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Abstract

Epidemiological studies suggest that a diet rich in broccoli can reduce the risk of cancer at several sites. The

anticarcinogenic activity has been largely attributed to the biological activity of sulforaphane (SF), the isothiocyanate

derived from 4-methylsulphinylbutyl glucosinolate, which accumulates in broccoli. SF induces xenobiotic metabolizing

genes in both cell cultures and animal models and induces genes associated with cell cycle arrest and apoptosis. However,

it is not known whether these genes are induced in humans after consumption of broccoli. Sixteen subjects were recruited

into a randomized, 3-phase crossover dietary trial of standard broccoli, high glucosinolate broccoli, and water. Global

changes in gene expression that occurred 6 h after consuming broccoli soups or water were quantified in gastric mucosal

tissue, using Affymetrix whole genome microarrays (n ¼ 4), and in selected genes by real-time RT-PCR in the other

individuals. Consumption of high glucosinolate broccoli resulted in up-regulation of several xenobiotic metabolizing genes,

including thioredoxin reductase, aldoketoreductases, and glutamate cysteine ligase modifier subunit, which have

previously been reported to be induced in cell and animal models after exposure to SF. Only 1 such gene was significantly

up-regulated after consumption of standard broccoli. The consequences of these results in relation to the potential

anticarcinogenic action of broccoli are discussed. J. Nutr. 137: 1718–1724, 2007.

Introduction

Of all the fruits and vegetables associated with a potential
reduction in cancer risk, the evidence is strongest for cruciferous
vegetables. Crucifers belong to the family Brassicaceae and include
Brassica oleracea (broccoli, cabbage, cauliflower, and Brussels
sprouts), B. rapa (Chinese cabbage and turnips), and several salad
crops, such as Rorippa nasturtium-aquaticum (watercress) and
Eruca sativa (rocket). Evidence for the protective effect comes
from epidemiological studies in which associations were reported
between consumption of cruciferous vegetables and reduction in
cancer risk at several sites, including lung (1–4), breast (5,6),
colorectal (7,8), and prostate (9–11). Moreover, the strongest and
most consistent evidence for chemo-protective effects of crucifer
consumption comes from epidemiological studies investigating
stomach cancer risk (12). The epidemiological evidence is sup-
ported by studies with animals and cell cultures (12). The main
mechanism proposed for the protective effect of crucifers is the

activity of isothiocyanates (ITC)7 derived from the metabolism
of glucosinolates that accumulate within these vegetables. ITC
are generated from glucosinolates either by the action of plant
thioglucosidases, known as myrosinases, or if the plant enzymes
have been denatured by cooking, by the action of microbial
enzymes in the colon.

Many studies have demonstrated that sulforaphane, 1-isothio-
cyanato-4-methylsulphinyl butane, (SF) can induce changes in
gene and protein expression in both cell cultures and animal
models that are consistent with anticarcinogenic activity [re-
viewed in Juge et al. (13)]. One of the mechanisms by which SF
affords this protection is modulation of the phase I/II biotrans-
formation pathways. First, suppression of phase I activation
enzymes, such as cytochrome p450s, has been reported (14–16).
Additionally, SF induces Nrf2-regulated transcriptional activation
of phase II detoxification enzymes, including quinone reductase
(QR), thioredoxin reductase 1 (Tr1), and heme oxygensase 1 (HO-1)
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