Inhibition of intestinal carcinogenesis by a new
flavone derivative, chafuroside, in oolong tea
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A new flavone derivative, chafuroside, has been isolated as a
strong anti-inflammatery compound from oolong tea leaves,
and fts structure determined to be {28,35,45,4a5,11b5)-3,4,11-
trihydroxy-2-(hydroxymethyl}-8-(4-hydroxyphenyl)-3.4,4a,11b-
tetrahydro-2H,10H-pyrano[2,3":4,5]furo{3,2-glchromen-t0-one.
To assess its potential to inhibit intestinal carcinogenesis, 2.5, 5
and 10 p.p.m. chafuroside was given in the diet to Apc-deficient
Min mice for 14 weeks from 6 weeks of age. Total numbers of
polyps were reduced to-83, 73 and 56% of the control value,
respectively. Moreover, dietary administration at 10 and
20 p.p.m. reduced azoxymethane (AOM)-induced colon aberrant
crypt foci (ACF) development in rats to 69% of the AOM-treated
control value with the higher dose. Chafuroside-associated
toxicity was not observed at 2.5-10 p.p.m. in Min mice and 10—
20 p.p.m. in AOM-treated rats. These results suggest that
chafurcside might be a good chemopreventive agent for colon
cancer. (Cancer Sci 2006; 97: 248-251}

Colon cancer is one of the most common cancers in
developed countries®™ and epidemiclogical studies have
shown that a Western-style diet, high in fat and red meat as
well as Iow in fruits and vegetables, increases the risk.®”
Thus, foodstuff is a major focus for research, particularly
with regard to identification of effective chemopreventive
agents.

Epidemiological evidence suggests that drinking green tea
(Camellia sinensis) is beneficial for cancer prevention. -9
Many animal studies also have shown that tea and its com-
ponents have anticancer properties.”® The major characteristic
constituents of green tea are catechins, including EGCG.® In
black tea, a large proportion of the catechins are converted
into theaflavins and thearubigens through oxidation and
polymerization. Another tea, oolong tea, is widely consumed
in Asia, especially in China and Japan. The difference among
green, black and oolong teas lies in fermentation: green tea is
unfermented, black tea is completely fermented, and oolong
tea is partially fermented.!”

Recently, a strong anti-inflammatory compound named
chafuroside, (2R,35,45,4a8,11b8)-3,4,11-trihydroxy-2-
(hydroxymethyl)-8-(4-hydroxyphenyl)-3,4,4a,11b-tetrahydro-
2H,10H-pyrano[2’,3":4,5]furo{3,2-g]chromen-10-one, was
isolated from oolong tea leaves with the aid of an inhibition
test with DNFB-induced contact hypersensitivity in mice, and
its total synthesis reported.!'®!" The compound was presumed
to be produced during the pariial fermentation process and
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showed strong anti-inflammatory activity in DNFB and 2,4,6-
trinitro-1-chlorobenzene-induced contact hypersensitivity mod-
els.1% 0 Moreover, a preliminary study demonstrated the
effective dose in the DNFB-induced contact hypersensitivity
model to be approximately equal to that of indomethacin, a
NSAID, which has been proven to have a cancer-chemopreventive
influence. !

Although several reports have documented antioxidant,
antiallergic and antiobesity activities of oolong tea extracts,*%
effects of individual constituents on colon carcinogenesis
have hitherto not been described. In the present study, we
therefore investigated the impact of chafurcside on intestinal
pelyp formation in Apc-deficient Min mice, an animal model
of human familial adenomatous polyposis that develops
numerous polyps in the intestinal tract.“'® We also investigated
the impact of chafuroside on the formation of AOM-induced
aberrant crypt foci, which are putative preneoplastic lesions
in the F344 rat colon. In both cases chafuroside reduced
the number of lesions, pointing to possible application as a
chemopreventive agent for intestinal cancer.

Materials and Methods

Animals and chemicals

Female C37BL/61-Apc™ mice (Min mice) were purchased
from the Jackson Laboratory (Bar Harbor, ME, USA) at
5weeks of age and genotyped using a method reported
previously.!'® Heterozygotes, as well as wild-type (C57BL/
61} mice, were acclimated to laboratory conditions for
1 week, along with male F344 rats obtained from Charles
River Japan (Atsugi, Japan) at 5 weeks of age. Three to five
animals were housed per plastic cage, with sterilized
softwood chips as bedding, in a bamier-sustained animal
room, air-conditioned at 24 £ 2°C and 55% humidity, on a
12:12 h light:dark cycle, Food and water were available
ad libitum. The animals were observed daily for clinical
signs and mortality. Bodyweights and food consumption
were measured weekly. The experiments were conducted
according to the ‘Guidelines for Animal Experiments in the
National Cancer Center’ of the Committee for Ethics of
Animal Experimentation of the National Cancer Center.

*To whom correspondence should be addressed. E-mail: nniho@ganz.nce.go.jp
Abbreviations: AC, aberrant crypt; ACF, aberrant crypt foci; AOM, azoxyrethane;
COX, cyclooxygenase; BNFB, 2,4-dinitrofluorobenzene; EGCG, {-)-epigallocatechin-
3-gallate; NSAID, non-steroidal anti-inflammatory drug.
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AOM was purchased from Sigma Chemical Co. (St Louis,
MO, USA). Chafuroside was synthesized chemically at the
University of Shizuoka (Shizuoka, Japan).“! Its chemical
structure is shown in Fig. 1. The purity of the compound
was examined by 'H nuclear magnetic resonance and high-
performance liquid chromatography, and showed no con-
comitant peaks. The compound was pure enough, estimated
to be above 99% (melting point of the compound was 229
232°C). Chafuroside concentrations of 2.5, 5, 10 and 20 p.p.m.
were mixed into the powdered basal diet AIN-76 A (CLEA
Japan, Tokyo, Japan) and confirmed to be stable in the diet
under the experimental conditions used in the present study.
The doses of chafuroside were selected according to our
preliminary study in which chafuroside suppressed intestinal
polyp formation in Apc gene-deficient mice.

