
15.  Phytoestrogens and cancer

Introduction

15.1 The incidence of a number of cancers, including those of the breast and prostate, has been found to be much higher in Western populations compared with that in countries such as Japan and China.  Epidemiological and migrant studies have suggested that racial characteristics and other factors including lifestyle, diet and fat or fibre intake may play a role in the aetiology of these diseases.  One notable dietary difference is the relatively high consumption of soy-based products amongst Asian populations.  As such, soy has attracted much attention as a potential chemoprotective factor (Bingham et al, 1998; Cassidy & Faughnan, 2000). However, studies investigating the role of phytoestrogens in these diseases have been limited by the paucity of data on phytoestrogen levels in foods and dietary intakes, especially for the lignans.

15.2 Genetic polymorphisms may also make a significant contribution to an individual’s susceptibility to cancer.  Most of the polymorphisms that have been identified are associated with enzymes involved in the detoxification of carcinogenic compounds and include variants of cytochrome P450, N-acetyltransferase and glutathione-S-transferase.  Polymorphisms in genes responsible for hormone metabolism and repair of DNA damage have also been demonstrated (Hatagima, 2002; Clapper, 2000). Finally, it has been suggested that exposure to oestrogen during development or early life may play an important role in programming hormonal homeostasis and influence an individuals later life risk of developing cancer. Studies on cancer have not addressed the possibility that exposure to phytoestrogens at an earlier life stage or over several life stages may confer protective changes. This suggestion may, in part, explain why the reduced risk of certain cancers observed amongst migrants increases with subsequent generations.
15.3 This chapter reviews the evidence from human, animal and in vitro studies on the role of phytoestrogens in a variety of different cancers.

Breast Cancer

15.4 Breast cancer is the most common form of cancer affecting women in the UK and the incidence is rising.  Identified genetic factors account for a relatively small proportion (about 4%) of breast cancer in Western populations  QUOTE "(Bingham SA et al., 1998)" 
(Bingham et al, 1998)
.  The risk of developing breast cancer increases markedly with age, although the rate of increase is less after the menopause.

15.5 The development of breast cancer is highly dependent on the hormones associated with ovarian function, as such hormone-related events occurring premenopausally, or even in adolescence, may determine whether breast cancer develops postmenopausally. These hormone-related risk factors include early onset of menarche, late onset of menopause, delayed age of first pregnancy and, in postmenopausal women, an elevated free oestradiol concentration  QUOTE "(Bingham SA et al., 1998)" 
(Bingham et al, 1998)
.  There is also evidence from studies of migrants, that the development of breast cancer can be influenced by environmental factors.  This is exemplified in a study by  QUOTE "(Ziegler RG et al., 1993)" 
Ziegler et al (1993)
 who reported that Asian-American women born in the West had a 60% higher risk of developing breast cancer than those born in the East (e.g. China and Japan).  Among those born in the West, the risk of breast cancer was 50% higher in those whose grandparents had been born in the West.  Among those born in the East, risk was determined by whether, prior to migration, their community had been rural or urban.  Migrants from urban communities had a 30% higher risk of developing breast cancer than those from rural communities.

Epidemiological studies

15.6 Hormone related cancers such as breast cancer have been reported to vary by as much as 5- to 20-fold between populations.  Studies of migrant populations indicate the highest rates of cancer are typically seen in populations following Western diets that are higher in fat and lower in fibre.  The lower rates, typically seen in populations consuming a traditional Eastern (e.g. Chinese or Japanese) diet relatively low in fat and relatively high in fibre and soy  QUOTE "(Tham DM et al., 1998)" 
(Tham et al, 1998)
.

15.7 Three case-control and two cohort studies conducted in China and Japan have evaluated the association between soy intake and incidence of breast cancer.  The results from a case control study by  QUOTE "(Lee HP et al., 1991)" 
Lee et al (1991)
 reported an inverse association between soy protein intake, the ratio of soy to total protein and total soy products and the incidence of breast cancer in pre- (p= 0.02) but not postmenopausal Singapore-Chinese women (n= 200).  No relationship between the soy intake and risk of breast cancer was established in two other case-control studies  QUOTE "(Hirose K et al., 1995;Yuan JM et al., 1995)" 
(Hirose et al, 1995; Yuan et al, 1995)
.  A prospective cohort study by  QUOTE "(Hirayama T, 1986)" 
Hirayama (1986)
 demonstrated a significant inverse association between the intake of soybean paste soup and risk of breast cancer in Japanese women (n= 142857).  However, a large prospective study of 34759 women in Japan found no significant association between breast cancer risk and consumption of soy foods  QUOTE "(Key TJ et al., 1999)" 
(Key et al, 1999)
.

15.8 The role of soy and risk of breast cancer has also been evaluated in three case control studies conducted in the United States (US).  A small case-control study by  QUOTE "(Witte JS et al., 1997)" 
Witte et al (1997)
 reported that weekly tofu intake may be associated with lowered risk (OR= 0.5) of bilateral breast cancer in premenopausal women (n= 488).  However, the reduction in risk was not significant.  In addition, the results of a large multicentre study conducted among Asian-Americans (n= 597) reported that high intake of tofu (( 120 times/year) was associated with a lowered risk of breast cancer (OR = 0.85; 95% CI= 0.74-0.99) compared with low intake (< 13 times/year).  This finding was demonstrated in both pre- and postmenopausal women following adjustment for age, geographical location, ethnicity and migration history.  However, the association was only significant in women born in Asia and not among women of Asian origin born in the US ( QUOTE "(Wu AH et al., 1996)" 
Wu et al, 1996)
.  Similarly,  QUOTE "(Horn-Ross PL et al., 2001)" 
Horn-Ross et al (2001)
 found that the levels of phytoestrogens commonly consumed by non-Asian women with (n= 1326) and without breast cancer (n= 1657) in the US, equivalent to < 1 serving of tofu/week, were not associated with a decreased risk.

15.9 The Shanghai breast cancer study, a population based case control study, examined the association between soy food intake and breast cancer risk among women in Shanghai.  The study included 1459 breast cancer cases and 1556 age-matched controls.  Soy food intake, assessed by an food frequency questionnaire (FFQ), was shown to be high with over 96% of women reporting consumption at least once per week.  A non-significant reduction in risk (p< 0.10) was observed amongst women who reported eating soy foods at least once per week (OR= 0.78; 95% CI= 0.52-1.16).  Following adjustments for confounding factors, women in the highest decile compared to the lowest decile intake group were shown to have a 30% lower risk of breast cancer (OR= 0.66; 95% CI= 0.46-0.95).  Stratified analysis demonstrated that the inverse association was more evident in women with a higher body mass index (BMI).  The reduction in risk was also greater for women with oestrogen and progesterone receptor positive (ER+/PR+) breast cancer (OR= 0.44; 95% CI= 0.25-0.78) than those with any other ER/PR status (Dai et al, 2001).  The Shanghai study also obtained information on adolescent (13-15 years) dietary soy food intakes and reported a significant inverse association between intake at this age and risk of breast cancer (p< 0.001) in later life. The inverse association was reported for both pre- and postmenopausal women.  Details of adolescent soy food intakes were also obtained from the mothers of participant’s aged < 45 years.  For women in the highest soyfood group, these data were also inversely associated (p< 0.001) with breast cancer (Shu et al, 2001).

15.10 Three further studies, comparing urinary excretion of lignans and isoflavones (which is assumed to reflect intake) and the risk of breast cancer have suggested a protective role for soy.  In a sub-study of a population based case-control study (n= 60) in China,  QUOTE "(Zheng W et al., 1999)" 
Zheng et al (1999)
 demonstrated that women with a total urinary isoflavone excretion in the highest tertile displayed a 50% reduction in breast cancer risk compared with those in the lowest tertile (OR= 0.14; 95% CI= 0.02-0.88).  A study by  QUOTE "(Ingram D et al., 1997)" 
Ingram et al (1997)
 in Australian women (n= 144) showed that high excretion of both equol (OR= 0.27; 95% CI= 0.10-0.69) and enterolactone (OR= 0.36; 95% CI = 0.15–0.86) were associated with a lowering of breast-cancer risk.  This effect was particularly strong for equol, which was associated with a 4-fold reduction in risk.  Enterolactone was associated with a 3-fold reduction in risk.  There were no associations with the parent phytoestrogens daidzein and matairesinol, suggesting that metabolism of these compounds by the gut microflora may be an important factor in reducing the risk of breast cancer. 

15.11 

Den Tonkelaar et al (2001) QUOTE "(Den Tonkelaar I et al., 2001)"  measured urinary excretion of genistein and enterolactone in postmenopausal women with (n= 88) and without (n= 268) breast cancer.  The results showed that increased urinary excretion of genistein was weakly, non-significantly associated with a reduced risk of breast cancer (OR for highest tertile compared with the lowest tertile was 0.83; 95% CI= 0.46-1.51).  Whereas increased urinary excretion of enterolactone was weakly, non-significantly associated with an increased risk of breast cancer (OR for highest tertile compared with the lowest tertile was 1.43; 95% CI= 0.79-2.59).  A case control study by Murkies et al (2000) reported that postmenopausal women with breast cancer (n=18) had lower urinary daidzein (p= 0.03) and a trend towards lower genistein (p= 0.08) excretion compared with controls. In addition, women with breast cancer were found to have higher levels of testosterone than those in the control group (p= 0.05). There were no differences between any of the other hormone parameters measured.

Studies of breast cancer biomarkers

15.12 It is thought that an increased risk of breast cancer may be associated, at least in part, with an individual’s lifetime exposure to oestrogen.  It has been suggested that an increase in menstrual cycle length results in lower exposure to oestradiol and, over a lifetime, this could correlate to a lower risk of breast cancer (Henderson et al, 1985).  The finding that menstrual cycles in Asian women, consuming a relatively high-soy high-phytoestrogen diets, are generally longer than in Western women and breast cancer incidence is lower in the former lend strong support to this theory  QUOTE "(Bingham SA et al., 1998;Henderson B et al., 1985)" 
(Bingham et al, 1998)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00›\0D\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt(Henderson B, Ross RK, et al. 1985 #49870\00(\00 
.  However, it has been found that irregular rather than longer menstrual cycles are generally related to lower cancer risk  QUOTE "(Bingham SA et al., 1998;Den Tonkelaar I and de Waard F, 1996;Whelan EA et al., 1994)" 
(Bingham et al, 1998; Den Tonkelaar & de Waard, 1996; Whelan et al, 1994)
 (see Chapter 14) QUOTE "" 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00È\0D\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt)Whelan EA, Sandler DP, et al. 1994 #50450\00)\00 
.

