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Abstract

Isothiocyanates, found in cruciferous vegetables, are anti-carcinogenic. Racial differences in
smoking do not fully account for the African American excess lung cancer incidence. African
Americans consume more cruciferous vegetables than US Whites. Impact on lung cancer risk is
unknown. Glutathione S transferase M1 (GSTMJI) gene promotes urinary isothiocyanate
excretion. We evaluated dietary isothiocyanates and lung cancer using a population-based case-
control study of 933 African Americans and Caucasians (non-Hispanic US White) from Los
Angeles County, California (311 cases; 622 controls). Broccoli, cauliflower, greens and cabbage
food-frequency variables represented isothiocyanates. Isothiocyanates were protective for lung
cancer risk. Adjusted odds ratio (OR) for the uppermost quartile, > 80 Mol isothiocyanates/week,
compared to lowest, was 0.65 (95% confidence interval (CL) = 0.41 - 1.00, trend p = 0.02).
Association was stronger among subjects with homozygous deletion of GSTMI (OR=0.52; 95%
CL =0.31 - 0.86), than subjects with at least one GS7MI copy (OR =0.77; 95% CL = 0.49 -
1.21). Difference was not statistically significant (p = 0.16). Despite African Americans
consuming more cruciferous vegetables, the isothiocyanate association did not vary by race
(p=0.52). Reduced lung cancer risk with higher isothiocyanate intake may be slightly stronger
among subjects with deletion of GSTM1.
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INTRODUCTION

There is controversy about whether vegetable intake reduces lung cancer risk. Although
early observational studies suggested that elevated vegetable intake reduces the risk of lung
cancer (1-8), evidence from recent large pooled studies and prospective cohorts has been
inconclusive (9-13).
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Cruciferous vegetables contain a variety of biologically active constituents that may play a
role in cancer protection (14). Among these, isothiocyanates are a class of compounds with
anticarcinogenic properties. Experimental studies in animals show that isothiocyanates
hinder lung carcinogenesis mainly through inhibition of tobacco smoke procarcinogen
activation by phase 1 enzymes (cytochrome P450s), and enhancement of detoxification by
phase 2 enzymes (glutathione S-transferases) (GST) (15). In addition, the ability of
isothiocyanates to inhibit cell proliferation and induce apoptosis has recently been shown to
contribute to protection against lung carcinogenesis (16).

Several years ago we reported that a urinary biomarker of isothiocyanate intake was
inversely related to lung cancer risk in a population (Shanghai) that consumes high levels of
cruciferous vegetables, and that this protective effect was greatest in subjects genetically
deficient in glutathione-S-transferase M-1 (GSTMI) and T1 (GSTTI) (17). This observation
has been confirmed, using dietary questionnaire data in a US Texas population (18), in
Singapore Chinese (19), in a European population from Central and Eastern Europe (20),
and, among non-smokers from Europe and South America (21), although one US study and
one Danish study found opposite effects with the strongest protection found among GSTM1
intact subjects who had high intakes of cruciferous vegetables (22, 23).

No study has yet evaluated dietary isothiocyanate consumption among a multi-racial
population that included African-Americans. African-Americans are of interest in this regard
because of their reported higher consumption of cruciferous vegetables. Greens, a dish
typically made from mustard or collard greens, which is rarely consumed among US Whites
outside of the South, is a common food item in typical African American diets (24).

African Americans exhibit a higher incidence of lung cancer than other American ethnic
groups (25). Patterns of excess lung cancer risk among African-American men may be due
to a higher prevalence of current smoking. However African-American smokers consume
fewer cigarettes per day than White men (26), suggesting that the elevated incidence cannot
be fully attributed to smoking differences. Explanations for racial differences in lung cancer
incidence most likely involve variation in other environmental exposures, genetic
differences, or both (27).

Because dietary isothiocyanate consumption and lung cancer risk has not been studied in a
multi-ethnic population, we evaluated dietary intake assessed by food frequency
questionnaire and potential interactions with GSTMI genotype in relationship to lung cancer
risk in a population-based case-control study of African Americans and Caucasians
conducted in Los Angeles County, California.

