by ring closure via dehydration between hydroxyl groups
at the C7 position of apigenin and at the C2 position of
Mannose.

According to the mechanism of DNFB-induced contact
hypersensitivity, several factors moderated by chafuroside
treatment could be assumed. DNEB-induced skin immune
responses are divided into a distinct sensitization phase and
an early and late elicitation phase. In the sensitization phase,
prostaglandin E,-EP, receptor (PGE,-EP,) signaling pathways
are Teported to be invelved in antigen uptake into Langerhans
cells, and in antigen migration to draining lymph nodes.®® In
addition, other colon tumor-related pathways and mediators,
such as ERK1/2 and p38 MAPK signaling pathways, 5-
lipoxygenase and inducible nitric oxide synthase, are also
reported to be involved in DNFB-induced contact hypersensi-
tivity.#-* Thus, chafuroside may exhibit its chemopreventive
effects by mediating these inflammatory factors. However,
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the natural function of chafuroside is not well defined and the
anti-inflammatory and chemopreventive mechanisms of this
novel flavonoid need to be clarified.

From the present results, we can conclude strong inhibitory
effects of chafuroside on intestinal polyp development and
ACF formation in Apc-deficient mice and AOM-treated
rats, respectively, so that chafuroside may be a promising
candidate chemopreventive agent for colon cancer.
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Abstract

Objective Most epidemiologic studies have shown
serum triglycerides to be associated with colorectal
adenoma. However, whether the association can be
modified by smoking is unknown. We cross-sectionally
investigated the association of serum triglycerides with
the risk of adenoma by smoking status.

Methods We identified 782 newly diagnosed ade-
noma cases from the examinees of a colorectal cancer
screening program. All cases were diagnosed by a
magnifying colonoscopy with dye spreading. We
determined 738 controls without present illness or past
history of adenoma from among tlie examinees. They
provided their lifestyle information and fasting blood
samples to measure their seram triglycerides. We cal-
culated odds ratios (OR} and 95% confidence intervals
(CI) of colorectal adenoma for serum triglycerides.
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Results  High serum triglycerides were associated with
colorectal adenoma {(OR 1.5; 95% CI 1.1-2.0 for the
highest versus the lowest quartile, Pyena, 0.030) A
stronger association was observed between three or
more adenoma cases and study controls {(OR 23; 95%
CI 13-4.2, Pyeng, < 0.0010). After classifying the study
subjects by smoking status, a significant linear nsk
trend was found in ever-smokers (Piend, 0.0018) but
not in never-smokers (Pireng, 0.94; Pinteraction, 0.067).
Conclusions Our results suggested that a higher ser-
um triglyceride level may be related to a larper number
of adenomas. Adenoma development involving an
elevated serum triglyceride level may be modified by
smoking.

Keywords Serum triglycerides - Smoking - Colorectal
adenoma - Case-conirol study

Introduction

Physical inactivity, high body mass index, and high
alcohol consumption are convincing or probable risk
factors of colorectal cancer [1, 2], and also lead to
hypertriglycesidemia [3]. Serum triglycerides may
contribute to subsequent development of colorectal
neoplasms [4].

Most epidemiologic studies [5~10] have consistently
demonstrated that serum levels of triglycerides are
associated with the risk of colorectal adenoma, a pre-
cursor lesion of colorectal cancer [11]. Recently, an
animal study reported that an age-dependeni hyper-
lipidemic state along with a suppressed lipoprotein li-
pase, which catalyzes hydrolysis of triglycerides, occurs
in Apc-deficient mice [12]. The same study group also
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showed the improvement of hyperlipidemia and the
reduction of intestinal polyp formation by peroxisome
proliferator-activated receptor (PPAR) agonists [12] or
a lipoprotein lipase inducer without PPAR agonistic
activity [13]. Moreover, the lipoprotein lipase inducer
simultaneously reduces cyclooxygenase-2 expression
levels [13], which are supposed to be involved in colon
carcinogenesis [14]. Thus, hypertriglyceridemia is
probably associated with colorectal adenoma devel-
opment in humans as well as in animals.

Moreover, serum triglycerides may promote car-
cinogen-induced colon tumorigenesis. Some labora-
tory rats with hypertriglyceridemia such as Zucker
obese rats [15], Napase analbuminemic rats [16], and
high-fat diet intake rais [17] are all known to be more
sensitive to carcinogen treatments than rats with
normal serum lipid levels. After initiating with car-
cinogen, a clear tumor-promoting effect of triglyce-
rides is observed in these rats. We hypothesized that
such a clear effect could be ohserved in those ex-
posed to a carcinogen such as tobacco smoke. In fact,
the International Agency for Research on Cancer
announced that an independent effect of smoking
may be weak for colorectal cancer [18]. Therefore,
colorectal cancer development may need some
exposure fo promoting factors or environments such
as hypertriglyceridemia, after initiating with tobacco
smoke.

We examined the association between serum tri-
glycerides and colorectal adenoma, and the different
effects between ever- and never-smokers in a case—
control study for cancer screening examinees. We
conducted a colonoscapic screening with a magnifying
instrument and dye spreading to identify adenoma
lesions applying the pit-pattem classification. This
colonoscopic diagnosis is more efficient and less time-
consuming than pathologic diagnosis [19]. Moreover,
the validity and reproducibility of this approach have
been demonstrated [20, 21].

Subjects and methods
Study subjects

Study subjects were selecied from 3,212 colonoscopic
screening examinees during February 2004 to February
2005 who participated in the cancer screening program
provided by the Research Center for Cancer Preven-
tion and Screening, the National Cancer Center, Japan.
These examinees will be annually followed by mail and
then reexamined by the same screening process for the

& Springer

following 5 years. Eligible examinees were 2234
adults, after excluding those out of the age range (less
than 50, or &0 or more for men; less than 40, or 8 or
more for women); those with a past history of the
following diseases and conditions; colorectal adencma,
any cancer, ulcerative colitis, Crohn’s disease, familial
adenomatous polyposis, carcinoid tumor, or colectomy;
those with an unsatisfactory preparation for colonos-
copy; those with an incomplete examination; those
colonoscopically diagnosed as colorectal cancer A
preparatory magnesium citrate solution, which was
both non-absorptive and non-secretion-inducing, was
orally administered to each examinee 2h before
screening. No dietary restriction was imposed. Exami-
nees having at least one adenoma were 782 adults (526
men and 256 women) identified by the pit-pattern
classification on the magnifying colonoscopy with dye
spreading {chromoendoscopy) [19] using a colono-
scope (CF-H260AZI, Olympus Medical Systems Cor-
poration, Tokyo, Japan). Of 1,452 examinees not
having adenoma, 1,203 (482 men and 721 women) were
eligible controls, after excluding those with inflarma-
tory polyps, diverticulitis, submucosal tumor, bowel
tuberculosis, or hyperplastic polyps. Since elighle
conirols were fewer than eligible cases, all 482 men
were used for study controls. Of 721 eligible female
controls, 256 women were selected using stratified
sampling by age and screening periods of female cases.
This left 782 adenoma cases and 738 controls. All
examinees provided written informed consent. This
study was approved by the institutional review board of
the National Cancer Center, Tokyo, Japan (G15-01,
G16-03).

Questionnaire

Study subjects responded io self-administered ques-
tionnaires including demographics, past medical his-
tory, family history of cancer, medication, occupation,
height, weight, smoking, alcohol consumption, physi-
cal activity, working hours, reproductive faciors,
stress, and dietary habits. Their dietary habits were
assessed by intake frequency and relative portions for
145 food items. Various nuirient and food-group in-
takes were estimated by multiplying the frequency,
the relative portions, and the nutrient contents on the
Food Composition Table for Japanese foods [22]. This
food frequency questiopnaire (FFQ) was modified
from the FFQ for a population-based prospectiva
study [23, 24] with additional food items. Examinees
completed the questionnaire before their screening
examinations.
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Blood collection and laboratory assays

Study subjects provided their samples of fasting venous
blood that were drawn into vacutainer tubes for plasma
or serum before any examinations. Blood samplings
were mostly conducted one day before colonoscopic
screening. In the blood samplings, 74% of examinees
were without breakfast, i.e., overnight fasting (about
12 h), while 26% of examinees were without lunch, i.e.,
approximately 6h fasting. The blood samples for
plasma were divided into four 1-ml aliquots and two
buffy-layers. These samples were preserved at —80°C
until analysis. The blood samples for serum were used
to measure various biomarkers including serum tri-
glyeerides. Their serum triglyceride levels were mea-
sured using an enzymatic method (Kyowa Medex Co.,
Ltd, Tokye, Fapan) on a Hitachi 7600 auto-analyzer
(Hitachi High-Technologies Corporation, Tokyo,
Japan).

