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each plate, transferred into a Brucella broth liquid cul-
ture medium containing 10% fetal calf serum, and cul-
tured for 24 h with agitation under the same
conditions as described above. Some of the bacterial sus-
pension was stored at —80 °C in 0.01 M PBS containing
20% glycerol. DNA from each H. pylori isolate was ex-
tracted from the pellet of the bacterial suspension using
the protease/phenol—chloroform method, suspended in a
TE buffer (10 mM Tris-HCL, pH 8.0 and ] mM EDTA),
and stored at 4 °C until amplification was performed.

2.4. Real-time PCR

All PCRs were performed by real-time methods using
the “ABI PRISM 7700 Sequence Detection System”
(Applied Biosystems). PCR was performed in a 50-pul
reaction mixture containing 25 pl of “TagMan Univer-
sal PCR Master Mix” (Applied Biosystems), 200-800
oM of each primer, 400-600 nM probe, 5 ul of each
DNA sample or an approximately 10-fold serial diluted
standard H. pylori DNA (0.1-10° fg), and double dis-
tilled H,O in 0.2 ml MicroAmp optical tubes (Applied
Biosystems). Thermal cycling conditions comprised an
initial denaturation step at 95 °C for 10 min and 50 cy-
cles at 95 °C for 15 s and 60 °C for 1 min. Several PCR
products were also examined by 3% agarose gel electro-
phoresis. The gels were stained with ethidium bromide.

In addition, a few PCR products were then purified
with Centricon-100 Concentrator columns (Amicon,
Beverly, MA, USA). DNA direct sequencing was per-
formed using a BigDye Terminator v.3.1 Cycle Sequenc-
ing Kit (Applied Biosystems) and an ABI PRISM
3100-Avant Genetic Analyzer (Applied Biosystems)
according to the manufactures’ recommendations.
Nucleotide sequences were aligned and analyzed by
GENETYX-Mac software (version 11.2.3, Software
Development, Tokyo, Japan).

3. Results
3.1. Verification of the system

We could detect the H. pylori 168 rRNA gene, Wes-
tern and East Asian-cagd genes from the DNA of gas-
tric biopsies. Fig. 2 shows results of two typical
Western-cagA samples (Thailand-080, 104) and two typ-
ical East Asian-cag4 samples (Thailand-100, 116). In
16S rRNA, all H. pylori-positive samples were success-
fully amplified, but then, typical Western or East
Asian-cagA samples were only successfully amplified
by each specific PCR set (Fig. 2, upper panels). We
could also show these results by agarose gel electropho-
resis for the PCR products (Fig. 2, lower panels), but the
sensitivity of the real-time PCR system used was higher
than that using agarose gel electrophoresis.

16S rRNA

1 2 3 45 6 7 8 9101112131415

Western-cagA

123 4567 8 9101112131415

East Asian-cagA’

pIHIEaIoR T RaIRdZE

123 4567 8 9101112131415

Fig. 2. Representative 168 rRNA, Western-cag4, and East Asian-
cagA amplification plots and agarose gel electrophoresis. Thailand-080
(red, lane 8) and 104 (pink, lane 9) were typical Western-cag4 samples.
Thailand-100 (green, lane 10) and 116 (blue, lane 11) were typical East
Asian-cagA samples. Then, Thailand-019 (dark green, lane 12) and 112
(yellow, lane 13) were considered to be multiple infections samples,
detected by both Western and East Asian type PCR sets. Thailand-070
(light blue, lane 14) and 075 (dark blue, lane 15) were considered to be
cagA-negative or AB-type CagA samples, detected by neither Western
nor East Asian type PCR sets. Lanes 1-7, standard dilution series
(10%-1 fg).
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(a) Forward primer probe Reverse primer
26695 2864 AGGCATGATAAAGTTGATGATCTCAGTAAGGTAGGGCTTTCAGCTAGCCCTGAACCCATTTACGCTACGATTGATGATCTCGGCGGACCTTT 2045
********************************************** ****’l’****************************************
Thailand-063 AGGCATGATAAAGTTGATGATCTCAGTAAGGTAGEGCTTTCAGCTAACCCTGAACCCATTTACGCTACGATTGATGATCTCGGCGGACCTTT
*************************************************f******************************************
Thailand-080 AGGCATGATAAAGTTGATGATCTCAGTAAGCTAGGGCTTTCAGCTAGCCCTGARCCCATTTACGCTACGAT TGATGATCTCGGCGGACCTTT
(b) Forward primer probe Reverse primer
F32 2812 AAAGGAGTGGECGGTTTCAGTEGAGCAGGGCGATCAGCTAGCCCTCAACCCATTTACGCTACAATTGATTTTGATGAGGCARATCARGCAGG 2003
*******i*****}******************************************************************************
Thailand-038 ABAGGAGTGEECAETTTCAGTGGAGCAGEGCGATCAGCTAGCCCTGAACCCATTTACGCTACAATTGATTTTGATGAGGCARATCAAGCAGE
************************************’k*‘k***'k***********************i*************************
Thailand-055 ARAGEAGTGGGCGETTTCAGTGEAGCAGEGCGATCAGCTAGCCCTGAACCCATTTACGCTACAATTGAT TTTGATGAGGCARATCAAGCAGE

Fig. 3. Alignment of the nucleotide sequence in the 3 region of the cagA gene. (a) Western-cag4 sequence among strains 26695, Thailand-063, and
Thailand-080. Each 92-bp sequence presented here starts at position 2824 of strain 26695 cag4 open reading frame (GenBank accession number:
AFE000569). (b) East Asian-cagd sequence among strains F32, Thailand-038, and Thailand-055. Bach 92-bp sequence presented here starts at
position 2812 of strain F32 cagA open reading frame (GenBank accession number: AF202972).

Furthermore, we checked nucleotide sequences of the
Western and East Asian-cagA4 PCR products (Fig. 3). In
the East Asian-cagd sequence among strains F32, Thai-
land-038, and 055, each 92-bp sequence was completely
identified. In the Western-cagA4 sequence among strains
26695, Thailand-063, and 080, the 92-bp sequences were
highly homologous, except for only a 1-bp replacement
from G to A in Thailand-063.

3.2. Distribution of CagA diversity in Thai patients

All H pylori-positive patients examined were H.
pylori-positive, since H. pylori 165 IRNA was detected
(Table 2), and all four H. pylori-negative patients were
negative. Therefore, comparing with histology the sensi-
tivity and specificity of this real-time PCR system were
100%. Concerning CagA diversity, 53.7% (22/41) were
East Asian CagA-positive, and 26.8% (11/41) were Wes-
tern CagA-positive. Three cases (7.3%) (Thailand-019,
053, 112) were not classed as both types because they
were detected by both PCR sets, whereas either East
Asian or Western CagA had higher intensity. These
cases were considered to be multiple infections (Fig. 2).
Five cases (Thailand-070, 075, 102, 122, 125) (12.2%)
had undetectable CagA in this study (Fig. 2). H. pylori
16S rRNA was detected in these cases, so they were
cagA-negative or AB-type CagA, which did not contain
either the ESS or WSS sequence (Table 2).