Intestinal polyp formation in Min mice

Female Min mice {(n = 9-10/group) were fed diets containing
0 (control), 2.5, 5 or 10 p.p.m. chafuroside for 14 weeks from
6 weeks of age. All animals were anesthetized with ether
before they were killed. The liver, kidneys and spleen were
removed and weighed and the intestinal tract was resected,
filled with 10% buffered formalin, and divided into four
sections: three segments of small intestine: (1) proximal {4 ¢cm
in length from the pylorus ring of the stomach); (2) middle
and (3) distal halves of the remainder; and (4) the colon.
These segments were opened longitudinally and fixed flat
between sheets of filter paper in 10% buffered formalin.
Polyp numbers and sizes, and their distributions in the intestine,
were determined under a stereoscopic microscope.®?

AOM-induced ACF development in rats

Male F344 rats, 6 weeks of age, were treated subcutaneously
with either AOM in sterile saline at a dose of 15 mg/kg

HOH,C

HO foan,

HO

bodyweight or with the saline vehicle, once a week for
2 weeks from 6 weeks of age. From 1 day before the first
treatment with AOM, rats were fed control or experimental
diets containing chafuroside at 10 or 20 p.p.m. for 4 weeks.
At 10 weeks of age, they were killed under ether euthanasia
and complete necropsies were carried out. The liver, kidneys
and spleen were removed and weighed. The entire colon
was resected, filled with 10% buffered formalin, opened
longitudinally, and fixed flat between sheets of filter paper in
10% buffered formalin. The colon was then stained with
0.2% methylene blue in saline, and scored under a light
microscope for the number of ACF per colon and the mean
number of AC per focus.!'®

Statistical analysis

The results were expressed as mean +SD, and statistical
analysis was carried out using Dunzett’s multiple comparison
test. In addition, the linear regression test was also used.
Differences were considered to be statistically significant
with P-values less than 0.05.

Results

In Min mice, most polyps were located in the small intestine,
with a preponderance in the distal parts, and only a few
polyps were observed in the colons (Table 1). Treatment with
chafuroside at 2.5, 5 and 10 p.p.m. for 14 weeks clearly
decreased the total numbers of polyps to 83, 73 and 56%
(P <0.01) of the unireated control value, respectively
(Table 1). The numbers of polyps in the proximal, middle and
distal parts of small intestine in the 10 p.p.m. group were 54,
78 and 46% of the untreated control values, respectively
(Table 1). Dose-dependent inhibition was observed in the
number of polyps in the proximal (r = —0.9958, P < 0.0005)
and distal parts (r = —0.9129, P < (.01) of the small intestine,
and in the total number of polyps (r = —.9863, P < 0.02).
As shown in Fig. 2, administration of chafuroside reduced
the number of polyps mainly less than 1.0 mm in diameter.
However, the number of polyps measuring 1.0 mm in
diameter was not affected by chafuroside treatment. Survival
rate, general conditions, food consumption and organ weights
did not differ among the groups. No significant macroscopic
changes were noted in the liver, kidney or spleen. Final body
weights in the groups treated with 2.5, 5 and 10 p.p.m. were
103, 105 and 125% of the untreated control value,
respectively.

In AOM-treated rats, administration of chafuroside at 10

Fig. 1. Structure of chafuroside. and 20 p.p.m. in the diet for 4 weeks again did not affect
Table 1. Suppression of intestinal polyp development in Min mice by chafuloside, shown by the number of polyps per mouse
Small intestine

Group NP. Cofon Total
(p-p.m) mice Proximal Middle Distal

o g 17.7+9.8 39.7+116 86.8+27.1 0.78 £ 0.67 1449 £ 37.7

25 -7 15.347.0 {86) 34.4+7.7(87) 70.0+£9.9(81) 0.86 £ 0.69 {110} 120.6 £21.1 {83)

5.0 g 13.0+£4.3({73) 33.4+8.6(84) 59.2+18.9 (68)* _ 0.56 £0.53 (72) 106.2 £ 26.5 (73)
10.0 8 9.6 +3.1 (54)* 31.0£19.9 (78) 40,0 £ 21.8 (46)** 0.75+£0.71(96) 8141419 (56)**

Data are mean £ SD. Numbers in parentheses are percentages of the control basal diet values. *Significantly different from the basal diet
group at P < 0.05. **Significantly different from the basal diet group at P < 0.01.
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general conditions, body weights, food consumption or organ
weights. No significant macroscopic changes were observed
in the liver, kidney or spleen. ACF were observed in all
rats treated with AOM, mainly located in the distal colon.
Administration of 10 and 20 p.p.m. chafuroside reduced the
total numbers of ACF per colon to 79 (P < 0.05) and 69%
(P < 0.01} of the AOM-treated control value, respectively
(Table 2). The total mumber of AC per colon was also
decreased by 16 and 30%, respectively (Table 2). However,
treatment with chafuroside did not decrease the mean number
of AC per focus (Table 2).

Discussion

In the present study, we obtained clear evidence that a new
flavone derivative, chafuroside, suppresses development
of intestinal polyps in Min mice and AOM-induced colon
ACF in F344 rats at doses of 5-20p.pm. in the diet.
Although it is a natural compound found in tea leaves, the
doses effective in Min mice were much lower than those
reported earlier for well-known, naturally occurring and
synthesized chemopreventive agents. Indeed, the effective
dose to reduce numbers of polyps in Min mice was 10 p.p.m.
for chafuroside. This value is lower than with (+)-catechin
at 1000 p.p.m.,*® genistein at 1000 ppm.,® curcumin at
2000 p.p.on..®" and with synthesized aspirn at 250 p.p.m.,#?

t 4.0
<40

Fig. 2. Effects of chafuroside on the size
distribution of intestinal polyps in Min mice.
Min mice were fed a basal diet (W) or a diet
containing 2.5 () 5 (@) or 10 p.p-m. (&
chafuroside for 14 weeks. The number of
polyps/mouse in each size dass is given as a
mean value {bars represent 3D). *P < 0.05,
**p < {.01.