Statistical analysis

Least sguare means of potential risk factors for
colorectal adenoma were calculated by analysis of
covariance with adjustment for sex, age, and
screening periods using the PROC GLM procedure.
Characteristics of cases and controls were compared
with the extensions of the Mantel-Haenszel proce-
dure [25] using the PROC FREQ procedure with the
CMH option. Odds ratios (OR) of colorectal ade-
noma for quartile categories of serum triglycerides
were calculaied using the logistic regression model
adjusted for sex, apge (less than 50, 50-34, 55-59,
6064, 65 or more), screening periods (first, second),
smoking (0, 1-29, 30-59, 60 cr more pack-years),
body mass index (lower than 25.0, 25.0-26.9,
27.0-25.9, 30.0 or higher; calculated by measurements
at the screening examination), physical activity
(METs; quartiles based on controls), alcohol con-
sumption (0, 1-149, 150-299, 300 or more g/week
ethanol), family history of colorectal cancer, aspirin
or other non-steroidal anti-inflammatory drugs
(NSAIDs) use, dietary fiber, folate, calcium, vitamin
D, and red meat intake (quartiles based on controls;
energy-adjusted by the residual method [26]). An
adjustment for screening periods has two meanings.
One is as a density sampling, which can serve to
compare cases and controls like a cohort study,
Another is as an indicator of the experience of col-
onoscopists, becauss our screening institute was
established in February 2004, and all isstruments
were new for all colonoscopists. Togashi et ab {27]
reported that diagnostic accuracy increases with the

number of experienced lesions. Serum triglyceride
levels were divided into quartiles based oa controls’
distribution. ORs by the number of colorectal ade-
nomas were assessed by the generalized logit model,
ie., multinomial logistic regression model, Further-
more, we examined whether the association of serum
trigiycerides was different between never-smokers
and ever-smokers, i.e., more than 0 pack-years. The
linear trend of ORs was tested using the logarithmic-
transformed median serum levels of triglycerides in
each category, since the measurements were log-
normally distributed. Statistical interaction between
serum triglycerides and smoking was assessed based
on modeling serum triglycerides as a continuous
variable, ie., median values in each category, with
smoking (ever = 1 or never = () and a one-degree of
freedom test. The p-values for the trend and inter-
action were evaluated using the two-sided test with
0.05 as the significant level We used SAS software
{version 9.1, SAS institite Inc., Cary, NC) for all
statistical analyses.

Resukis

Adenoma cases were older, more had a family history
of colorectal cancer, fewer used aspirin or other
NSATDs, more smoked, had a higher body mass index,
and consumed more alcoholic beverages than controls
(Table 1). Mean serum triglyceride levels were
113 mg/dl for cases and 101 mg/dl for controls
(p < 0.0010). Spearman partial rank correlation be-
tween serum triglycerides and body mass index in the
controls was (.38, adjusted for sex, age, and screening
periods (data not shown in tables). Other potential
confounding factors were little correlated with serum
triglycerides.

The OR of colorectal adenoma for serum triglyce-
rides was statistically significant in the highest quartile
compared to the lowest quartile (OR 1.5; 95% CI1.1-
2.0; Table 2). The linear trend was also statistically
significant (Piena, 0.030). The greater the number of
adenomas, the higher were the ORs of the highest
quartile. The ORs were 1.2 (95% CI 0.85-1.8} for one
adenoma, 1.5 (95% CI 0.90-2.6) for two adenomas, and
23 (95% I 13-4.2) for three or more adenomas.
Medium size (59 mm in diameter) adenomas were
more strongly assoclated with serum triglycerides
(Pireng, 0.011} than smaller (less than 5 mm; Pyeng, 030)
or larger ones (10 mm or move; Pyeng, 0.22). Associa-
tion of serum triglycerides did not differ among sites of
the largest adenomas (data not shown in tables),
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Table 1 Characteristics of adenoma cases and controls

Cages Controls P
n 782 738
Men, 1 (%) 526 (67) 482 (65) 038°
Women, n (%) 256 (33) 256 (35)
First screening period, 1 (%) 322 (41) 328 (44) 0.2°
Age, mean, year® 60.5 59.7 0.0075
Family history of colorectal cancer, 1 (%) 129 (17) 92 (12) o.00°
Nog-steroidal anti-inflammatory drug use, n (%) 33 (4.2) 55 (71.5) 00022
Smoking, mean, pack-years? 153 9.86 <0.0010
Body mass index, mean, kg/m® ¢ 23.0 22.5 <0.0010
Physical activity, mean, METs/day 374 367 0.15
Alcohol consimption, mean, g/week ethanol® 153 122 0.0016
Energy intake, mean, keal/day? 1,955 1,895 0.065
Dietary fiber intake, mean, g/day® 13.5 14.0 0.035
Folate intake, mean, pg/day® 382 394 0.064
Calcium intake, mean, mg/day® 607 620 0.4
Vitamin D intake, mean, pg/day® 8.37 7.87 0.15
Red meat intake, mean, g/day® 35.6 33.7 0.4
Serum triglycerides, mean, mg/dld 113 101 <0.0010

Note: Least square means {*‘mean”) were calculated by analysis of

covariance with adjustment for the following factors. Differences

between cases and controls were tested by the extensions of the Mantel-Haenszel procedure with each adjustment

* Adjusted for age and screening periods

® Adjusted for sex and age

¢ Adjusted for sex and screening periods

9 Adjusted for sex, age, and screcning periods

® Adjusted for sex, age, screening periods, and epergy intake

Table 2 Odds ratios {OR) and 95% confidence intervals (CI} of colorectal adenoma for serum triglycerides

Range Serum triglycerides (mg/dl) Puend
<68 68-94 95-127 128+

Median 55 81 109 169

Controls 176 186 184 183

1+ adenomas 145 188 192 252

OR1* (95% CI) 1.0 (reference) 1.2 (0.92-1.7) 1.3 (0.93-1.7) 1.7(1.22.2) 00010

OR2® (95% CI) 1.0 (reference) 1.2 (0.88-1.6) 1.1 (0.82-1.5) 1.5(1.1-2.0) 09030

1 adenoma 95 130 98 123

ORP (95% CI) 1.0 (reference) 1.3 (0.94-1.9) 0.93 (0.65-1.3) 1.2 (0.85-1.8) 0.59

2 adenomas a0 35 §0 60

OR" (95% CIh 1.0 (reference) 1.0 (0.58-1.7) 1.6 (0.95-2.6) 1.5(0.90-2.6) 0058

3+ adenomas 23 34 69

OR® (95% CI) 1.0 (veference) 1.0 (0.53-1.9) 1.3 (0.68-2.4) 2.3(1.34.2) <00010

* Adjusted for sex; age (<50, 50-54, 55-59, 60-64, 65+); and screening periods (first, second)

® Adjusted for sex; age (<30, 50-34, 55-59, 60-64, 65+); screening periods (first, second); smoking (0, 1-29, 30-59, 60+ pack-years);
body mass index (<25.0, 25.0-26.9, 27.0-29.9, 30.0+); physical activity (quartiles based on controls); alcohol consumption (0, 1-149,
150-293, 300+ g/week ethanol); family history of colorectal cancer; aspirin or other non-steroidal anti-inflammatory drug vse; dietary

fiber, folate, calcitim, vitamin D, and red meat intake {quartiles based on controls; energy-adjusted)

Serum triglyceride levels were associated with
colorectal adenoma in ever-smokers, but not in never-
smokers (Table 3). A statistically significant OR for
the highest quartile was found in ever-smokers (OR
2.0; 95% CI 1.3-3.2), in which the linear trend of OR
was evident (Pgepg, 0.0018). Serum triglyceride levels
were clearly associated with three or more adenomas

@ Springer

(OR 3.4 for the highest versus the lowest; 95% CIE1.5-
7.9; Pireng, < 0.0010). In contrast, no elevated OR of
adencma was shown in never-smokers (OR 1.1 for the
highest versus the lowest quartile; 95% CI 0.71-18),
where the statistical interaction between smoking
and serum triglycerides was borderline significant
(Pinteraction, 0-067). A similar irend was found when
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Table 3 Odds ratios (OR?) and 95% confidence intervals (€I} of colorectal adenoma for serum triglycerides stratified by smoking

