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The role of Vitamin D3 metabolism in prostate cancer
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Abstract

Vitamin D deficiency increases risk of prostate cancer. According to our recent results, the key Vitamin D hormone involved in the regulation
of cell proliferation in prostate is 25(OH) Vitamin D3. It is mainly acting directly through the Vitamin D receptor (VDR), but partially also
through its 1�-hydroxylation in the prostate. A deficiency of 25(OH) Vitamin D is common especially during the winter season in the Northern
and Southern latitudes due to an insufficient sun exposure, but Vitamin D deficient diet may partially contribute to it. A lack of Vitamin D
action may also be due to an altered metabolism or Vitamin D resistance. Vitamin D resistance might be brought up by several mechanisms:
Firstly, an increased 24-hydroxylation may increase the inactivation of hormonal Vitamin D metabolites resulting in a Vitamin D resistance.
This is obvious in the cancers in which an oncogenic amplification of 24-hydroxykase gene takes place, although an amplification of this gene
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n prostate cancer has not yet been described. During the aging, the activity of 24-hydroxylase increases, whereas 1�-hydroxylation decrease
urthermore, it is possible that a high serum concentration of 25(OH)D3 could induce 24-hydroxylase expression in prostate. Seco
itamin D receptor gene polymorphism or defects may result in a partial or complete Vitamin D resistance. Thirdly, an overexpr
yperphosphorylation of retinoblastoma protein may result in an inefficient mitotic control by Vitamin D. Fourthly, endogenous
reviewed by [D.M. Peehl, D. Feldman, Interaction of nuclear receptor ligands with the Vitamin D signaling pathway in prostate
teroid Biochem. Mol. Biol. (2004)]) and phytoestrogens may modulate the expression of Vitamin D metabolizing enzymes. In sum

ocal metabolism of hormonal Vitamin D seems to play an important role in the development and progression of prostate cancer.
2004 Elsevier Ltd. All rights reserved.
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. Introduction

Although Vitamin D is still best known from its role as
regulator of calcium and phosphorus balance, there is an

ncreasing interest in other hormonal effects of Vitamin D
n all organs and cells of the body. Regulation of many cell
ypes with respect to their function, growth, differentiation
nd apoptosis are controlled by Vitamin D.

Vitamin D was originally found as a plant-derived antira-
hitic agent, which was named Vitamin D2 (ergosterol). How-
ver, the subsequent characterization of structure and intrinsic
ynthesis of animal form, termed Vitamin D3 (cholecalcif-
rol), which formed a basis of the hormonal Vitamin D[2,3].

n human system, the production of Vitamin D3 in skin is
rucial, since nutrional supply of Vitamin D3 as well as Vita-
in D2 is limited. The production of Vitamin D3 begins from

∗ Corresponding author. Tel.: +358 3 2156726; fax: +358 3 2156170.
E-mail address:pentti.tuohimaa@uta.fi (P. Tuohimaa).

plasma membrane of skin cells where 7-dehydrocholes
is photolyzed by UV light to produce previtamin D3 which
undergoes thermal isomerization to Vitamin D3. The s
thesis of previtamin D3 and Vitamin D3 are self-controlle
processes since further absorption of UV light causes iso
izations of these compounds to yield inactive products[4].
Conversion of 7-dehydrocholesterol to previtamin D3 is de-
creased to less than half in elderly people[5]. From skin Vita-
min D3 enters to circulation where all Vitamin D compoun
are mainly bound to Vitamin D binding protein (DBP)[6].

In the body, both Vitamin D2 and D3 undergo similar ac
tivation processes, which are prerequisite for their biolog
activity. Basic activation route of Vitamin D (hereafter
tamin D3) involves two successive hydroxylations cataly
by cytochrome p450 enzymes (Fig. 1). The first hydroxyla
tion at the position C-25 occurs in liver by the mitochond
sterol 27-hydroxylase (27-hydroxylase; CYP27A1) to y
25-hydroxyvitamin D3 (25OHD3), which is the major circu
lating form of Vitamin D[7]. Second hydroxylation at p

960-0760/$ – see front matter © 2004 Elsevier Ltd. All rights reserved.
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Fig. 1. A schematic presentation of Vitamin D activation metabolism. The
figure points out the central role of 25-hydroxyvitamin D in extrarenal Vi-
tamin D endocrine system.