Between 1991 and 1994, incident cases of lung cancer were identified within 7 months of
diagnosis from 35 hospitals in Los Angeles County. Controls under age 65 years were
randomly selected from licensed drivers who resided in Los Angeles County; while controls
over 65 years were randomly selected from lists of Medicare Beneficiaries provided by the
Health Care Finance Administration (HCFA). To try and achieve a balance in the
distribution between cases and controls for age (within 10 year intervals), race, and gender,
controls were frequency matched for these factors to all lung cancer cases diagnosed at the
provider hospitals in the previous three years. We attempted to enroll twice as many controls
as cases (see London et al 1995 for further details) (28).

Eligibility criteria for the study were as follows: residing in Los Angeles County, being 40—
84 years of age, able to complete a questionnaire in English, being Caucasian (non-
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Hispanic) or African American, and having had no prior cancer other than nonmelanoma
skin cancer. A total of 356 cases and 731 controls were enrolled.

Enrollment consisted of giving a blood sample, and completing an in-person interview about
known and possible risk factors for lung cancer. The current analysis was restricted to the
933 subjects (311 cases and 622 controls) who had complete information on smoking, diet,
and GSTM1 genotype measurements.

Study procedures to protect human subjects were approved by the federally designated
University of Southern California Institutional Review Board, in accord with assurances
approved by the U.S. Department of Health and Human Services. Each subject provided
informed consent.

The GSTM1 genotype was detected by the PCR method described by Zhong et al. (29). This
method distinguishes homozygous null from heterozygous and homozygous wild-type and
includes an internal control primer for the related but nonpolymorphic GSTM4 gene.
Subject DNA, homozygous wild-type or heterozygous for GSTM1, gave PCR products of
230 base pairs (bp) (GSTMI) and 157 bp (GSTM4), but DNA from homozygous null
individuals yielded only the 157-bp GSTM4 product.

The semi-quantitative food frequency instrument provided information on dietary intake of
cruciferous vegetables (30). Cases reported their diet for the year prior to lung-cancer
diagnosis, and controls reported their diet for the year prior to their interview date.

Cruciferous vegetable consumption was measured by asking subjects to recall the usual
number of servings for the following five types of cruciferous vegetables/dishes separately:
broccoli, brussel sprouts, cauliflower, cabbage, and greens. The discrete categories of intake
frequencies are: never or less than once per month; 1-3 times per month; 1 time per week;
2-4 times per week; 5-6 times per week; 1 time per day; 2-3 times per day; 4-5 times per
day; or 6+ times per day. Responses for each vegetable were assigned the midpoint of the
frequency category, transformed to number of servings per month and summarized. Subjects
who responded in the uppermost category, 6+ times per day, had their values truncated to
6.0 times per day.

Isothiocyanate content was assigned to three vegetables (broccoli, cauliflower, cabbage)
using the transformation constants presented in Jiao et al. (31), and, greens using the
transformation constant in Shapiro et al. (32). Both studies used similar phytochemical
methods to derive isothiocyanate content. No studies using these methods have derived
isothiocyanate content for brussel sprouts, which were rarely consumed among study
subjects (mean intake frequency for study population, 11 servings per year) and, therefore
were not included in our computation of total dietary isothiocyanate.

We summarized isothiocyanates from each respective cruciferous vegetable into a
continuous variable. We constructed approximate quartiles of the summarized
isothiocyanate variable based on distribution among the controls (<25, 26-40, 41-80, >
80pMol); and constructed a median cutpoint of isothiocyanate consumption (40p.Mol) for
stratified analyses.

To provide assurance that dietary isothiocyanates were reflective of underlying cruciferous
intake, we also constructed a cruciferous vegetable variable that consisted of summarizing
all cruciferous vegetables (broccoli, brussel sprouts, cauliflower, cabbage, and greens). We
constructed discrete quartile (approximate) categories of cruciferous vegetable consumption
according to number of servings per week (<1, 1, 2 — 3, 4+) based on the control
distribution.
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Smoking status was established using a reference date: 1 year prior to lung cancer diagnosis
for the cases and 1 year plus the median time cases were diagnosed prior to interview date
for the controls (15.7 months). Never smokers answered “no,” to the question, “Have you
smoked 100 cigarettes or more over your lifetime.” Subjects who smoked were asked age
they started smoking regularly, as well as usual amount smoked.

Unconditional logistic regression models were fitted to the data (33). Odds-ratios and their
95% confidence intervals were estimated using Epilog Plus for Windows, version 1.0 (34).