Range Serum triglycerides (mg/dl) Prond
<68 £8-94 95-127 128+

Median 55 81 109 169

Never-smokers

Controls 108 94 103 7

1+ adenomas 89 i 84 73

OR (95% CI) 10 {rcfc.rencc) 1.3 (0.85-2.0) 0.87 (0.57-1.3) 1.1 (0.71-1.8) 0.94

1 adenoma 6 72 43 37

OR (95% CI) 1.0 (reference) 13 (082-2.1) 0.64 (0.39-1.1) 0.88 (0.51-1.5) 024

2 adenomas 12 20 30 16

OR (95% CI) 1.0 (zeference) 1.8 (0.804.0) 23 (L1-5.0) 1.7 (0.73-4.1) 0.18

34 adenomas 11 9 11 20

OR (95% CI) 1.0 (reference) 0.78 (0.29-2.1) 0.64 (0.24-1.7) 1.9 (0.76-4.6) 0.14

Eversmokers

Controls 68 92 81 112

1+ adenomas s6 87 108 179

OR (95% CI) 1.0 {zeference) 13 (0.80-2.1) 1.6 (0.99-2.6) 2.0 (1L3-32) 00018

1 adenoma 58 35 86

OR (95% CI) 1.0 (reference) 16 (0.91-2.8) 1.6 (0.87-2.8) 1.9 (1.1-3.3) 0.053

2 adenomas 18 15 30 44

OR (95% CI) 1.0 (reference) 0.67 (030-1.5) 13 (064-2.7) 1.4 (0.72-29) 0.092

3+ adenomas 9 14 23 49

OR (95% CI) 1.0 (rcfcrcnce) 1.5 (0.58-3.8) 2.2 (0.89-5.4) 34 {(1.5-7.9) <(.0010

* Adjusted for sex; age (<50, 50-54, 5550, 6064, 65+); screening periods (first, second); body mass index (<25.0, 25.0-26.9, 27.0-20.9,
30.0+); physical activity (quartiles based on controls); alcohol consumption (0, 1-149, 150299, 300+ gfweek ethanol); family history of
colorectal cancer; aspirin or other non-steroidal anti-inflammatory drug use; dietary fiber, folate, calcium, vitamin D, and red meat

intake (quartiles based on controls; energy-adjusted)

classified according to adenoma size (04 mm,
5-9mm, or 10 or more mm in diameter; data not
shown in tables).

Since the use of statin and intake of saturated,
monounsaturated, or polyunsaturated fatty acid could
influence the serum triglyceride levels, we repeaiedly
performed the same analyses with adjustment for these
factars. However, the result did not substantially
change compared to that without such adjustment, An
analysis was made after deleting subjects taking statin,
nonsteroidal anti-inflammatory drugs, or hormone
replacement therapy. The association between serum
triglycerides and colorectal adenoma was slightly
attenuated in the overall analysis but somewhat deat-
tenuated in stratified analysis by smoking. Moreover,
we made stratified analyses by all covariates in our
multivariate model to control any confounding by
these covariates. As a result, we observed a clearer
association between serum triglycerides and colorectal
adenoma in men than women, or a lower (less than
median) than a higher (median or more) red meat
intake group. The association did not differ between
strata classified according to the other covariates. Since
the use of esirogen could reduce the incidence of colon
neoplasms, we also adjusted for a history of hormone
replacement therapy when separately analyzing female
subjects, although it did not substantially influence the

association. We also analyzed ihe association of serum
triglycerides and polypoid {0-Ip, 0-Is) or flat/depressed
adenoma (0-Ia, 0-ILc; no O-IIb adenoma in our study
subjects) [28]. A clearer association was observed for
the risk of polypoid than for flat/depressed adenoma.

Discussion

Qur results were consistent with those of previouns
studijes that reporied a positive association between
serum triglycerides and colorectal adenoma [5-10}.
The association was confirmed by dose-dependent
relationships between serum levels of triglycerides and
the number of adenomas, which is associated with the
risk of colorectal cancer [11]. Total colonoscopy was
sparsely used in previous epidemiologic studies [8, 10].
Our method of screening by total colonoscopy was
more useful than by sigmoidoscopy in reducing the
number of misclassifications, since many proximal
adenomas could not be detected with sigmoidoscopy
[29, 30].

Smoking seemed to play an important role in the
association between serum triglycerides and colorectal
adenoma. Qur results showed that serum friglycerides
were associated with colorectal adenoma only in ever-
smokers. This snggested that serum triglycerides may be
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involved in adenoma formation after DNA damage to
colorectal epithelia by carcinogens within tobacco
smoke. In short, serum triglycerides may be at work in
the promotion phase of carcinogenesis. In fact, Apc-
deficient mice showed age-dependent hypertriglyceri-
demia and a number of intestinal polyp formations,
which were suppressed by anti-hyperlipidemic medi-
cines [12, 13]. In another animal study, azoxymethane
injection of obese rats with hypertriglyceridemia re-
sulted in an increased number of advanced colon aber-
rant crypt foci, putative precursors of colon cancer [15].
Those animals probably showed such a clear association
between triglycerides and intestinal neoplasms due to
initiation by a genetic defect or carcinogen. However,
the biological or molecular mechanism is unclear so far.
Further laboratory and epidemiologic studies are nec-
essary to substantiate this association among smoking,
serum triglycerides, and colorectal adenoma.

However, serum triglyceride levels are not neces-
sazily associated with colorectal cancer incidence [31,
32] or death [33]. Other factors such as hyperinsulin-
emia associated with physical inactivity or high body
mass index may be needed for further neoplastic
development [34, 35]. An elevated insulin level leads to
a rise in insulin-like growth factor-] (IGF-I) [35]. IGF-I
has potent anti-apoptotfic and mitogenic properties in
both normal and neoplastic cells. Although serum tri-
glycerides may not be a specific predictor of subsequent
risk of colorectal cancer, we might at least consider
smokers with high serom triglycerides for colorectal
screening and polypectomy as well as risk stratification
by age and family history used in the algorithm for
colorectal cancer screening [36]. This consideration
might contribute to further reduction of the risk of
colorectal advanced lesions or deaths [37, 38].

There are several limitations in this study. First, the
adenoma cases in our study might include a few false
positive cases because the overall accuracy of pit-pat-
tern diagnosis is approximately 90%, whereas our
institute data investigating overall accuracy showed
more than 95% accurate diagnosis [19]. We could not
analyze the association of serum triglycerides by sev-
eral types of adenoma such as tubular, villous, or ser-
rated adenoma [39} because of a lack of pathologic
diagnosis. However, biopsies for all suspicious lesions
including adenoma and hyperplastic polyps are unre-
alistic and time-consuming, Now, magnifying chromo-
endoscopy is a feasible and efficient method to
determine neoplastic lesions such as adenoma. This
method is also valid on inter- and intra-observer con-
sistency 20, 21]. Second, serum levels of triglycerides
were obtained by single measurements of study sub-
jects. These measurements might show a wider varia-
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tion due to measurement exrors than would the means
of multiple measurements. However, a positive asso-
ciation between serum triglycerides and colorectal
adenoma wounld not be due to these diagnostic or
measuiement errors, which would be random misclas-
sifications occurring in both cases and conirols. ¥ we
could entirely exclude the misclassification, that posi-
tive association would be clearer than the present one.
Third, smokers have unhealthy diet habits associted
with hypertriglyceridemia in general. We cannot com-
pletely rule out a residual confounding with unhealthy
diet associated with smoking when we explain the
association between hypertriglyceridemia and ade-
noma only among smokers. Finally, the association
between serum triglycerides and colorectal adencma
cannot be conclusively determined to be a cansal
relationship, since both were assessed cross-sectionally.
However, colorectal adenoma could not alter seum
triglycerides or dietary habits, which influence seum
triglycerides in subjects with colorectal adenoma, since
it is an asymptomatic lesion. Therefore, this crosssec-
tional assessment may be at least uwseful to infer a
causal relationship between serum triglycerides and
colorectal adenoma. A Japanese population was orig-
inally thought to be different from a Western popula-
tion in terms of the high prevalence of nonpolypoid
(flat and depressed) adenoma. However, such non-
polypoid lesions have now been reported around the
world [40]. Therefore, our results can be generalizable
not only to the Japanese population but also to cther
populations including Western ones.