4, Discussion

In East Asia, the prevalence of gastric cancer is much
higher than in Western countries. It is known that there
are significant geographic differences among H. pylori
[12,25], and large sequence differences distinguish the
cagA gene fragments from East Asian and Western
strains [26,27]. We previously reported that the grades
of inflammation, activity of gastritis, and atrophy are
significantly higher in patients with gastritis infected

by the East Asian CagA-positive H. pylori strains than
in patients with gastritis infected by the cagA-negative
or Western CagA-positive strains [33]. Furthermore, it
was demonstrated by use of in vitro transfection exper-
iments using a human gastric cancer cell line (AGS), that
the East Asian-specific sequence of CagA protein con-
fers stronger SHP-2 binding and transforming activities
than does the Western-specific sequence [27], meaning
that the potential of East Asian CagA to disturb host
cell functions as a virulence factor may be higher than
that of Western CagA. Based on these data, it is thought
that endemic circulation of H. pylori organisms with
more virulent CagA proteins may affect the prevalence
of gastric cancer in East Asian countries, and that the
East Asian CagA-positive strains may be more virulent
than the Western CagA-positive strains. Thus, it may
be important to distinguish between East Asian and
Western type CagA to expedite clinical procedures in
areas where two types of H. pylori are mixed-present.
Therefore, in the present study, we developed a highly
sensitive real-time PCR system to identify H. pylori
and the cagd gene type in DNA samples from gastric
biopsies.

A real-time PCR method based on TagMan fluores-
cence methodology requires fewer steps after PCR than
conventional PCR methods, simplifying the procedures.
Using these primers sets, it was also possible to show
these results by agarose gel electrophoresis for the PCR
products, but the sensitivity of our real-time PCR system
may be higher than using agarose gel electrophoresis. We
were also able to detect the H. pylori 16S rRNA and
Western or East Asian-cagd gene from several DNA
samples of paraffin-blocked tissues, gastric juices, and
feces (data not shown). Although these samples contain

- almost all host DNA, there are very small concentrations

of H. pylori DNA if these are present. Since extracted
DNA from host samples is required in this system, we
can examine the cagd-typing if there are no facilities
for H. pylori culturing. Furthermore, it is known that
host immunogenic factors, such as polymorphisms in
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Table 2

Discrimination between Western and East Asian-cagd in gastric biopsies from Thai patients

Sample Age Sex Diagnosis 16s IRNA cagAd Decision HP(+)
Western East Asian

006 77 M CG bt - +++ East Asian

011 38 M CG +4+ - + East Asian

013 45 F CG +++ - ++ East Asian

019 28 F CcG +++ ++ +++ East Asian/Western

026 44 F CG +++ - +++ East Asian

029 57 M CG +++ - +++ East Asian

033 25 M CG + — + East Asian

034 78 M CG + - ++ East Asian

037 27 F CG +tt +tt - Western

038 63 M GU o+ - +++ East Asian

040 41 M CG ++ - ++ East Asian

045 80 M GU +++ - +++ East Asian

051 58 M GU +++ - +++ East Asian

053 65 M GU +++ +++ + Western/East Asian

055 45 F GCA +ebt - +++ East Asian

057 45 M GCA +obt - +++ East Asian

059 70 M GCA +4+ +++ — Western

061 55 M GCA +++ - ++ East Asian

063 40 M GCA +++ +++ - Western

067 60 M GCA ++ - + East Asian

068 78 F GCA +++ — + East Asian

070 66 M GCA +4+ - ~ cagA(—)/AB type

075 70 M CG +t - - cagA(—)/AB type

076 50 F CG +++ ++ - Western

078 37 M CG ++ - + East Asian

080 44 F CG +++ +++ - Western

082 64 F CG + ++ - Western

084 29 M CG +4+ - + East Asian

088 73 F CG +++ ++4 - Western

092 59 M CG +++ - ++ East Asian

094 41 M CG +++ +4++ - Western

096 33 F CG +++ + - Western

098 43 F CG +++ ++ - Western

100 63 F CG ++4 - +++ East Asian

102 22 M CG + - - cagA(—)AB type

104 34 M CG +++ +++ — Western

112 59 M DU +++ +++ ++ Western/East Asian

116 35 F DU +++ - ++ East Asian

120 76 M DU +++ - +4++ East Asian

122 32 M DU + - - cagA(-)/AB type

125 61 M DU ++ - - cagA(—)/AB type

CG, chronic gastritis; GU, gastric ulcer; GCA, gastric cancer; DU, duodenal ulcer.

+++ 2 100 fg; 100 fg>++ = 10 fg; 10fg>+ =2 1 fg; —<1 fg.

the interleukin-1 gene cluster and HLA genes have been
proposed to modulate the risk of gastric cancer {34-36];
we may also be able to investigate host immunogenic fac-
tors at once since we used almost all host DNA samples
in this system.

In the present study, we examined the distribution of
CagA diversity in gastric biopsies from Thai patients.
The prevalence of East Asian CagA and Western CagA
was 53.7% and 26.8%, respectively, which was quite dif-
ferent from our previous data from East Asia. We pre-
viously reported that over 90% of samples isolated
from Fukui, Japan (100%, 65/65) and Hangzhou, China
(94.4%, 17/18) had East Asian type CagA [33,37]. We
confirmed these previous data using a real-time PCR

method in this study. The CagA types by the conven-
tional PCR methods were consistent with those by the
real-time PCR method (data not shown). In contrast,
there were mixed-present H. pylori that had the East
Asian or Western type CagA in Thailand. Three cases
(7.3%) could not be classed as both types because these
were detected by both PCR sets, whereas either East
Asian or Western CagA had a higher intensity. These
cases were considered to have multiple infections. Five
cases (12.2%) had undetectable CagA in this study. H.
pylori 16S TRNA was detected in these cases, and they
were cagA-negative or AB-type CagA, which did not
contain either the ESS or WSS sequence. Ultimately,
in this case, we could distinguish cagA-typing com-
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pletely at about 80% using this system. The prevalence
of East Asian CagA-positive H. pylori infection varied
according to clinical outcome (54.2% in chronic gastri-
tis, 62.5% in gastric cancer, 100% in gastric ulcer, and
60.0% in duodenal ulcer patients), although the differ-
ences were not significant.

The present study suggests that real-time PCR can
provide a highly sensitive assessment of CagA type of
H. pylori in gastric biopsies, and it may be a useful
and simple new diagnostic tool. We plan to investigate
the geographical and clinical significance of the diversity
of CagA using this system in a large number of cases in a
further study.
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Abstract: A previous study showed expression of CD36, re-
cently reported to play important roles in metabolism of oxi-
dized low-densiry lipoprotein and long-chain fatry acids and
to be positively correlated with colon cancer prognosis. To
examine relationships between colorectal cancer and the
CD36 gene AS52C polvmorphism according to meat con-
sumption as a surrogate for saturated fatty acid intake, we
conducted the present hospital-based, case-control study of
128 cases and 238 non-cancer controls. Consumption of
meat and vegetables/fruit was divided into three (low, moder-
ate, and high) and two (low and high) groups, respectively.
Regarding the risk of colorectal cancer on cross-classifying
subjects for the CD36 genotype and meat consumption, the
odds ratio (OR) for the CIC genotype with moderate meat
consumption relative to the A/A genotype with low meat con-
sumption was 830 (95% confidence interval, CI =
2.15-32.00). None of individuals with the C/C genotype was
in the high meat consumption group. In the low vegeta-
bles/fruit consumption group, the OR for the C/C genotype
relative to the AJA genotype was 3.03 (95% CI = 1.12-7.90).
Qur findings suggest that interactions between moder-
ate-high meat consumption and the CD36 gene A52C poly-
morphism may increase the risk of colorectal cancer.