sition C-1 occurring in kidney by 25-hydroxyvitamin D31�-
hydroxylase (1�-hydroxylase; CYP 27B1) produces the most
active form of Vitamin D namely 1�,25-dihydroxyvitamin
D3(1�,25(OH)2D3) [8]. The serum values for 1�,25(OH)2D3
are approximately 1000 -fold less to that of 25OHD3. The
above described route of Vitamin D activation has later been
complicated by the studies revealing several tissue types
to express 1�-hydroxylase and, thus, being capable for ex-
trarenal production of 1�,25(OH)2D3 [9]. Among this skin
has been shown to express all enzymes needed to exhibit au
tonomous production 1�,25(OH)2D3 [10]. In addition, there
is evidence that it is actually microsomal 25-hydroxylase ac-
tivity that plays a major role for production of 25OHD3 in
liver [11]. Recently, a novel enzyme displaying microsomal
25–hydroxylase activity has been characterized in human by
Cheng et al.[12].

Inactivation of 1�,25(OH)2D3 and 25OHD3 is catalyzed
by mitochondrial 25-hydroxyvitamin D324-hydroxylase (24-
hydroxylase; CYP24)[13]. This enzyme sequentially hy-
droxylases 25OHD3 or 1�,25(OH)2D3 starting at C23 or C24
positions finally yielding more hydrophilic product for excre-
tion [14]. 24-Hydroxylase is abundantly expressed in kidney
but most probably all Vitamin D target cells express the en-
zyme[15]. In kidney, 1�,25(OH)2D3 itself among many other
regulatory factors is involved in coordination its own synthe-
s lase
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other hand, action of 1�,25(OH)2D has appeared to involve
also rapid nongenomic effects including activation of protein
kinase C and MAP-kinase[23]. These effects occurs within
minutes after hormone administration and arise from cell
plasma membrane by yet poorly understood mechanisms
which may involve novel receptor systems for Vitamin D
metabolites. Interestingly, both genomic and nongenomic
signalling pathways of 1�,25(OH)2D3 has been, recently,
shown to meet in controlling transcriptional induction of
the rat 24-hydroxylase gene[24]. On the other hand, our
laboratory has provided new evidence for biological activity
of 25OHD3 with reference to transcriptional induction of 24-
hydroxylase expression in human prostatic stromal cells[25].

2. Growth regulation by Vitamin D in normal and
malignant prostate

The active form of Vitamin D, 1�,25(OH)2D3, in addi-
tion to its long recognized role in calcium homeostasis, has
been identified as a secosteroid hormone with antiprolifera-
tive effect on normal and malignant cells and, thus, it and its
less calcemic analogues are recommended as potential com-
pounds for cancer treatment. The antiproliferative function
of 1�,25(OH)2D3 is thought to be exerted mainly through
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is and inactivation being strong inducer of 24-hydroxy
hile inhibiting 1�-hydroxylase expression[15,16].
The hallmark in functional study of Vitamin D actio

as cloning of the respective receptor for 1�,25(OH)2D3,
itamin D receptor (VDR) which was found to act as liga

nducible transcription factor and mediate effects of Vita
on target gene transcription[17,18]. The studies revealin

biquitous expression of VDR provided evidence for
entral role in pleiotropic action of Vitamin D[19,20]. Later
orks including structural characterization of DNA bind

egions for VDR and discovering of retinoid X recep
RXR) as dimerization counterpart of VDR provided a b
or current model of genomic action of VDR[21,22]. On the
-

uclear Vitamin D receptor-mediated pathway to contro
arget gene expression, resulting in cell cycle arrest in G
hase, cell apoptosis and differentiation[26].

Prostate is a target organ of Vitamin D and VDR has b
ound to present in prostate epithelial[27,28]and cancer cel
27,29,30]. 1�,25(OH)2D3 is able to inhibit the growth of pr
ary prostatic epithelial cells[27] and prostate cancer ce

30–32]as well as prostate cancer xenografts in animal m
ls[33,34]. Some clinical studies have also been undert
uggesting that Vitamin D might be effective in slowing
rogression of prostate cancer[35,36]. Our epidemiologica
tudy also supports the idea that the Vitamin D is prote
gainst prostate cancer development[37], however, a hig
erum concentration of 25OH D3 (>75 nmol/L) may also in
rease the risk of prostate cancer[38].