»4.5
<4.5

piroxicam at 200 p.p.m.®> and celecoxib at 1500 p.p.m.% As
treatment with 2.5-10 p.p.m. chafuroside affected only the
polyps of smaller size, it might be important to clarify
the mechanism by which chafuroside inhibits polyp growth.
It has been reported that 100 p.p.m. BGCG is effective for
approximately 60% inhibition of AOM-induced ACF formation
in F344 rats,® and our results thus suggest that chafuroside
possesses a strong potential to inhibit development of putative
preneoplastic lesions in the colon.

Becanse there were no signs of chafuroside-induced
adverse effects in the present study, long-term consumption
for cancer prevention in humans is conceivable. The daily
estimated consumption level from a diet containing 10 p.p.m.
chafuroside in mice comesponds to approximately 120 mg
per day for a 60-kg adult man. The average concentration
of chafuroside in a commercially available oolong tea in
Japan is almost 55 pg/L (unpublished data). An adult human
might reach an effective dose of chafuroside with consumption
of more than 100 L of oolong tea. Therefore, taking a chafuro-
side supplement or drinking concentrated oolong tea may be
useful for cancer prevention.

The strong anti-inflammatory and chemopreventive
effects are presumably related to the two characteristic
moieties of chafuroside: the mannose moiety of which the
C1 position provides a C-glycoside linkage with the C6
position of apigenin, and the dihydrofuran moiety, obtained

Tabla 2. Effects of chafuroside on azoxymethane (AOM)-induced aberrant crypt focus {ACE) formation in F344 rats

Group No. rats Total no. Total no. Mean no.
with ACF ACF/colon (%) ACicolon (%) AC/focus
AOM treatment
Control diet 9/9 278 £ 5% 618 + 81 2.25+0.18
Chafureside {10 p.p.m.} 99 219 £ 42 (79)* 522 & 105 {84) 2.40 £ 0.27
Chajuroside (20 p.p.m.) 9/9 192 42 (69)** 435 + 69 (70)** 2.29£0.30
Saline treatment
Control. diet o3 0 1] 1]
Chafuroside {10 p.p.m.) 073 0 0 0
Chafurcside (20 p.p.m.) 03 0 0 0

Data are mean & 5D, Numbers in parentheses are percentages of the control basal diet values. *Significantly different from the basal diet
group at P < 0.05. #*gignificantly different from the basal diet group at P < 0.01. AC, aberrant crypt.
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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
treatrnent could be assumed. DNFB-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 reported to be involved 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

Objeciive  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 iliness or past
history of adenoina from among the examinees. They
provided their lifestyle information and fasting blood
samples to measure their serum triglycerides. We cal-
culated odds ratios (OR) and 95% confidence intervals
{CI) of colorectal adenoma for serum triglycerides.

T. Otani (<) - M. Iwasaki - S. Tkeda - 8. Tsugane
Epidemiology and Prevention Division, Research Center
for Cancer Prevention and Screening, National Cancer
Center, Txokyo, Japan 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-
0045, Japan

e-mail: tetsuya-otani@umin.ac.jp

T. Kozu

Cancer Screening Division, Research Center for Cancer
Prevention and Screening, National Cancer Center, Tokyo,
Japan

H. Saito

Cancer Screening Technelogy Division, Research Center
for Cancer Prevention and Screening, National Cancer
Center, Tokyo, Japan

M. Mutoh - K. Wakabayashi
Cancer Prevention Basic Research Project, National Cancer
Center Institute, Tokyo, Japan

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, Pgepna, 0.030). A
stronger association was observed between three or
more adenoma cases and study controls (OR 2.3; 95%
CI 1.34.2, Pgeng, < 0.0010). After classifying the study
subjects by smoking status, a significant linear risk
trend was found in ever-smokers (Pienq, 0.0018) but
not in never-smokers {Piend, 0.94; Pinteraction, 0.067).
Conclusions Qur results suggested that a higher ser-
um triplyceride level may be related to a Jarger number
of adenomas. Adenoma development involving an
elevated serum triglyceride level may be modified by
smoking.

Keywords Serum triglycerides - Smoking - Colorectal
adenoma - Case—control 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
hypertrigiyceridemia [3]. Serum triglycerides may
coniribute 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-dependent hyper-
lipidemic state along with a suppressed lipoprotein 1i-
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 Jipase inducer
simultaneously reduces cyclooxygenase-2 expression
levels [13], which are supposed to be involved in coloa
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], Nagase analbuminemic rats [16], and
high-fat diet intake rats [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 observed in those ex-
posed to a carcinogen such as tobaceo smoke. In fact,
the International Ageney 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 to 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 colonoscopic screening with a magnifying
instrument and dye spreading to identify ademoma
lesions applying the pit-pattern 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 selected 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 foltowed 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 530, or 80 or more for men; less than 40, or 80 or
more for women); those with a past history of the
following diseases and conditions: colorectal adenoma,
any cancer, wleerative colitis, Crohn’s disease, familial
adenomatous polyposis, carcinoid tumor, or colectomy;
those with an unsatisfactory preparation for coloaos-
copy; those with an incomplete examination; those
colonascopically diagnosed as colorectal cancer. A
preparatory magnesium citrate solution, which was
both non-absorptive and non-secretion-inducing, was
orally administered to each examinee 2 h 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-H260AZ]; Olympus Medical Systems Cor-
poration, Tokyo, Japan). Of 1452 examinees not
having adenoma, 1,203 (482 men and 721 women) were
eligible controls, after excluding those with inflamma-
tory polyps, diverticulitis, submucosal tumor, bowel
tuberculosis, or hyperplastic polyps. Since eligible
controls 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 to 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 factors,
stress, and distary habits. Their dietary habits were
assessed by intake frequency and relative portions for
145 food items. Various nutrient 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 questionnaire (FFQ) was modified
from the FFQ for a population-based prospective
study [23, 24] with additional food items. Examinees
completed the questionnaire before their screening
examinations.
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Blood collection and laboratary 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
unti]l analysis. The bloed samples for serum were used
to measure various biomarkers including serum tri-
glycerides. Their serum triglyceride levels were mea-
sured using an enzymatic method (Kyowa Medex Co.,
Ltd., Tokyo, Japan) on a Hitachi 7600 auto-analyzer
(Hitachi High-Technologies Corporation, Tokyo,
Japan).