Introduction

High consumption of red meat has been reported as a
probable risk factor for colorectal cancer, with diets high in
total fat. animal fat/saturated fatty acid (SFA), and processed
meat possibly increasing the likelihood of cancer develop-
ment (1,2). On the other hand, high consumption of vegeta-

bles is suggested as a convincing protective factor for
colorectal cancer. A large-scale cohort study in Japan dem-
onstrated a markedly increased risk of colon cancer for men
consuming meat daily but green or yellow vegetables rarely,
relative to individuals eating both foods daily (3). Doll and
Peto and Kye et al. have advocated that the majority of
colorectal cancer in industrial countries may be preventable
through modification of dietary habits (4,5).

Data from the National Nutritional Survey during the last
50 yr illustrated that Japanese had a 20-fold increase in intake
of milk, followed by meat (9-fold), eggs (7-fold), animal fat
and vegetable oil (6-fold), and fruit (3-fold), whereas the in-
takes of rice and potatoes gradually decreased (6,7). The in-
takes of fish, beans, green or yellow vegetables, and other
vegetables remained relatively constant. Dietary energy and
fat intake derived from meat were 1.3 and 2.2 times higher
than those of sea foods, respectively. Both dietary energy and
fat intake derived from pork, chicken, and processed meats as
reference to beef (100%) were 150-160%, 70-80%, and
60%, in that order. The westernization of dietary habits has
been considered one of the most important risk factors for in-
creasing incidence and mortality rates of colorectal cancer
among Japanese (8-12). Cancer registry information shows
that the incidence rate of colon cancer among Japanese im-
migrants in the United States has rapidly increased and is the
same or rather higher than that among native Caucasians
(13). :

Meat and meat products are suggested to be major contribu-
tors of animal fat/SFA in Japan as well as in the United States
and European countries (14,15). For the risk of colorectal can-
cer, however, there have been few reports of meat consumption
focusing on interactions with gene polymorphisms related to
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fat metabolism. CD36 has been demonstrated to play impor-
tant roles not only in monocyte adhesion to thrombospondins
or collagen type [ and IV but also in metabolism of dietary fat
and serum lipids as a fatty acid translocase (FAT) and as ascav-
enger receptor of oxidized low-density lipoprotein (LDL)
(16-18). A previous study showed that the expression of CD36
regulated  stromal  antiangiogenetic  activity = of
thrombospondin | and was correlated with colon cancer prog-
nosis and the decreased stromal vascularization (19). The fre-

quency of CD36 deficiency is higher among Japanese than’

among American-European people (3~11% and 0.3%, re-
spectively) (18,20). The regular translation initiation codon
and another ATG codon are located at exon 3 position +290
and at exon | position +62 within its promoter region, respec-
tively, and such upstream codons have been reported tc be
present in many protooncogenes (21). Recently, the CD36
gene A52C polymorphism has been detected, featuring A to C
substitution atexon | position +52 within its promoter region,
which s predicted to modulate CD36 expression and the abun-
dance of transcription-binding sites (21,22).

CD36 has not hitherto been linked to carcinogenesis ac-
cording to intake of meat/SFA. Regarding the increment of
colorectal cancer along with the westernization of dietary
habits among Japanese, our hypothesis is that the CD36 gene
A32C polymorphism might have a positive association with
colorectal cancer according to tumor promotion by intake of
meat/SFA. To explore possible gene—environmental interac-
tions between meat consumption and the CD36 gene A52C
polymorphism for the risk of colorectal cancer, we therefore
conducted the present hospital-based case-control study.

Subjects and Methods

Study Subjects

This case-control study was conducted as part of a series
in a major project on genetic polymorphisms and cancer risk
in Aichi Cancer Center Research Institute (23). We recruited
the subjects from patients aged 40-79 yr who visited the out-
patient services at Aichi Cancer Center Hospital between
March 1999 and July 2000 (24). The cases comprised inci-
dent (within 1 yr before the study entry) and prevalent cases
that had been histopathologically diagnosed as having colon
or rectal cancer at the Department of Gastroenterological
Surgery. Cases who were under 40 yr at the time of cancer di-
agnosis and had hereditary ailments such as familial adeno-
matous polyposis were excluded because those cases were
more likely to be affected by host-related than environmental
factors. The rate of incident patients was 49.6%, and all prev-
alent cases were diagnosed within 5 yr, except for one pa-
tient. Controls were first- and re-visit outpatients who visited
the Department of Gastroenterology during the same term
and were confirmed to be cancer-free; these non-cancer out-
patients had gastric/duodenal ulcers (9.5%), gastritis (9.2%).
hypertension (6.3%), pain including arthritis and lumbago
(3.3%). diabetes mellitus (2.9%). hyperlipidemia (2.9%).
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and miscellaneous other diseases (9.5%) (not confirmed in
their medical records). Our previous study demonstrated that
it is feasible to use general lifestyle of non-cancer outpatients
at Aichi Cancer Center Hospital as controls in epidemiologi-
cal studies (25).

All subjects were Japanese and lived in the Tokai area, in-
cluding Aichi Prefecture, central Japan. They were provided
with an explanatory document and gave their written in-
formed consent for participation in this study. One trained in-
terviewer collected and checked information on food con-
sumption, lifestyle (including habitual exercise, drinking.
and smoking habits), and medical histories from self-admin-
istrated questionnaires, and we performed 7-ml blood sam-
pling from a peripheral vein. We excluded two cases with
missing information from the questionnaires. Eligible sub-
jects were 128 colon and rectal cancer cases and 238 con-
trols.

This study was approved by the Ethics Committee of the
Aichi Cancer Center.

Lifestyle Assessment

Regarding dietary habits. the frequency of intake for
whole meat (including beef, pork. and chicken). fish. raw
vegetables (over one small bowl), fruit and tofu, and three
beverages (Japanese tea. coffee, and milk) and preference for
salt were assessed. Level of consumption was divided into
three groups, that is, less than once a week (“low”), one to
three times per week (“moderate™), and four or more times
per week (“high”™). “Vegetables/fruit™ was defined as a vari-
able that included raw vegetables and fruit and divided into
two groups, that is. “high™ for four and more times per week
of both food items and “low™ for other category combina-
tions of these. The consumption of the three beverages was
categorized as rarely, sometimes. or daily.

Lifestyle factors were also classified into three groups: 1)
habitual exercise, which was other than work for more than
15 min, less than once a week. one to two times per week, and
three or more times per week; 2) drinking habit, less than
once a week, one to four times per week, and five or more
times per week: and 3) smoking status, current. former, and
never-smokers. We defined former smokers as those who
quit smoking more than 2 yr before the questionnaire study.
We asked the cases to provide information about their life-
style before the onset of disease and the controls at the study
enrollment.