Molecular mechanism of antiproliferative effect of Vi
in D has been under an intensive investigation. The d
pment of microarray technology makes it possible to sc
itamin D-responsive genes in cells and tissues. Due
ensitivity to Vitamin D, the prostate cancer cell line LNC
as been applied widely to study Vitamin D target ge
he growth of LNCaP cells can be almost completely in

ted by 10 nM 1�,25(OH)2D3 (Fig. 2). Vitamin D3 causes a
ccumulation of LNCaP cells in G1 phase[39,40]and apop

osis[41–43]. Vitamin D3 induced cell cycle arrest in prosta
ancer cells is mediated mainly by cyclin dependent ki
nhibitor p21/WAF1 and p27 pathways. P21/WAF1 is upr
lated by 1�,25(OH)2D3 in both mRNA and protein levels
NCaP and ALVA-31 cells and resulting in cell cycle arres
0/G1 phase[44], whereas Vitamin D stimulates the expr

ion of p27 in LNCaP cells by increasing the half life of p
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Fig. 2. Inhibition of prostate cancer LNCaP cell growth by 10 nM
1�,25(OH)2D3. LNCaP cells were seeded in 96-well plate and treated with
or without Vitamin D. Cell growth was assayed by crystal violet stain-
ing. 10 nM 1�,25(OH)2D3 was shown to significantly inhibit the growth
of LNCaP cells at Day 4 and 6.[48].

through lowering the cdk2 protein level in the nucleus where
the p27 is degraded by cdk2, resulting in an inhibition of G1
to S phase progression[45]. Since the effect of Vitamin D on
cell cycle is finally mediated by retinoblastoma protein, an
over-expression or hyperphosphorylation of retinoblastoma
protein might influence Vitamin D action[26,46]. Insulin-like
growth factor binding protein 3 (IGFBP-3) has proposed to
be a necessary component associated with 1�,25(OH)2D3-
induced cell cycle arrest by increasing p21/WAF1 expres-
sion in LNCaP cells[47]. In our previous study, fatty acid
synthetase (FAS) was found to be involved in the growth
suppression of LNCaP cells by Vitamin D[48]. Knock-down
of FAS gene results in LNCaP cell apoptosis[49]. This sug-
gests that FAS might be associated with Vitamin D-induced
growth inhibition/apoptosis in LNCaP cells. The effect of
Vitamin D on cell growth and gene expression varies in dif-
ferent prostatic cells[30,50]. This might explain the different
mechanisms whereby Vitamin D exerts its antiproliferative
effect in different cells.

Androgen plays an important role in the antiproliferative
effect of Vitamin D on some prostate cancer and normal
cells. Our epidemiological study suggests that androgens
might be involved in the anticancer activity of Vitamin D
[37]. In vitro studies, the inhibitory effect of Vitamin D
on LNCaP cell growth is shown to be androgen-dependent
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of Vitamin D is also shown to be androgen-independent
in subset of prostate cancer cells[32]. These suggest that
antiproliferative effect of Vitamin D is complex and the
mechanism is different depending on cell type.

The synthetic less calcemic analogs of Vitamin D appear
to be more potential in the treatment of prostate cancer when
compared with 1�,25(OH)2D3 [53,54]. This suggests that
the Vitamin D-derived compounds may be good candidates
of human clinical trials in prostate cancer. The antiprolifer-
ative effect of Vitamin D can be enhanced by combination
with some anticancer drugs, especially in hormone refractory
prostate cancer[55].

3. Expression and regulation of Vitamin D3
metabolizing enzymes in the prostate

3.1. 25-Hydroxyvitamin D31�-hydroxylase

Human prostate cancer cell lines and primary cultures of
noncancerous prostatic cells have 1�-hydroxylase activity
[56]. A reduced 1�-hydroxylase activity in prostate cancer
cells compared with cells derived from normal or benign pro-
static hyperplasia tissues was observed[57], which seems
to be due to a decreased promoter activity[54]. In colon
c and
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51]. 1�,25(OH)2D3 has less effect on inhibition of th
rowth of AR-negative prostate cancer PC3 and DU
ells (reviewed in more detail by Peehl and Feldman[1]). In
ivo animal studies, Vitamin D showed no effect on prost
rowth when the endogenous androgens were remov
astration, whereas in intact animals, the prostatic gr
as significantly inhibited by 1�,25(OH)2D3 [52]. These
ata strongly suggest that androgen is a necessary