Statistical analysis

Least square 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 ftriglycerides
were calculated using the logistic regression model
adjusted for sex, age (less than 50, 50-54, 55-59,
6064, 65 or more), screening periods (first, second),
smoking (0, 1-29, 30-59, 60 or more pack-years),
body mass index (Jower than 25.0, 25.0-26.9,
27.0-28.9, 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 gfweek
ethanol), family history of colorectal cancer, aspirin
or other non-steroidal anti-inflammatory drugs
(NSATIDs) 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 cal-
onoscopists, because our screening institute was
established in February 2004, and all instruments
were new for all colonoscopists. Togashi et al. [27)
reported that diagnostic accuracy increases with the

number of experienced lesions. Serum triglyceride
levels were divided into quartiles based on 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
triglycerides was different between never-smokers
and ever-smokers, ie., 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, i.e., median values in each category, with
smoking (ever = 1 or never = 0) and a one-depree 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 leve]. We used SAS software
(version 9.1; SAS institute Inc., Cary, NC} for all
statistical analyses.

Resulis

Adenoma cases were older, more had a family history
of colorectal cancer, fewer used aspixrin or octher
NSAIDs, more smoked, had a higher body mass index,
and consumed more alcoholic beverages than conirols
(Table 1). Mean serum triglyceride levels were
113 mg/dl for cases and 101 mgfdl for controls
{p < 0.0010). Spearman partial rank correlation be-
tween serum triglycerides and body mass index in the
controls was 0,38, adjusted for sex, age, and screening
pericds {data not shown in tables). Other potential
confounding factors were little correlated with serom
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-
20, Table 2). The linear trend was also statistically
significant (Pyena, 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% CI 13-4.2) for three or more adenomas.
Medium size (3-9 mm in diameter) adenomas were
more strongly asscciated with serum triglycerides
(Pirena, 0.011) than smaller (fess than 5 mm; Pyong, 0.30)
or larger ones (10 mm or more; Pyenq, 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

Cases Controls p
n 782 738
Men, n (%) 526 (67) 482 (65) 0.38°
Women, 1 (%)} 256 (33) 256 (35)
First screening period, n (%) 22 41 328 (44) 032°
Age, mean, year 60.5 597 0.0075
Family history of colorectal cancer, 1 (%) 129 (17) 52 (12) 0.20°
Non-steroidal anti-inflammatory drug use, n (%) 33 (4.2) 55(7.5) 0022°
Smoking, mean, pack-years 153 9.86 <0.0010
Body mass index, mean, kg/m? ¢ 23.0 225 <0.0010
Physical activity, mean, METs/day? 374 36.7 0.15
Alcohol consumption, mean, gfweek ethanol? 153 122 0.0016
Energy intake, mean, kcal/day” 1,955 1,895 0.065
Dietary fiber intake, mean, g/day® 1315 14.0 0.35
Folate intake, mean, pg/day® 382 394 0.064
Calciumn intake, mean, mg/day® 607 620 044
Vitamin D intake, mean, pg/day® 8.37 7.87 0.15
Red meat intake, mean, g/day® 35.6 337 0.14
Serum triglycerides, mean, mg/dl® 113 101 <0010

Nete: 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

b Adjusted for sex and age

“ Adjusted for sex and screening periods

9 Adjusted for sex, age, and screening periods

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

Table 2 Odds ratios (OR} and 95% confidence intervals (CT) of colorectal adenoma for serum iriglycerides

Range Serum friglycerides {mg/dl} Puend
<68 68-94 95127 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) 17(1.2-2.2) 0.0010

OR2® (95% CI) 1.0 (reference) 1.2 (0.88-1.6) 1.1 (0.82-1.5) 1.5(1.1-2.0) 0030

1 adenoma 95 130 98 123

OR? (95% 1) 1.0 {reference) 13 (0.94-1.9) 0.93 (0.65-1.3) 1.2 (0.85-1.8) 059

2 adenomas 30 35 60 60

OR® (95% CI) 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 €9

ORP (95% CI) 1.0 (reference) 1.0 {0.53-1.9) 1.3 (0.68-2.4) 2.3(1.3-4.2) <00010

* Adjusted for sex; age (<50, 50-54, 55-59, 6064, 65+); and screening periods (first, second)

® Adjusted for sex; age (<50, 50-54, 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,
150299, 300+ g/week 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)

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 (Pyend, 0.0018). Serum triglyceride levels
were clearly associated with three or more adenomas

) Springer

(OR 3.4 for the highest versus the lowest; 95% CI1.5-
79; Pirena, < 0.0010). In contrast, no elevated OR of
adenoma was shown in never-smokers (OR 1.1 for the
highest versus the lowest quartile; 95% CI 0.71-1.8),
where the statistical interaction between smoking
and serum triglycerides was borderline significant
{Pinteraction, 0.067). A similar trend was found when



Cancer Causes Control (2005) 17:1245-1252

1249

Table 3 Odds ratios (OR") and 95% confidence intervals (CI) of colorectal adenoma for seram triglycerides stratified by smoking