Laboratory Methods

DNA was extracted from buffy coat fractions with a
QlAamp DNA Blood Mini Kit (Qiagen. Valencia, CA).
Genotyping of A to C the substitution at position +52 (452C)
from the first nucleotide on the 5’-proximal promoter region
of the CD36 gene exon | (accession no. L06849, Al160C)
was conducted by the polymerase chain reaction (PCR) with
confronting two-pair primers (PCR-CTPP) (26): Fl, 5-AGT
CTA TCC AAA GTC GTC AAT-3' (sense) and R1. 5-AGA
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CAT GAA TTT TAC AGG AAA G-3' (antisense) for the C
allele and F2, 5-TTT CTG TGA CTC ATC AGT TCA-3’
(sense) and R2, 5-TTA GTT GCA TCC TCA CTA TCT-3'
(antisense) for the A allele. Genomic DNA (30-100 ng) was
assessed in 25 ul of reaction mixture, with 0.15 mM dTNPs,
25 pmol of each primer, 0.5 units of Takara Taq (Takara
Shuzo, Otsu, Japan), 2.5 pl 10 x PCR buffer, including 15 ml
MgCla (Takara Shuzo), and 1 pl glycerol. Amplification con-
ditions were 5 min of initial denaturation at 94°C followed by
30 cycles of 60 s at 94°C, 60 s at 46°C, and 60 s at 72°Cand 5
min final extension at 72°C. PCR préducts were visualized
on a 2% agarose gel with ethidium bromide staining. Geno-
types were defined with reference to allele-specific bands of
300 and 212 bp for the C and A alleles, respectively, as well as
the common 470 bp band.

Statistical Analysis

The ? test was performed for nonparametric comparisons
of data. Accordance with the Hardy-Weinberg equilibrium,
which indicates an absence of discrepancies between geno-
type and allele frequencies, was also checked for controls
with the %2 test. Odds ratios (ORs) and their 95% confidence
intervals (CIs) were calculated using the unconditional logis-
tic regression model. To control for the effects of potential
environmental confounding factors, ORs were calculated af-
ter adjustment for age (continuous), sex, habitual exercise,
drinking and smoking habits, and others. Furthermore, di-
etary variables such as meat were entered in the model stated
previously when testing for trend. Due to the small number of
cases and controls with the C/C genotype, no formal statisti-
cal test of the gene by environmental interaction was per-
formed. Significance was considered at P < 0.05. All statisti-

cal analyses were performed with the STATA statistical pack-
age (STATA, College Station, TX).

Results

The mean age of colorectal cancer cases in women was
older than that of controls (Table 1). Sex ratios between cases
and controls did not differ. The rate for 23 times per week of
habitual exercisers was higher in controls than in cases (P <
0.05). In men, the rate for =5 times per week of alcohol con-
sumption was higher in cases than in controls (P < 0.05), but
in women the rate for <1 time per week was over 80% in both
groups. Proportions of smokers in men and women did not
differ between cases and controls.

Meat consumption increased the risk of colorectal cancer
(P = 0.05 for trend), and the ORs for moderate and high meat
consumption relative to low meat consumption were 1.84
(1.01-3.35) and 1.99 (0.93-4.27), respectively (Table 2). In
contrast, the risk of colorectal cancer demonstrated a ten-
dency for decrease with consumption of milk (P = 0.06 for
trend), but there were no obvious associations with consump-
tion of raw vegetables, fruit, and vegetables/fruit.

Figure 1 shows a representative result of the CD36 geno-
typing by the PCR-CTPP method. No differences in geno-
type and allele frequencies of the A52C polymorphism of the
CD36 gene were evident between cases and controls, and the
allelic distribution for controls was in the Hardy-Weinberg
equilibrium (P = 0.16) (Table 3). There were no gender dif-
ferences in those frequencies, and the allelic distributions for
men and women in controls were also in the Hardy-Weinberg
equilibrium (P = 0.32 for men and P = 0.31 for women, re-
spectively). The OR for the C/C genotype relative to the A/A

Table 1. Background Characteristics of Colorectal Cancer Cases and Controls«

P Value for
Controls Cases ¥ or -Test

Number of subjects

Men 116 (48.7) 74 (57.8)

Women 122(51.%) 54(42.2) NS
Age (yr)

Men 579 x8.1 59.6 + 8.8 NS

Women 56.0+7.4 60.1 £9.2 <0.01
Habitual exercise

<! time/wk 124 (52.1) 84 (65.6)

1-2 times/wk 46 (19.3) 19 (14.8)

23 times/wk 68 (28.6) 25 (19.5) <005
Drinking habit

<l time/wk 135 (56.7) 57 (44.5)

14 times/wk 45(18.9) 17 (13.3)

=5 times/wk 58 (24.4) 54 (42.2) <0.05
Smoking habit

Non-smokers 139 (58.4) 59 (46.1)

Ex-smokers 43 (18.1) 34 (26.6)

Smokers 56 (23.5) 35(27.3) NS

«: Values in parentheses are percentages. NS, not significant.
b: Mean = SD.
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Table 2. ORs and 95% Cls for Colorectal Cancer According to Food Consumption®

Controls Cases OR" (95% CI) OR"(95% ChH
Meat!
Low (<1 time/wk) 59 (24.8) 21 (16.4) 1.00 1.00
Moderate (1-3 times/wk) 142(59.7) 83 (64.8) 1.72(0.97-3.06) 1.84 (1.01-3.35)
High (24 times/wk) 37(15.5) 24(¢18.8) 2.02 (0.95-4.26) 1.99¢0.93-4.27)
P value for trend NS 0.05
Milk¢
Rarely 420177 37(28.9) 1.00 1.00
Sometimes 77(32.5) 39(30.5) 0.60 (0.33-1.10) 0.62(0.33-1.10)
Daily 118 (49.8) 52 (40.6) 0.46 (0.25-0.82) 0.53(0.29-097)
P value for trend <0.05 NS
Raw vegetables
Low (<] time/wk) 45(18.9) 19 (14.8) 1.00 1.00
Moderate (13 times/wk) 114(47.9) 69 (53.9) 1.81(0.95-3.45) 226 (1.12-4.53)
High (24 times/wk) 79(33.2) 40 (31.%) 1.37 (0.69-2.70) 1.66 (0.80-3.46)
P value tor trend NS NS
Fruit
Low (<! time/wk) 32(13.4) 26 (20.3) 1.00 1.00
Moderate (1-3 times/wk) 79(33.2) 41 (32.0) 0.61 (0.31-1.20) 0.80 (0.39-1.66)
High (24 times/wk) 127(53.4) 61 (47.7) 0.65 (0.33-1.26) 0.8810.42--1.83)
P value for trend NS NS
Vegetables/fruit
Low {<4 times/wk) 183(76.9) 102(79.7) 1.00 1.00
High (24 times/wk) 55(23.1) 26 (20.3) 0.86 (0.50-1.48) 0.99 (0.57-1.74)°

a: ORs. odds ratios: Cls. confidence intervals: NS. not significant. Values in parentheses are percentages.

b: ORs were adjusted for age and sex.