or Vitamin D-induced cell growth inhibition. We foun
hat regulation of FAS gene expression by 1�,25(OH)2D3
as androgen-dependent and androgen was involved
ntiproliferative effect of Vitamin D on LNCaP cells[48].
he mechanism of the interaction between Vitamin D
ndrogen remains to be investigated. The inhibitory e
ancer, the correlation between the differentiation grade
�-hydroxylase mRNA content remains controversial.
tudy reported that poorly differentiated cancers expre
ow levels of 1�-hydroxylase mRNA[58], whereas othe
howed that the less-differentiated colon cancer tissue
ore 1�-hydroxylase mRNA[59]. It is interesting that a hy
ermethylation of the CYP27B1 promoter CpG island

ound in human breast cancer cell line MDA-MB-231 a
n 41% of the breast tumors analyzed, which may resu
he transcriptional inactivation of 1�-hydroxylase gene i
ivo [60]. Studies on the regulation of the extrarenal�-
ydroxylase suggest that the regulation of 1�-hydroxylase is
ifferent from that in the kidney. For instance, parathy
ormone (PTH) and calcitonin, which are known regula
f renal 1�-hydroxylase, did not affect the expression of�-
ydroxylase mRNA in macrophages[61] due to the lack of re
eptors. However, no feedback inhibition by 1�,25(OH)2D3
as seen in either macrophages or nonsmall cell lung c
omas[61,62]. In a recent study[25], we demonstrated a
xpression of 1�-hydroxylase mRNA and protein in prima
ultures of human prostatic stromal cells, but the enz
ctivity was lower than that in primary cultures of hum
rostatic epithelial cells[57]. We also showed that a phy
logical concentration of 25OHD3 (100 nM) stimulated th
xpression of 1�-hydroxylase mRNA in one of the prima
ultures tested, but 1�,25(OH)2D3 did not affect the expre
ion of 1�-hydroxylase mRNA[25].

Since the discovery of the expression of 1�-hydroxylase
n the prostate, the autocrine role of 1�,25(OH)2D3 has
een attracting attention. 25OHD3 was shown to inhibit th
roliferation of primary prostatic epithelial cells possess
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1�-hydroxylase[63]. Due to the intracellular conversion of
25OHD3 into 1�,25(OH)2D3, the systemic side effect of hy-
percalcemia is avoided, the use of 25OHD3 is thus under the
consideration in the treatment of prostate cancer[64].

In conclusion, it is possible that the activation of 25OHD3
by 1�-hydroxylase in the prostate might be important in the
antiproliferative action by Vitamin D. Therefore, the decrease
of 1�-hydroxylase with aging might be one reason for the
development/progression of prostate cancer[65,66].

3.2. 25-Hydroxyvitamin D324-hydroxylase

Since the VDR was discovered in human prostate cancer
cell lines, the induction of 24-hydroxylase by 1�,25(OH)2D3
has been demonstrated in DU145 and PC3 cells, but not in
LNCaP cells[30]. Later, using real-time RT-PCR we showed
that 1�,25(OH)2D3 significantly increases 24-hydroxylase
mRNA in LNCaP cells and primary cultures of human pro-
static stromal cells[25]. Human prostatic carcinoma cell
lines were also shown to possess 24-hydroxylase activity,
which was up-regulated by 1�,25(OH)2D3 [31]. In addition
to 1�,25(OH)2D3, 24-hydroxylase was also induced by 9-
cis-retinoic acid in human colon cancer cells HT-29[67] and
by dexamethasone in the presence of 1�,25(OH)2D3 in os-
teoclastic cells UMR-106[68]. It has been suggested that the
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Table 1
Concentrations of three Vitamin D metabolites in serum and prostate of four
prostatectomy patients

25OHD3

(nM)
24,25(OH)2D3

(nM)
1�,25(OH)2D3

(pM)

1 Serum 100.5 4.2 99
Prostate 85 26 195

2 Serum 48.5 12.1 65
Prostate 74 20.5 <20

3 Prostate 16.5 9 100
4 Prostate 19.5 14.5 470

followed either by a competitive protein binding assay for
25OHD3 and 24,25(OH)2D3 or a radioreceptor assay for
1�,25(OH)2D3. We found that the levels of 25OHD3 in
the prostate are similar to or slightly higher than those in
serum, however, those of 24,25(OH)2D3 and 1�,25(OH)2D3
in the prostate are much higher than in serum suggesting a
significant local metabolism of 25OHD3 (Table 1).