Smoking was adjusted using a term for the natural logarithm of pack-years and a term for
the product of the natural logarithm of years since quitting smoking, as this best
characterized the smoking-lung cancer relationship in these data (28). All models included
age. Gender and ethnicity were approximate frequency matching factors and were included
in all models. Additional factors were included if they changed the estimated effect of the
dietary isothiocyanate variable by 10% or more. The final model used to estimate the
association between isothiocyanate and lung-cancer risk included terms for ethnicity,
gender, smoking history, as well as a continuous term for age.

Terms for saturated fat, occupational exposures, family history, passive smoking, and
alcohol fell below the 10% limit of association change between isothiocyanate and lung
cancer and therefore were not included. To assess effect modification, we constructed
likelihood ratio tests comparing two logistic models: model that contained the constituent
variables without the product term; and model that contained the constituent variables plus
the product term. We used one-way analysis of variance, and multiple linear regression
models adjusted for gender, to compute mean differences of continuous variables and their
corresponding p-values. Tests of statistical significance were two-sided. P-values of less
than 0.05 were considered significant.

The distribution of gender, ethnicity, smoking status, average age, cruciferous vegetable
consumption, dietary isothiocyanate, and polymorphic variants of GSTM1 are shown in
Table 1. The average ages for cases (63.5) and controls (62.6) were very similar (p = 0.22).
Distributions for gender and ethnicity differed by 8% and 12% respectively between cases
and controls. As expected, smoking patterns were markedly different for cases and controls.

Isothiocyanate intake was inversely associated with lung cancer risk (trend p = 0.02) among
the total study population (Table 2). The odds ratio of lung cancer for the uppermost quartile
intake category, > 80pMol of isothiocyanate consumption per week, was 0.65 (95% CL =
0.41 - 1.00), adjusted for smoking history and the matching factors. Consumption of
cruciferous vegetables (broccoli, cabbage, cauliflower, greens, brussel sprouts) had a
corresponding protective association with lung cancer risk (trend p = 0.01). The uppermost
intake category of 4+ servings per week of cruciferous vegetables, compared to less than 1
serving per week, was inversely associated with lung cancer risk (OR = 0.60; 95% CL =
0.35 - 1.00) (data not shown).

The isothiocyanate-lung cancer association was stronger among subjects with a GSTM1
homozygous deletion (OR = 0.52; 95% CL = 0.31 — 0.86) than among those with intact
GSTM1 (OR=0.77; 95% CL = 0.49 — 1.21), but the difference was not statistically
significant (P =0.16). The inverse association was slightly stronger in men although power
in this group was also greater due to the larger sample size. Differences according to gender
were not statistically significant (p=0.18). Although a higher proportion of African-
Americans than Caucasians had isothiocyanate intake above the median of 40 units, there
was little evidence for a significant difference in the isothiocyanate-lung cancer risk
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association between African-Americans and Caucasians (Table 2) (p=0.52). While power
for further stratification was limited, there was no evidence that the association between
isothiocyanates and lung cancer risk differed by race-sex strata or by race- GSTM!1 strata
(data not shown).

There may be a clustering of risk behaviors according to smoking status and gender, with
male smokers tending to consume lower amounts of fruits and vegetables (35). Among the
controls, male smokers had lower (p = 0.07) mean weekly total ITC consumption (mean =
60.32 Mol) compared to female smokers (mean = 73.53 wMol). When we restricted the
sample to smokers we found that males had an adjusted odds ratio of 0.59 (95% CL =0.39 —
0.89) comparing ITC consumption above the median to consumption below the median
whereas the OR for females was 0.72 (95% CL = 0.39 — 1.33). Our sample size did not
allow for further stratification, and we could not estimate the effect of ITC according to the
GSTM!1 genotype by smoking and gender.

Table 3 shows average servings per week of cruciferous vegetables (overall, and for each
vegetable type) according to race among the control subjects. African Americans had a
higher average number of servings per week of total cruciferous vegetables than Caucasians
(p = 0.02). In particular, intakes of greens (p= 0.0001) and cabbage (p=0.004) were greater
in African Americans.

DISCUSSION

We found a protective effect of isothiocyanate intake on lung cancer risk in our study of
African-Americans and Caucasians. In addition, the protective effect of higher
isothiocyanate intake was greater among individuals with genetic deficiency of GSTM1.
These results are in agreement with our previous findings from a prospective study of men
in Shanghai, China (17), and from our case-control study of Chinese women in Singapore
(19). Similar results have been seen in other studies, both case-control and cohort (18,
20,21).