15.13 

Cassidy et al (1994) QUOTE "(Cassidy A et al., 1994)"  reported that textured vegetable protein (TVP), containing 45 mg isoflavones/day, given daily for 1 month, suppressed gonadotrophin output and increased the follicular phase (p< 0.01) of the menstrual cycle by 2-3 days in premenopausal women. In addition, dietary intervention with a linseed supplement has also been shown to increase menstrual cycle length. However, the effects seen in this study were not significant and were related to the luteal rather than follicular phase of the cycle 

Duncan et al (1999a)

.  In contrast, a study by 

(Phipps et al, 1993)

 QUOTE ""  QUOTE "(Lu LJ et al., 1996b;Phipps WR et al., 1993)"  reported that daily supplementation with soy powder, containing 64 or 128 mg isoflavones/day, over 3 menstrual cycles had no effect on the length of either the follicular or luteal phase in premenopausal women (n= 14).  Taken together, the body of evidence is conflicting and it is not possible to attribute longer menstrual cycle lengths of Asian women specifically to increased phytoestrogen intake (see Chapter 14).  The effects of isoflavone and lignan supplementation on hormones and menstrual cycle in premenopausal women are summarised in Table 15.1.

15.14 Competing pathways of oestrogen metabolism result in metabolites with differing oestrogenic activities.  It has been suggested that the ratio of the metabolites 2-hydroxyoestrogen and 16α-hydroxyoestrogen may serve as a biomarker of lowered breast cancer risk.  A randomised, cross-over study in postmenopausal women (n= 28) reported that dietary supplementation with flaxseed (5 or 10 g/day) for 21 days significantly increased urinary excretion of 2-hydroxyoestrogen (p< 0.0005) thereby increasing the ratio of 2-hydroxyoestrogen:16α-hydroxyoestrogen (p< 0.05). There were no significant differences in urinary 16α-hydroxyoestrogen excretion.  The authors suggest these results indicate flaxseed has a chemoprotective effect in postmenopausal women  QUOTE "(Haggans CJ et al., 1999)" 
(Haggans et al, 1999)

 QUOTE "{Martini MC, Dancisak BB, et al. 1999 #32390}" 
.

15.15 An increased urinary 2-hydroxyoestrone:16α-hydroxyoestrone ratio was also reported in studies of premenopausal women (n= 12) (Xu et al, 1998) and postmenopausal women (n= 18) (Xu et al, 2000) following dietary supplementation with isoflavones (65 or 132 mg/day).  Decreased urinary oestradiol, oestrone, oestriol and total oestrogens and putatively the genotoxic oestrogen metabolites (16α-hydroxyoestrone, 4-hydroxyoestrone, 4-hydroxyoestradiol) were also noted  QUOTE "(Xu X et al., 1998;Xu X et al., 2000)" 
(Xu et al, 1998, 2000)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00é\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt#Xu X, Duncan AM, et al. 2000 #16950\00#\00 
.  However in contrast, a study by  QUOTE "(Martini MC et al., 1999)" 
Martini et al, (1999)
 in premenopausal women (n= 36) given a soy beverage, containing 38 mg total isoflavones, over two menstrual cycles did not find a significant difference in the urinary 2-hydroxyoestrone:16α-hydroxyoestrone ratio.

Table 15.1: Hormonal and menstrual cycle changes associated with soy and flaxseed dietary supplementation in pre-menopausal women. 
Study design
Form
Dose (mg total isoflavones/day)
Duration
Effect
Reference

CO, non-Asian women, (n=24)
Soy protein isolate
38
6 months
Serum oestradiol, moderate ( in gross cystic disease fluid protein in nipple aspirate

no significant changes in serum prolactin, progesterone, or SHBG


Petrakis et al (1996 QUOTE "(Petrakis NL et al., 1996)" )

R, CO, (n=14)
Soy protein powder
10, 64 or 128
3 menstrual cycles + 9 days
No change in menstrual cycle length


Duncan et al (1999a) QUOTE "(Duncan AM et al., 1999a)" 

R, CO, (n=18)
Soy protein powder
7, 65 or 132
3 menstrual cycles + 9 days
pre-ovulatory LH and FSH (65 mg/day), ( SHBG

( T3 and DHEA sulfate in early follicular phase and ( oestrone in the mid follicular phase, ( SHBG (132 mg/day)


Duncan et al (1999b) QUOTE "(Duncan AM et al., 1999b)" 

R, CO, 3 week washout, (n=12)
Soy protein powder
10, 65 or 129
3 menstrual cycles
(urinary excretion of oestradiol, oestrone, oestriol and total oestrogens and oestrogen metabolites (16(-hydroxyoestrone, 4-hydroxy oestrone, 4-hydroxyoestradiol), ( in 2-hydroxyoestrone:16(-hydroxyoestrone ratio


Xu et al (1998) QUOTE "(Xu X et al., 1998)" 

R, PC, Japanese women, (n=30/group)
Soy milk
109
3 menstrual cycles
Non-significant ( serum oestrone and oestradiol in follicular phase, non-significant ( menstrual cycle length


Nagata et al (1998) QUOTE "(Nagata C et al., 1998)" 

R, CO, (n=36)
Soy beverage
38
2 menstrual cycles
No significant differences in serum oestrone, oestradiol, SHBG, DHEA-sulfate, prolactin or progesterone concentrations.  No changes in menstrual cycle length or the ratio of 2-hydroxyoestrone:16(-hydroxyoestrone


Martini et al (1999) QUOTE "(Martini MC et al., 1999)" 

CO, (n=6)
TVP
45
1 month
( follicular phase of menstrual cycle, ( gonadotrophin levels 


Cassidy et al (1994) QUOTE "(Cassidy A et al., 1994)" 

CO, (n=18)
Flaxseed powder
NS
3 menstrual cycles
Significant ( in luteal progesterone:oestradiol ratio, non-significant ( in luteal phase, no effect on serum prolactin, DHEA sulfate, SHBG, oestradiol, oestrone or progesterone


Phipps et al (1993) QUOTE "(Phipps WR et al., 1993)" 

TVP - textured vegetable protein; NS – not stated
R – randomised, CO – crossover, PC – placebo-controlled

15.16 Other markers of a high breast cancer risk in postmenopausal women include increased levels of androstenedione, testosterone and lower levels of sex hormone binding globulin (SHBG).  Studies have suggested that phytoestrogens may exert a protective effect by lowering plasma free oestrogen and androgen levels through an increase in SHBG concentration  QUOTE "(Adlercreutz H et al., 1987;Adlercreutz H and Mazur W , 1997;Berrino F et al., 2001)" 
(Adlercreutz et al, 1987; Adlercreutz & Mazur, 1997; Duncan et al, 1999b; Berrino et al, 2001)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00N\01\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt#Adlercreutz H & Mazur W  1997 #6120\00#\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00D\09\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt0Adlercreutz H, Hockerstedt K, et al. 1987 #18730\000\00 
.  However, the concentration of SHBG is influenced by many factors, including changes in bodyweight, making cross sectional comparisons difficult.  The results of short-term intervention studies following supplementation with either flaxseed or soy failed to show any significant increases in SHBG concentration  QUOTE "(Baird DD et al., 1995;Cassidy A et al., 1995;Martini MC et al., 1999;Phipps WR et al., 1993)" 
(Baird et al, 1995; Cassidy et al, 1995;  QUOTE "(Baird DD et al., 1995;Cassidy A et al., 1994;Lu L-J W et al., 1996a;Nagata C et al., 1997;Nagata C et al., 1998;Petrakis NL et al., 1996;Phipps WR et al., 1993)" 
Lu et al, 1996;

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00K\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt*Lu L-J W, Anderson KE, et al. 1996a #18430\00*\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00°\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt)Petrakis NL, Barnes S, et al. 1996 #19280\00)\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\009\09\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt'Baird DD, Umbach DM, et al. 1995 #18010\00'\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00²\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt)Phipps WR, Martini MC, et al. 1993 #19290\00)\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\15\00\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt'Nagata C, Takatsuka N, et al. 1998 #500\00'\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\04\02\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt&Nagata C, Kabuto M, et al. 1997 #12110\00&\00 
 Martini et al, 1999; Nagata et al, 1997, 1998; Petrakis et al, 1996; Phipps et al, 1993)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\07\02\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt(Cassidy A, Bingham S, et al. 1995 #12140\00(\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\009\09\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt'Baird DD, Umbach DM, et al. 1995 #18010\00'\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00²\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt)Phipps WR, Martini MC, et al. 1993 #19290\00)\00 
.

15.17 Duncan et al (2000) investigated the effect of soy protein isolate (10-128 mg isoflavones/day) on the plasma hormone and SHBG concentrations of postmenopausal women (n= 14) who were divided into equol and non-equol excretors. Women who excreted equol generally displayed lower concentrations of oestrone, oestrone sulfate, androgens and prolactin.  The equol excretors also had higher concentrations of SHBG and midluteal progesterone.  The authors conclude that the plasma hormone profile of equol excretors is associated with a reduced risk of breast cancer. The effect of phytoestrogens on SHBG concentrations is discussed further in Chapter 7.

15.18 

Hargreaves et al (1999) QUOTE "(Hargreaves DF et al., 1999)"  investigated the effect of 60 g/day soy (48 mg total isoflavones) administered for 14 days on breast tissue of premenopausal women (n= 84). No effect on proliferation, oestrogen receptor status, Bcl-2 expression, apoptosis or mitosis in breast epithelial cells was observed. However the levels of apolipoprotein D were significantly lowered and expression of the oestrogen responsive gene pS2 was increased in nipple aspirate (p≤ 0.002), suggesting a weak oestrogenic effect. 

15.19 A study by McMichael-Phillips et al (1998) investigated the effect of dietary soy consumption on the proliferation rate of histologically normal breast epithelium in premenopausal women. The women had previously been diagnosed with either benign or malignant breast disease (n= 48).  All subjects were randomly assigned to either their normal diet or a diet supplemented with 60 g soy/day (45 mg total isoflavones/day) for 14 days.  Following soy supplementation, biopsies of normal breast tissue were taken and proliferating cells were assessed by thymidine labelling index (TLI) and immunocytochemical staining of the protein Ki67.  A strong correlation between Ki67 and TLI (both markers of cellular proliferation) was observed (r= 0.868; p≤ 0.001). After adjusting for day of menstrual cycle and age of the patient, the proliferation rate of breast epithelium in the soy-treated group was found to be significantly increased as measured by TLI (p= 0.028) and Ki67 (p= 0.008).  Progesterone receptor expression was also significantly increased in the soy treatment group (p= 0.04).  The results of the study suggest short-term dietary soy supplementation can induce proliferation in breast tissue of premenopausal women with breast disease. This raises concern that soy could stimulate the growth of oestrogen dependent tumours in the breast.