Our results suggest that a higher level of serum tri-
glycerides may be related to a larger number of adeno-
mas. Adenoma development involving an elevated level
of serum triglycerides may be modified by smoking.
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Several studies have suggested that lactoferrin administration may
decrease the serum level of hepatitis C virus (HCV) RNA in patients
with chronic hepatitis C. The aim of the present study was to conflrm
the efficacy of orally administered bovine lactoferrin (bLF) in patients
with chronic hepatitis C. The patlents with chronic hepatitis C
randomly received either oral bLF at a dose of 1.8g daily for
12 weeks, or an oral placebo. The primary endpoint was the virologic
response, defined as a 50% or greater decrease in serum HCV RNA
level at 12 weeks compared with the baseline, The secondary endpoint
was the biochemical response, which was defined as a 50% or
greater decrease in the serum afanine aminotransferase (ALT) level
at 12 weeks compared with the baseline. One hundred and ninety-
eight of 199 patients were evaluable for efficacy and safety. bLF
treatment- was well tolerated and no serious toxicities were
observed. A virologic response was achieved in 14 of 97 patients
(14.4%} in the bLF group, and 19 of 101 (18.8%) in the placebo
group. There was no significant difference in virologic response
rates between the two groups (-4.4%, 95% confidence interval
~14.8, 6.1). In addition, bLF intake did not have any favorable effect
on the serum ALT fevel. The virolegic responses were not different
between two groups in any subgroup analysis. In condlusion, orally
administered bLF does not demonstrate any significant efficacy in
patients with chronic hepatitis C. (Cancer 5¢i 20086; 97: 1105~1110)

H epatitis C virus is a leading cause of chronic liver disease
in Japan, and nearly two million people are estimated to be
infected.®” It is well known that HCV infection frequently
causes chromc hepatitis, and that chronic hepatitis eventually
progresses to liver cirthosis and HCC approximately 30 years
after HCV infection.® In Japan, more than 30 000 people die of
HCC annually, and approximately 80% of HCC patients are
infected with HCV.® Therefore, effective anti-HCV therapy is
necessary to reduce the number of patients suffering from cirthosis
or HCC. To date, interferon-based therapy is the only effective
ireatment used clinically for chronic hepatitis C. A sustained complete
virologic response (loss of detectable serum HCV RNA) occors
in 15-20% of patients with chronic hepatitis C after interferon
therapy.® Moreover, recent studies have demonstrated that interferon
with ribavirin or peginterferon with ribavirin improves the
sustained complete virologic response rate by up to 40-50%.%9
However, because more than half of patients do not respond to
interferon therapy, and because interferon therapy sometimes
induces sivong ardverse effects, further developments in the treatrent
of chronic hepatitis C are required.

doi: $0.1111/j.1345-7006.2006.00274 %
© 2006 Japanese Cancer Association

Lactoferrin, a member of the transferrin family of iron-
binding glycoproteins, is present mainly in breast milk and other
exocrine secretions. Several biological activities of lactoferrin
have been demonstrated, including regulation of iron absorption
in the intestine and modulation of immunoreactions."” Lactofer-
rin also plays an important role in human innate defense mecha-
nisms against bacteria, fungi and viruses.'® n vitro studies to date
have shown that lactoferrin has antiviral effects against human
immunodeficiency virus-1 and human cytomegalovirus.™ Recent
experimental studies have suggested that lactoferrin has antiviral
effect against HCV.9%12 Y] et al. have reperted that Jactoferrin
binds to HCV envelope proteins in vitro.9® ITkeda efal. have
reported that lactoferrin prevents HCV infection in cubtured
human hepatocytes, and suggested that the anti-HCV activity of
lactoferrin might be related to its direct binding to viral sur-
faces." In addition, recent clinical studies have demonstrated
the potential efficacy of lactoferrin against chronic hepatitis
C."%% Tanaka et al. reported that 8-week oral administration of
bLF at a dose of 1.8 or 3.6 g/day decreased the serum level of
HCV RNA markedly in ihree of four patients with a low pre-
treatment HCV RNA level (<100 Kcopy/mL)."¥ Iwasa et al.
administered bLF (3.6 g/day) orally to 15 patients with high
viral loads (=100 KIU/mL), and reported that the mean serum
HCV RNA level decreased significantly from 1106 KIU/mL at
entry to 612 KIU/mL after 6 months of treatment (P <0.01).09
Based on these promising findings, we planned 1o investigate
the efficacy of orally administered bLLF in patients with chronic
hepatitis C. First, we conducted a dose-finding study in 45
patients with chronic hepatitis C.%% In that study, three dose lev-
els of bLF (1.8, 3.6 and 7.2 g/day) were scheduled, and 15
patients at each dose level received the determined dose of bLF
for § weeks. bLF treatritent was well tolerated wp to 7.2 g/day,
and no serious adverse svents were observed. Alihough no rela-
tionship between bLF dose and efficacy was recognized, a 50%
or greater decrease in the serum HCV RNA level was seen in
four of 45 patients (8.9%). Furthermore, the HCV RNA level
was decreased by 50% or more in eight patients (17.8%) at
week 8 after the end of treatment. These resulis encouraged us
to conduct further investigations, and the present randomized

**To whom correspondence should be addressed. E-mail: hiueno®nccgojp
Abbreviations: ALT, alanine aminotransferase; biF, bovine lactoferrin; Cl,
confidence interval; HCC, hepatoceilular carcinoma; HCV, hepatitis € virus; IL,
interleukin; NX, natural kitler.
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trial was designed to clarify the anti-HCV activity of bLF in
patients with chronic hepatitis C.

Patients and Methods

Patients. Each patient was required to meet the following
eligibility criterfa: 2074 years of age; positivity for anti-HCV
antibody; an HCV RNA level of 0.5-850 KIU/mL evaluated within
1 month before entry; a sustained elevation of serum ALT level
for at least 6 months; a seram ALT level of at least twice the
upper normal limit evaluated within 1 month before entry; no
evidence of HCC on the basis of ultvascnography or computed
tomography carried out within 3 months before entry; and adequate
bone marrow function (white blood cell count> 4000/mm?,
platelet count = 160 000/mm?, and hemoglobin level = 11 g/dL),
liver function (total bilirubin level > 2.0 mg/dL, serum aibumin
level 2 3.5 g/dl, and serum aspartate aminotransferase and ALT
level 2 200 IU/L} and renal function (normal serum creatinine
and blood urea nitrogen levels).

The exclusion criteria were: positivity for hepatitis B surface
antigen; interferon therapy within 6 months before eniry; immuno-
modulatory or corficosteroid therapy within 3 months before
entry; intravenous glycyrhizin therapy within 1 month before
entry; past or present history of bLF tablet intake; pregnant or
lactating females; severe hepatic disease (e.g. autoimmune
hepatitis and primary biliary cirhosis); other serious medical
conditions (e.g. gastrointestinal bleeding, active infection,
severe pulmonary disease and psychiatric disorders).

Methods. This double-blind, placebo-controlled phase IH trial
was conducted at 11 centers in Japan. The study was approved
by the institutional review board at each center, and all the
participants provided written informed consent. Eligible participants
were assigned randomly to cne of two treatment groups in equal
proporiions using permutation blocks stratified by centers. A
randomization list was drawn up using the SAS random number
generator at the data center (Quintiles Transnational Japan K. K.
Tokyo, Japan). The treatments consisted of bLF at a dose of 1.8 g/day
or a placebo, administered orally twice daily for 12 weeks. In the
current study, bLF at 1.8 g/day was selected on the basis of the
previous dose-finding study, which indicated that there was no
significant relationship between bLF dose (range, 1.8-7.2 g/day)
and anti-HCV activity.!> After the treatment allocation, the
data center sent a numbered container of bLF or placebo tablets
to a participant. During treatment, combined use of interferon,
immunomodulatory therapy, corticosteroid and intravenous
glycyithizin was prohibited. bL.F (450 mg/tablet) and placebo
tablets were provided by Morinaga Milk Industries (Tokyo, Japan).

In the cument study, we tested the hypothesis that oral admin-
istration of bLF would: (1) reduce the serum HCV RNA level;
and (2) reduce the serum ALT level in patients with chronic hep-
atitis C. In addition, we investigated the influence of orally
administered bLF on systemic immune response in a small
group of participants. The participants were evaluated every
4 weeks as outpatients until 4 weeks after completion of treat-
ment. Serum HCV RNA Ievel and serum ALT level were meas-
ured before treatment, during treatment at weeks 4, 8 and 12,
and at 4 weeks after treatment. Serumm HCV RNA level was
determined by reverse transcription—polymerase chain reaction
using the Amplicor-HCV monitor V 2.0 kit with a sensitivity of
0.5 KTU/mL (Roche Diagnostics, Tokyo, Japan). Anti-HCV
antibody was detennined by chemiluminescent enzvme immu-
noassay (Ortho-Clinical Diagnostics, Tokyo, Japan). HCV sero-
typing was carried out as described previously.®® HCV serotype
1 corresponds to genotypes la and 1b of the Simmonds classifi-
cation, and HCV serotype 2 corresponds to genotypes 2a and
2047 Serum concentration of IL-18 was measured in partici-
pants at two institutions (National Cancer Center Hospital and
Osaka Red Cross Hospital), and the percentage of CD4*, CD8*,

i106

CD16* and CD56* peripheral bleod lymphocytes wis measured
in participants at the National Cancer Center Hospital. IL-18
and all lymphocytes were measured before treatment, during
treatment at weeks 4, 8 and 12, and at 4 weeks after completion
of treatment. Serum concentration of [1-18 was assayed with a
human I1.-18 enzyme-linked immunosorbent assay kit (Medical
and Biological Laboratories, Nagoya, Japan). Lymphocyte surface
phenotypes of CD4, CD8, CD16 and CD36 were defermined by
flow cytometry.