Range Serum triglycerides {mg/dl) Puseat
<68 68-94 95~-127 128+

Median 55 &1 109 169

Never-smokers

Controls 108 94 103 71

1+ adenomas 89 101 &4 73

OR (95% CI) 1.0 (reference) 13 (0.85-2.0) 0.87 (0.57-1.3) 1.1 (0.71-1.8) 094

1 adenoma 66 72 43 37

OR (95% CI) 1.0 (reference) 1.3 (0.82-2.1) 0.64 {0.39-1.1) 0.88 {0.51-1.5) 024

2 adenomas 12 20 30 16

OR (95% CI) 1.0 (reference) 1.8 {0.80-4.0) 23 (1.1-5.0) 17 (0.73-4.1) 0.8

3+ 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) 014

Ever-smokers

Controls 68 92 3] 112

1+ adenomas 56 &7 108 179

OR (95% CI) 1.0 (reference) 1.3 (0.80-2.1) 1.6 (0.99-2.6) 20 (1332 0.0018

1 adenoma 9 58 55 86

OR (95% CI) 1.0 (reference) 1.6 (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 (0.64-2.7) 1.4 (0.72-2.9) 0.092

3+ adenomas 9 14 23 49

OR (95% CI) 1.0 (reference) 1.5 (0.58-3.8) 2.2 (0.89-5.4) 3.4 (1.5-7.9) 00010

* Adjusted for sex; age (<50, 50-54, 55-59, 60-64, 65+); screening periods (first, second); body mass index («25.0, 25.0-269, 27.0-29.9,
30.0+); physical activity {quartiles based on controls); alcohol consumption (0, 1-149, 150299, 300+ g/week 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 (0—4 mm,
"'5-9 mm, 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 repeatedly
performed the same analyses with adjustment for these
factors. 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
medjan) than a higher (median or more) red meat
intake group. The association did not differ betwsen
strata classified according to the other covariates. Since
the use of estrogen 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 substantiatly influeace the

association. We also analyzed the association of sexum
triglycerides and polypoid (0-Ip, 0-Is) or flat/depressed
adenoma (0-IIa, 0-Iic; 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

Our results were consistent with those of previous
studies that reported a positive association between
serum ftriglycerides 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. Our results showed that serum triglycerides
were asscciated with colorectal adenoma only in ever-
smokers. This suggested that serum triglycerides may be

@. Springer
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involved in adenoma formation after DNA damage to
colorecta] epithelia by carcinogens within tobaceo
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 epidemioclogic studies are nec-
essary to substantiate this association among smoking,
serum friglycerides, and colorectal adenoma.

However, serum triglyceride levels are not neces-
sarily 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-I (IGF-I) [35]. IGF-I
has potent anti-apoptotic and mitogenic properties in
both normal and neoplastic cells. Although serum tri-
glycerides may not be a specific predictor of subsequent
tisk of colorectal cancer, we might at least consider
smokers with high serum 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 overail accuracy showed
more than 95% accurate diagnosis [193. 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 adencma 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-

@ Springer

tion due to measurement errors than would the means
of multiple measurements. However, a positive asso-
ciation between serum triglycerides and colorectal
adenoma would not be due to these diagnostic or
measurement errors, which would be random misclas-
sifications occurring in both cases and controls. If we
could entirely exclude the misclassification, that posi-
tive association would be clearer than the present one.
Third, smokers have unhealthy diet habits associated
with hypertriglyceridemia in general. We cannot com-
pletely rule out a residual confounding with unhedthy
diet associated with smoking when we explain the
assoclation between hypertriglyceridemia and ade-
noma only among smokers. Finally, the association
between serum triglycerides and colorectal adenoma
cannot be conclusively determined to be a causal
relationship, since both were assessed cross-sectionally.
However, colorectal adenoma could not alter serum
triglycerides or dietary habits, which influence serum
triglycerides in subjects with colorectal adenoma, since
it is an asymptomatic lesion. Therefore, this cross-sec-
tional assessment may be at least useful to infer a
causal relationship between serum triglycerides and
colorectal adenoma. A Japanese population was orig-
inally thought to be different from a Westermn 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 other
populations including Western ones.

Our results suggest that a higher level of seram tri-
glycerides may be related to a larger number of adeno-
mas. Adenoma development involving an elevated fevel
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 confirm
the efficacy of orally administered bovine lactoferrin (bLF) in patients
with chronic hepatitis C. The patients with chronic hepatitis C
randomly received either oral blF at a dose of 1.8g dally 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
ureater decrease in the serum alanine 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 biF group, and 19 of 101 {18.8%) in the placeho
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 level. The virclogic responses were not different
between two groups in any subgroup anaiysis. In canclusion, orally
administered bLF does not demonstrate any significant efficacy in
patients with chronic hepatitis C. (Cancer S¢i 20086; 97: 1105-1110)

epatitis C virus is a leading cause of chronic liver discase

in Japan, and nearly two million people are estimated to be
infected) It is well known that HCV infection frequently
causes chronic hepatitis, and that chronic hepatitis eventually
progresses to liver cirrhosis and HCC approximately 30 years
after HCV infection.® In Tapan, 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 daie, interferon-based therapy is the only effective
treatment used chinically for chronic hepatitis C. A sustained complete
virologic response (loss of detectable serum HCV RNA) occurs
in 15-20% of patients with chronic hepaititis C after interferon
therapy, Y Moreover, recent studies have demenstrated 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 strong adverse effects, further developments in the treatment
of chronic hepatitis C are required.