15.20 Increased mammographic density has been associated with a 4- to 6-fold increased risk of breast cancer (Atkinson et al, 1999).  It is not known whether phytoestrogens can reduce mammographic density in a similar way to tamoxifen.  However, a randomised, placebo controlled study investigating the effect of an isoflavone supplement (40 mg isoflavones/day) has suggested a significant (p< 0.05) reduction in density in women aged 56-65 compared to age matched controls (Atkinson & Bingham, 2002).  Similar results were obtained from a cross-sectional study in Singapore-Chinese women (Jakes et al, 2002).  Women (n= 406) were asked to self-report dietary intake of soy and soy isoflavones.  Following adjustment for confounding factors, comparison of the highest and lowest quartiles of dietary intakes found that the highest intakes were associated with low-risk mammographic parencymal patterns (OR= 0.41, 95% CI= 0.18-0.94; OR= 0.44, 95% CI= 0.2-0.98 for soy and isoflavones, respectively).

15.21 In contrast, in a cross-sectional study, Maskarinec & Meng (2001) reported a positive correlation between self-reported soy food intakes and percentage breast density in women living in Hawaii (p= 0.04). 

Animal studies

15.22 Animal studies have provided evidence that soy may have a protective role in breast cancer (Barnes et al, 1990; Hawrylewicz et al, 1991; Troll et al, 1980) QUOTE "" 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00�\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt,Hawrylewicz EJ, Huang HH, et al. 1991 #18990\00,\00 
. These effects were attributed to the isoflavones as dietary treatment with isoflavone free soy abolished the protective effects (Barnes et al, 1990).  In contrast, a study by  QUOTE "(Cohen LA et al., 2000)" 
Cohen et al (2000)
 showed no significant differences in tumour incidence, latency, multiplicity or volume between female mice treated with 10 or 20% (w/w) intact soy protein or 20% (w/w) isoflavone-depleted soy protein for 18 weeks. Although a non-significant trend towards inhibition was observed in tumour volume and latency.  Constantinou et al (2001) investigated the effect of dietary supplementation with intact and isoflavone depleted soy protein isolate (SPI-n and SPI-d, respectively) (16% w/w), dietary genistein and daidzein either singly (200 mg/kg diet) or in combination (100 + 100 mg/kg diet) on DMBA induced mammary cancer in rats.  SPI-n and SPI-d caused a non-significant reduction in tumour incidence. Mean tumour multiplicity was reduced and tumour latency was increased by both diets although the SPI-d diet was more effective.  Diets containing genistein and daidzein did not reduce tumour incidence.  Tumour multiplicity was significantly reduced only by daidzein.  Similarly, Gallo et al (2001) reported no effect of a standardised soy extract on the incidence and multiplicity of chemically-induced mammary tumours in rodents.

15.23 The protective effect of soy protein isolate or whey on chemically induced breast tumours in rats was investigated by Hakkak et al (2000) over two generations.  A 1-day advance in age of vaginal opening was observed in soy protein isolate (p< 0.05) compared to whey or control animals.  Both whey and soy protein isolate caused a reduction in tumour number and increased tumour latency in both the F1 and F2 generations compared to controls.  Animals receiving whey exhibited a reduction in tumour incidence however, only animals in the subsequent generation fed soy protein isolate had a reduced tumour incidence.

15.24 

Gotoh et al (1998 QUOTE "(Gotoh T et al., 1998)" ) demonstrated that inclusion of 10% (w/w) miso, 10% (w/w) soybean in the diet significantly decreased the number of chemically-induced mammary tumours per animal in young female rats.  In addition, inclusion of biochanin A in the diet significantly decreased the incidence (50 mg/kg; p< 0.01) and multiplicity (10 and 50 mg/kg) of mammary tumours.  In contrast, Appelt & Reicks (1999) reported that 13 weeks of dietary supplementation with soy (30-810 mg isoflavones/kg diet) did not significantly reduce the incidence of chemically induced breast tumours in rats.
15.25 The timing of exposure appears to be a factor in determining the efficacy of the chemoproective effects of isoflavones. Neonatal (5 mg/animal on post natal day (PND) 2, 4, and 6) and prepubertal (500 mg/kg bw on days 16, 18 and 20) subcutaneous administration of genistein reduced the number and delayed the appearance of chemically induced mammary tumours in a rat model of breast cancer.  In rats treated prepubertally, serum genistein levels were 4 (M and 102 nM on PND 21 and 50, respectively QUOTE "" 
. Genistein was not measured in animals treated neonatally  QUOTE "(Lamartiniere CA et al., 1995;Murrill WB et al., 1996)" 
(Lamartiniere et al, 1995, 1998; Murrill et al, 1996)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00¤\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt(Murrill WB, Brown NM, et al. 1996 #19210\00(\00 
.  A further study by Hilakivi-Clarke et al (1999b) also reported that prepubertal exposure of rats to dietary genistein (1 mg/kg bw/day) decreased the number of tumours per animal but with no overall change in tumour incidence.  In addition, a decrease in tumour growth was noted.  

15.26 A dose-related decrease in chemically induced mammary tumours was observed in rats following perinatal exposure to genistein (from conception to PND 21) through the maternal diet (25 or 250 mg genistein/kg diet).  Female offspring were also found to have significantly reduced numbers of mammary terminal end buds (TEBs) at PND 21 and 50 correlating with the reduced number of mammary tumours observed.  The DNA labelling index, a marker of cellular proliferation, was unchanged following perinatal exposure to genistein although the number of total number of proliferating cells was reduced.  The authors conclude that by altering mammary gland differentiation early in life, genistein can lower the number of TEBs, which may reduce later susceptibility to breast cancer ( QUOTE "(Fritz WA et al., 1998)" 
Fritz et al, 1998)
. 

15.27 A study by

 Constantinou et al (1996) QUOTE "(Constantinou AI et al., 1996)"  found a 27% reduction in mammary tumour multiplicity in rats aged > 35 days following intraperitoneal administration of genistein (0.8 mg/day) for six months. 

15.28 Yang et al (2000) reported that in utero (5, 25 mg/day subcutaneously) exposure to genistein on PND 16-20 of gestation or neonatal exposure (12.5 mg/day subcutaneously) on PND 15 and 18 did not alter mammary gland growth, cell proliferation or tumour latency.  However, the incidence of chemically induced mammary tumours was greater in animals exposed to genistein compared to controls. Lamartiniere et al (2002) demonstrated that perinatal exposure of female offspring to 250 mg daidzein/kg diet did not inhibit the development of chemically induced mammary tumours. 

15.29 In contrast, Hilakivi-Clarke et al (1998) reported that exposure to genistein (20 (g) in utero on gestational days 15-20 increased the density of TEBs in mammary glands compared to control mice.  QUOTE "(Hilakivi-Clarke L et al., 1999)" 
Hilakivi-Clarke et al (1999a)
 found that following in utero exposure, by subcutaneous administration of genistein (20-300 (g/day) to the mothers on days 15-20 of gestation, offspring were more susceptible to chemically induced mammary tumours compared to controls. The authors suggest in utero exposure to genistein may increase the incidence of mammary tumours in the offspring

15.30 These data suggest that in rodents, exposure to genistein during critical periods of postnatal life can alter mammary gland development and render the adult animals less susceptible to chemically induced mammary tumours. Taken together, the data from  QUOTE "(Fritz WA et al., 1998)" 
Constantinou et al (1996)
,  QUOTE "(Fritz WA et al., 1998)" 
Fritz et al (1998)
, Hilakivi-Clarke et al (1998, 1999a and b), Lamartiniere et al (1995; 1998; 2002), Murrill et al (1996) and Yang et al (2000) suggests that an early postnatal exposure to phytoestrogens may be the most sensitive period for an optimal anticancer effect.  However, in utero exposure may increase susceptibility to mammary cancer later in life.

15.31 A study by Ju et al (2001) demonstrated that dietary exposure to genistein (( 250 mg/kg) stimulated growth of MCF-7 tumours implanted into athymic, ovariectomised female mice.  The same dose of genistein was also found to increase tumour cell proliferation and expression of the oestrogen-responsive gene pS2.  Similar results were reported by Allred et al (2001b) following exposure of mice to genistein (750 mg/kg diet) or genistin (1200 mg/kg diet). Tumours regressed over a 9-week period following removal of genistein or genistin from the diet.  Increases in cell proliferation and pS2 expression in subcutaneously implanted MCF-7 tumours were also demonstrated following dietary exposure to soy protein isolate containing 150-330 mg/kg genistein (Allred et al, 2001a). Charland et al (1998) reported that intraperitoneal injection (18 mg, 5 times per week) of a soybean extract increased the weight and volume of implanted tumours in mice. In contrast, Santell et al (2000) reported that dietary exposure to genistein (750 mg/kg) did not alter growth of implanted breast tumour cells in athymic mice.

15.32 

Ju et al (2002) QUOTE "{Ju, Doerge, et al. 2002 #730}"  implanted ovariectomised athymic mice with MCF-7 cells and 2.5 mg oestradiol implants. Mice were also implanted with 2.5 or 5.0 mg tamoxifen and the diet contained 1000 mg/kg dietary genistein.  Tumour growth was increased in oestradiol treated mice after 16 and 32 weeks. Tamoxifen (2.5 and 5.0 mg) treatment significantly inhibited oestradiol stimulated tumour growth compared to control.  The size of tumours in genistein treated animals were significantly different from controls, showing that genistein ablates the inhibitory effect of tamoxifen on oestradiol stimulated tumour growth.  Expression of oestradiol responsive pS2 and PR and cyclin D1 mRNA were increased by dietary genistein after oestradiol and tamoxifen administration indicating that genistein can negate tamoxifen’s inhibitory effect.  Dietary genistein treatment significantly lowered plasma oestradiol concentrations in the 2.5 and 5.0 mg tamoxifen treated groups.