¢: ORs were adjusted for age, sex, and habitual exercise, drinking, and smoking habits.

d: Meat included beef, pork, and chicken.

e: One male control missing milk consumption was excluded from analyses.

f: High consumption of “vegetables/fruit” was defined as a variable of 24 times/wk of both raw vegetables and fruit consumptig

and other combinations of those were categorized into the low consumption group.

genotype was 2.23 (95% confidence interval. CI =
0.97-5.15).

With regard to the risk of colorectal cancer adjusted for
age and sex on cross-classifying subjects for the CD36 geno-
type and meat consumption, the OR for the C/C genotype
with moderate meat consumption relative to the A/A geno-
type with low meat consumption was 8.30 (95% CI =
2.15-32.00) (Table 4). In the A/A genotype group, the OR for
high meat consumption relative to low meat consumption
was 3.29 (95% CI = 1.10-9.84). None of individuals with the
C/C genotype was in the high meat consumption group. High
level of milk consumption was not associated with the risk of
colorectal cancer. For consumption of raw vegetables and
fruit. there were inconsistent interactions with the CD36
gene A52C polymorphism for the risk of colorectal cancer. In
the low vegetables/fruit consumption group, however. the
OR for the C/C genotype relative to the A/A genotype was

3.03 (95% CI = 1.16-7.90).

Discussion

The present study demonstrated that the risk of colorectal
cancer for meat consumption increased from 1.99 to 8.30 ac-
cording to an interaction between moderate meat consump-
tion and the C/C genotype of the CD36 gene A52C polymor-
phism relative to high meat consumption ignoring this gene
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polymorphism. Consequently, we found that §

CD36 is a highly glycosylated 88-kDa protet
pressed in a broad variety of human cells, such:
monocytes, capillary endothelial cells. adipocy

mary epithelial cells (22). The CD36 gene is locale

Figure 1. Representative results for the CD36gene AS2C poly
the PCR-CTPP method. DNA fragments stained with cthidia |
shown. Lane M. markers: lane 1, C/C; lane 2. A/C: lane 3, A4




Table 3. ORs and 95% Cls for Colorectal Cancer According to CD36 Gene A52C Polymorphisms in Colorectal Cancer

Cases and Controls?

Controls Case Crude OR (95% CI) OR" (95% CI)

Genotype

A/A 122(51.5) 62 (49.6) 1.00 1.00

A/C 102 (43.0) 49 (39.2) 0.95 (0.60-1.50) 0.93 (0.58-1.49

c/C 13(5.5) 14 (11.2y 2.12(0.94-4.79) 2.2310.97-5.15)
Allele frequency

A 346 (73.0) 173169.2)

C 128 (27.0) 77 (30.8)

;
«: The CD36 genotypes and the allele frequencies in three colorectal cancer cases (one colon and two rectal cancer cases) and one control were unknown be-
cause DNA was not amplified by PCR-CTPP. Values in purentheses are percentages.

h: Adjusted for age and sex.

Table 4. ORs and 95% Cls for Colorectal Cancer According to the CD36 Genotype With Reference to Food Consumption

Number of Cases/Controls’

OR"(95% CI)

Low"”
(<1 time/wk)

Moderate’
(13 times/wk)

High"
(24 umes/wk)

Low'™ Moderate' High”
(<! time/wk) (1=3 times/wk) (=4 times/wk)

Meat®

A/A 8732 40/69 14/21

A/C 9/20 32/66 8/16

c/c 377 11/6 0/0
Milk¢

A/A 14/23 20/38 28/61

A/C 13/15 15/35 21/52

c/c 7/4 44 3/5
Raw vegetables

A/A 8/26 34/57 20/39

A/C 7/15 26/52 16/35

c/C 2/4 8/5 474
Fruit

A/A 13/15 17/43 32/64

A/C 9/13 20/33 20/56

c/C 2/4 Y3 8/6
Vegetables/fruit!

A/A 47/98 15/24

A/C 40/76 N6

c/C 12/9 2/4

1.00
1.80(0.59-5.52)
2.17(042-11.21

1.00
1.54 (0.52-4.55)
2.80 (0.60-13.16)

1.60
1.35(0.38—+.80)
1.60 (0.24-10.72)

1.00
1.07 (0.31-3.70)
0.58 (0.08—4.27)

1.00
1.10(0.65-1.87)
3.03(1.16-7.90)

274 (1.10-6.82)
2.04 10.83-5.04H
8.30 (2.15-32.00y

0.95 (0.38-2.36)
0.66 (0.26-1.67)
1.62 (0.35-7.61)

2.33(091-5.97)
1.73 (0.68—1.42)
6.88 (1.55-30.55)

042 (0.15-1.17)
0.76 (0.28-2.07)
278 (0.41-18.82)

3.29(1.10-9.84)
3150.85-11.67)
NE/

0.7210.31-1.63)
0.57 (0.24-1.36)
1.06 (0.21-5.29)

1.75 (0.63-4.83)
1.52(0.56—412)
353 (0.67-18.64

0.77 (0.27-1.70)
0.29 (0.10-0.82)
1.78 (0.41-7.69)

1.35 10.62-2.92)
0.70 (0.29-1.66)
0.9710.17-5.72)

«: Three colorectal cancer cases and one control with unknown €36 genotype were excluded from analyses.

bh: ORs were adjusted for age and sex.

¢ Milk intake was rarely. sometimes. and daily and was represented as low. moderate. and high. respectively.

d: High consumption of “vegetables/fruit” was defined as a variable for 24 times/wk of both raw vegetables and [ruit consumption, and other combinations of

those were categorized into the low consumption group.
e: Meat included beef. purk. and chicken.
£ NE, not estimated because case and controf were absent in this category.

variant allele frequency of the A52C polymorphism was
found to be 26.7% among 750 Japanese (21). Expression of
the CD36 gene is regulated in a tissue-specific manner by
peroxisome proliferator-activator receptor ligand-responsive
promotion (28.29).

The major cause of CD36 deficiency is found with the
Pro90Ser polymorphism. but the Ser allele frequency was
only 4.2% among our study subjects (30,31). CD36 defi-
ciency is reported to be linked with a high serum level of
LDL cholesterol. but this biological marker has been contro-
versial with regard to the risk of colorectal cancer (32-41).
Oxidized LDL has been suggested as a potent independent
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mitogenic and/or cytotoxic factor under some conditions
(42). Therefore, we considered that the variant allele of the
A52C polymorphism might have the lower ability for FAT
and oxidized LDL scavenger receptor and effect colorectal
tumor promotion through the increased secretion of bile acid
as a tumor promoter, with modulation of cell membrane flu-
idity, and increased responsiveness to insulin and insulin-like
growth factor-I as growth hormonal factors for colonic
mucosal cells (43—46).

Clear results from epidemiological studies demonstrating
intake of meat, meat products. and animal fat/SFA to increase
the risk of colorectal cancer have been limited. and many in-
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vestigations failed to confirm this hypothesis after adjusting
for total energy (1,47-51). Meat and its products (8 foods)
contribute 18.0% of the 65.8% cumulative contribution (20
foods) of SFA, followed by 12.2% for chicken egg, 10.2% for
milk, 2.9% for salad oil, and 2.6% for butter (14). Intake of
meat, therefore, can be thought of as a good surrogate for
SFA. In contrast to meat, milk is rich in short- and mid-
dle-chain SFAs (about 25%), which are absorbed at the portal
vein, but not the lymphatic system for long-chain fatty acids.
and metabolized to energy immediately. Furthermore, milk is
also rich in calcium and has been reported to reduce the risk
of colorectal cancer (52).