Adverse events were graded for severity according to the
Japan Society for Cancer Therapy criteria,"® which are similar to
the National Cancer Institute Commeon Toxicity criteria. During
treatment, participants were asked to record in a dily journal
both compliance and any adverse events they experienced.

Assessment of efficacy and statistical analysis. Analyses were car-
ried out on an intention to treat basis. The primary endpoint
was a virologic response. In the current study, we defined a
virologic response as & 50% or greater decrease in the serum
HCV RNA level at 12 weeks compared with the baseline.
Secondary endpoints were a biochemical response, as were
changes in serum HCV RNA level and serum ALT level. If the
serum ALT level at 12 weeks showed both a 250% decrease
compared with the baseline and was < twice the upper normal
limit, we considered it a biochemical response. Response rate
was calculated as the number of responders divided by the total
number in each group. Participants whose HCV RNA (or ALT)
data at 12 weeks were missing were included only in the
denominator. Change in HCV RNA level (or ALT level) was
calculated as the logarithm of the HCV RNA level {or ALT
level) at 12 weeks minus the logarithm of these at the baseline.
Differences in the virologic or biochemical response rates
between two groups were analyzed using a test for the
difference between two proportions. Differences in the change
in HCV RNA level or ALT level befween two groups were
anaiyzed using a test for the difference between two means. In
addition to the above planned analyses, subgroup analyses for
virologic response were carried out based on pretreatment variables
including age, serum HCV RNA level and HCV senotype. In a
small group of participants, change in the serum concentration
of I1.-18 and changes in the percentage of CD4*, CD§*, CD16*
and CD56* peripheral blood lymphocytes during the study period
were investigated. Analyses were carried out using IMP4.0 and
PC SAS Release v.8.02 (SAS Institute Japan Ltd, Tokyo, Japan).
All P-values are two-tailed, and differences at P <0.05 were
regarded as stafistically significant.

We estimated that a total of 250 participants would be the
maximum to enxoll for a 2-year enrollment period. Subsequent
power analysis revealed that 125 participants per group would
have 75% power to detect a 10% difference in the virologic
response rate (15 vs 5%) at the 5% level of significance, An
interim analysis by the independent data monitoring committee
was planned after the first 125 participants had been enrolled.
All trial persornel and participants were blinded to treatment
assignment for the duration of the trial. Only the irial statistician
and the independent data monitoring committee saw unblinded
data. In the interim analysis of the primary endpoint, the O’Bsien—
Feming method was used.“?

Results

Patients, Enrollment began at seven instimtions in April 2001.
Because 230 participants were not enrolled for the 2 years
planned originally, we extended the registration pesiod for one
more year and increased the sumber of participating institutions
from seven to 11. An interim analysis was carried out in March
2004 with the data from the first 125 participants. Because the
resuits of the interim analysis indicated that it was highly
unlikely that a significant difference in treatment efficacy between

doi: 10.1111/.1349-7006,2006.00274.x
€ 2008 Japanese Cancer Association



L Enrclment (n = 199) —I
—fjefused to participate (n = 1) |

L Randomized {nn = 198) !

Lactoferrin group Placebo group
(n=97) (n=101)
Withdrew (2 =3)

Fig. 1. Flow diagram of participant enrolment.

Table 1. Baseline characteristits of the patients

Characteristic Bovine lactoferrin Placebo
No. patients 97 101

Age (years)? 61 (29-74) 58 (31-74)
Sex {male/female) 53/44 55/46

History of interferon therapy 25 29

ALT level (UL 91 (41-340) 98 (27-250)
HCV RNA level (KIWmLY 378 (8.8-960) 452 (8,0-1560)
HCV serotype (1/2/ND) 7811711 7612273

Median (range). ALT, alanine aminotransferase; HCV, hepatitis C virus;
ND, not determined.

the two groups would be observed with the planned full
enrollment of 250 participants, the data monitoring committee
recommended discontinuation of further enrollment. Therefore,
enrollment was stopped on 31 March 2004, at which point 199
participants had heen enrolled. Because one patient refused to
participate in the study before randomizaiion, efficacy and safety
were analyzed in the remaining 198 participants (97 bLF and
101 placebo) (Fig. 1). Although three pariicipants in the bLF
group discontinued treatment for reasons other than an adverse
event, the remaining 195 participants completed the scheduled
12 weeks of treatment. The baseline characteristics of the 198
participants are shown in Table 1. There was no significant
difference between the bLF and placebo groups regarding the
pretreatment characteristics including age, sex, serum ALT level and
serumn HCV RNA Jevel.

Virologic efficacy. Virologic response, the primary endpoint,
was assessed in all 198 pariicipants who received at least one
dose of treatment. Virologic response was observed in 14 of 97
participants (14.4%) in the bLF group, and in 19 of 101 (18.8%)
in the placebo group (Table 2). No complete virologic response
(loss of detectable serum HCV RNA) was seen in either of the
groups. There was no significant difference in the virologic
response rate with bLF treatment in comparison with the
placebo (—4.4%, 95% CI —14.3, 6.1). Change in the HCV RNA.
level at 12 weeks compared with the baseline was assessed in
190 participants (93 bLF group, 97 placebo group), excluding
eight participants for whom HCV RNA data at 12 weeks were
lacking. The chanige in the mean logarithm of the HCV RNA
level was —0.09 in the bLF group and -0.09 in the placebo
group, indicating no significant difference between the groups
(P = 1.00).

Biochemical efficacy. Biochemical response was assessed in

198 participants. Biochemical response was seen in six of 97
participants (6.2%) in the bLF group, and in four of 101

Ueno et 2/,

participants (4.0%) in the placebo group (Table 2). No signi-
ficant difference in the biochemical response rate was seen
between the groups (2.2%, 95% CI -3.9, 8.3). Change in the
serum AST level was assessed in 192 participants (93 bLE
group, 99 placebo group), excluding six participants for whom
ALT data at 12 weeks were lacking. The change in the mean
logarithm of the ALT level was —0.085 in the bLF group and —
(.080 in the placebo group, indicating no significant difference
(P =093).

Subgroup analysis. The rates of virologic response with respect
to pretreatment variables are presented in Table 3. Among
participants with a low HCV RNA level (<100 KIU/mL), the
virologic response rate was 29.4% in the bLF group and 15.4%
in the placebo group, indicating no significant difference
between the groups (14.0%, 95% CI —13.2, 43.2). The virologic
responses were also not different between two groups in other
subgroup analyses such as age, sex and HCV seroiype.

Analysis of IL-18 and lymphocytes. The serum concentration of
IL-18 was measured in 73 participants enrolled at the National
Cancer Center Hospital and Osaka Red Cross Hospital (36 bLF,
37 placebo). Figure 2 shows the changes in the mean IL-18
levels in the bLF group and placebo group. The mean IL-18
levels in the bLF and placebo groups were 293.9 pg/mL and
309.% pg/dL at the baseline and 280.7 pg/mL and 291.5 pg/mL at
12 weeks, respectively. The corresponding changes in the mean
IL-i8 level at 12 weeks were —14.5pg/ml and —159 pg/mL,
respectively, indicating no significant difference between the
groups (P = 0.51). Similarly, there were no significant differences
between the groups at any other points during the study pericd.
The percentage of lymphocyte was measured in 46 participants
at the National Cancer Center Hospital (bBLF 23, placebo 23),
and the results are shown in Fig. 3. The percentage of CD4%,
CD8*, CD16* and CD36* peripheral blood lymphocytes remained
almost unchanged throughout the stedy in both groups, and the
differences between them were not significant.

Safety. Safety was assessed in 198 participants who received
at least one dose of bLF or placebo during the study. The bLF
treatment was well tolerated, and no sericus complications
occurred during the treatment. Although minor adverse events
including neutropenia, v-GTP elevation and hyperglycemia were
observed in participants ireated with bLF, their frequency and
intensity did not differ from those in the placebo group. HCC
was detected in one participant in the bLF group and in one
participant in the placebo group during the study period.