4. New 25OH D3 hormonal system

We, recently, showed evidence for a new Vitamin D en-
docrine system[25]. 25OHD3 seems to be an active hormone
in human prostatic stromal cells with respect to Vitamin D3
response gene regulation and cell growth inhibition[25].
Our finding suggests that, in physiological concentration,
1�,25(OH)2D3 is inactive whereas 25OHD3 is active hor-
mone in the prostate cells (Fig. 3). In our primary cultures
of human prostatic stromal cells, 25OHD3 at a physiological
concentration of 250 nM exhibited a clear transcriptional ac-
tivity and an antiproliferative effect. The action of 25OHD3
was not due to 1�-hydroxylation, since its activity did
not decrease significantly when a specific inhibitor of 1�-
hydroxylase was used. 25OHD3 has been regarded as a pro-
hormone having no significant biological activity because
o ce
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rowth inhibition of 1�,25(OH)2D3 in human prostatic carc
oma cells was inversely proportional to the 24-hydroxy
ctivity [31].

Earlier studies have shown that the chromosome 20q
13.3 region, where CYP24 is located, was amplified
ariety of cancers, such as human ovarian cancer[69] and
rostate cancer[70]. CYP24 was proposed to be a candid
ncogene or tumor-suppressor gene in human breast t

71] and mouse islet carcinomas[72]. Whether CYP24 i
mplified and/or over-expressed in human prostate c
eeds further investigation. During aging the activity of
ydroxylase seems to increase at least in the experim
nimals[73], which, in turn, may lead to a decreased se

ivity of a target organ to Vitamin D.

.3. Levels of Vitamin D3 metabolites in the prostate

The local concentrations of Vitamin D3 metabolites
aturally reflect the Vitamin D3 metabolism in the prostat
owever, only few animal studies are available. In m
prague-Dawley rats, less than 1% of the serum leve
etected in prostatic tissue within 24 h after the intrave
dministration of 1�,25(OH)2D3 [74]. The study on th
istribution of hydroxylated Vitamin D3 metabolites in
omestic pigs showed that the organ concentration
�,25(OH)2D3 were much higher than the plasma lev
hereas those of 25OHD3 lower [75]. We have measure

he concentrations of Vitamin D3 metabolites in huma
rostate after prostatectomy with a permission of the l
thical committee. Metabolites of Vitamin D were assa
sing high performance liquid chromatography (HP
f its lower affinity for the VDR. However, the differen
n the physiological concentration between 25OHD3 and
�,25(OH)2D3 is 1000-fold. Although 1�,25(OH)2D3 has
een demonstrated in vitro to regulate the growth, differ
tion and function of a variety of cells including cancer ce

ts actions in vivo and in vitro are achieved only at phar
ological concentrations. The physiological concentrat
f 25OHD3 vary with the season and sun exposure whe

hose of 1�,25(OH)2D3 are strictly controlled by calcium

ig. 3. Two endocrine systems of Vitamin D3. One is based
�,25(OH)2D3, mediating mainly calcium homeostasis; the other on
ediated by 25OHD3, regulating gene expression and cell proliferatio

arget tissues (e.g. prostate). Both 25OHD3 and 1�,25(OH)2D3 are inacti-
ated by 24-hydroxylase in target tissues.
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and PTH[76]. Therefore it is obvious that sunlight exposure
and serum levels of 25OHD3 but not 1�25(OH)2D3 are as-
sociated with a decreased risk of prostate cancer[37,77,78].
Thus, a deficiency of 25OHD3 might be the important
Vitamin D metabolite in the development and/or progression
of prostate cancer. Paradoxically, a high serum concentration
of 25OHD3 is also associated with an increased risk of
prostate cancer[38], which may be due to its ability at high
physiological concentrations to induce 24-hydroxylase[25]
leading to a possible Vitamin D insensitivity.

5. Inhibitors for 24-hydroxylase in the treatment of
prostate cancer

As mentioned above, 24-hydroxylase controls the first in-
activation step of 1�,25(OH)2D3 and 25OHD3, therefore an
inhibition of 24-hydroxylase activity could be beneficial and
enhance Vitamin D action. The widely used inhibitors are
antifungal imidazole derivatives, such as ketoconazole, liaro-
zole and newly identified VID400. Imidazole derivatives,
ketoconazole and liarozole, inhibit steroidogenesis by inter-
fering with cytochrome P450 enzyme system[79]. They are
promising in prostate cancer treatment not only because they
inhibit the activities of Vitamin D3 metabolizing enzymes,
b
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strogens are the isoflavonoids and the lignans. Isoflavonoids,
such as genistein, daidzein and glycitein, can be found in
some vegetables, fruits and in especially high concentrations
in most soy-protein products. Lignans (e.g. enterodiol and
enterolactone) are derived from plants such as rye, berries,
whole grains and flaxseed. Both isoflavonoids and lignans
exist in the plants as precursors, which undergo metabolism
by the gut microflora. Both metabolites and precursors are
absorbed in varying amounts.