Incidentally, high consumption of dietary fiber (53) sup-
ports a protective role in the dilution of bile acids related to
high intake of animal fat. From our finding that the combina-
tion of low vegetables/fruit consumption and the C/C geno-
type confers a threefold elevated risk for colorectal cancer.
we feel that the A52C polymorphism might be related to the
function of FAT.

Regarding risks for colorectal cancer and adenomas,
gene—environmental interactions  for subgroups  of
cytochrome P450 CYPIA2 and N-acetyltransferases-2 for
heterocyclic amines (HCAs), glutathione S-transferases for
polycyclic aromatic hydrocarbons, and cytochrome P450
CYP2A6 and CYP2E! for N-nitroso compounds have been
reported (54-62). Cigarette smoking and alcohol consump-
tion as inducers of those metabolic enzymes and activators of
organic xenobiotics, however, critically affected the magni-
tude of those risks, (58-60). Intake of HCAs generated dur-
ing high-temperature cooking has been summarized as fol-
Jows: 1) fish, but not meat, was the highest source of HCAs in
the Japanese diet and 2) daily intakes of HCAs among Japa-
nese, Swedish, and American populations were 1.1, 2.3, and
9.0 ng/kg, respectively (63). Thus, at least among Japanese
the impact of HCAs for colorectal cancer might be limited.

Further study on larger populations is needed to confirm
and extend our observations because our study subjects were
relatively small, especially in the C/C genotype group. The
function of the CD36 gene A52C polymorphism has also yet
to be clarified. The type of meat, such as beef, pork, chicken,
and processed meat, was not distinguished in our question-
naire, and the accuracy of food consumption data was not ex-
amined. However, trends in colorectal cancer risk showed
that the food-frequency questionnaire might be a sufficiently
reliable instrument. with classification into three consump-
tion groups (low, moderate, and high) for meat, milk, raw
vegetables, and fruit. Risks of colorectal cancer may be un-
derestimated with data from prevalent cases because these
might have already modified their lifestyle with reference to
the recommended primary cancer prevention. Our findings,
therefore, are not conclusive. :

In conclusion. the present study is the first to our knowl-
edge to examine the association between the CD36 gene
A52C polymorphism and consumption of meatas a good sur-
rogate for SFA regarding the risk of colorectal cancer. Posi-
tive interactions between the CD36 gene A52C polymor-
phism and meat consumption of more than one time per week
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were found after adjusting for confounding effects of life-
style factors and vegetables/fruit consumption. We need to
stress that lifestyle modification for primary cancer preven-
tion may be more effective when taking into account the indi-
vidual genetic background.
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Cigarette smoking and the risk of ovarian cancer in the
Japanese population: Findings from the Japanese
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Abstract
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Aim: The many studies into the relation between cigarette smoking and the risk of ovarian cancer have pro-
duced inconsistent results. Here we investigated this relation using data from the Japan Collaborative Cohort
Study for Evaluation of Cancer Risk, initiated in 1988.

Methods: A self-administered questionnaire on smoking habits and other risk factors for cancer was com-
pleted by 34 639 Japanese women. After 7.6 years of follow up, 39 cases of ovarian cancer were available
for analyses. Cox proportional-hazards models were used to compute relative risks (RR) and to adjust for
confounders.

Results: Relative to those who had never smoked, the RR of ovarian cancer were 1.63 (95% confidence inter-
val [CI] = 0.21-12.50) for former smokers and 2.27 (95% Cl = 0.85-6.08) for current smokers. Among current
smokers, the RR were 1.48 (95% CI = 0.20~10.92), 5.56 (95% CI = 1.68-19.06), and 1.86 (95% CI=0.25-1 4.30)
among women who smoked <10, 10-19, and at least 20 pack-years ([number of cigarettes smoked per day/
20] x number of years subject has smoked), respectively, relative to those who had never smoked. A test for
trend was statistically significant (P = 0.044).

Conclusions: These data indicate that cigarette smoking increases the risk of developing ovarian cancer in the
Japanese population.

Key words: cohort study, Japanese; ovarian cancer, proportional-hazards model, smoking.

Introduction many other industrialized countries, the age-adjusted

incidence rate increased approximately 1.5-fold (from
Ovarian cancer is one of the most common cancers 3.6 to 5.7) from 1975 to 1993.>* Previous reports have
among women worldwide.' Although the frequency of attributed this increase to declining parity’ and
ovarian cancer in Japan is low relative to the rate in increasing obesity,* but possible contributions from
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environmental factors, such as diet, coffee, alcohol,
and cigarette smoking, remain unclear. Moreover, the
prevalence of smoking in young Japanese women is
steadily increasing.’

Benzola]-pyrene is one of the mutagens and carcin-
ogens present in cigarettes.® Zenzes ¢t al. reported on
the immunodetection and quantification of benzola}-
pyrene DNA adducts in ovarian granulosa-lutein cells
of patients undergoing in vitro fertilization and embryo
transfer who were exposed to cigarette smoking.” The
presence of these adducts in ovarian cells from women
exposed to cigarette smoke indicates the possibility of
an increased risk for DNA damage caused by smoking.

Many epidemiological studies have investigated
associations between cigarette smoking and ovarian
cancer risk (mainly using case—control study designs),
but the findings have been equivocal®™® Several of
these studies have indicated a positive association
between smoking and ovarian cancer,” but only one
prospective cohort study identified a significant
relation.™

We therefore examined the association between cig-
arette smoking and the risk of ovarian cancer in a pro-
spective cohort study involving Japanese subjects.

Materials and Methods

Study population

The investigation was conducted using data from the
Japan Collaborative Cohort Study for Evaluation of
Cancer Risk sponsored by the Ministry of Education,
Culture, Sports, Science and Technology in Japan
(JACC study), which was a multicenter collaborative
study in which 24 institutions participated. The design
and conduct of the JACC study has been described
elsewhere in detail.® Between 1988 and 1990, 64 327
women from 45 areas of Japan and aged 40-79 years
registered based mainly on a basic health examination
that was conducted under the Health and Medical
Service Law for the Aged.

On enrollment in the JACC study, all participants
completed a self-administered questionnaire that com-
prised personal identifiers, demographic characteris-
tics, personal and family medical history, reproductive
history, smoking and alcohol consumption status,
dietary exposures, education, and various behavioral,
environmental and occupational exposures. For ciga-
rette smoking, subjects were asked to describe their
smoking status (never/former/current), age at start-
ing smoking, average number of cigarettes smoked per
day, years of smoking, depth of smoke inhalation, and

Cigarette smoking and ovarian cancer

years of smoking cessation. In this study, we did not
assess passive smoking.