We observed similar associations for isothiocyanate and lung-cancer risk among African
Americans and Caucasians. Over the past several years, population-based research has
examined risk factors that might help to explain the elevated lung cancer incidence among
African Americans (28, 36—39). Results from this study are compatible with the published
literature and suggest that dietary factors do not explain the excess incidence among
African-Americans (1,2,38).

We observed a stronger inverse association between isothiocyanate intake and lung cancer
among subjects with the homozygous deletion of GSTM1, consistent with previous studies
(17-21), although the difference did not achieve statistical significance. Several focused
experimental and clinical studies have provided biological evidence for the GST-
isothiocyanate interaction. Animal studies have shown isothiocyanate to be a potent
inhibitor of lung carcinogenesis induced by tobacco carcinogens such as NNK (nitrosamine
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone), and PAHSs (polycyclic aromatic
hydrocarbons) (15, 40-42). This inhibition effect is stronger when phase Il enzymes such as
GSTMI are functionally de-activated, possibly resulting in longer circulating half-lives of
isothiocyanate and thus a greater degree of chemoprevention (43). Isothiocyanates also have
been shown to inhibit carcinogenesis by induction of apoptosis (44) or protection against
oxidative damage (45).

The ITC association we observed may have resulted from foods that are likely to be eaten
along with cruciferous vegetables such as fruits, beta carotene, vitamin C, or vegetables that
are rich in beta carotene and other protective nutrients. To address whether our results were
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due to these potential confounding factors, we adjusted the ITC and lung cancer risk model
for all fruits, and orange, yellow, and red vegetables. Likewise, we adjusted the model for
beta carotene and vitamin C. For both models, adjustment for these factors made no
appreciable difference on the ITC associations with lung cancer risk that we observed.

Our study has several potential limitations. Responses to the food frequency questionnaire
regarding consumption of cruciferous vegetables from the cases may have been influenced
by their lung cancer diagnosis. However, our interviews were conducted face-to-face at
subjects’ homes by trained interviewers who were instructed to prompt the subjects
repeatedly to recall their diets one-year prior to diagnosis for the cases and equivalent dates
for controls. Further, the associations we observed between isothiocyanate and lung cancer
risk are comparable to those of previous studies, both case-control (18-20) and cohort
studies (21), suggesting that reporting biases were minimal with respect to cruciferous
vegetable consumption.

We may have underestimated total isothiocyanate consumption because not all cruciferous
vegetables were present on our questionnaire. For instance, we did not include watercress on
our questionnaire. Watercress consumption is common in Asian countries but not in the
United States (46). Because we studied both African Americans and Caucasians residing in
Los Angeles, we used a food frequency questionnaire that, at the time, was likely to capture
representative foods consumed by both racial groups (30). We asked about greens in our
study, but did not ask about watercress. While watercress has the highest isothiocyanate
concentration of cruciferous vegetables (47), because it is uncommonly consumed in the
United States, having watercress present on the food frequency questionnaire probably
would not have made a difference in our calculation of total ITC consumption.

Theoretically, selection bias could have influenced the isothiocyanate association if
participation by case-control status was differential based on cruciferous vegetable
consumption. Smokers are known to consume lower amounts of fruits and vegetables than
non-smokers (48), and smoking could have influenced study participation. To address
possible selection bias, we collected smoking information for potential controls that did not
participate in the full study (see SJ London et al, Carcinogenesis for more details) (49). The
proportion of ever smokers among the 121 nonparticipants that answered the abbreviated
questionnaire (61%) resembled the proportion of ever smokers in the enrolled control group
(66%). The small difference in smoking prevalence between the non-respondents and the
participating controls suggests that the selective sampling of eligible controls had minimal
influence on the results.

Our results confirm those reported by other population-based studies of dietary
isothiocyanate, GSTM1 genotype, and lung cancer risk. Our study is the first to report
dietary isothiocyanate in relationship to lung-cancer risk among African Americans.

To summarize, we found a protective association for dietary isothiocyanate consumption in
relation to lung cancer. We did not find that the isothiocyanate association varied according
to whether subjects were African American or Caucasian. The association was greater
among individuals lacking in GSTM! activity by virtue of homozygous deletion. Our results
support recent data suggesting that genetic variation in the metabolism of anti-carcinogens
contained in food may be important in the development of lung cancer.
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