15.33 A study by Uckun et al (1998) reported increases of > 200% in the tumour diameter of human breast cancer xenografts following subcutaneous administration of genistein (1 mg/kg bw/day) to mice.  Hsieh et al (1998) reported that dietary genistein (750 mg/kg diet) increased the number and size of mammary gland terminal end buds of ovariectomised, athymic mice.  Genistein was also found to increase the growth of implanted MCF-7 tumours in these animals.

15.34 In contrast, Shao et al (1998) reported that subcutaneous administration of genistein (0.1-0.5 mg/kg bw) produced dose-dependent inhibition in the growth and volume of MCF-7 and MDA-MB-231 tumours implanted into nude mice. Genistein was also shown to dose dependently upregulate tissue c-fos and c-jun expression and p21 mRNA and protein levels.  Stimulation of apoptosis was also demonstrated.  In MDA-MB-231 xenografts, genistein was shown to inhibit angiogenesis by decreasing vessel density and reduce tumour levels of vascular endothelial growth factor (VEGF) and tumour growth factor (TGF)-β1.

15.35 Constantinou et al (2000) treated both ER negative and ER positive cells in vitro with genistein (30 (mol/L) for 2 or 6 days before implanting them subcutaneously into nude mice.  The study showed rats injected with ER positive cells treated for 6 days had a longer tumour latency period whereas those injected with ER negative cells treated for 6 days did not develop tumours.  Both ER positive and ER negative cells treated for 2 days did not alter tumour latency.

15.36 Mice received test diets containing either fermented soy bean extract (100, 200, 400 mg total isoflavones/kg diet), genistein (200 mg/kg diet), daidzein (200 mg/kg diet) or genistein and daidzein (100 + 100 mg/kg diet) for 21 days.  All diets, with the exception of that containing a combination of genistein and daidzein, reduced the ratio of 16α-hydroxyoestrone:2-hydroxyestrone in urine.  These findings suggest the test diets may exert a cancer protective effect by shifting the metabolism of oestradiol toward inactive rather than genotoxic metabolites (Kishida et al, 2000).

15.37 Day et al (2001) reported that dietary exposure to genistein (1000 mg/kg diet) did not protect against development of DMBA-induced mammary cancer in ERα wild-type mice.  Mammary adenocarcinoma was observed in 56% of these animals.  However, tumour development was not observed in ERα knockout mice.  The authors conclude induction of DMBA-induced mammary tumours is ERα-dependent.

In vitro studies

15.38 Elevated levels of oestrogen in plasma can stimulate the growth of mammary cancer cells.  The cell line MCF-7, derived from a human breast tumour, is commonly used to assess the oestrogenicity of compounds in vitro. These cells express ER( and exhibit a biphasic growth response to oestrogens (see Chapter 8).

15.39 The role of ER( in mediating the proliferative response of breast cancer cells to phytoestrogens is supported by in vitro studies with genistein in MCF-7 cells. Genistein has been shown to transactivate a luciferase reporter gene coupled to the ER( ligand binding domain  QUOTE "(Maggiolini M et al., 2001;Martin PM et al., 1978;Panno ML et al., 1996)" 
(Maggiolini et al, 2001; Martin et al, 1978; Panno et al, 1996)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00_\0D\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt.Maggiolini M, Bonofiglio D, et al. 2001 #49450\00.\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00{\00\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt&Panno ML, Salerno M, et al. 1996 #1800\00&\00 
.  Additional evidence that genistein acts via an oestrogen receptor mechanism was provided by Hsieh et al (1998) who evaluated the effect of genistein on the expression of the oestrogen-responsive gene pS2 in cultured MCF-7 cells.  These results showed that, at concentrations of 1-10 (M, genistein increased pS2 mRNA expression. In addition, Jensen et al (2001) have reported that tumours expressing ER( but not ER( exhibit increased expression of the cellular proliferation markers Ki67 and cyclin A.  This suggests ER( is also associated with breast cell cancer proliferation.

15.40 Studies have reported that phytoestrogens have a concentration dependent effect on cell growth (Welshons et al, 1987, Wang & Kurzer, 1997; 1998; Hsieh et al, 1998).  These studies report that genistein has a biphasic effect on cell growth with low concentrations (< 10(M) stimulating DNA synthesis but higher concentrations (> 10(M) inhibiting DNA synthesis. Higher doses of genistein may be cytotoxic.  QUOTE "(Maggiolini M et al., 2001)" 
Maggiolini et al (2001)
 report that genistein cytotoxicity at concentrations of ( 10(M to MCF-7 cells is a receptor-independent phenomenon as a similar cytotoxic effect was observed in ER-independent HeLa cells.

15.41 Genistein has also been reported to arrest the cell cycle at the G2/M phase and stimulate apoptosis in human breast cancer cell lines (Santell et al, 2000; Pagalicci et al, 1994; Constantinou et al, 1998; Balabhadrapathruni et al, 2000).

15.42 Choi et al (1998) reported genistein induced cell cycle arrest due in part to reduced cyclin B1 levels and increased levels of the cell cycle regulators p21, cdc2 and cyclin dependent kinase 2 (cdk2).  However, Cappelletti et al (2000) reported that genistein did not alter cdc2 expression suggesting that cell cycle arrest at the G2/M phase is not due to down regulation of the cdc2/cyclin B1 complex. Genistein (1 (M) was shown to increase the cell cycle regulators cdk2 and cyclin D1 synthesis, which stimulate cells to enter the cell cycle (Dees et al, 1997). Additional effects of genistein on breast cancer cells include upregulation of p53, downregulation of bcl-2, increased bcl-2 phosphorylation, down-regulation of c-erbB-2 and inhibition of matrix metalloproteinase MMP-2 and MMP-9 secretion, changes in gene expression associated with apoptosis (Li et al, 1999a and b; Constantinou et al, 1998; Balabhadrapathruni et al, 2000).  Genistein (15-45 (M) has also been shown to dose-dependently increase expression of the cell maturation markers intracytoplasmic casein, lipid and ICAM-1 in ER positive and ER negative breast cancer cells (Constantinou et al, 2000).

15.43 In a series of studies, Shao et al (1998a, b and c) reported that genistein (20-70 (M) dose-dependently inhibited growth of MCF-7 and MDA breast cancer cells by induction of p21WAF/CIP1 and G2/M cell cycle arrest.  Inhibition was also characterised by transcriptional down-regulation of matrix metalloproteinase (MMP)-9.  Tissue inhibitor of metalloproteinase (TIMP)-1 was found to be upregulated as were the early intermediate genes c-fos and c-jun.

15.44 Upadhyay et al (2001) compared the effects of genistein (90 (M) in malignant and normal breast epithelial cells.  In this study, malignant cells were more sensitive to G2M cell cycle arrest, hyperdiploid progression and induction of apoptosis compared to normal breast cells. The difference between malignant and normal cells is thought to be mediated by a differential effect of genistein on p21WAF1 as p21WAF1 mRNA and protein levels were induced in normal compared to malignant cells. In addition downregulation of p21WAF1 by antisense cDNA transfection showed that malignant cells were more sensitive to G2/M cell cycle arrest after genistein treatment.

15.45 Rong et al (2001) investigated the effects of 8-prenylnaringenin on aggregation, growth and invasion of MCF7/6 cells.  The E-cadherin/catenin complex suppresses invasion and is expressed in MCF-7 cells whereas it is functionally defective in the invasive cell line MCF7/6.  8-Prenylnarinegenin (10 (M or 1 (M) was shown to stimulate aggregation of MCF7/6 cells. This effect was inhibited by both an anti-E-cadherin antibody and an anti-oestrogen (0.1 (M).  8-Prenylnaringenin did not affect the invasion of MCF7/6 cells in the chick heart assay in vitro.

15.46 Other possible mechanisms through which phytoestrogens may influence the risk of breast cancer risk have also been investigated.  It has been suggested that inhibition of hydroxysteroid dehydrogenase (HSD) enzymes may reduce the risk of breast cancer by lowering the concentration of endogenous oestrogen  QUOTE "(Krazeisen A et al., 2001;Le Bail JC et al., 2000)" 
(Le Bail et al, 2000; Krazeisen et al, 2001)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00]\0D\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt,Le Bail JC, Champavier Y, et al. 2000 #49430\00,\00 
.  These enzymes have been shown to inhibit the synthesis of oestrone from androgens (3(-HSD activity) and oestradiol from oestrone (17(-HSD type 5 activity).  The most potent inhibitors of 3(-HSD were genistein daidzein and biochanin A (IC50= 2.9, 10 and 10 (M, respectively).  Coumestrol and formononetin were less potent (IC50 > 50 (M).  In contrast, the most potent inhibitor of 17(-HSD was coumestrol (IC50 > 0.2 (M).  The isoflavones genistein, daidzein, biochanin A and formononetin were less potent (IC50= 1, 10 or 5 and > 50 (M, respectively).  

15.47 

Peterson et al (1998) QUOTE "(Peterson G et al., 1998)"  demonstrated differences in the growth inhibition of four breast cancer cell lines following incubation with genistein and biochanin A (3.7 or 26 (M, respectively).  The cell lines MCF-7 and T47D had similar sensitivity to both biochanin A and genistein whilst ZR-75-1 and BT-20 cells were 2- to 4-fold less sensitive.  Further investigations were conducted to determine if the differences in inhibition were due to differences in metabolism.  Two metabolites of genistein (genistein sulfate and a hydroxylated methylated metabolite) and four metabolites of biochanin A (genistein, genistein sulfate, biochanin A sulfate and a hydroxylated methylated metabolite) were detected.  The IC50 values for growth inhibition did not correlate with any of the sulfated metabolites but did correlate with the hydroxylated methylated metabolite of genistein.  This suggests that hydroxylated methylated metabolites may be an active form of genistein in human breast cancer cells.

Key points 

(
Most epidemiological studies have investigated soy rather than specifically addressed the role of individual phytoestrogens in breast cancer. Of these, the majority have reported an inverse association between soy consumption and breast cancer.  Although a small number do not support such an association. The results from studies that have investigated the role of individual phytoestrogens in breast cancer have also produced inconsistent results.

(
Exposure to oestrogen during development or early life may play an important role in programming hormonal homeostasis and influence an individuals later life risk of developing cancer.  This suggestion may, in part, explain why the reduced risk of certain cancers observed among migrants increases with subsequent generations.
(
Genetic polymorphisms may also make a significant contribution to an individual’s susceptibility to cancer.  Most polymorphisms are associated with enzymes involved in the detoxification of carcinogenic compounds.