The data and cause of death were annually or bian-
nually confirmed, with the permission of the director-
general of the Prime Minister’s Office. Population reg-
istries in the municipalities were used to determine the
vital and residential status of subjects. Registration of
death is required under the Family Registration Law in
Japan, which applies throughout the country. Inci-
dences of cancer were confirmed using records from
the population-based cancer registries, which were
supplemented by a systematic review of death certifi-
cates;” in some areas, medical records were also
reviewed in major local hospitals. Analyses were
restricted to data from the participants who lived in the
24 study areas in which cancer registries were avail-
able. The data of subjects who had moved from the
study area were also verified by the investigator in
each area by reviewing population-register sheets of
the cohort members. The mortality/incidence ratio
for ovarian cancer was 0.62 in the cohort covered by
cancer registries, which is comparable with data in
population-based cancer registries in Japan that
are considered acceptably accurate (0.50-0.71);* this
correspondence indicates that a reasonably high pro-
portion of ovarian cancer cases was identified in the
present study.

The follow-up periods ran from the time of the base-
line survey through to the end of 1999 in all areas. The
endpoint of the study was defined as the incidence of
ovarian cancer (10th Revision of the International Clas-
sification of Disease; ICD-10: C56). For each partici-
pant, the person-years of follow up were calculated
from the enrollment to development of ovarian cancer,
death from any other causes, moving from the study
area, or the end of the follow-up period, whichever
occurred first. However, for cases in which the time of
development could not be ascertained, we defined the
person-years measure as the time period from the
enrollment to death from ovarian cancer. Those who
moved from the study areas or died from causes other
than ovarian cancer were treated as censored cases.
The Ethical Board at Nagoya University School of
Medicine approved this investigation.

The following exclusion criteria were applied to our
analytic cohort: women with a history of ovarian can-
cer at the time of enrollment, women registered from
areas with a zero incidence of ovarian cancer, and
women with an unknown smoking status. After these
exclusions, a total of 34 639 women and 39 ovarian
cancer cases were eligible for analysis.
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Statistical analysis

The strength of the association between cigarette
smoking and risk of ovarian cancer incidence was
examined. We used Cox proportional-hazards models
to estimate relative risks (RR) and 95% confidence
intervals (CI), adjusted for age at enrollment and study
area.” In another multivariate analysis, all RR were
adjusted for the following potential confounders: body
mass index (<18.5, 18.5-24.9, 225 kg/m?), height (<150,
150-155, 2156 cm), hormone replacement therapy
(HRT; yes, no), family history of breast cancer and/or
ovarian cancer (yes, no), age at menarche (£12, 13-15,
>16 years), age at menopause (<43, 44-47, 48-51,
252 years), parity (0, 1-2, 23 children), alcohol
consumption (non-drinker, former drinker, current
drinker), and education (less than high school, high
school, college or higher). In the analyses, all variables
were entered as dummy variables. These variables
were assessed using the baseline questionnaire and
were selected as confounders because they are either
suspected to be or are modifiers of ovarian cancer
risk.”¥ However, we did not adjust for HRT in the
final models because there was no ovarian cancer case
among individuals with HRT. In this study, oral con-
traceptives were not measured because the study sub-
jects in the cohort were aged 40-79 years at baseline.
Missing values for each covariate were treated as an
additional category in the variable and were included
in the model. Trends in risk with pack-years (i.e. [num-~
ber of cigarettes smoked per day/20] x number of
years the subject has smoked) were evaluated among
all smokers by treating ordinal-score variables as con-
tinuous variables in the proportional-hazards model.

All statistical analyses in this study were carried out
with SAS software (SAS Institute, Cary, NC). All
reported P-values are two-sided, and considered sta-
tistically significant when <0.05.

Results

A total of 34 639 women (mean age =58.3 years) were
followed for an average of 7.6 years (range =0-10.0
years) (266 366 person-years). At the initiation of the
JACC study the proportions of those who had never
smoked and former and current smokers were 93.1%,
1.6%, and 5.3%, respectively. A total of 39 women were
diagnosed with ovarian cancer, although the time of
development could not be ascertained in four of them.
Of these 39 cases, 35.9% (14 cases) had histologic
diagnosis of serous carcinoma, 10.3% (four cases) had
endometrioid carcinoma, and 5% (two cases) had
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mucinous carcinoma, whereas 48.7% (19 cases) had no
detailed histologic diagnosis. The baseline characteris-
tics of the study cohort according to smoking status are
given in Table 1. Former smokers were older and
heavier than current smokers and those who had never
smoked. Current smokers were taller than former
smokers and those who had never smoked. Both cur-
rent smokers and former smokers were more likely to
be nullipara and current drinkers than those who had
never smoked.

Table 2 lists the age- and study-area-adjusted and
multivariate-adjusted RR of ovarian cancer for smok-
ing status. After adjustment for study area and age at
registration, current smokers showed a significantly
increased risk of ovarian cancer compared with those
who had never smoked (RR=2.63, 95% CI=1.02-
6.78). However, multivariate analysis with the other
confounders showed that current smokers were asso-
ciated with an increased (although non-significant)
risk of ovarian cancer (RR =2.27, 95% CI = 0.85-6.08).
Former smokers were also positively associated with
the risk of ovarian cancer, but this was also not
significant.

Table 3 lists the age- and study-area-adjusted and
multivariate-adjusted RR of ovarian cancer for ciga-
rettes per day, years smoked, and consumption in
pack-years among current smokers. Women who cur-
rently smoked 10-19 cigarettes per day had a signifi-
cantly higher risk of developing ovarian cancer
(RR =3.50, 95% CI = 1.05-11.68) compared with those
who had never smoked. The risk was also increased in
women who were long-term smokers at enrollment.
Women who smoked 1019 years had a risk that was
more than four-fold that of never smokers (RR = 4.58,
95% CI = 1.07-19.59). Women who currently consumed
10-19 pack-years showed the highest RR compared
with those who had never smoked after adjustment by
multiple possible confounders (RR=5.56, 95% CI=
1.68-19.06). Smokers with a consumption of at least 20
pack-years had an increased risk of ovarian cancer, but
this was also not significant (RR = 1.86, 95% CI =0.25~
14.30). A test for trend was statistically significant
(P =0.044). The depth of smoke inhalation was not
associated with risk of ovarian cancer.

Discussion

The results from this prospective study support
the existing evidence that long-term exposure to
tobacco carcinogens is associated with a higher inci-
dence of ovarian cancer.”™ There is evidence that
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Table 1 Baseline characteristics of the study cohort by smoking status

Covariates Baseline smoking status
Current (11 = 1825) Former (1 =571) Never (=32 243)
No. % No. Y No. %

Age at baseline (years)

4049 578 317 98 17.2 7 700 23.9

50-59 335 293 134 235 10 166 315

60-69 463 254 199 349 9 851 30.6

70-79 249 13.6 140 245 4526 14.0
Body mass index (kg/m?)

