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Figure 4. Time-course of IL-G gene expression in subcutaneous tumors and lung in tumor-bearing mice. Expression of 1L-6 gene in the tumor (A) and the lung (B}
of tumor-bearing mice. Amount of IL-6 mRNA was calculated by standard curve (C) and expressed as -fold compared with normal skin (A} or normal lung (B).

Time course of IL-6 expression in subcutaneouns tumor and
[ung in tumor-bearing mice, Since it is possible to think that
1L-6 participated in restraint of lung colony formation as
mentioned above, we examined the time-course of IL-6 gene
expression in the subcutaneous tumors. Normal skin expressed
only a small amount of IL-6 gene, while the tumor-bearing
skin expressed a remarkably high amount of IL-6 gene even
at 1 day after tumor incculation. Fig. 4A shows the increased
amount of IL-6 gene from 1 to 5 days later. The amount of
IL-6 gene was ~76 fold, 5 days later, compared with that in
normal skin. It is important to note that expression of 1L-6
gene in the lungs started to increase on the third day in
tumor-bearing mice, and the increase was roughly double
that of the contro] (Fig. 4B).

Discussion

The results obtained in our experiments demonstrated that
antitumor resistance can be achieved by inoculation of colon
26 cells into tumor-bearing mice, where the number of artificial
metastatic colonies developed in the lungs of subcutaneous
tumor-bearing versus control mice serves as an identification
of antitumor resistance to a second challenge. For many
years, this phenomenon was believed to be mediated through
an immunological mechanism (1-5), and earlier reports showed
immune effectors were produced from splenocytes in tumor-
bearing mice. Qur experimental system using tumor-bearing
mice of colon 26 cells demonstrated that removal of NK
cell or T cell subsets using NK-, CD4" or/fand CD8-specific
monoclonal antibodies in vivo inhibited fung colony
formation in normal mice as strongly as in non-treated
tumor-bearing mice, though the immunological effector cells
were not determined. Thus, we considered the importance of
non-immunclogical systemic factors, such as nutritional
deficiencies (25) and tumor by-products or cytokines, that

influence tumor growth rate (26,27). We paid attention to the
fact that colon 26 cells produce IL-6 spontaneously, and we
found that in subcutaneous tumor-bearing mice,
concentration of IL-0 in serum gradually increased, while
colon 26 cells developed tumors. Concentration of IL-6 in
sera was 3.2+1.2 pg/ml in mice with lung colony formation,
and without subcutaneous tumors. Concentration of serum
IL-6 in tumor-bearing mice varied greatly, depending on the
organ inoculated with colon 26 cells, which suggests that TL-
6 was produced not only in colon 26 cells, but alsc in
parenchymal tissues, and, further-more, that inoculated tumor
cells affected monocytes/macrophages, fibroblasts,
keratinocytes, endothelial celis, T cells, and B cells in the
mice skin in a paracrine manner. IL-6 is known as an
inflammatory cytokine (28-30) that affects B cells, T cells
and macrophage differentiation, stimulates keratinocyte
growth, inhibits fibroblast proliferation, and stimulates or
inhibits tumor cell growth {31-34). However, the specific
role of IL-6 in antimetastasis has not yet been determined.
We present here the first evidence of the close correlation
between serum IL-6 leve! and IL-6 gene in the lung, aleng
with consequent inhibition of lung colony formation
(antimetastatic effect) in tumor-bearing mice. Since the
infiltration of tumor cells (colon 26 cells) in the lung of
tumor-bearing mice was not observed microscopically, it is
assumed that IL-6 released in the sera induces IL-6 gene
expression in the lung tissue, probably in alvealar
macrophages, and then inhibits tumor growth in the lung
after the second challenge is conducted intravenously. The
etevation of IL-6 gene in the lung of tumor-bearing mice
could have progressed as follows: first, subcutaneous tumor
cells may have penetrated into blood stream to reach the
lung, resulting in micrometastases of the tumor cells, or their
reaction with endothelial cells, fibroblasts, monocytes/macro-
phages or T cells in the lung. Second, immune effector cells,
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such as granulocytes, monocytes/macrophages or B cells,
may have been activated in subcutaneous tumors and then
have affected the lung tissue. Third, this process may be
facilitated by IL-1 and TNF-o, which are major inducers of
IL-6 gene expression. Thus, the process of paracrine, endo-
crine, and autocrine IL-6/IL-1 loops (28,33} in lung tissue
can regulate the proliferative capacity of colon 26 cells, and
leave them metastatically incompetent in the lung. These
considerations also suggest the possibility of acquisition of
resistance to lung metastases in tumor-bearing host, due to
expression of organ inhibitional factors, conceptually similar
to the acquisition of organ specific metastases in cancer.
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Abstract. The significance of drinking green tea in preveniion of two of the main lifestyle-related discases, cancer and
cardiovascular disease, was demenstrated in terms of a prospective cohort study on a total of 8,552 general residents in Saitama
Prefecture, Japan. On the basis of the follow-up study, we revealed decreased relative risk of cancer incidence for those
consuming over 10 cups a day, compared with those consuming below 3 cups: 0.54 (35% confidence interval, 0.22-1.34) for
men, 0.57 (0.34-0.98) for women, and 0.59 (0.35-0.98) for both sexes. Furthermore, a significant delay in cancer onset was
associated with increased consumption of green tea, Next, decre ased relative risk of death from cardiovascular disease was 0.58
(0.34-0.99) for men, 0.82 (0.49--1.38) for womer, and 0.72 (0.60-1.04) for members of both sexes consuming over 10 cups a
day. Finally, we evaluated the life-prolonging effects of drinking green tea on cumulative survival, using the life table.

