deficient mice. The dramatic
suppression of colon tumour growth resulting from inhibition of
leptin signalling indicates that leptin is an important growth
factor for colon cancer progression. We speculate that dietary
intake of excessive fat and calories might result in energy storage
in the visceral and subcutaneous adipose tissue compartments,
and that any surplus energy might be used for growth of CRC
through leptin signalling. On the basis of the current results, it is
reasonable to conceive that colon tumours might have
a tendency to develop in obese individuals who over-eat and
who show elevated serum leptin levels. Future study is
warranted to address the importance of leptin signalling in the
metastatic spread of CRC. Our data provide novel insights into
leptin signalling in CRC and suggest novel therapeutic and
preventive targets against colon polyps and cancers based on
inhibition of leptin-dependent STATS signalling.
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