(
There is marked variation between individuals in terms of equol excretion. The results from two studies have suggested that equol producers may have a lower risk of breast cancer.  However, these data are not sufficient to confirm a causal association (See Chapter 5). Variations in enterolactone excretion have also been noted in a small number of studies although, to date, to the data are equivocal.

(
It is suggested that a reduction in lifetime exposure to oestrogen may lower the risk of breast cancer.  The lower rates of breast cancer in Japanese and Chinese women has been associated with longer menstrual cycles which in turn has been associated with a soy rich diet. The effects of phytoestrogens on menstrual cycle length has been investigated but the weight of evidence suggests it is not possible to attribute alterations in menstrual cycle to phytoestrogen intake. 

(
Short-term dietary supplementation has been shown to cause a proliferative response in premenopausal women with breast disease. Whereas a proliferative effect was not reported in premenopausal women without breast disease. However phytoestrogen treatment did induce a weak oestrogenic effect in these women as shown by modulation of the levels of the oestrogen responsive gene products apolipoprotein D and pS2 in nipple aspirate. 

(
The animal data on breast cancer is conflicting. A number of studies have shown that genistein has a protective effect in animal models of chemically induced cancer however similar experiments using tumour implant models showed that genistein stimulated the growth of implanted mammary tumours both by dietary and subcutaneous administration. 

(
Genistein has been shown to have a number of effects in vitro including modulation of oestrogen responsive genes, interaction with the cell cycle and alteration of cell differentiation.  Genistein has also been shown to inhibit and/or stimulate cell proliferation. The biological response is dependent on the cell type and the concentration applied. However these effects occur at much higher concentrations than those likely to occur as a result of dietary exposure. These experimental studies have provided a number of possible mechanisms through which phytoestrogens may exert their effects.  

Female reproductive tract cancers

Endometrial Cancer

Human studies

15.48 Cancer of the endometrium is more common in developed countries and the pattern of hormonal risk factors is similar to that associated with the development of breast cancer.  Human case-control studies have shown that the combined oral contraceptive pill is protective against endometrial cancer.  However, substantial evidence suggests unopposed oestrogen replacement therapy contributes to an increased risk of developing endometrial cancer  QUOTE "(Beral V et al., 1999;Bingham SA et al., 1998;Institute for Environment and Health (IEH), 1997)" 
(Beral et al, 1999; Bingham et al, 1998)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ö\00\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt)Bingham SA, Atkinson C, et al. 1998 #3030\00)\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00x\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt$Beral V, Banks E, et al. 1999 #18780\00$\00 
.

15.49 In countries such as Japan, where the intake of phytoestrogens is high the incidence of endometrial cancer, relative to the UK, is low  QUOTE "(Bingham SA et al., 1998)" 
(Bingham et al, 1998)
.  A population-based, case-control study conducted among Asian and non-Asian migrants in Hawaii showed that following adjustment for body mass index there was a significant inverse association between consumption of tofu and/or other soy products and the risk of endometrial cancer.  The study also found similar associations with increased consumption of foods such as whole grains, vegetables, fruits and seaweed.  These observations were largely independent of other risk factors, although they were limited to women who had never been pregnant or used oestrogen therapy  QUOTE "(Goodman MT et al., 1998;Goodman MT et al., 1997)" 
(Goodman et al, 1997)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00>\01\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt)Goodman MT, Wilkens LR, et al. 1997 #3750\00)\00 
.  

15.50 A prospective, placebo controlled trial by Balk et al (2002) investigated the effect of dietary phytoestrogen supplementation in postmenopausal women over 6 months.  Participants received either a soy containing cereal (100 mg total isoflavones/day) or a placebo cereal.  The results indicated that dietary phytoestrogens did not stimulate proliferation of the endometrium. Hale et al (2001) investigated the effect of supplements containing 50 mg/day red clover isoflavones, containing a high proportion of biochanin A, on the proliferative biomarker Ki67 in endometrial biopsies from perimenopausal women (n= 30).  The results showed dietary supplementation for 3 months did not alter the proliferative index of Ki67.

15.51 To date, there have been no reports linking an increased risk of endometrial cancer with the consumption of phytoestrogens.

Animal studies

15.52 The effect of oral genistein (50 mg/kg bw/day) for 28 days on the growth of implanted endomertial carcinoma cells in rat uterine tissue was investigated by  QUOTE "(Diel P et al., 2001)" 
Diel et al (2001)
.  Genistein genistein did not affect tumour growth compared to controls.

15.53 Cotroneo & Lamartiniere (2001) investigated the effect of subcutaneous and dietary exposure to genistein on the growth of lesions in a rodent model of endometriosis.  The study showed that only subcutaneous administration of genistein (16.6 or 50 mg genistein/kg bw) supported growth of the implanted tissue.  In addition, subcutaneous injections of genistein were found to reduce uterine ERα numbers compared to control. Tissue growth was not supported following dietary exposure to genistein (250 or 1000 mg/kg diet).

15.54 The effect of genistein and daidzein on experimentally induced endometrial carcinoma was investigated by Lian et al (2001). In a two-week study, a single subcutaneous injection of genistein (33 (g/kg bw) was found to significantly decrease oestradiol induced expression of c-jun, interleukin-1α and TNF-α mRNA in the uteri of ovariectomised mice.  In contrast, a single dose of daidzein (33 (g/kg bw) administered by subcutaneous injection inhibited expression of c-fos and interleukin-1α.  In a longer term study mice receiving subcutaneous genistein or daidzein (0.033 mg/kg) had a lower incidence of oestrogen induced endometrial adenocarcinoma and atypical endometrial hyperplasia. 

15.55 In contrast, a study by Newbold et al (2001) reported that mice exposed to subcutaneous exposure to genistein (50 mg/kg bw/day) on PND 1-5 developed abnormalities of the reproductive tract including cystic ovaries, absence of corpora lutea, abnormal oviducts, squamous metaplasia and atypical hyperplasia of the uterus and an increased incidence of uterine adenocarcinoma in adulthood.

Key points

(
No direct associations between phytoestrogen intake and endometrial cancer have been made.

(
Studies in which the diets of peri- or postmenopausal women have been supplemented with isoflavones have not shown any increases in endometrial cell proliferation.

(
The results from animal studies on the effects of phytoestrogens on endometrium have produced conflicting results. 

Ovarian Cancer

Human studies

15.56 A single study has investigated the association between consumption of soy products and ovarian cancer.  The case-control study (n=254 cases; n=652 controls) conducted in China, investigated whether certain dietary factors had an etiological association with ovarian cancer.  Using a food frequency questionnaire (FFQ), participants were asked to recall how often they consumed 120 different food items.  The results found a significant inverse association (p<0.01; OR=0.04) between soybean products and risk of ovarian cancer (Zhang et al, 2002).

In vitro studies

15.57 Chen & Anderson (2001) investigated the effect of physiological concentrations (0.1-10 pM) of genistein and daidzein on human ovarian cancer cell lines.  Genistein and daidzein were found to dose dependently reduce cell proliferation (p< 0.001) and cell viability (p< 0.01).  The concentration of IL-6 was decreased whereas TGF-β1 was significantly increased (p< 0.05).  The modulating effect of both isoflavones on these cytokines was abolished by an estrogen receptor antagonist suggesting estrogen receptors are required, at least in part, for these effects.

Vulvar cancer

15.58 Thigpen et al (2001) reported that mice fed a purified soy protein diet, containing 228 mg total isoflavones/kg diet, for one month had a higher incidence (p< 0.05) of spontaneous vulvar carcinoma than animals fed a diet containing casein.  The incidence was also higher (p< 0.05) in animals fed the soy based diet at one and three months compared to those fed other rodents diets containing lower phytoestrogen concentrations of 8, 98 or 151 mg total genistein/daidzein.  However, the incidence of spontaneous vulvar carcinoma was not significantly different for any of the diets following 6-12 months. 

Prostate Cancer

Human studies

15.59 Epidemiological studies have shown that although the incidence of latent, small or non-infiltrative prostate cancer in Japan and a number of other Asian countries is similar to that in Western countries, the incidence of invasive cancer and associated mortality is far lower  QUOTE "(Adlercreutz H and Mazur W , 1997)" 
(Adlercreutz & Mazur, 1997)
. It has been proposed that the lower rate of mortality may be due to dietary phytoestrogens.  It has been noted that the level of phytoestrogens in the prostatic fluid of Asian men can be up to 17 times higher than those of Western men  QUOTE "(Morton MS et al., 1997)" 
(Morton et al, 1997)
.

15.60 The relationship between soy intake and prostate cancer has been investigated in three cohort and four case-control studies that have yielded inconsistent results.  One cohort study (Hirayama, 1979) and two case-control studies (Lee et al, 1998; Oishi et al, 1988) conducted in Asia did not find an association between soy intake and reduction in the risk of prostate cancer.  The data from one of these studies indicated a significantly increased risk of prostate cancer associated with the consumption of miso (Hirayama, 1979).  

15.61 In contrast, the results from two US cohort studies support an inverse association between intake of non-fermented soy foods and prostate cancer. A prospective study (n= 12395) by  QUOTE "(Jacobsen BK et al., 1998)" 
Jacobsen et al (1998)
 reported frequent consumption (> once a day) of soymilk was associated with a 70% reduction in prostate cancer risk (RR= 0.3; p< 0.05).  Severson et al (1989) reported that high (( 5 times/week) tofu intake was associated with a non-significant (p= 0.054) reduction in prostate cancer risk (RR= 0.35) in a cohort of Japanese men (n= 7999) living in Hawaii.

15.62 Using data from 42 countries, 

Hebert et al (1998) QUOTE "(Hebert JR et al., 1999)"  reported a significant inverse association between consumption of soy products and prostate cancer mortality (p= 0.0001).  In addition, a study by 

Strom et al (1999) QUOTE "(Strom SS et al., 1999)"  demonstrated an inverse association between consumption of foods containing coumestrol (p= 0.03) and daidzein (p= 0.07) and prostate cancer risk in US men.

15.63 

Stephens (1997) QUOTE "(Stephens FO, 1997)"  reported that a prostate sample from a patient who received 160 mg phytoestrogens daily for 1 week prior to surgery showed mild patchy microvacuolations and significant tumour cell apoptosis.  Similarly, a preliminary study has demonstrated that 2/3 patients who received a daily supplement containing 100 mg total isoflavones for one month prior to surgery showed signs of tumour regression and tumour cell apoptosis 

(FSA project T05002) QUOTE "(Food Standards Agency Project, 2000a)" .