Discussion

The present study was carried out to confirm the anti-HCV
activity of orally administered bLE in patients with chronic
hepatitis C. A virologic response (a 50% or greater decrease in
the serum level of HCV RNA at 12 weeks compared with the
baseline) was observed in 14 of 97 participants (14.4%) in the
BLF group, and 19 of 101 (18.8%) in the placebo group,
the difference between the groups being non-significant. The
virologic responses were not different between two groups
in any subgroup analysis. Furthermore, bLF intake did not
have any favorable effect on the serum ALT level. On the basis of
these results, we concluded that orally administered bLF did not
have any efficacy, including anti-HCV activity, in patients with
chronic hepatitis C.

The virologic response rate of 14.4% observed in the bLF
group was somewhat higher than that reported in the previous
dose-finding study,"> in which four of 45 patienis (8.9%)
showed a virclogic response at the end of bLF treatment. Nev-
ertheless, the current study failed to demonstrate any anti-HCV
activity of bLE, because a similar virologic response rate to that
in the bLF group was seen in the placebo group. IHaving
designed this randomized siudy, we assumed that a virologic
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Table 2. Virologic and biachemical efficacy

Characteristic

Bovine Lactoferrin Placebo Difference {85% Ch) P-value
Virologic efficacy
Response rate {%) 14.4 18.8 -4.4 (-14.8, 6.1)
Change in HCQV RNA level' ~0.09 ~3.09 1.00
Biochemicat efficacy
Respense rate (%) 4.0 2.2 (~3.9, 8.3)
Change in ALT level* -0.085 -0.080 0.93
*Mean logarithm. ALT, alanine aminotransferase; CI, confidence interval; HCV, hepatitis C virus.
Table 3. Virologic response rate as a function of baseline variables
. Bovine lactoferrin {n = 97) Placebo (n = 101) Diffarence
Variable
Response/total % Response/tatal % % 95% Cl
Age
<85 years 12162 19.4 14777 18.2 1.2 -11.9, 4.2
=265 years 235 57 5124 20.8 -15.1 -33.1, 29
Sex
Male 10/53 18.9 10/55 18.2 0.7 -14.0, 15.3
Female 4444 9.1 " o6 19.6 -10.5 -24.7, 38
ALT level
<100 1U/L 6157 105 751 13.7 -3.2 -15.6, 9.2
=100 /L 8/40 20.0 12/50 24.0 -4,0 =211, 13.1
HCV RNA level
<100 KiU/miL SA7 294 213 15.4 14.0 -15.2, 43.2
2100 KiU/mL 9/80 11.3 17/88 19.3 -8.0 -18.8, 2.7
HCV serotypet
1 1178 141 16/76 21.1 -7.0 -18.9, 5.0
2 318 16.7 2/22 9.1 7.6 -31.4, 28.6

*Hepatitis C virus serotype was not measured in four patients. ALT, afanine aminotransferase; CJ, confidence interval; HCY, hepatitis C virus.
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Fig. 2. Changes in the mean serum concentration of interleukin-18 in

the bovine lactoferrin group (straight line, n=36) and the placebo
group (dotted line, n =37).

response rate of around 5% would be seen in the placebo group
due to spontaneous remission of viral activity. However, con-
trary to our expectation, 19 of 101 participants (18.8%) in the
placebo group showed a 250% decrease in the HCV RNA level
at 12 weeks, indicating that our assumption was inappropriate.
Our resulis suggested that in order to assess the reduction of
the HCV RNA level, periodic evaluation would be necessary
to exclnde the influence of spontaneous fluctuation of HCV
RNA.

Several experimental studies have suggested that lactoferrin
has some activity against HCV. Yi er al.9% reported that lactof-
errin binds to the HCV El and E2 envelope proteins in vinro,
and Tkeda eral®'? reported that lactoferrin prevents HCV
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infection in cultured human hepatocytes. They suggested that
the anti-HCV activity of lactoferzin might be due to a neutraliz-
ing efficacy, in which the administered lactoferrin became
bound directly to the HCV virion, thus inhibiting adsorption of
the HCV-lactoferrin complex into human hepatocytes. There-
fore, intravenous administration of lactoferrin might improve
the viremic state in patients with chronic hepatitis C. However,
for practical application, administration of lactoferrin directly
into blood does not seem to be a suitable approach because
lactoferrin is a large glycoprotein molecule (80 kDa) that may
cause allergic reactions. Therefore, oral admirustration of bLF
was selected for the present study, even though the metabolism
and mechanism of ingested lactoferrin are yet to be clarified. As
to absorption, it has been reported that intact lactoferrin and its
fragments are present in the urine of human milk-fed preterm
infants.®® However, in adult rats, lactofersin and its fragments
are not detectable in portal blood after bLF ingestion,®" and in
adult humans, the serum lactoferrin level does not increase after
oral administration of recombinant human lactoferrin.®? How-
ever, several studies have suggested that orally administered
lactofersin might enhance immune responses via cytokine produc-
tion.”? Tt has been reported that oral administration of bLF to
mice enhances the production of IL-18 and interferon-y in the
mucosa of the small intestine, and in¢reases the number of CD4*,
CD8* and NK cells in the small-intestinal epithelinm. ™ Varadha-
chary etal. reported that oral adminisiration of recombinant
human lactoferrin to mice stimulates I1.-18 production from gut
enterocytes, and angments the NK. activity of spleen cells and
production of blood CD8* cells.®” Fusthermore, a recent clinical
study has demonstrated that oral administration of bLE (0.6 g/
day) for 3 months in 36 patients with chronic hepatitis C
increased the serum JL-18 level significantly compared with the

doi: 10.1111/.1349-7006.2006.00274.
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baseline.”® However, our study found no evidence that oral
administration of bLF influences the serum concentration of
IL-13 or the percentage of CD4*, CD8*, CD16* and CD36* lym-
phocytes. Further investigations are required to clarify the periph-
eral and systemic effects of orally administered lactoferrin. In
addition, as many in virro studies have suggested that lactofer-
rin has direct binding neutralizing efficacy against HCV,@-20
further investigations are needed to devise a means of delivering
lactoferrin or its fragment into the bloodstream safely and
effectively.

Recently, several studies have investigated the value of adding
lactofenin to interferon therapy for chronic hepatitis C. Hirashima
et al. randomly assigned 21 patients with chronic hepatitis C to
either a consensus inferferon plus oral lactoferrin (3.0 g/day)
group or a consensus interferon monotherapy group.®® Three of
10 patients in the consensus interferon plus lactoferrin group
showed a sustained complete virologic response, as did four of
11 patients in the consensus interferon group, indicating no sta-
tistically significant difference between the groups. Ishibashi et al,
conducted a randomized controlled trial to investigate the effi-
cacy of interferon o-2b and ribavirin plus oral lactoferrin (0,6 g/
day) compared with interferon o-2b and ribavirin plus placebo
in 36 patients with chronic hepatitis C.%¥ A sustained complete
virologic response was seen in six of 18 patients in the lactofer-
1in group and in five of 18 patients in the placebo group, there
being no statistically significant difference between the groups
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Coenzyme Q10 Suppression of AOM-induced Rat Colonic Premalignant Lesions
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Suppression of Azoxymethane-induced Colonic Premalignant
Lesion Formation by Coenzyme Q10 in Rats

Katsuhisa Sakano', Mami Takahashi!, Mitsuaki Kitano? Takashi Sugimura?, Keiji
Wakabayashi'*

Abstract

Reacfive oxygen species cause damage to proteins, lipids and DNA. Coenzyme Q10 {Co€Q10) is a compound with
mitochondrial bioenergetic functions. The reduced form of CoQ10 shows antioxidant activity. In the present study,
eifects of CoQ10 on development of azoxymethane (AOM)-induced aberrant crypt foci (ACF) and mucin-depleted
foci (MDF) in F344 male rats were investigated. To induce ACF and MDF, 6-week old rats were given two weekly
subcutaneous injections of AOM (15 mg/kg body weight) and also received a control diet or experimental diets
containing CoQ10 (200 or 500 ppm) for 4 weeks, starting one day before the first dose of AOM. At 10 weeks ofage,
all animals were sacrificed and their colons were evaluated for numbers and sizes 0f ACF and MDF, Administration
of 200 and 500 ppm CoQ10 resulted in reduction of ACF numbers, to 77% and 8% of the carcinogen control value,
respectively. The percentages of ACF consisting of more than 4 crypts in these groups were also significantly lower
than in the controls. Treatment with 500 ppm CoQ10 {urthermore decreased the mumber of sialomucin-producing
ACF and MDF per colon to 42% and 38% of the carcinogen control value without CeQ10, respectively. These

results suggest that CoQ10 may be an effective chemopreventive agent against colen carcinogenesis.