Keywords: Green tea, cancer, cardiovascular disease, prospective cchort study

1. Infroduction

Green tea has recently obtained significant acce ptance as a cancer preventive, on the basis of numerous
studies from around the world, which have been accumulating since 1987, when Dr. H. Fujiki's group
for the first time reported the cancer-preventive activity of (-)-epigallocatechin gallate (EGCG), the main
constituent of green tea palyphenols [1]. Subsequent laboratory studies have revealed that EGCG or green
tea extract in drinking water inhibited carcinogenesis in various organs in rodents [2-4]. In addition
to the experimental evidence, our prospective cohort study previously reported the cancer-preventive
effects of drinking green tea on the basis of a nine-year follow-up study (384 cancer cases) [5]. Our
Phase I trial with green tea tablets found that blood examination showed no adverse effects among the

participants [6].
On the other hand, tea polyphenols were reported to reduce the levels of serum lipids in animal models,
mplying the preventive effects of green tea on cardiovascular disease [7,8]. We previocusly reported

I
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that drinking green tea resulted in lower serum levels of totai cholesterol and triglyceride, along with a
decreased atherogenic index, in terms of a cross sectional analysis of the prospective cohort study [9]; a
further study using follow-up data remains to be reported.

In this paper we demonstrated the significance of green tea not only in prevention of cancer and
cardiovascular disease, but also in prolonging life activity, indicating that green tea is effective for
multiple targeting prevention.

2. Subjects and methods

In 1986 we began a prospective cohort study in residents over 40 years of age in a town in Saitama
Prefecture, Japan. We used a self-administered questionnaire covering 90 lifestyle factors, where green
tea consumption was categorized as below 3, 4-9, and over 10 cups a day. The questionnaire covered a
total of 8,552 individuals. The details were described elsewhere [5]. Our eleven-year follow-up study
from 1986 to 1997 found a total of 488 cancer cases. The most frequent cancers among both sexes were,
in order, cancers of the stomach (140}, tung (69), colorectum (60}, and liver {35).

In the follow-up study, we surveyed death from all causes by death certificate from 1986 to 1997.
A total of 1,109 deaths from all causes (338, 222, 193, and 356 deaths from cancer, cardiovascular
disease, cerebrovascular disease, and other causes, respectively) were used in the analysis of cumulative
proportion surviving. In the analysis of green tea and cardiovascular disease, we added 52 cardiovascular
deaths in 1998 and 1999 to those from 1986 to 1997, for a total of 274 deaths from cardiovascular disease
(ACD-9: 390-429).

3. Results
3.1. Age-standardized incidence rates and relative risk of cancer incidence

The overall cancer incidence rates, specifically, truncated age-standardized cancer incidence rates,
were calculated by daily consumption of green tea, using a truncated world population, age over 40
years per 32,000 per annum. The rates (= SE) among women strongly indicate that high consumption
(over 10 cups a day) of green tea resulted in a significant reduction of cancer incidence by about 40%:
116.5+15.6,159.6 + 12,7, and 81.6 + 18.6 for those consuming below 3, 4-9, and over 10 cups a day,
respectively. On the other hand, men revealed an increased cancer incidence among those consuming
over 10 cups a day: 190.0 £ 23.3, 193.6 + 17.2, 264.2 + 32.0 for those consuming below 3, 4-9,
and over 10 cups a day, respectively. In men, an increased percentage of current smokers and their
cigarette consumption was observed among those consuming the most green tea, compared with other

[

b

groups (data not shown). Thus, the deleterious effects of cigarette smoking seem to cancel the benefits |
of drinking green tea. In fact, male non-smokers (never and ex-smokers) revealed a decreased cancerf
incidence associated with high consumption of green tea: 185.5 £35.5, 194.0 £ 27.6, 154.8 £ 452 forl‘
those consuming below 3, 4-9, and over 10 cups a day, respectively. 3

We then evaluated cancer risk by considering differences in lifestyle. Relative risk of cancer incidence
by consumption of green tea was estimated in Table 1 by the Cox proportional hazard model, adjustingf
for the potent confounding factors. Women who consumed over 10 cups a day revealed a significantly,
decreased risk of 0.57, taking the risk of those consuming below 3 cups a day as reference. Men also,
showed a reduction in relative risk with increased consumption of green tea. Combining data for men;

1

i
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Table 1
Relative risk® of cancer incidence by daily consumption of
green tea ’
Consumption of green tea {cups/day)
<3 4-9 210
Men 1.0 1.00 (0.50-2.04)°  0.54 (0.22-1.34)
Women 1.0 0.92 (0.64-1.31y  0.57(0.34-0.98)

Both sexes 1.0 0.81(0.52-1.27) 0.59 (0.35-0.98)

2 Adjusted for cigarette smoking, alcchol consumption, in-
take of green and yellow vegetables, and intake of rice, using
age as the fundamental time variable.

“In parentheses, 95% confidence interval.

Table 2
Mean age (+ SE, years) at cancer onset by daily consumption of green tea among 488 cancer patients
found in the follow-up study

Consumption of green tea (cups/day}
<3 4-9 =10 All categories
Men 657+ 0.6(69 68.0=x09(130) 68.941.0(86) 67.7 £ 0.6 (285
Never smokers® 702 £ 3.7 (14) 71.4 £ 2.2 (19) 4.1 + 2.5 (6) 714+ 1.7(39)
Current smokers  62.6 & 1.6 (40) 67.3 £ 1.1 (76) 68.6 £ 1.1(70) 66.8 £ 0.7 (186)
Women 68.3 £ 1.6 (58) 675+ LE(117} 745 +20(28) 68.7 £ 0.9 (203)
Both sexes 66.9+ 1.0¢127) 67.7+0.7(247y 702 +£09(114y 681+ 0.5 (488)

2In parenthests, number of patients.
bExcluding ex-smakers.

and women, both sexes revealed a significantly decreased risk of 0.59 associated with high consumption
of green tea.