doi; 10.1111].1349-7006.2006.00274.%
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Lactoferrin, a member of the trapsferrin family of iron-
binding glycoproteins, is present mainly in breast milk and other
exocrine secretions. Several biclogical activities of lactoferrin
have been demonstrated, including regulation of iron absorption
in the intestine and modulation of immunoreactions.® Lactofer-
tin also plays an important role in human innate defense mecha-
IHSMS against bacteria, fungi and viruses.® [n virro 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."*2 Y] ef gl. have reported that lactoferrin
binds to HCV envelope proteins in vitro."® Ikeda ez al. have
reported that lactoferrin prevents HCV infection in cultured
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.U3¥) Tanaka ez 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 three 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 (2100 KIU/mL), and reported that the mean serum
HCV RNA level decreased significantly from 1106 KIU/mL at
entry to 612KIU/mL after 6 months of treatment (P <0.01).0%
Based on these promising findings, we planned to investigate
the efficacy of orally administered bLF 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 bLE
for 8 weeks. bLF treatinent was well tolerated up to 7.2 g/day,
and no serious adverse events were observed. Although no rela-
tionship between bLF dose and efficacy was recognized, 2 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 results encouraged us
to conduct further investigations, and the present randomized

*To whom correspondence should be addressed. E-mall: hiueno®@nce.go,jp
Abbreviations: ALT, zlanine aminotransferase; bLF, bovine lactoferrin; ¢,
confidence interval; BCC, hepatocellular catcinoma; MCV, hepatitis C virus; iL,
interleukin; NX, natural killer,
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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. Bach patient was required to meet the following
eligibility criteria: 2074 years of age; positivity for anfi-HCV
antibody; an HCV RNA leve] 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 serum ALT level of at least twice the
upper normal limit evaluated within 1 month before entry: no
evidence of HCC on the basis of ultrasonography or computed
tomography carried out within 3 months before entry; and adequate
bone marrow function (white blood cell count = 4000/mm?,
platelet count = 100 000/mm?, and hemoglobin level = 11 g/dL),
liver function (total bilirubin level 2 2.0 mg/dL, serum albumin
level 2 3.5 g/dL, and serum aspartate aminotransferase and ALT
level = 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 entry; immuno-
modulatory or corticosteroid therapy within 3 months before
eniry; intravenous glycymhizin 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 cimhosis); other serious medical
conditions (e.g. gastrointestinal bleeding, active infection,
severe pulmonary disease and psychiatric disorders).

Methods. This double-blind, placebo-controlled phase 1Y 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 one of two treatment groups in equal
proportions using permutation blocks stratified by centers. A
randomization list was drawn up vsing the SAS random number
generator at the data center (Quintiles Transnational Japan K. K.
Tokyo, Fapan). The treatments consisted of bLF at a dose of 1.3 g/day
or a placebo, administered orally twice daily for 12 weeks. In the
current siudy, 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, coiticosteroid and intravenous
glycyrrhizin was prohibited. bLF (450 mg/tablet} and placebo
tablets were provided by Morinaga Milk Industries (Tokyo, Japan).

In the current 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 bILF on systemic imnune 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 leve] and serum ALT level were meas-
ured before treatment, during treatment at weeks 4, 8 and 12,
and at 4 weeks after treatment. Serumn 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 KIU/mL (Roche Diagnostics, Tokyo, Japan). Anti-HCV
antibody was determined by chemiluminescent enzyme immu-
noassay (Ortho-Clinical Diagnostics, Tokyo, Japan). HCV sero-
typing was carried out as described previously.!'® HCV serotype
I corresponds to genotypes 1a and 1b of the Simmonds classifi-
cation, and HCV serotype 2 corresponds to genotypes 2a and
2b.4" Serum concentration of IL-18 was measured in partici-
panfs at two institutions (National Cancer Center Hospital and
Osaka Red Cross Hospital), and the percentage of CD4*, CD8*,
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CD16" and CD36* peripheral blood lymphocytes was 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 IL-18 was assayed with a
human IL-18 enzyme-linked immunosorbent assay kit (Medical
and Biological Laboratories, Nagoya, Japan). Lymphocyte surface
phenotypes of CD4, CD8, CD16 and CD56 were determined 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 Common Toxicity criteria. During
treatment, participants were asked to record in a daily 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 a 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 calcnolated 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 inclided only in the
denominator. Change in HCV RINA 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 between two groups were
analyzed 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 serotype. In a
small group of participants, change in the serum concentration
of IL-18 and changes in the percentage of CD4*, CD8*, CD16*
and CD56* peripheral blood Iymphocytes dusing the study period
were investigated, Analyses were camied 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 statistically significant.

We estimated that a total of 230 participants would be the
maximum to enroll 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 personnel and participants were blinded to treatment
assignment for the duration of the trial. Only the trial statistician
and the independent data monitoring committee saw unblinded
data. In the interim analysis of the primary endpoint, the O*Brien-
Fleming method was used./')

Results

Patients. Enrollment began at seven institutions in April 2001.
Because 250 participants were not emrolled for the 2 years
planned originally, we extended the registration period for one
more year and increased the number 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
results of the interim analysis indicated that it was highly
unlikely that a significant difference in treatment efficacy between

doi: 10.11114].1348-7006.2006.00274.x
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l Enrolment (n =199) ’

—| Refused to participate (n = 1) l

I Randomized (n = 198) |

Lactoferrin group Placebo group

(=97} {n=101)
Withdrew (n =3}

Fig. 1. Flow diagram of participant enrolment.
Table 1. Baseline characteristics of the patients
Characteristic Bovine lactoferrin Placebo
No. patients 97 101
Age (years) &1 {29-74) 58 (31-74)
Sex {male/female} 53/44 55/46

History of interferon therapy 25 29

ALT level {(IUA) 91 (41-340) 98 (27-250}
HCV RNA level (KIU/mL)* 378 (8.6-960) 452 (8.0-1560)
HCV serotype (1/2/ND) 78171 76223

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

the two groups would be observed with the plamned full
enrollment of 250 participants, the data monitoring committee
recomumended discontinvation of further enrollment. Therefore,
enroliment was stopped on 31 March 2004, at which point 199
participants had been enrolled. Because one patient refused to
participate in the study before randomization, efficacy and safety
were analyzed in the remaining 198 participants (97 bLF and
101 placebo) (Fig. 1). Although three participants 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 regading the
pretreatment characteristics inchuding age, sex, serum ALT level and
serum HCV RNA Ievel.