Key Words: Azoxymethane - aberrant crypt foci - CoQ 10 - colon - chemoprevention
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Introduction

Colon cancer is one of the leading causes of cancer deaths
in both men and women in Western countries (Jemal et al.,
2003). In Japan, its incidence has been increasing, and it is
now the third leading cause of cancer death. Primary cancer
prevention, including chemoprevention, is therefore
important. Several epidemiclogical studies have suggested
that high consumption of fiuit and vegetables, especially
those containing high amounts of antioxidants, may protect
people from colon cancer {Terry et al., 2001).

An increasing amount of experimenial and
epidemiological evidence implicates reactive oXygen species
(ROS) in the pathogenesis of cancer, ROS, which increase
in inflammation and in exposure to exogenous stiruli,
ineluding smoking, can cause DNA damage, okidize lipids
and profeins, and alter signal transcription pathways that
enhance cancer risk. Antioxidative agents (e.g., vitamin B,
vitarin C, N-acetylcysteine and other phytochemicals) that
scavenge ROS can act as cancer preventive agents (Borek,
2004; Khanzode et al,, 2004).

Coenzyme Q10 (CoQ10) is a well-known electron

transporter in complexes I (NADH-ubiguinone
oxidoreductase), 1 (succinate-ubiquinone oxidoreductase),
and III (ubiquinone-cytochrome ¢ oxidoreductase) of the
mitochondrial respiratory chain (Lenaz et al., 1993; Lenaz
etal,, 1998), which is synthesized endogenously in humans
and is found in virtually all aerobic organisms (Tran efal.,
2001). CoQi0 is also taken in through food infake. In
addition to its role as an electron earrier in the mitochondrial
electron transport chain, the immunostimulating action of
CoQ10 has been reported (Folkers et al., 1982, 1993). The
reduced form of CoQ10 also acis as an antioxidant (Frei et
ak., 1990; Overvad et al., 1999).

Aberrant erypt focl (ACF) are generally considered as
putative preneoplastic lesions for colon cancer in both
rodents (Bird, 1987; McLellan and Bird,1988) and humans
(Pretlow, 1991). However, most are hyperplastic and
relatively few ACF present in the colon actually develop
into tumors. Therefore, it is important to identify subgroups
of lesions that may be more predictive of eveniual
tumorigenesis. Ochiai et al. have reported that dysplastic
ACF can be detected by adding a simple decolorizetion
process wiih 70% methanol after conventional 8.2%

\Cancer Prevention Basic Research Project, National Cancer Center Research Institute, 1-1 Toukiji 5-chome, Chuo-ku, Tokyo 104-0045,
*Phaymacology and Toxicology Group, Life Science Research Laboratories, Life Science RD Center; Kaneka Corporation, 1-8 Miyamee-
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methylene blue staining (2005). Additional markers of colon
cancer risk have been suggested, based on their comrelation
with tumor formation and/or histological changes reflecting
DNA mutations. These include -catenin accnmulated crypis
(BCAC) (Yamada et al., 2000; Mori et al., 2005), flat
dysplastic ACF (Paulsen et al., 2005), sialomucin-producing
ACF (Jenab et al,, 2001) and mucin-depleted foci {MDF)
(Caderni et al., 2003). ACF producing sialomucins have a
higher rate of cell proliferation, higher degree of dysplasia,
and greater distortion of the luminal opening than ACF
producing sulfomueins (Tenab et al., 2001; Cademi et al,
1995, Uchida et al., 1997). Most MDF are histologically
dysplastic and feature accumulation of f-catenin. In order
to examine the chemopreventive activity of CoQ10 in colon
carcinogenesis, in the present study, we investigated effects
of CoQ10 on the development of azoxymethane (AOM)-
induced sialomucin-producing ACF and MDF in addition
to classical ACF.

Materials and Methods

Animals and diets

Male F344 rats, 5 weeks of age, were purchased from
Charles River Japan (Atsugi Japan) and quarantined for 1
week before being randomized into six groups. Three
animals each were housed in a plastic cage. The animal
room was controlled at 2322°C, 50+10% humidity, and a
12-h light/dark cycle. Powdered AIN-76A (Bio-Serv.,
Frenchtown, NJ) was used as the basal diet during the
experiment. CoQ10 (ubiquinone) was produced in Kaneka
Corporation (Osaka, Japan). Water and basal diet or
experimental diets, with addition and thorough mixing of
CoQ10 atthe indicated concentrations, prepared every week,
were given ad libitum. Food consumption and body weights
were measured weekly., CoQ10 was confirmed to be stable
for at least 4 weeks at the room temperatore when added to
the basal diet.

Experimental protocol
Actotal of 36 male F344 rats were divided into six groups
(Table 1); three or nine rats each in saline or AOM treated

5

Table 1. Effects of CoQ10 on Body Weights and Food
Intake of Rats

Treatment No.of  Body Mean food
rals  weight (g)! consumption
{g/rat/day)
AOM 9 222+7 12516
AOM + 200 ppm CoQ10 9 222+ 11 127=1.6
AOM + 500 ppm CoQI0 9 228+ 8 132z 1.6
Saline 3 226=10 129=14
Saline + 200 ppm CoQ10 3 233=9 132=12
Saline + 500 ppm CoQ10 3 230=7 12714
Data are means = SD

groups, respectively. At 6 weeks of age, all rats except those
intended for vehicle treatment were given s.c. injections of
AOM (Nard Institate, I td, Amagasaki, Japan) at a dose rate
of 15 mg/kg body weight once a week for 2 wecks. The
controls received equal volumes of normal saline (5 ml/kg
body weight), Starting 1 day before the first dose of AOM,
rals were fed on a control diet or experimental diets
containing 200 or 500 ppm CoQ10 throughout the
experiment. At 10 weeks of age, the rats were sacrificed
under ether anesthesia o assess the occurrence of colonic
lesions. The experimental protocols were approved by the
Institutional Ethics Review Committee for Animal
Experimentation.

Determination of ACF and mucin production

All colons were removed, flushed with saline, slit open
longitudinally from the cecum to the anus, placed between
filter papers and fixed in 10% neuiral buffered formalin for
24 h. They were then stained with 0.2% methylene blue in
saline and placed, mucosal side up, on a microscope slide
and observed under a microscope. ACF were recorded
according to standard procedures used routinely in our
laboratory (Kawamori et al., 1995). After ACF
determination, methylene blue-stained colons were
processed for high-iron diamine Alcian blue (HID-AB)
staining of mucin as described previously (Caderni et al.,
1995). The HID-AB method staips sulphomucins dark
brown, while light or dark blue staining predominantly

i

Figure. 1. Lesions identified in the colon of AOM-treated rats by HID-AB staining. (A) Appearance of a sialommucin-
producing ACF (original magnification, X40). () Appearance of 2n MDF (original magnification, X40)
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Table 2. Effects of CoQ10 on AOM-induced ACF formation in Male F344 rats

Treatment Incidence (rats with ACF/total rats)  Total no. of ACF/colon? Total no. ACs/colon'? Mean of ACs/focus*
AOM 99 278 = 52 (100) 618 = 82(100) 2222018
AOM + 200 ppm CoQ10 o 213 =43 (77 495 = 63 (80)* 2322028
AOM + 500 ppm CoQ10 9/9 189 =41 (68) 447 = 83 (72)¢ 237 +0.17

There were no ACF in rats treated with saline. 'Data are means = S 2Data in parentheses are percentages of the carcinogen control group
value. *Statistically different from the basal diet group at P<0.01 Statistically different from the basal diet group at P<0.005

Table 3. Effects of CeQ10 on Size Distribution of AOM-induced ACF in Male F344 rats

Treatment No.ofrats  No. of ACF consisting of ! erypt™® 2 crypts™ Jerypts® 4 ormore crypts®
AOM 9 69 = 19(100) 122£27(}00)  60=14(100) 26= 17 (100)
AOM + 200 ppm CoQ10 9 50 = 15 (72) 94 =15 (37 48x8 (80P 21=x11 (1P
AOM +500ppm CoQ10 9 44 = 14 (64)" 83=14 (68  47=9 (78 15=12 (S8F

There were no ACF in rats treated with saline. 'Data are means = SD *Data in parentheses are percentages of the carcinogex contrel group
value. *Statistically different from the basal diet group at P<0.05, P<0.01, P<0.005.

Table 4. Effects of CoQ10 on AOM-induced Sialomucin-
producing ACF Formation in Male F344 rais

Treatment Total SP Total SP No. SP
ACF/colon™  ACs/colon'? ACs/SPACF?
AOM 19+ 4Q100) 462 16(100) 24202
AOM+200ppm 10=4(53F  24214(52)' 2505
AOM +500ppm  8=6(42F° 19%13(41) 2.1=08

SP, sialomucin-producing. There were no SP ACF in rats treated
with saline. 'Data are means = SD 2Data in parentheses are
percentages of the carcinogen confrol group value. **Statistically
different from the basal diet group at P<0.05, P<0.01, P<0.005.