We next analyzed the cancer-preventive effects of green tea by organs. Green tea most significantly
exerted its preventive effects on lung cancer in both sexes, with arelative risk of 0.33 (95% CI, 0.11-0.94)}
among those consuming over 10 cups a day, adjusting for sex and lifestyle factors. High consumption
of green tea showed decreased relative risk of 0.56 (0.22-1.40), 0.53 (0.17-1.57) and 0.69 (0.23—
1.88) for cancers of the colorectum, liver, and stomach, respectively. This epidemiological observation
showed close correlation with the target organs of EGCG or green tea extract in rodent carcinogenesis
experiments [2—4].

3.2. Age at cancer onsel

Analysis of mean age at cancer onset among the 488 cancer patients found in the follow-up study
revealed that increased consumption of green tea was associated with delay of cancer onset (Table 2).
Mean age at cancer onset among female patients consuming over 10 cups a day was 6.2 years higher
than that among those consuming below 3 cups a day (P < 0.01). Among male patients, the difference
in mean age at cancer onset by consumption of green tea was 3.2 years, possibly being influenced by
cigarette smoking.

We found that cigarette smoking was associated with earlier onset of cancer (£ < 0.01): mean age =
SE at cancer onset was 66.8 + 0.7, 68.2 £ 1.3, and 71.4 & 1.7 years in 186 male current smoker patients,
60 ex-smoker patients, and 39 never-smoker patients, respectively. Thus, earlier onset of cancer among
smokers included in the highest consumption group of green tea cancelled the effects of green tea on age
at cancer onset. In fact, delay of cancer onset was found in both male never and current smoker patients
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Table 3
Serum concentration (Mean & SE, nmal/ml} of lipid peraxides (thiobarbituric assay) among
male smokers by consumption of green tea

Consumption of green fea (cups/day)

<3 4-9 2 10
Current smokers : 0384 023 887018 82340207
Smokers consuming > 20 cigarettes a day®  10.30 £ 0.55 979+ 043 7794 0.40°

ap < 0.01, compared with those in < 3 cups; P = 0.1 after adjustment for age and cigarette
consumption. -

®p « 0.01, compared with those in < 3 cups; P < 0.05 after adjustment for age and
cigarette consumption.

“The upper guartile in distribution of cigarettes consumed a day {177 smokers).

in association with increased consumption of green tea (£ < 0.05 for current smokers, Table 2). Our
theoretical model predicted that delay of cancer onset by 5, 10, and 15 years generates a reduction of 25,
50, and 70% in cancer incidence, respectively.

33 Serum risk markers and relative risk of cardiovascular death

We previously reported an inverse association between consumption of green tea and serum risk
markers for cardiovascular disease, in terms of a cross sectional analysis of 3,625 cohort members, 1,371
mien, who gave peripheral blood samples at baseline [9]. A more detailed analysis including female
subjects revealed: Decreased serum levels of total cholesterol were found among men with increased
consumption of green tea, although this lowering effect was not observed among postmenopausal women;
Decreased serum triglyceride and atherogenic index werc consistently observed among men and women
with increased consumption of green tea. Drinking green tea influenced not only serum levels of lipids
and lipoproteins but also the oxidative status of serum lipids. Serum levels of lipid peroxides among 766
current smokers (mean + SE, 8.83 £ 0.12 nmol/ml) were higher than those (8.37 + 0.21) among 197
never smokers; smokers consuming over 10 cups a day revealed significantly decreased levels of serum
lipid peroxides, compared with those consuming lower amounts (Table 3). The reduction of serum lipid
peroxides was more remarked among smokers who consumed > 20 cigarettes a day.

We then estimated the relative risk of death from cardiovascular disease by consumption of green
tea (Table 4), on the basis of our follow-up study. Men consuming over 10 cups a day revealed a
significantly decreased risk of 0.58, adjusted for lifestyle factors; high consumption of green tea prevents
cardiovascular death even among smokers with a significantly low relative risk of 0.51.. Ten cups (150 ml
per cup) of green tea contain 360-540 mg of EGCG or about 1 g of tea polyphenols, which is thought to
be the daily required amount for prevention of cancer and cardiovascular disease.

3.4. Cumulative proportion surviving

Deaths from cancer and cardiovascular disease account for about half of all deaths in Japan. Since
high consumption of green tea prevents these two major lifestyle-related diseases, we compared mean
age at death from all causes by consumption levels of green tea (Table 5). We found that mean age
at all death among both men and women became higher with increased consumption of green tea
(P < 0.01), producing a difference of 3.8 and 6.0 years between the highest and lowest consumption
groups, respectively. Combining men and women, the difference in mean age at all death in both sexes
was 4.4 years (P < 0.001), a result which implies that high consumption of green tea may generate a
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Table 4
Retfative risk® of cardiovascular death by daily consumpticn of green
tea
Consumption of green tea {cups/day)
<3 4-9 210

Men 1.0 1.09(0.71-1.65° 0.58 (0.34-0.99)

Never smokers 1.0 1.03 (0.41-2.58) 0.49 (0.12-1.97)

Current smokers 1.0 0.96 (0.55-1.67) 0.51 (0.26-0.99)
Women 1.0 0.90 (0.60-1.37) 0.82 (0.49-1.38)
Both sexes I.0 1.02 (0.76-1.36) 0.72 (0.50-1.04}

2 Adjusted for cigarette smoking, alcohol consumption, intake of

meat, and relative body weight, using age as the fundamental time
variable.

bIn parenthesis, 95% confidence interval.