Virologic efficacy. Virologic response, the primary endpoint,
was assessed in all 198 participants who received at least one
dose of treatment. Virologic response was abserved 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 —i4.8, 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 charige in the mean logarithm of the HCV RNA
Ievel was ~0.09 in the bLF group and -0.09 in the placebo
group, indicating no significant difference between the groups
(F = 1.00).

Biochemical efficacy. Biochemical response was assessed in
198 participants. Biochemical response was seen in siz of 97
participants (6.2%) in the bLF group, and in four of 101
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participants (4.0%) in the placebo group (Table 2). No signj-
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 bLF
group, 99 placebo group), excluding six participanis for whom
ALT data at 12 weeks were lacking. The change in the mean
logarithm of the ALT level was —0.085 in the bLE group and —
0.080 in the placebo group, indicating no significant difference
(P =0.93).

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 —15.2, 43.2). The virologic
responses were also not different between two groups in other
subgroup analyses such as age, sex and HCV serotype.

Analysis of IL-18 and lymphocytes. The serum concentration of
I1.-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 [L-18
levels in the bLF and placebo groups were 293.9 pg/mL and
309.9 pg/dL at the baseline and 280.7 pg/mL and 291.5 pg/mL at
12 weeks, respectively. The coresponding changes in the mean
IL-18 level at 12 weeks were —14.5pg/ml and —15.9 pg/ml,
respectively, indicating no significant difference between the
groups (P = 0.91). Similarly, there were no significant differences
between the groups at any other points during the study period.
The percentage of lymphocyie was measured in 46 participants
at the National Cancer Center Hospital (bLF 23, placebo 23),
and the results are shown in Fig. 3. The percentage of CD4*,
CD8*, CD16* and CD36* peripheral blood lymphocytes remained
alrnost unchanged throughout the study 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 serious complications
occurred during the treatment. Although minor adverse events
including neutropenia, y-GTP elevation and hyperglycemia were
observed in participants treated 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 bLF in patients with chronic
hepatitis C. A virologic response (a 30% 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
bIl.F group, and 1% 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 HLF
group was somewhat higher than that reported in the previous
doge-finding study,"'® in which four of 45 patients (3.9%)
showed a virclogic response at the end of bLF treatment, Nev-
ertheless, the current study failed to demonstrate any antj-HCV
activity of bLF, because a similar virologic response rate to that
in the bLF group was seen in the placebo group. Having
designed this randomized study, we assumed that a virologic

CancerSci | October2806 | vol.97 | no.10 § 1107
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Table 2. Virologic and biochemical efficacy

Characteristic

Bovine Lactoferrin Placebo Difference (95% Ci) P-value
Virologic efficacy
Response rate (%} 14.4 18.8 -4.4 (-14.8, 6.1)
Change in HOV RNA lavelt 0,09 -0.08 1.00
Biochemical efficacy
Response rate (%) 6.2 4.0 2.2(-3.9, 8.3)
Change in ALT levet’ -0.085 -0.080 0.53
*Mean legarithm. ALT, alanine aminotransferase; J, confidence interval; HCV, hepatitis C virus.
Table 3, Virologic response rate as a function of baseline variables
Bovine lactoferrin (n = 97) Placebo (n = 101) Difference
Variable
Response/total % Response/total % % 95% CI
Age
<B5 years 12/62 19.4 14/77 18.2 1.2 -11.9, 14.2
265 years 2135 5.7 524 20.8 -15.1 -33.1, 29
Sex
Male 10/53 18.9 10455 18.2 0.7 -14.0, 15.3
Female afa4q 9.1 9/46 19.6 -10.5 —-24.7, 3.8
ALT level
<100 1U/L 6/57 10.5 7151 3.7 -3.2 -15.6, 9.2
2i00 IU/L 8/40 200 12450 24.0 4.0 -21.1, 131
HCV RMA [evel
<100 KIU/mlL 517 29.4 2/13 15.4 14.0 —15.2, 43.2
2100 KiU/mL 9/80 11.3 17/88 9.3 -8.0 -18.8, 2.7
HCV serotype’
1 1178 14.1 16/76 2141 -7.0 -18.9, 5.0
2 3118 16.7 222 9.1 7.6 -31.4, 286

"Hepatitis C virus serotype was not measured in four patients. ALT, alanine aminotransferase; Cl, confidence interval; HCV, 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 spontazneous remission of viral activity. However, con-
irary 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 results suggested that in order to assess the reduction of
the HCV RNA Ievel, periodic evaluation would be necessary
to exclude 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 vitio,
and Tkeda er al."1? reported that lactoferrin prevents HCV
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infection in cultured human hepatocytes. They sugpested that
the anti-HCV activity of lactoferrin 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 lactoferin 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 administration 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 tats, lactoferrin 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
lactoferrin might enhance immune responses via cytokine produc-
tion.®**¥ It 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 increases the number of CD4*,
CD8* and NK. cells in the small-intestinal epithelium.** Varadha-
chary et al. reported that oral administration of recombinant
buman lactoferrin to mice stimulates IL-18 production from gut
enterocytes, and augments the NK activity of spleen cells and
production of blood CD8* cells.® Furthermore, a recent clinical
study has demonstraied that oral administration of bLF (0.6 g/
day) for 3 months in 36 patients with chronic hepatitis C
increased the serum IL-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 bLE influences the serum concentration of
IL-18 or the percentage of CD4*, CD8*, CD16* and CDS6™ lym-
phocytes. Further investigations are required to clarify the periph-
eral and systemic effects of orally administered lactoferrin. In
addition, as many in vitro studies have suggested that lactofer-
rin has direct binding neutralizing efficacy against HCV,@-3
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
lactoferrin to interferon therapy for chronic hepatitis C. Hirashima
et al. randomly assigned 21 patients with chronic hepatitis C to
either a consensus interferon 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 ¢-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-
rin group and in five of 18 patients in the placebo group, there
being no statistically significant difference between the groups
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(F = 0.7). Although the numbers of patients recruited in the two
randomized trials were small, these results suggested that the
additional value of oral lactoferrin combined with interferon ther-
apy would be negative for the treatment of chronic hepatitis C.