Table 5, Effects of CoQ10 on AOM-induced MDF
Fermation in Male F344 rats

Treatment Total MDF  No.of MD  No. of crypts
fcolon'? crypisieolon™  /MDF?
AOM 13 6(100) 28 =27(100) 1.9 =09
AOM+200ppm  9=4 (69) 24+28(36) 2.6=24
AOM+500ppm 53 (38)° 6x5@1F L1=0.5°
Saline 0706 1928 29+ 16
Saline+200ppm 03 =06 1.0=1.7 3
Saline+500ppm 0 0 -

MD, mucin depleted. There were few MDFs in rats treated with
saline. Yata are means = SD *Data in parentheses are percentages
of the carcinogen confrol group value. **Statistically different from
the basal diet group at P<0.05, P<0.01, P<0.005.

indicates sialomucin production. White, unstained crypts
are mucin-depleted. Sialomucin-producing ACF and MDF
were counted.

Statisticel analysis

Statistical analysis of the data on ACF, sialomucin-
producing ACF and MDF was performed with the Student’s
i test, The results were considered statistically significant
atP<0.05.

Results

All animals remained healthy throughout the
experimental period. Food comsumption (g/day/rat) and

body weight did not differ significantly among the groups
{Table 1). The whole colons were stained with methylene
blue and were analyzed for ACF development (Table 2).
AOM caused ACF formation at a 100% incidence and the
number of ACF per colon in the AOM-alene group was278
£52. Administration of 200 and 500 ppm CoQ10 to AOM-
{reated rats throughout the 4-week experimental period
reduced the numbers of ACFs per colon, to 77% (P <0.01)
and 68% (P < 0.003) of the carcinogen control value,
respectively. Additionally, there were significant decreases
in the numbers of aberrant crypts (ACs) per colon in these
groups, both in small ACF consisting of less than 3 erypts
and in large ACF consisting of more than 4 crypts (Table 3).
The mean number of ACs per focus in ACM-treated rais
was nof reduced by administration of CoQ10. No ACFs
were detected in rats without AOM treatment, and fedon a
basal or CoQ10-containing diet throughout the experiment.
With HID-AB staining, most normal colonic crypts were
observed to be producing sulphomucin. Most ACF were
also producing sulphomnucin, but there was a small number
in which sulfornucin was decreased and sialomucin was
produced (Figure 1A). In the AOM + control diet group,
the number of sialomucin-producing ACF was 1924,
Administration of 200 and 500 ppm CoQ10 reduced the
numbers of sialomucin-producing ACFs per colon, to 53%
(P < 0.005) and 42% (P < 0.005) of the control value,
respectively (Table 4). Additionally, there were significant
decreases in the total numbers of sialomucin-producing
aberrant crypts per colon in these groups.

MDF were identified as HID-AB-unstained crypt foct
(Figure 1B). Most crypts constituting MDF were observed
to be smaller than the smirounding normal crypts. Inthe
saline-treated group, only a few MDFs were observedanda
significant effect by CoQ10 was not observed. MDE
formation was induced by AOM at a 100% incidence and
the number of MDF per colon in the AOM-alone group was
13 = 6 (Table 5). Overtapping ACF and MDF were not
detected in this experiment. Treatment with CoQ10 at 200
and 500 ppm clearly decreased the numbers of MDFs per
colon to 69% and 38% (P < 0.005) of the control value,
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respectively. Futhermore, the totai numbers of mucin-
depleted crypts per colon was decreased to 86% and 25% (P
< 0.005) of the control value, With the 500 ppm CoQ10
treatment, the mean number of mucin-depleted crypts per
focus in AOM-treated rats was also significantly reduced &
< 0.005) (Table 5).

Discussion

The present study demonstrated that dietary
administration of CoQ10 significantly suppressed formation
of AOM-induced colonic lesions, including ACF,
sialomucin-producing ACF and MDF in male F344 rats.
Suppression was more pronounced for the dysplastic
sialomucin-producing ACF and MDF than for the classical
ACF. Rats fed a diet containing CoQ10 at doses of 200 and
500 ppm showed no adverse effects in food consumption
and growth rate as shown in Table . These results suggest
that CoQ10 may be an effective chemopreventive agent
against colon carcinogenesis.

Consistent with our present findings, Suzuki et al. have
reported that the number of invasive carcinomas and the
number of lesicns with epithelial dysplasia per rat in 2
dimethyihydrazine (DMH)-induced colonic carcinogenesis
experiment were reduced to 42% and 46% of the control
value, respectively, by administration of CoQ10 at a dose of
200 pg/day per rat for 23 weeks (Suzuki et al, 1986). Tn
both cases, rats received CoQ10 before the first dose of colon
carcinogen so that the preventive effects might be partly
attribiztable to inhibition of inifiation by DMH or AOM.
Administration of 200 and 500 ppm CoQ10 in the present
study corresponds fo 2.5 and 6.3 mg/day perrat, respectively,
and 570 and 1,400 mg/day per person with 50 kg of body
weight, respectively. It has been reported that coenzyme
Q10 is used for therapy in heart diseases and neurelogic
diseases at 100-1,200 mg/day in bemans (Bonakdar st al.,
2005). In Japan, use of 30 mg/person/day of CoQ10 is
approved for therapy of congestive heart failire.

1t has been reported that antioxidants, including
carotenoids and tocopherols, can inhibit AOM-induced rat
colonic ACF formation (Exon etal., 2004; Raju etal., 2005).
CoQ10 is a free radical scavenger, and jts antioxidative
activity and membrane-stabilizing properties help to protect
against DNA and protein damages. The reduced form of
CeQ10 inhibits lipid peroxidation with an efficiency similar
to that of a-tocopherol, which is considered to be a lipid-
soluble anfioxidant in humans {Frei et al., 1990). CoQ10
levels are reported to be significantly lower in cancer patients
than in healthy confrols (Folkers et al.,, 1997). Moreover,
there is a case report that indicates some effectiveness of
breast cancer therapy with CoQ18 (Lockwood etal., 1995).
CoQ10 is known to enhance or otherwise modulate the
immune system. Levels of immunoglobuliz G in serum of
patients treated with CoQ}10have been found to be increased
{Folkers et al., 1982). Because immunopofentiators have
been shown to reduce invasive carcinomas in the rat colon
{Suzuki ¢t al,, 1986), immunostimulation may participate
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in inhibition of careinogenesis.

Many stndies have addressed the role of antioxidanfs
such as vitamins A, C, and E in protection against cancers
and cardiovascular diseases (Mayne, 2003). However, so-
called “antioxidants™ can act as prooxidants in some
circumstances (Halliwell, 1999), leading to ephanced tumor
development (Schwartz, 1996). Intervention trials in the
USA and Finland, in fact, fajled to confirm effective
chemoprevention with antioxidants (Omenn et al. 1996; The
Alpha-Tocopherocl, Beta Carotene Cancer Prevention Study
Group, 1994). Theincidence of lung cancer in male smokers
was unexpectedly increased by B-carotene supplementation,
Remarkably, a recent meta-analysis indicated that
supplements of B-carotene and vitamin A, and those of -
carotene and vitamin E may increase mortality from
gastrointestinal cancers (Bjelakovic et al., 2004).
Furthermore, Stanner et al. have stressed that intervention
Trials have failed to show any consistent benefit from the
use of anfi-oxidant supplements in terms of cardiovaseular
disease or cancer risk, with some frials even suggesting
possible harn in cerfain subgroups (Stanner et al., 2004).
Because CoQ10 is a lipid-soluble antioxidant, as are #-
carotene and vitamin E, itis necessary to avoid an excessive
intake of CoQ10.

In the present study, the numbers of ACF and MDF were
decreased by the addition of CoQ10, and the size of MDFs
was also reduced by addition of 500 ppm CoQ10. Itis known
that oxidative stress is an important factor in cancer
promotion as well as initiation. The mechanism of the
suppressive effect of CoQ10 on colonic lesions may be
dependent on its antioxidative activity, Other mechanisms
such as modulation of the immune system could also be
involved in the preventive effect. Inconclusion, the present
study suggests that CoQI0 may be an effective
chemopreventive agent against colon carcinogenesis. As
deficiency of CoQ10 in humans occurs with age, itsuse asa
supplement might be recommended for aging or chronic
diseases, including cancer (Crane, 2001). Therefore, further
chemopreventive studies, including long-ferm experiments
with different doses of CoQ10, are warranted.
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