Table 5
Mean age (£ SE, years) at death from all causes in the follow-up study by consumption of green
tea
Consumption of green tea (cups/day)
. <3 4.9 =10 All categories
Men 712+ 1.0 (157)*  73.4:£0.7(288)  750x08(164) 73.3 £ 0.8 (609)
Women 749+ 1.1(129) 775+ 07(265) 809 £ 0.9 (106) 77.6 & 0.5 (500)

Bothsexes 729+ 08(286) 754+ 05(553) 773 £ 0.60270) 75.2 4 0.4 (1109) -
#In parenthesis, number of deaths.

prolonged lifetime. We, then, studied the life-prolonging effects of drinking large amounts of green tea,
in terms of cumulative survival.

We first evaluated the influence of cigarette smoking on cumulative survival by way of example,
since cigarette smoking is the most potent well-known risk factor for cancer and cardiovasculiar disease,
providing a scale to compare with the effects of green tea. Percent survivors (= SE) among muale never
and current smokers were 95 + 1 and 87 = 1% for age-period of 40-69 years, 75 4 3 and 66 & 2%
for 40-79 years, and 50 £ 5 and 46 + 3% for 40—84 years, respectively. Specifically, cigarette smoking
reduced percent survivors at age 84 from 50% among never smokers to 46% among current smokers.

Next, we studied cumulative survival by consumption of green tea (Table 6). In both men and women,
we found a significant increase of percent survivors among those consuming over 10 cups a day for each
age-period, compared with those consuming smaller amounts. The differences in percent survivors by
consumption of green tea increased with age, resulting in 53 and 41% among men, and 69 and 59%

among women surviving at age of 84 years. This excess of 12 and 10% in percent survivors at age 84
was greater than the difference of 4% by cigarette smoking.

4, Discussion

Green tea is an acknowledged cancer preventive, specifically in prevention targeting the delay of
carcinogenic processes. We demonstrated epidemiological evidence in this report on the basis of our
prospective cohort study. Furthermore, various functions of tea polyphenols may generate further benefits
to human health other than cancer prevention. Along this line, we examined the association between

consumption of green tea and cardiovascular disease and indicated remarkable preventive effects of green
tea on the disease.
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Table &
Cumulative proportion surviving (£ SE, %) by daily con-
sumption of treen tea, estimated by the life table obtained
from the follow-up study

Age-~periods Consumption of green tea {(cups/day)
(years) £13 4-8 210
Men
40-69 862 90 £ 1 89 +1
40-79 663 66 =2 71+3
4084 41 +4 43 £3 53+4
Women
40-69 94 £ 1 9% £ 0 97+ 1
40-79 77+£3 831 8412
40-84 504+ 4 66+ 2 69 +4

These results encouraged us to further investigate how much green tea contributes to the prolongation
of life in a Japanese population who habitually drink large amounts of green tea. The observed excess in
percent survivors associated with increased consumption of green tea became larger with age, implying
that high consumption of green tea prolongs life activity and thus contributes to long and healthy lives.
Green tea can be used as a multiple targeting preventive without toxicity both in the general population
where target diseases of prevention are various and sometimes uncertain, and also in high-risk populations
with green tea alone or in combination with other disease-specific preventives.
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Abstract

Isocitric acid methyl esters and their derivatives have been synthesized and their biological activities, superoxide
release inhibition and tumor necrosis factor-alpha (TNF&t)'s release inhibition, have been studied. Linoleic and
linolenic acid derivatives showed strong activity against TNF®’s release inhibition comparable to sarcophytol A
and cryptoporic acid E. © 2000 Elsevier Science Litd. All rights reserved.

Keywords: biologically active compounds; carboxylic acids and derivatives; esters; terpenes and terpenoids.

We have previously reported the isolation of cryptoporic acids A-F from the fungus Cryptoporus
volvatus and established their structures based on high resolution 2D NMR techniques, X-ray analysis,
and chemical degradations.!= It is very interesting to note that cryptoporic acids exhibit strong supero-
xide release inhibition and anti-tumor promotion activities.® The structures are unusual; namely, they are
drimane-type sesquiterpenes linked to isocitric acid moiety with an ether bond.5' We were interested
in their biological activities and planned to prepare synthetic substitutes to the natural products.!! We
first intended to prepare isocitric acid with the same stereochemistry as natural products. Then fatty acids
were attached to the isocitric acid and biglogical activities of these esters were evaluated. We now report
our preliminary resuits.

Since Seebach et al. reported the alkylation of malic acid and synthesis of isocitric acid,'? we have
modified their methodology to prepare monocarboxylic acid derivatives!® (Scheme 1). The allylated
compound 2 of (R)-(+)- or racemic malic acid was protected with the MOM group and subjected to
ozonolysis. The Jones’ oxidation of aldehyde 4 afforded acid 5, which was converted to trichloroethyl
ester 6 using DCC. The MOM group was deprotected by TMSBr and fatty acids were used for the
preparation of esters, whose trichloroethyl group was removed under Zn-AcOH-MeOH conditions to
afford 8, 9 and 10.!* Trimethyl isocitrate (11)!* was synthesized by methylation (CH,N;) of acid 5 and
deprotection of the MOM group in 65% yield from 5.