In summary, oral administration of bLF at a dose of 1.8 g/day
for 12 weeks showed an acceptable safety profile in patients
with chronic hepatitis C. However, there was no significant dif-
ference in the virologic responses between patients who
received oral bLF and those receiving placebo. In addition, bLF
intake did not have any favorable effect on the serum ALT level.
These findings do not support the practical use of oral bLF in
patients with chronic hepatitis C.
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Suppression of Azoxymethane-induced Colonic Premalignant
Lesion Formation by Coenzyme Q10 in Rats

Katsuhisa Sakano!, Mami Takahashi!, Mitsuaki Kitano?, Takashi Sugimural, Kejji
Wakabayashi'*

Abstract

Reactive oxygen species cause damage to proteins, lipids and DNA. Coenzyme Q10 (Co(}10) is a compound with
mitochondrial bioenergetic functions. The reduced form of CoQ10 shows antioxidant activify. In the present study,
effects of CoQ10 on development of azexymethane (AOM)-induced aberrant crypt foci (ACF) and mucin-depleted
foci (MDF) in F344 male rats were investigated. To induce ACK 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 (208 or 500 ppm) for 4 weeks, starting one day before the first dose of AOM. At 10 weeks of age,
all animals were sacrificed and their colons were evaluated for numbers and sizes of ACF and MDF. Administration
0£200 and 500 ppm CoQQ10 resulted in reduction of ACF numbers, to 77% and §8% of the carcinogen conirol value,
respectively. The percentages of ACK consisting of more than 4 crypts in these groups were also significantly lower
than in the controls. Treatment with 500 ppm CoQ10 furthermere decreased the number of sialomucin-producing
ACF and MDF per colon to 42% and 38% of the carcinogen control value witheut CoQ10, respectively. These

results suggest that CoQ10 may be an effective chemopreventive agent against colon carcinegenesis.

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

Colon cancer is one of the leading causes of cancey 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 epidemiological studies have suggested
that high consumption of fiuit and vegetables, especially
those containing high amounts of antioxidants, may protect
people from colon cancer (Temry et al., 2001).

An increasing amount of experimental and
epidemiological evidence implicates reactive oxygen species
(ROS) in the pathogenesis of cancer. ROS, which increase
in inflammation and in exposure o exogenous stimuli,
including smoking, can caunse DNA. damage, oxidize lipids
and proteins, and alter signal transcription pathways that
enhance cancer risk. Antioxidative agents (e.g., vitamin E,
vitamin C, M-acetylcysieine 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-ubiquinene
oxidoreductase), 11 (succinate-ubiquinone oxidoreduciase),
and I (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 etal,
2001). CoQI0 is also taken in through food intake. In
addition o its role as an electron carrier 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 acts as an antioxidant (Frei et
al., 1990; Overvad et al., 1999).

Aberrant crypt foci (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 eventual
tumorigenesis. Ochiai et al. have reported that dysplastic
ACF can be detected by adding a simple decolerization
process with 70% methanol after conventional 0.2%
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methylene blue staining (2005). Additional markers ofcolon
cancer risk have been suggested, based on their comrelation
with tumor formation and/or histological changes reflecting
DNA mutations. These include B-catenin accumulated crypls
(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)
(Cademi et al,, 2003), ACF producing sialomueins have a
higher rate of cell proliferation, higher degree of dysplasia,
and greater distortion of the luminal opening than ACF
producing sulfomucins (Jenab et al., 2001; Cademi et al,,
1995; Uchida et al,, 1997). Most MDF are histologically
dysplastic and feature accumulation of B-catepin. 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 (ACM})-
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 }
week before being randomized into six groups. Three
animals each were housed in a plastic cage. The apimal
room was confrolled at 23x2°C, 50x10% humidity, and a
12-h light/dark cyele. 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
experimenta] diets, with addition and thorough mixing of
CoQ10 at the 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 temperature when added to
the basal diet.

Experimental protocol
A total of 36 male F344 rats were divided into six groups
(Table 1); three or nine rats each in saline or AOM treated
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Table 1. Effects of CoQ10 on Body Weights and Food
Intake of Rats

Treatment Na.of Body Mean food
rats  weight (g)' consumption
(z/rat/day)!
AOM 9 2227 125= 1.6
AOM + 200 ppm CoQ10 9 222+ 11 127x 16
AOM+500ppm CoQl0 9  228=8 13216
Saline 3 226+ 10 129=14
Saline + 200 ppm CoQ10 3 23319 13212
Saline + 500 ppm CoQ10 3 230=7 127=1.4
Data are means = 8D

groups, respectively. At6 weeks ofage, allrats except those
intended for vebicle treatment were given s.c. injections of
AOM (Nard Institute, Lid., Amagasaki, Japan) at a dose rate
of 15 mg/kg body weight once a week for 2 weeks. The
controls received equal volumes of normal saline (5 mlkg
body weight). Starting 1 day before the first dose of AOM,
rats were fed on a conirol diet or experimental diets
contajning 200 or 500 ppm CoQ10 throwghout the
experiment, At 10 weeks of age, the rats were sacrificed
under ether anesthesia to 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% neutral 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-ARB)
staining of mucin as described previously (Cadermi et al.,
1995). The HID-AB method stains sulphomucins dark
brown, while light or dark blue staining predominantly

Figure. 1. Lesions identified in {he colon of AOM-ireated rats by HID-AB staining. (A) Appearance of a sialomucin-
producing ACF (original magnification, X40). (B) Appearance of an MDF (original magnification, X40)