15.64 The results of studies conducted in the US and UK suggest that consumption of soy can reduce the risk of prostate cancer in men. As the development of prostate cancer is thought to be dependent on exposure to male reproductive hormones, it has been suggested the protective effect of soy may result from alterations in endogenous hormone concentrations.  QUOTE "(Demark-Wahnefried W et al., 2001)" 
Demark-Wahnefried et al (2001)
 demonstrated that the levels of total serum testosterone was significantly decreased in men (n= 25) whose diet was supplemented with 30 g/day flaxseed for an average of 34 days (p< 0.05).  No differences were observed in levels of prostate serum antigen (PSA).  Similarly, a randomised, double-blind crossover study in elderly men (n= 34) with elevated PSA found that twice daily consumption of a soy beverage (70 mg isoflaones/day) for 6 weeks had no effect on PSA or the proto-oncogene p105erbB-2 ( QUOTE "(Barnes S et al., 1998)" 
Urban et al, 2001)
.

Animal studies

15.65 The development of prostate cancer in man, and spontaneous tumours of the prostate seminal vesicle (PS-V), are thought to share common mechanisms and characteristics. Animal studies have provided supportive evidence of a protective role for isoflavones in the development of the disease.   QUOTE "(Pollard M and Wolter W, 2000)" 
Pollard et al (2000a)
 reported that the incidence of spontaneous PS-V tumours in rats genetically susceptible to prostate cancer was suppressed in animals maintained on a diet containing 410 mg isoflavones/kg.  Only 3% of animals were found to develop the tumours when fed the diet from the age of 2-24 months compared with 30% of animals maintained on a control diet.  A further study demonstrated a longer latency period in development of chemically induced PS-V tumours in rats fed a diet supplemented with soy protein isolate (4 mg genistein/day).  Reduced levels of testosterone and testes weights were observed in rats fed a soy meal diet (4 mg genistein/day) (Pollard et al, 2000b).

15.66 

Landström et al (1998) QUOTE "(Landstrom M et al., 1998)"  reported that the development of transplanted prostate tumours was inhibited in rats receiving a diet containing 33% (w/w) soy flour compared to controls.  Similar findings have also been reported by Zhang et al (1997).  In addition, diets containing concentrates of soy phytochemicals, but not soy protein isolate alone, were found to inhibit the growth of tumours in mice 

(Zhou et al, 1999) QUOTE "(Zhou JR et al., 1999)" . 

Aronson et al (1999) QUOTE "(Aronson WJ et al., 1999)"  demonstrated that a low-fat diet containing soy protein and isoflavones decreased the growth rate and final weight of human LNCaP prostate tumours grown in severe-combined immumodeficient mice.  A 70%, non-significant, reduction in testosterone was also noted.  Bylund et al (2000) reported that, compared to controls, the number and size of transplanted tumours was reduced following dietary supplementation with rye-bran or soy.  In addition, the amount of PSA secreted was decreased in the rye-bran and soy fed groups compared to controls although tumour cell apoptosis was increased in these groups.

15.67 It has been demonstrated that in utero exposure to soybeans, from the maternal diet, delayed the development of morphological changes, similar to those observed in human prostatic intra-epithelial neoplasia, in male mice oestrogenised with DES shortly after birth  QUOTE "(Makela SI et al., 1995)" 
(Makela et al, 1995)
.

15.68 

Onozawa et al (1999) QUOTE "(Onozawa M et al., 1999)"  reported that dietary supplementation with isoflavones (100 mg/kg diet) reduced the incidence of chemically induced adenocarcinomas in the seminal vesicles and prostate of rats.  A study by 

Schleicher et al (1999) QUOTE "(Schleicher R et al., 1998)"  demonstrated that subcutaneous administration of genistein (50 mg/kg bw) every 12 hours for 31 days, significantly inhibited the growth of transplanted K1 prostate tumour cells in rats and resulted in fewer invasive tumours and metastases.

15.69 It has also been suggested that genistein reduces the risk of prostate cancer by downregulation of the epidermal growth factor (EGF) pathway.   QUOTE "(Dalu A et al., 1998)" 
Dalu et al (1998)
 demonstrated that genistein inhibited the expression of tyrosine phosphorylated proteins in the dorsolateral prostate of rats.  Inhibition of tyrosine phosphorylated EGF receptor and ErbB2/Neu receptor expression was also demonstrated.  The inhibitory effect on the EGF receptor was significant at 1000 mg genistein/kg diet.

15.70 The lack of a suitable animal model of human prostate cancer has led to the development of a transgenic model.  The model, known as TRAMP (transgenic adenocarcinoma of mouse prostate) which spontaneously induces transformation in prostate tissue in vivo  QUOTE "(Greenberg NM et al., 1995)" 
(Greenberg et al, 1995, Abate-Shen & Shen, 2000)
. TRAMP mice were fed genistein (0-500 mg/kg) from weaning until 28-30 days of age. Dietary genistein (100 mg/kg diet) significantly reduced the number of mice exhibiting poorly differentiated prostate adenocarcinoma (Mentor-Marcel et al, 2001). 
15.71 Weber et al (2001) reported a significant decrease in ventral prostate weight, which was not associated with a decrease in prostate 5(-reductase activity in adult male rats following a phytoestrogen rich diet (600 mg/kg) for approximately 5 weeks.  Testosterone and androstenedione plasma concentrations were significantly lowered suggesting altered regulation of 17(-hydroxysteroid dehydrogenase, the enzyme responsible for testosterone synthesis, as a possible mechanism of reduced prostate weight.  The study also reported that expression of testicular steroidogenic acute regulatory peptide (StAR) protein was unchanged indicating a lack of effect on early stage of steroid synthesis and cholesterol incorporation.

15.72 Fritz et al (2002) reported that dietary exposure of rats to genistein from either conception until day 70 postpartum (0-250 mg/kg diet) or from day 56 to day 70 postpartum (250 or 1000 mg/kg diet) resulted in a dose-dependent down-regulation of androgen receptor and ERα and ERβ mRNA in the prostate.  Increased testosterone concentrations were also reported.  The increase in testosterone was significant for animals exposed from conception until PND 70 only.

In vitro studies

15.73 

Shen et al (2000) QUOTE "(Shen JC et al., 2000)"  demonstrated that genistein (20 (M) inhibited cell cycle progression at the G1-phase in human prostate cancer cells.  In addition, genistein increased expression of the cyclin-dependant kinase inhibitors p27KIP1 and p21WAF1 in a dose-dependent manner. Apoptosis was induced at higher concentrations of genistein (≥20 (M). Mitchell et al (2000) reported that genistein, daidzein, equol and coumestrol inhibit cell prostate cancer cell growth at concentrations ≤1 0(M).  Genistein was shown to cause DNA strand breakage at ≤1 0(M however, daidzein did not cause similar effects at concentrations up to 500 (M.  These results suggest that despite structural similarities both compounds inhibit cell growth by different mechanisms.

15.74 Genistein (4.6-37 nM) has also been shown to decrease, in a dose-dependent manner, the growth of surgically removed specimens of human benign prostatic hypertrophy and prostate cancer tissue in culture  QUOTE "(Geller J et al., 1998)" 
(Geller et al, 1998)
.

15.75 A study by 

Kyle et al (1997) QUOTE "(Kyle E et al., 1997)"  reported that genistein (50 (M) caused apoptosis and down-regulated the expression of the protein tyrosine kinase inhibitor, focal adhesion kinase (FAK) in PC-3 and DU-145 prostate carcinoma cells.  Further investigations into the mechanisms by which genistein causes apoptosis have demonstrated that it can prevent the transcription factor, nuclear factor (NF)-κB from entering the cell nucleus and activating gene transcription.  In cells NF-κB is bound to inhibitory proteins known as IκB, genistein has been shown to prevent IκB phosphorylation thus inhibiting the action of NF-κB (Davis et al, 1999).  Genistein, has also been found to cause G2/M cell cycle arrest, significant downregulation of cyclin B and upregulation of p21WAF1 in prostate carcinoma cells 
15.76 

Hillman et al (2001) QUOTE "(Hillman GG et al., 2001)"  reported that genistein may potentiate the effect of radiation on prostate cancer (PC-3) cells.  The study showed that pre-treatment of PC-3 prostate cancer cells with 15 (M genistein for 24 hours followed by irradiation for 3 days significantly inhibited DNA synthesis, decreased cell growth and decreased the ability of these cells to form colonies.  The effects of genistein combined with radiation were greater than either treatment alone.

15.77 In contrast to the animal studies, genistein and biochanin A failed to inhibit EGF receptor tyrosine autophosphorylation in LNCaP and DU-145 prostate cell lines. Daidzein also failed to inhibit cell growth and EGF receptor tyrosine autophosphorylation suggesting differences in chemical structure determines the inhibition of cell growth and phosphorylation in vitro  QUOTE "(Peterson G and Barnes S , 1993)" 
(Peterson & Barnes, 1993
).

15.78 Davis et al (2000) reported that treatment with genistein resulted in a similar dose-dependent inhibition of both androgen dependent and androgen independent human prostate cancer cell lines.  However, genistein had a differential effect on PSA expression.  In the androgen dependent cell line, low concentrations of genistein (1-5 (M) decreased PSA mRNA and protein expression whereas higher concentrations (> 10(M) were required to cause similar effects in the androgen independent cell line.

15.79 Lin et al (2001) have reported that the mammalian lignans enterolactone and enterodiol have been shown to inhibit growth of human prostate cancer cell lines (10-100 (M).

Key points

(
The epidemiological data on soy intake and prostate cancer are inconsistent. One study in an Asian population has shown an increased risk with intake of fermented soy foods such as miso. Other studies in Asian populations report no effect. However studies carried out in Western populations report an inverse correlation with consumption of non-fermented soy foods. Only a single study has specifically investigated phytoestrogens. The study carried out in a US cohort showed a reduced risk associated with consumption of foods containing phytoestrogens. 

(
In contrast, most of the research in rodents has specifically examined the effects of phytoestrogens on models of prostate disease. The concentrations used in these experiments are very high compared with likely dietary exposure levels in humans in the UK. Generally speaking they have shown a protective effect either in tumour implant or chemically induced models of cancer.

(
In vitro experiments have shown that phytoestrogens can modulate components of the cell cycle pathway and inhibit growth of prostate cancer cells and stimulate apoptosis.  However, these effects were only found to occur at much higher concentrations greater than would be expected from normal dietary intakes.