* Corresponding authors. Tel: +81-88-622-9611; fax: +81-88-655-3051; e-mail: tori @ph,bunri-u.ac.jp (M. Tori), asakawa @
ph.bunri-u.ac.jp (Y. Asakawa)

0040-4039/00/% - see front matter © 2000 Elsevier Science Lid. All rights reserved.
P 50040-4039(00)00316-6
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HO, b
A a, HO" .~‘\/’ c-e MOMO,‘ .
, . TR
MeO.C COsMe
40% Ma0,C COMe MeQ,C COoMe
67%
1 2R=H 4 R=CHO
3 R=MOM 5 R=CO,H
6 R=C02CH2CC]3
P HO, RCOQ, .
N ™C0,CH,COl g h n _ ™GOH
84% Me05GC COzMe MeQC  COzMe
62-19%
8-10

Scheme 1. Reagents and conditions: (a) LDA, BrCH,CH=CHz; (b) MOM-CI, EtNPry; (¢) Qa, CH,Ci;—-MeOH, then SMe,;
(&) Jones; (e} DCC, HOCH,CCly, DMAP; (f) Br§iMes, CH.Cly; (g} RCOOH, DCC, DMAF, CH,Cly; (h) Zn, AcOH, MeOH

Malic acid derivatives were similarly prepared (Scheme 2). The MOM-protected methyl glycolate was
allylated, and similarly converted to methyl trichloroethyl ester of the malic acid 15. The esterification
with fatty acids using DCC and deprotection afforded 16 and 17.%

MOMO a MOMO b, c. d . MOMO,
MeQ3C 189,  Me0:C 4% MeDsC  COCHLCCly

12 13 14

<] HO, RCOO

f,g
——
Me02C  CORCHRCCly MeOse  BOuH
98% 37-44% £ 2
15 16,17

Scheme 2. Reagenis and conditions; {a) LDA, BrCH;CH=CH,; (b) O3, CH;Cl,-MeOH, then SMes; (¢) fones; (d) DCC,
HOCH,;CCls, DMAP; (e) BrSiMe;, CH,Cly; (f) RCOOH, DCC, DMAP, CH1Clz; {g) Zn, AcOH, MeOH

Because the natiral products exhibit strong superoxide release inhibition activities,*? these compounds
were subjected to the same tests.*> The results are listed in Table 1.1> Among those tested, compound
16 was the most effective (ICsg 0.39 4M). The malic acid derivatives were 10 times more effective than
isocitric acid derivatives. The linoleic acid derivatives were more than twice as strong as linolenic acid
derivatives.

Compounds 8 and 9 were further subjected to inhibition tests of TNFo's release with okadaic acid
by anti-tumor promoters on BALB/3T3 cells.>!¢ As shown in Fig. 1, both compounds are as strong as
sarcophytol A (18) and cryptoporic acid E (19). Therefore, it is very interesting o note that the relative
positions of the hydrophilic and lipophilic parts are very important, and that the lipophilic part can be
substituted by fatty acids to show anti-tumor promoter activity.

Thus, we have prepared fatty acid derivatives with isocitric and malic acid moiety and evaluated their
biological activities, and two of them (8 and 9) were as effective as sarcophytol A (18) and cryptoporic
acid E (19) in inhibition of TNFo(’s release.
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Table 1
Superoxide release inhibition activity against guinea pig macrophage
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Fig. 1. Inhibition of TNFo('s release with gkadaic acid by anti-tumor promoters on BALB/3T3 cells
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Abstract Green tea is the most effective beverage for
cancer prevention in humans. Locking at the concept of
combination cancer chemoprevention, we previously
reported the synergistic effects of (—)-epigallocatechin
gallate (EGCG) with sulindac, and the additive effects of
EGCG with tamoxifen, on cancer-preventive activity in
human lung cancer cell line PC-9. This paper reports
confirmation of the synergistic effects of EGCG with
sulindac on the inhibition of intestinal tumors in multi-
ple intestinal neoplasia (Min) mice. Treatment with both
green tea extract and sulindac significantly reduced the
number of tumors from 72.3 £ 283 to 32.0 + 187
tumors per mouse, a decrease of 44.3%, whereas treat-
ment with green tea extract alone or with sulindac alone
reduced it to 56.7 + 3.5 and 49.0 + 12.7, respectively.
The results also indicated that green tea extract inhibited
tumor growth in Min mice almost as potently as sulin-
dac itself did. The three treated groups did not show any
adenocarcinomas, whereas 10.8% of the control group
did. Since cancer-preventive agents like sulindac and
tamoxifen are associated with adverse effects, we discuss
the possibility of non-toxic, combination cancer
chemoprevention with green tea, looking at the goal of
truly effective cancer prevention.

Key words Apc gene - EGCG - Tea polyphenol

M. Suganuma - S. Okabe
Saitama Cancer Center Research Institute,
Ina, Kitaadachi-gun, Saitama, Japan

Y. Ohkura
Saitama Cancer Center Hospital, Ina,
Kitaadachi-gun, Saitama, Japan

H. Fujiki (B4)

Saitama Cancer Center, Ina, Kitaadachi-gun
Saitama 362-0806, Japan

e-mail: hfujiki@cancer-c.pref.saitama.ip
Tel.: +81-48-7221111; Fax: +81-48-7221739

]
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Introduction

The term ““Combination Cancer Chemoprevention™ was
introduced by M.B. Sporn in the journal Nature in 1980,
based on evidence that the combined use of several drugs
with different mechanisms of action exerted marked
synergistic preventive effects (Sporn 1980). We realized
the need to pay special attention to the activity of other
cancer-preventive agents in combination with green
tea, since we found that drinking green tea daily has
cancer-preventive activity in humans {Fujiki 1999; NCI,
DCPC Chemoprevention Branch and Agent Develop-
ment Committee 1996). This was demonstrated in the
results of our previous experiments in which cotreatment
with (—)-epigallocatechin gallate (EGCG) and other
cancer-preventive agents, such as sulindac and tamoxi-
fen, synergistically and additively enhanced induction
of apoptosis of human lung cancer cell line PC-9
(Suganuma et al. 1999).