<185 163 8.9 38 6.7 1933 6.0

18.5-24.9 1155 633 335 58.7 21980 68.2

225 387 212 161 282 6796 21.1
Height (cm)

<150 708 38.8 268 46.9 14 662 45.5

150-155 603 33.0 168 294 11 025 342

2156 408 224 102 17.9 5190 16.1
Hormone replacement therapy

No 1389 76.1 428 75.0 25907 80.3

Yes 113 6.2 47 8.2 1359 42
Family history of ovarian cancer or breast cancer

No 1794 98.3 563 98.6 31730 98.4

Yes 31 1.7 8 1.4 513 1.6
Age at menarche (years)

<12 148 8.1 43 7.5 2047 6.3

13-15 911 499 286 50.1 17 980 35.8

216 586 321 190 33.3 10162 315
Age at menopause (years)

<43 179 9.8 68 11.9 2562 79

4447 209 ns 72 126 3590 11.1

48-51 432 237 138 242 9544 29.6

252 246 13.5 129 22.6 5833 18.1
Parity (number of children)

0 152 8.3 54 9.5 1426 1.4

1-2 788 432 232 40.6 13088 40.6

23 658 36.1 212 37.1 15 558 48.3
Alcohol consumption

Non-drinker 835 45.8 241 422 24288 75.3

Former drinker 123 6.7 63 11.0 384 1.2

Current drinker 748 410 235 412 6770 21.0
Education

Less than high school 148 8.1 43 75 2047 6.3

High school 911 499 286 50.1 17 980 55.8

College or higher 586 321 190 333 10 162 315

Table 2 Relative risks of ovarian cancer with 95% confidence intervals according to smoking status

Smoking status Cases/person-years’ RR (95% CD)# RR (95% CIF¥
Never smoked 33/248 929 1 (reference) 1 (reference)
Former smoker 1/3900 2.06 (0.28-15.16) 1.63 (0.21-12.50)
Current smoker 5/13 3536 2.63 (1.02-6.78) 2.27 (0.85-6.08)

*Number of ovarian cancer cases per 100 000 person-years. *Multivariate models included age and study areas. *Multivariate models
included age, study areas, body mass index, height, family history of breast cancer and/or ovarian cancer, age at menarche, age at meno-
pause, parity, alcohol consumption, and education. CI, confidence interval; RR, relative risk.
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Table 3 Relative risk of ovarian cancer with 95% confidence interval according to cigarettes per day, years smoked, and con-

sumption in pack-years among current smokers

RR (95% CD}

RR (95% CIF

Characteristics Cases/person-years’
. Cigarettes/day
Never smokers 33/248 929
<10 ,1/3320
10-19 3/5766
220 1/3795
Years smoked
Never smoked 33/248 929
<10 1/1741
10-19 2/3127
220 2/7482
Pack-years?
Never smoked 33/248 929
<10 1/4627
10-19 3/3816
220 1/3738

1 (reference)

2.09 (0.29-15.31)
3.78 (1.16-12.33)
1.93 (0.26-14.14)
P for trend = 0.049

1 (reference)

4.10 (0.56-30.10)
4.60 (1.10-19.22)
1.95 (0.47-8.14)

P for trend =0.035

1 (reference)
1.13 (0.21-11.15)
5.74 (1.76~18.73)

1 (reference)

2.08 (0.28-15.43)
3.50 (1.05-11.68)
1.81 (0.24-13.77)
P for trend = 0.08

1 (reference)
3.95 (0.53-29.49)
4.58 (1.07-19.59)
1.82 (0.42-7.85)
P for trend =0.11

1 (reference)
1.48 (0.20-10.92)
5.56 (1.68-19.06)

1.86 (0.25-14.30)
P for trend = 0.044

1.98 (0.27-14.50)
P for trend = 0.027

*Number of ovarian cancer cases per 100 000 person-years. IMultivariate models included age and study area. "Multivariate models included
age, study area, body mass index, height, family history of breast cancer and/or ovarian cancer, age at menarche, age at menopause, parity,
alcohol consumption, and education. Pack-years = (cigarettes smoked per day/20) multiplied by years smoked. relative risk.

benzola]-pyrene DNA adduct levels in ovarian cells
are related to the dose and duration of smoke expo-
sure, both current and long-term.” In this study, we
used cumulative cigarette smoking as a surrogate mea-
sure of tobacco carcinogen exposure. Even though
our study included only a small number of cases,
it revealed a positive association between cigarette
smoking and ovarian cancer incidence in Japanese
women. In terms of smoking status at the time of study
entry, a statistically significant association with ova-
rian cancer was found for current smokers, adjusted by
age and study area. After adjustment for the other con-
founders, however, the association was not statistically
significant. In terms of dose and duration, although
not significant for individuals with a consumption of
at least 20 pack-years, a significant association was
found between ovarian cancer and individuals with
10-19 pack-years of consumption. Compared with the
Canadian Cohort Study, which showed that women
who had consumed at least 40 pack-years of cigarettes
had a statistically non-significant 29% increased risk,”
a relatively small consumption in terms of pack-years
seemed to affect the ovarian cancer pathogenesis in our
Japanese cohort. However, our subjects were on aver-
age approximately 10 years older at baseline than
those included in the Canadian study, and it is possible
that there was a longer time between initial exposure
to cigarettes in the Japanese cohort, and therefore more
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time for ovarian cancer to develop in that cohort. Alter-
natively, there might be genetic race-related factors
that influence the association between environmental
factors and susceptibility to ovarian cancer.

The strengths of the present study include its pro-
spective design and the large size of its cohort. Data on
exposure were collected before the diagnosis of ova-
rian cancer, which should preclude recall bias. More-
over, to our knowledge this is the first prospective
cohort study that has examined the association
between cigarette smoking and the risk of ovarian can-
cer in an Asian population.

The main limitation of this study is the small num-
bers of cohort members who developed ovarian can-
cer. This limits the statistical power of the study to
detect associations. The incidence of ovarian cancer is
lower in Japanese than in Caucasians women, which
contributed to our results being based on relatively
few cases. This difference might be associated with a
lower rate of cigarette smoking among Japanese
women compared with Caucasians (147% and 21-
30%, respectively).”

Second, our study had insufficient information on
the histologic type of ovarian cancer, which prevented
us from examining histologic specificity. Many previ-
ous studies have reported that the influence of smok-
ing habits differed between histologic types of
epithelial ovarian cancer. The results from some case-



control studies have suggested that smoking, even
over relatively short periods, is particularly related to
mucinous adenocarcinoma of the ovary*% A cohort
study by Terry et al. found that the risk of mucinous
tumors was twofold higher in current smokers (but not
former smokers) than in those who had never smoked,
with a relatively short period between the cigarette
smoking and the disease diagnosis.® In contrast, the
risk of non-mucinous tumors in their data was highest
among women who were long-term smokers. The inci-
dence of ovarian clear-cell carcinoma among Japanese
women is relatively high. Such differences in the dis-
tribution of histologic subtypes between races, as well
as genetic factors, might influence the association
between smoking habits and ovarian cancer risk.

Third, information on cigarette smoking was not
updated after the enrollment. It is likely that some cur-
rent smokers ceased smoking and others comumenced
smoking during follow up, which would have attenu-
ated the association between smoking and ovarian
cancer.

Future large prospective studies with improved his-
tologic information and follow-up data should attempt
to reveal the pathogenesis of ovarian cancer in Japan.

In summary, despite some limitations in.our pro-
spective study, our results suggest that cigarette smok-
ing is associated with an increased risk of ovarian-
cancer incidence in Japanese subjects.
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