Colorectal cancer


Human studies

15.80 Comparisons between international cancer rates and dietary intakes are often used as the basis for identifying dietary factors used in the aetiology of specific cancers.  A cross-cultural study of 38 countries found no association between soybean intake and risk of colon cancer.  The countries in this study were chosen on the basis of reliable cancer mortality data, but were not identified (McKeown-Eyssen & Bright-See, 1984).

15.81 Further epidemiological studies have suggested a protective effect of soy products in colorectal cancer although the data have not been consistent.  Two case control studies have shown that consumption of soy products had a protective effect on risk of rectal cancer.  A case-control study conducted in China by Hu et al (1991) found that soybean products (bean sprouts, bean curd and other products) had a protective effect on rectal but not colon cancer risk (n= 111 colon cancer cases; n= 225 rectal cancer cases).  The association with rectal cancer was graded and significant in men but not in women.  Watanabe et al (1984) demonstrated that consumption of soybeans and soybean curd was associated with a non-significant reduction in rectal cancer (RR= 0.15 and 0.12 respectively).  A reduction in the risk of colon cancer was not demonstrated.  A case-control study by  QUOTE "(Nishi M et al., 1997)" 
Nishi et al (1997)
 demonstrated that consumption of traditional Japanese soyfoods was associated with a non-significant reduction in the risk of both colon (RR= 0.96 for miso soup; 0.79 for tofu) and rectal cancer (RR= 0.79 for miso soup; 1.02 for tofu). Two other studies considered the relationship between consumption of soy and risk of colorectal polyps.  QUOTE "(Kono S et al., 1993;Witte JS et al., 1996)" 
Witte et al (1996)
 reported that the OR for consumption of one or more servings of tofu per week was 0.55 (CI= 0.27-1.11, p= 0.17).   QUOTE "(Kono S et al., 1993;Witte JS et al., 1996)" 
Kono et al (1993) 
reported no effect at the third tertile of soy paste soup intake for large and small adenomas of the colon were 0.72 (CI= 0.37-1.40) and 0.73 (CI= 0.33-1.59), respectively. QUOTE "" 

15.82 In contrast two case-control studies have reported that intake of fermented soy products is associated with an increased risk of colorectal cancer.  Haenszel et al (1973) reported fermented soybean intake was associated with a increase (p, 0.05) in colorectal cancer among Issei Japanese (RR = 1.6), but not Nisei or Hawaiian Japanese living in Hawaii.  In addition, Tajima & Tominaga (1985) reported that consumption of miso soup increased (p<0.05)  the risk of developing rectal cancer (RR = 2.05).  An increased risk of both colon and rectal cancer associated with the consumption of miso soup and other soybean products was also reported ( QUOTE "(Haenszel W et al., 1973;Hoshiyama Y et al., 1993;Tajima K and Tominaga S, 1985)" 
Hoshiyama et al, 1993
) QUOTE "" 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Á\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt!Tajima K & Tominaga S 1985 #19410\00!\00 
. QUOTE "" 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Á\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt!Tajima K & Tominaga S 1985 #19410\00!\00 

Animal studies

15.83 Several animal studies have examined the effect of soy and/or isoflavones on chemically induced colon cancer but have produced conflicting results. Two studies demonstrated that dietary genistein can protect against the development of chemically induced pre-neoplastic lesions of the rat colon.  In a study by  QUOTE "(Helms JR and Gallaher DD, 1995;Steele VE et al., 1995;Thiagarajan DG et al., 1998)" 
Steele et al (1995) 
5 weeks of dietary supplementation with  QUOTE "" 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Ä\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt.Thiagarajan DG, Bennink MR, et al. 1998 #19440\00.\00 
genistein (75 mg/kg bw) significantly reduced the number of aberrant crypt foci in rats.  The second study demonstrated that 12 weeks of dietary supplementation with 0.015% w/w genistein (as the aglucone) more effectively inhibited the formation of aberrant crypt foci (ACF) than diets supplemented with soy flour or full-fat soy flakes, containing 0.05% (w/w) genistein derivatives (as the glucosides) ( QUOTE "" 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Ä\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt.Thiagarajan DG, Bennink MR, et al. 1998 #19440\00.\00 

 QUOTE "(Helms JR and Gallaher DD, 1995;Steele VE et al., 1995;Thiagarajan DG et al., 1998)"  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00S(Helms JR and Gallaher DD, 1995;Steele VE et al., 1995;Thiagarajan DG et al., 1998)\00S\00À\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt)Steele VE, Pereira MA, et al. 1995 #19400\00)\00 
Thiagarajan et al, 1998)
.  

15.84 However, 

Sorensen et al (1998) QUOTE "(Sorensen IK et al., 1998)"  demonstrated that feeding a Western diet (high fat, low fibre and calcium) containing isoflavones had no effect on the development of intestinal cancer in a murine model or intestinal cancer. In addition, a study by 

Rao et al (1997) QUOTE "(Rao CV et al., 1997)"  demonstrated that although dietary administration of genistein (250 mg/kg diet) significantly increased the multiplicity of chemically induced non-invasive adenocarcinomas, and total adenocarcinomas, the incidence of colon adenocarcinoma or multiplicity of invasive adenocarcinoma was unchanged.

15.85 

Davies et al (1999) QUOTE "(Davies MJ et al., 1999)"  demonstrated that soy (250 mg isoflavones/kg diet) did not protect against experimentally induced colon cancer in rats. Indeed those given isoflavones had increased numbers of small ACF, thought to be markers for the disease, at 12 weeks.  However, a diet containing 30% rye-bran significantly reduced the number of colon tumours.  Although there was no change in the total number of ACF at 12 weeks with the rye diet, the total number of large ACF was reduced.  The authors concluded the lignans in the rye bran diet were likely to responsible for this effect.  

McIntosh et al (1995) QUOTE "(McIntosh GH et al., 1995)"  reported that although the no difference in the incidence of experimentally induced colon tumours in rats fed a whey-based diet (213 g/kg diet) than those fed a soybean diet (333 g/kg diet). 

15.86 Hakkak et al (2001) investigated the effect of lifetime dietary supplementation with soy protein isolate (430 mg total isoflavones/day), compared to a casein diet on chemically induced colon cancer in F2 generation male rats.  Rats fed soy protein isolate had a reduced incidence of colon tumours compared to those receiving a casein based diet.

15.87 Studies using rodent models of colon cancer have shown that flaxseed can reduce the number of chemically induced aberrant crypts, which are considered to be early markers of the disease  QUOTE "(Jenab M and Thompson LU, 1996;Serriano M and Thompson LU, 1992;Thompson LY, 1998)" 
(Jenab & Thompson, 1996; Serriano & Thompson, 1992; Thompson, 1998)

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00¸\0D\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt$Serriano M & Thompson LU 1992 #50280\00$\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Å\03\00\00(J:\5CCST 2\5CProcite files\5CPhytoestrogen.pdt\17Thompson LY 1998 #19450\00\17\00 
.   QUOTE "(Davies MJ et al., 1999)" 
Davies et al (1999)
 reported that a rye-bran diet, containing lignans, produced a highly significant inhibitory effect on the number of experimentally-induced colon tumours in rats.

In vitro studies

15.88 

Park et al (2001) QUOTE "(Park JH et al., 2001)"  demonstrated that genistein (10-60 (M) inhibited the growth of human colon cancer cells in a dose-dependent manner.  Genistein also caused cell cycle arrest at the G2/M phase and increased p21 protein expression and activated p21 promoter reporter constructs.  Arai et al (2000) have also reported that genistein (10 μM) had a slight inhibitory effect on the growth of human colon cancer cells. Salti et al (2000) reported that genistein has a concentration dependent effect on colon cancer cell growth.  Genistein increased apoptosis and caused G2/M cell cycle arrest at concentrations ≥60 (M.

Key points 

(
Epidemiological studies in humans have suggested that consumption of non-fermented soy products may lower the risk of colorectal cancer. Whereas consumption of fermented soy products was generally associated with an increased risk. To date, no studies have specifically examined the effect of phytoestrogens.

(
The research in animal models on isoflavones has also produced conflicting data with studies showing that genistein had a protective or no effect against chemically induced cancer or modulated the levels of biomarkers of the disease.

(
Studies suggest that dietary ligans may result in potentially beneficial changes in animal models of colorectal cancer.

(
In vitro data are sparse but show that genistein interacts with cell cycle processes to inhibit the growth of human colon cancer cells. 

Stomach cancer

Human studies

15.89 Epidemiological studies exploring the relationship between soy consumption and the risk of stomach cancer have provided inconsistent results.  However, an increased risk has most often been associated with the consumption of fermented soy products, whereas protective effects have been associated with the consumption of unfermented soy products (reviewed by  QUOTE "(Messina MJ et al., 1994)" 
Messina et al, 1994)
.

15.90 A study by 

Nagata (2000) QUOTE "(Nagata C, 2000)"  demonstrated a significant inverse correlation between the rate of mortality from stomach cancer and consumption of soy protein in Japanese men (p= 0.04).  Non-significant inverse correlation's were also noted for total soy product (p= 0.07) and isoflavone (p= 0.08) intakes.  Analysis of the food intake of households in 1040 census tracts in Japan demonstrated a significant inverse association between stomach cancer and tofu consumption in men and women.  Following multivariate analysis, a non-significant inverse association between consumption of miso soup and stomach cancer was also noted in the women from this study (

Nagai et al, 1982) QUOTE "(Nagai M et al., 1982)" .  A large-scale prospective study 

(Hirayama, 1982; 1984; 1986) QUOTE "(Hirayama T, 1986)"  which followed 122261 men and 142857 women for 13 years, demonstrated a significant inverse associations between consumption of soybean paste and the risk of gastric cancer.  In addition, four case control studies have reported significant inverse associations between stomach cancer and consumption of miso soup 

(Segi et al, 1957) QUOTE "(Segi M et al., 1957)" , soybeans 

(You et al, 1988) QUOTE "(You WC et al., 1988)" , bean curd 

(Haenszel et al, 1973) QUOTE "(Haenszel W et al., 1973)"  and soy-milk 

(Yingman & Songlin, 1986) QUOTE "(Yingman Y and Songlin Y, 1986)" . 