Sulindac, a non-steroidal anti-inflammatory drug,
suppresses colorectal tumorigenesis in familial adeno-
matous polyposis (FAP) patients, whose condition is
caused by germline mutations of the Apc gene (Kelloff
et al. 1996). Although sulindac is a cancer-preventive
agent for colon cancer in FAP patients, its chronic
treatment is restricted because it also causes bleeding
and peptic ulceration of the gastrointestinal tract.
Therefore, what is urgently needed is some way to re-
duce the adverse effects of sulindac and increase its ef-
ficacy in cancer prevention. In the light of this, we first
wanted to examine the synergistic effects of green tea
extract with sulindac using multiple intestinal neoplasia
(Min) mice, which have germline mutation of the murine
Apc gene and which develop intestinal tumors similar to
those of FAP patients (Moser et al. 1990; Su et al. 1992).

This paper is the first report indicating that a com-
bination of green tea extract and sulindac significantly

| -
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suppressed the number and size of tumors more than
sulindac did alone. As for the mechanisms of action of
combined green tea extract and sukindac, we previously
reported that green tea extract and sulindac commonly
inhibit tumor necrosis factor-o (TNF-¢) release from
cells (Suganuma et al. 1999, 2000). These results clearly
demonstrate a practical way to reduce the adverse effects
of sulindac, resulting in more successful cancer preven-
tion in humans.

Materials and methods

Treatment of Min mice with green tea extract and sulindac

Male C57BL/6J-Min/+ (Min) mice, a strain coitaining a domi-
nant mutation in the Apc gene, were obtained from the Jackson
Laboratory (Bar Harbor, Me., USA). From 6 weeks of age, Min
mice were fed either a powdered CE-2 diet (Clea Japan, Tokyo,
Japan) or CE-2 containing 0.03% sulindac (Sigma Chemical, St.
Louis, Mo., USA). Drinking water was given with or without 0.1%
green tea extract contained 11.2% EGCG, 10.3% (—}-epigallo-
catechin (EGC), 2.5% (~)-epicatechin (EC), 2.3% (—)-epicatechin
gallate (ECG), and 6.7% caffeine, Fresh diet and drinking water
were provided every 3—4 days. The numbers of mice in the non-
treated control group and in the three groups treated with green tea
extract, with sulindac, and with green tea extract plus sulindac were
4, 3, 4, and 4, respectively, During the course of the experiment, no
significant differences in body weight or consumption of food and
drinking water were noted. At 16 weeks of age, all mice were killed,
and their intestinal tracts were removed, fixed with 10% formal-
dehyde, and stained with 0.1% methylene blue (Otori et al. 1998},
Macroscopically visible tumors of more than 0.4 mm in diameter
were counted by two observers separately.

Histological examination

From each group, the intestine of one mouse bearing the average
number of tumors for that group (by macroscopic examination}
was thoroughly examined; the middle portions of intestine of the
other mice in each group were examined histologically. Tumors
were classified as hyperplasia, adenoma, and adenocarcinoma.
Pathohistologically, we categorized hyperplasia as enlarged crypt
without nuclear atypia and irregular architectural features, ade-
noma as enlarged crypt with nuclear atypia, and adenocarcinoma
as enlarged crypt with nuclear atypia and jrregular architectural
features, which was typically, a “glands within glands” structure
(Schlemper et al. 1998).

Results and discussion

To identify the effects of combination cancer chemo-
prevention with green tea extract and sulindac, Min mice

were given both drinking water of 0.1% green tea extract
and diet containing 0.03% sulindac for 10 weeks. The
doses administered were based on results previously re-
ported in anticarcinogenesis experiments, i.e., inhibition
of azoxymethane- and M-methyl-N-nitrosourea-induced
colon carcinogenesis of 344 rats with green tea extract
(Yamane et al. 1991; Narisawa and Fukaura 1993), and
inhibition of tumor formation in the colon of Min mice
with sulindac (Beazer-Barclay et al. 1996). Thus, the
intake of green tea extract and sulindac in this experi-
ment did not vary much in any of the groups: all mice in
the groups ingested about 10 mg of green tea extract and
5 mg sulindac per day. The combination group (treated
with both green tea extract and sulindac) showed an
increase of body weight, as the other three groups did,
indicating that the treatment of green tea extract with
sulindac did not produce any toxic effects. At 16 weeks
of age, the average number of tumors in the non-treated
control Min mice group was 72.3 £ 28.3 tumors per
mouse; tumors were distributed throughout the intesti-
nal tract from duodenum to rectum, but 90% of the
tumors were located in the jejunum and ileum. Treat-
ment with both green tea extract and sulindac signifi-
cantly reduced the number of tumors from 72.3 + 28.3
to 32.0 £ 18.7 tumors per mouse, a decrease of 44.3%,
whereas treatment with green tea extract alone or with
sulindac alone reduced the number of tumors to
56.7 = 3.5 and 49.0 = 12.7, respectively (Table 1).
When we compared the distribution of tumors by di-
ameter ( <1, 1-2, 2-3, and >3 mm), the inhibitory effects
by the combination of green tea extract with sulindac
were even more pronounced. Figure 1 shows the number
of the intestinal tumors per mouse, classified by diame-
ter. Treatmenl with the combination resulted in signifi-
cantly smaller tumor size than in any of the other
groups. Specifically, tumors of 1-2 mm were reduced
from 26.0 = 3.7 with green tea extract alome, and
26.3 + 7.7 with sulindac alone, to 12.5 + 7.8 with the
combination. Green tea extract alone and sulindac alone
reduced the number of tumors larger than 1 mm from
59.5 + 13.1to 43.3 + 4.3 and 34.5 = 5.7, respectively
(Table 1), indicating that green tea extract inhibited
formation and growth of tumors in Min mice almost
potently as sulindac as did.

Most tumors in the intestine of Min mice were ade-
nomas in all groups. However, only the non-treated
control group produced adenocarcinomas; eight (10.8%)
among 74 tumors examined. The adenocarcinomas were

Table 1 Synergistic effects on inhibition of tumor formation in Min mice by combination of green tea extract with sulindac

Group Average no. of tumors/mouse Average no. of tumors classified by diameter (mm)

<] =1
Non-treated 72.3 £ 28.3 (100%) 12.8 £ 1.3 (100%) 59.5 &£ 13.1 (100%)
Green tea extract 56.7 + 3.5 (78.4%) 13.3 & 4.5 (103.9%) 433 & 4.3 (72.8%)
Suhindac 490 £ 12.7 (67.7%) 15.0 + 4.9 (117.2%) 34.5 + 5.7 (58.0%)
Green tea extract + sulindac 32,0 £+ 18.7 {(44.3%)* 14.5 £ 3.5(113.3%) 17.0 + 5.1 (28.6%)*

* Statistically significant (P < 0.05)
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Fig. 1 Inhibitory effects of combination with green tea extract and
sulindac on the number of tumors, classified by diameter. Non-treated
control group (O), and groups treated with green tea extract alone
(&), with sulindac alone (&), and with both green tea extract and
sulindac (®)

not associated with invasion, but showed histologically
irregular architectural features with nuclear atypia
(Schlemper et al. 1998). The three treated groups did
not show any adenocarcinomas. We found that treat-
ments with green tea extract alone, with sulindac alone,
and with the combination, were more effective for
prevention of adenocarcinoma than for adenoma. The
two groups treated with sulindac alone and with
green tea extract plus sulindac showed 25.6% and
25.8% of hyperplasia among 39 and 31 tumors exam-
ined, respectively, indicating that the groups treated
with sulindac and the combination suppressed tumor
progression. All our results indicated that the preventive
activity of sulindac was enhanced by green tea extract in
Min mice.

Several investigators had already reported synergistic
activity with drug combinations; specifically retinoids (9-
cis-retinoic acid and fenretinide) with selective estrogen
receptor modulators (tamoxifen, raloxifen, and LY-
353381), which were studied in rat mammary glands
{Anzano et al. 1996; Chemoprevention Working Group
1999). Similar synergistic effects with these compounds
were also found in carcinogenesis of rat prostate and rat
colon (Chemoprevention Working Group 1999). In ad-
dition to our presented results, a combination of green
tea extract and tamoxifen has been reported to syner-
gisticafly reduce spontancous mammary carcinogenesis
in C3H/Ouj mice (Sakata et al. 1995) and carcinogen-
induced mammary tumors in rodents {M. Sporn, per-
sonal communication). Thus, it is important to establish
the compounds with which green tea is able to show
synergistic or additive effects.
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Our recent investigation revealed that the cancer-
preventive benefits of green tea can be achieved by
drinking 10 Japanese-size cups per day {about 1.5 to
2.0 g green tea extract per day) (Nakachi et al. 2000). In
a practical sense, we recommend drinking as much green
tea as you want and making up any lack with green tea
tablets (prepared in collaboration with the Tea Experi-
ment Station of Saitama Prefecture) (Fujiki 1999).
Continuing our study, we have started clinical trials on
the possible preventive effects of green tea on colen
polyps, and prostate and breast cancers. One breast
cancer patient, who had had surgical resection and was
taking tamoxifen, complained of some adverse effects
with tamoxifen. She has now started to reduce the
tamoxifen dose and drink more green tea every day. This
single example illustrates what we think is the key point:
that green tea 1s a practical, non-toxic way to enhance
the beneficial effects of cancer-preventive drugs, a way
that any person — cancer patient or healthy - can choose
with a physician’s guidance.

Acknowledgements This work was supported by the following
Grants-in-Aid: for Cancer Research from the Ministry of Health
and Welfare, Scientific Research on Priority Areas for Cancer
Research from the Ministry of Education, Science, Sports and
Culture, Japan: for a Comprehensive 10-Year Strategy for Cancer
Control from the Ministry of Health and Welfare of Japan: for
Comprehensive Research on Aging and Health from the Ministry
of Health and Welfare, Japan: for Selectively Applied and Devel-
oped Research from Saitama Prefecture, Japan; and by the
Smoking Research Fund. We thank Aiko Inoue and Atsuko
Kawarai for their assistance with the experiment.