15.91 A cohort study in 7990 American men of Japanese ancestry living in Hawaii found no significant association between ingestion of miso soup or tofu and risk of gastric cancer.  However, a protective trend associated with tofu consumption was noted  QUOTE "(Nomura A et al., 1990)" 
(Nomura et al, 1990)
.  In addition, the results from three case control studies found no significant association between risk of stomach cancer and consumption of miso (Hirayama, 1971), bean curd  QUOTE "(Tajima K and Tominaga S, 1985)" 
(Tajima & Tominaga, 1985)
 or unfermented soy products  QUOTE "(Hoshiyama Y and Sasaba T, 1992)" 
(Hoshiyama & Sasaba, 1992)
. QUOTE "" 

15.92 

Hirayama (1971) QUOTE "(Hirayama T, 1971)"  reported that fermented soybeans increased the risk of developing stomach cancer, whereas bean curd decreased the risk.  However, no significant associations between the consumption of soybeans, fried bean curd, or bean paste and gastric cancer were demonstrated.  Three further case-control studies also demonstrated an association between the consumption of miso soup or fermented soy paste and an increased risk of stomach cancer 
Animal studies

15.93 Studies evaluating the effect of soy products or isoflavones on experimentally induced stomach cancer have yielded conflicting results. A study by  QUOTE "(Tatsuta M et al., 1998)" 
Tatsuta et al (1999)
 demonstrated that subcutaneous administration of genistein (30 mg/kg bw) to rats every other day for 25 weeks significantly reduced the incidence of experimentally induced gastric cancer.  Genistein also significantly decreased the labelling index and vessel counts of the antral mucosa and gastric cancers and significantly increased the apoptotic index.   QUOTE "(Kim JP et al., 1985)" 
Kim et al (1985)
 demonstrated that inclusion of 10% maejoo (Korean fermented soybean paste) in the diet of rats significantly inhibited experimentally induced stomach tumours. However, the study by  QUOTE "(Watanabe H et al., 1999)" 
Watanabe et al (1999)
 demonstrated that inclusion of 10% miso in the diet of rats had no effect on the number of stomach tumours induced by X-ray irradiation. 

In vitro studies

15.94 

Matsukawa et al (1993) QUOTE "(Matsukawa Y et al., 1993)"  reported that treatment of human gastric cancer cells with genistein resulted in a dose-dependent inhibition of cell growth.  Further analysis showed that genistein (40 (M) arrested the cell cycle at the G2/M phase. Cell cycle arrest was reversed following removal of genistein from the culture medium.  Daidzein did not arrest cell cycle progression at the G2/M phase.  

Yanagihara et al (1993) QUOTE "(Yanagihara K et al., 1993)"  showed that genistein and biochanin A inhibited growth of human stomach cancer cell lines by activation of apoptosis.

Key points 

(
Most of the published epidemiological studies have examined the association between soy products and the risk of stomach cancer, with only one study specifically investigating the effect of phytoestrogens. 

(
Currently, the epidemiological data linking soy consumption to risk of stomach cancer are inconsistent. A reduction in risk has most often been associated with unfermented soy products or isoflavones. Other published studies showed either no effect or an increased risk associated with the consumption of fermented soy products. 

(
In contrast animal studies suggest that fermented soy products either significantly inhibited or had no effect on the number of experimentally induced tumours. Only one study has examined phytoestrogens and showed that genistein significantly reduced the incidence of experimentally induced gastric cancer. 

(
Results from in vitro studies suggest that the isoflavones genistein and biochanin A can inhibit growth of human gastric cancer cell lines either by cell cycle arrest or induction of apoptosis. 

Lung Cancer

Human studies

15.95 Lung cancer is the leading cause of cancer-related deaths in the world.  Although there are epidemiological data to suggest consumption of soy products has a protective effect in lung cancer, the information is limited.  A protective effect for tofu was reported by 

Swanson et al (1992) QUOTE "(Ershow AG et al., 1990;Swanson CA et al., 1992)"  who investigated the relationship between diet and lung cancer among male residents with primary lung cancer (n= 428) living in a mining community in Yunnan Province, China.  Participants were asked to recall eating habits during adult life and report usual intake (frequency in times per day, week, month or year) of 31 food items or food groups.  The results showed a inverse dose-response relationship between consumption of bean curd (p< 0.01) and risk of lung cancer after adjustment for confounding factors.  A retrospective study in non-smoking, female lung cancer patients (n= 88) and controls (n= 137) living in Hong Kong, also demonstrated a significant inverse association between consumption of tofu/soy bean products and lung cancer risk after adjustment for confounding factors.  In this study, the protective effect was greater in those with adenocarcinoma or large cell lung tumours  QUOTE "(Koo LC, 1988)" 
(Koo, 1988)
.  

15.96 A case-control study by Seow et al (2002) demonstrated that consumption of soy foods had a protective effect amongst lifetime non-smoking Chinese women living in Singapore (n= 176 cases; n= 663 controls).  The OR for women in the highest tertile compared to the lowest was 0.53 (95% CI, 0.34-0.81).  A protective effect was not observed amongst women who were smokers (n= 127 cases; n= 102 controls).  Isoflavone intake was also calculated based on frequency of intake and portion size of eight common local soy foods.  The adjusted OR among non-smokers for the highest tertile compared to the lowest was 0.56 (95% CI, 0.37-0.85).

15.97 In contrast, a case-control study in female lung cancer patients (n= 965) from the Shenyang and Harbin provinces in China found no significant protective effect between the consumption of soybean products and the risk of lung cancer.  Subjects in this study were asked to estimate the frequency of intake of 33 soy food items in the five years preceding the interview  QUOTE "(Wu-Williams AH et al., 1990)" 
(Wu-Williams et al, 1990)
.

Animal studies

15.98 The results from animal studies have yielded more consistent results.  

Lee et al (1992) QUOTE "(Lee HP et al., 1991)"  demonstrated that intraperitoneal administration of biochanin A (0.125 mg/day) 3 times/week for 6 weeks significantly prevented the development of chemically induced lung tumours in mice.

15.99 In addition, results from three studies suggest that dietary supplementation with isoflavones can lower experimentally induced lung metastasis.  QUOTE "(Li D et al., 1999)" 
Li et al (1999)
 demonstrated that dietary supplementation with isoflavones (120 mg/kg diet) significantly inhibited the number of pulmonary metastases induced by murine melanoma cells in male mice.  Cross-sectional area and tumour volume were also reduced.  Similar findings were reported by  QUOTE "(Yan L et al., 1997)" 
Yan et al (1997)
 following dietary supplementation with a soy protein isolate (200 mg isoflavones/kg diet).

15.100 

Menon et al (1998) QUOTE "(Menon LG et al., 1998)" , QUOTE "{Li, Peegel, et al. 2001 #33510}"  demonstrated that orally administered genistein (54 mg/kg bw) significantly inhibited the formation of lung tumour metastases caused by melanoma cells in male male mice.  Levels of lung collagen hydroxyproline and serum sialic acid levels, a marker of metastasis, were also lowered following treatment with genistein.  These effects were not observed following administration of daidzein.  Both daidzein and genistein were shown to increase the lifespan of mice by 16% and 47.7% respectively.  However, lifespan was further increased, by 70%, following treatment with genistein (70 mg/kg bw).

In vitro studies

15.101 

Lian et al (1998) QUOTE "(Lian FR et al., 1998)"  reported that treatment with genistein (30 (M) resulted in dose-dependent inhibition of cell proliferation in human lung cancer cells.  In addition, genistein was found to have arrested cell cycle progression at the G2/M phase, caused upregulation of p21WAF1 expression and induced apoptosis.  Similar results were also reported by Lian et al (1999) using human lung cancer cell lines expressing either a wild-type or a mutated p53.  This study also found genistein increased expression of wild-type p53 whilst the level of mutant p53 remained unchanged.  The apoptosis gene Bax was also found to be upregulated whereas Bcl-2 levels remained unchanged.

Key points

(
A single study has investigated the effect of phytoestrogens in lung cancer, which showed that isoflavone consumption was weakly associated with a reduction in lung cancer risk in a Chinese population. Other published studies in Chinese populations, which examined the effects of soy rather than phytoestrogens also reported an inverse association between soy consumption and the risk of lung cancer. 

(
Animal data have shown that genistein can inhibit development of experimentally induced lung tumours and lung metastasis. 

(
Genistein has been shown to act as an inhibitor of cell growth in lung cancer cell lines, and can induce apoptosis.  

Main Summary

15.102 It is generally accepted that lifetime exposure to oestrogen is related to the risk of developing breast cancer.  It has also been suggested that exposure to oestrogen during development or early life may play an important role in programming hormonal homeostasis and may influence the risk of developing cancer later in life. 

15.103 Most studies on breast cancer (and other cancers) have not addressed the possibility that exposure to phytoestrogens at an earlier life stage or over several life stages may confer protective changes.  Although the weight of evidence in humans support a protective role for soy in terms of breast cancer risk, the human and animal data for phytoestrogens are conflicting.

15.104 Epidemiological and migrant studies have suggested racial characteristics and other factors including lifestyle, diet and fat or fibre intake may play a role in the development of cancer.  Genetic polymorphisms may also make a significant contribution to an individual’s susceptibility to cancer. The interpretation of epidemiological studies is complicated also by the paucity of data on phytoestrogen concentrations in foods and dietary intakes.

15.105 The epidemiological evidence, albeit limited, suggests a protective role for soy-based foods in endometrial cancer.  No studies have specifically addressed the role of phytoestrogens.

15.106 Human studies have investigated the effect of soy intake and reported prostate cancer risk, which appear to differ between Eastern and Western populations. A single study in humans has specifically investigated phytoestrogens. This study showed a reduced risk associated with consumption of foods containing coumestrol and daidzein. Animal data suggest that diets supplemented with soy or isoflavones may inhibit the development of implanted, spontaneous and chemically induced tumours of the prostate in rodents. 

15.107 There is no evidence from human studies to attribute the protective effect of fibre, fruit and vegetables against colorectal and stomach cancer to their phytoestrogen content.  In addition, there is little or no evidence to associate phytoestrogen intake with a reduced risk of cancer of the ovary or lung.

15.108 The data from the many epidemiological studies is limited in terms of assessing the effect of dietary phytoestrogens in the UK population.  This is due to the fact that many have been conducted in Eastern (e.g. Chinese or Japanese) populations and may be confounded by ethnic differences and other dietary factors.  Thus, while in vitro studies and investigations in animals may provide some suggestions that these compounds have protective effects for some cancers, the clinical data to convincingly support these claims are not available.
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