References

Anzano MA, Peer CW, Smith JM, Mullen LT, Shrader MW,
Logsdon DL, Drirer CL, Brown CC, Roberts AB, Sporn MB
(1996) Chemoprevention of mammary carcinogenesis in the rat:
combined use of raloxifene and 9-cis-retinoic acid. J Natl
Cancer Inst 88: 123-125

Beazer-Barclay Y, Levy DB, Moser AR, Dove WF, Hamilton
SR, Vogelistein B, Kinzler KW (1996} Sulindac suppresses
tumorigenesis m the Min mouse. Carcinogenesis 17: 1757—
1760

Chemoprevention Working Group (1999) Prevention of cancer in
the next millennium: report of the chemoprevention working
group (o the American Association for Cancer Research.
Cancer Res 59: 4743-4758

Fujiki H (1999) Two stages of cancer prevention with green tea.
J Cancer Res Clin Oncol 125 589-597

Kellofl Gl, Crowell JA, Hawk ET, Steele VE, Lubet RA, Boone
CW, Covey IM, Doody LA, Omenn GS, Greenwald P, Hong
WK, Parkinson DR, Bagheri D, Baxter GT, Blunden M, Doeltz
MK, Eisenbauer KM, Johnson K, Knapp GG, Longfeliow
DG, Malone WF, Nayfield SG, Seifried HE, Small LM, Sigman
CC (1996) Strategy and planning for chemopreventive drug
development: clinical development plans 11. T Cell Biochem 265:
54-71

Moser AR, Pitot HC. Dove WF (1990} A dominant mutation that
predisposes to muitiple intestinal neoplasia in the mouse. Sci-
ence 247: 322-324

Nzkachi K, Matsuyama S, Mivake S, Suganuma M, Imai K (2000)
Preventive effects of drinking green tea on cancer and cardio-
vascular disease: epidemiological evidence for multiple targeting
prevention. BioFactors 12 (in press)



72

Narisawa T, Fukaura Y (1993) A very low dose of green tea po-
lyphenels in drinking water prevents N-methyl-N-nitrosourea-
induced colon carcinogenesis in F344 rats. Jpn J Cancer Res 84:
1007-1009

NCI, DCPC Chemoprevention Branch and Agent Development
Comumittee (1996) Clinical development plan: tea extracts, green
tea polyphenols epigallocatechin gallate. J Celi Biochem 268S:
236-257

Otori K, Konishi M, Sugiyama K, Hasebe T, Shimoda T, Kikuchi-
Yanoshita R, Mukai K, Fukushima S, Miyaki M, Esumi H
(1998) Infrequent somatic mutation of the adenomatous
polyposis coli gene in aberrant crypt foci of human colon tissue.
Cancer 83: 896-900

Sakata M, Ikeda T, Imoto S, Takeshima K, Enomoto K, Kitajima
M (1995) Tnfluence of green tea extract and tamoxifen on mu-
rine mammary carcinogenesis and estrogen metabolism. Proc
Jpn Cancer Assoc 54: 128

Schlemper RJ, Ttabashi M, Kato Y, Lewin KJ, Riddell RH, Shi-
moda T, Sipponen P, Stolte M, Watanabe H {1998) Differences
in the diagnostic criteria used by Japanese and Western

pathologists to diagnose colorectal carcinoma. Cancer §2:
60-69

Sporn MB (1980) Combination chemoprevention of cancer. Nature
287: 107108

Su L-K, Kinzler KW, Vogelstein B, Preisinger AC, Moser AR,
Luongo C, Gould KA, Dove WF (1992) Multiple intestinal
neoplasia caused by a mutation in the murine homoleg of the
APC gene. Science 256: 668670

Suganuma M, Okabe S, Kai Y, Suecka N, Sucoka E, Fujiki
{1999) Synergistic effects of (—)-epigallocatechin gallate with
(~)}-epicatechin, sulindac, or tamoxifen on cancer-preventive
activity in the human lung cancer cell line PC-9. Cancer Res 59:
44-47

Suganuma M, Suecka E, Sueoka N, Okabe S, Fujiki H {2000)
Mechanisms of cancer prevention by tea polyphenols based on
inhibition of TNF-¢ expression. BioFactors 12 {in press)

Yamane T, Hagiwara N, Tateishi M, Akachi $, Kim M, Okuzumi
I, Kitao Y, Inagake M, Kuwata K, Takahashi T (1991) Inhi-
bition of azoxymethane-induced colon carcinogenesis in rat by
green tea polyphenol fraction. Jpn J Cancer Res 82: 1336-1339



Dietary Anticarcinogens and

Antimutagens
Chemical and Biological Aspects

Edited by

LF. Johnson and G.R. Fenwick
Institute of Food Research, Norwich, UK

RSeC

ROYAL SOCIETY OF CHEMISTHY




1.2

Green Tea as a Cancer Preventive

Hirota Fujiki, Masami Suganuma, Sachiko Okabe, Eisaburo '
Sueoka, Naoko Sueoka, Satoru Matsuyama, Kazue Imai and Kei
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1 Abstract

Green tea is now an acknowledged cancer preventive in Japan and will possibly
soon be recognized as such in other countries. Initially, we found that (--)-
epigallocatechin gallate (EGCG), the main constituent of green tea inhibited
tumor promotion on mouse skin in a two-stage carcinogenesis experiment,
Numerous additional studies revealed the anticarcinogenic effects of EGCG
and green tea on various organs in rodent experiments. This paper reviews the
unique role of green tea in cancer chemoprevention, its anticarcinogenic effects
and other preventive activities, bioavailability of tea polyphenols and epide-
miological studies with green tea. Of particular interest are studies which
showed that daily consumption of green tea delayed clinical onset of various
cancers and led to more hopeful prognoses for breast cancer patients in Stage I
and II following treatment. Based on these results, I propose two stages of
cancer prevention with green tea: prevention before cancer onset, and following
cancer treatment. Since green tea is a common beverage, the knowledge that it
inhibits cancer will be a great comfort to, especially, aging folk concerned with
cancer prevention and any high risk population.

2 Introduction

Green tea is a beverage commonly ingested in Japan every day. The tea plant,
Camellia sinensis, was brought from China to Japan by a Japanese Zen priest in
the twelfth century for use as a medicine. From that time, we Japanese have
simply believed in the benefit of drinking green tea for many years, while not
necessarily being aware of its therapeutic effects.

When we started to study cancer chemoprevention in 1983, we had our first
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