6.1. In vitro studies

In vitro studies have shown phytoestrogens to have several
effects on the metabolism of sex steroids, the proliferation of
several cell lines and the function of enzymes.

6.2. Effects on sex steroid metabolism

Phytoestrogens have been found to have both estrogenic
[94] and possibly antiestrogenic[95] effects as well on es-
trogen binding sites. The function as antiestrogen can be
explained on the basis of the finding that phytoestrogens
may compete with estradiol for nuclear estrogen-binding sites
[96]. It has been reported that the action of phytoestrogens in
the inhibition of growth could be independent of the presence
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ut also because they inhibit testosterone biosynthesis[80].
hey exhibit a growth-inhibitory effect in both colon can
ell line HT29-S-B6 and breast cancer cell lines MD
B-231 and Evsa-T[81] and a cytotoxic effect in prosta

ancer cell lines PC3 and DU145[82]. Thus, the combine
reatment with 1�,25(OH)2D3 and imidazole derivative
ould be in future a prostate cancer therapy. For exam
etoconazole and liarozole were shown to enhance
ntiproliferative activity of 1�,25(OH)2D3 in breast cance
ells [83]. Liarozole caused a growth inhibitory respons
�,25-(OH)2D3 and increased the half life of 1�,25(OH)2D3

n DU145 cells, which are 1�,25(OH)2D3-resistant cells du
o high levels of 24-hydroxylase expression[84]. Likewise,
etoconazole decreased the activities of both 1�-hydroxylase
nd 24-hydroxylase and lowered the half maximal inhibi
ose of 1�,25(OH)2D3 in primary prostate cancer ce

85]. In primary cultures of human prostatic stromal ce
specific inhibitor of 24-hydroxylase, VID400, marke

ncreased the transcriptional activities of 1�,25(OH)2D3 and
5OHD3 [25].

. Phytoestrogens—novel modulators of Vitamin D
etabolism in the prostate

Phytoestrogens have been shown to have a beneficial
n cancers in both in vitro[86–88] and in epidemiologica
tudies[89,90]. Recently, their inhibiting effect on Vitam
metabolizing enzymes has also been established[91–93].
Phytoestrogens are a subclass of flavonoids, phenolic

ounds present in all plants. The two main groups of phy
f estrogen receptors on the cell[87]. Phytoestrogens are a
ble to lower the amount of estrogens in blood. This is
omplished by their stimulating effect on the synthesis o
ormone binding globulin in liver[97], thus decreasing th
mount of free circulating estrogen, as well as the inhib
f the aromatase enzyme[98]. Genistein can also enhan

he conversion of estradiol to weaker estrogens or ina
etabolites in breast cancer cells[99]. Phytoestrogens ha
ot been found to have any effect on the testosterone l

n blood[100,101].

.3. Effects on cell proliferation

In vitro studies have shown that phytoestrogens a
he proliferation of various cancer cell lines. In prost
he isoflavonoid, genistein, has been found to inh
rowth by having an apoptotic and an antimitotic effec
oth androgen-dependent[86,88]and androgen-independe

87,88]prostate cancer cell lines. Genistein has been rep
o arrest the cell cycle in the phase G2/M[102]. Phytoestro
ens also have several other possible anticarcinogetic

ties. Genistein is able to inhibit topoisomerase[103] and
yrosine protein kinases[104], which mediate the effects
rowth factors in cells. Genistein also inhibits angiogen
hich is a crucial element in tumour formation[105].

.4. Epidemiological studies

Population migration studies show that the diet play
mportant part in the development of cancers. The ris
rostate cancer among Japanese men immigrated in
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United States increases up to the level of non-Japanese men
born in the United States, this might be at least partly due to
the change in the diet[106]. The epidemiological results on
the protective effect of phytoestrogens against cancer are con-
flicting. In breast cancer, both protective and non-protective
effects have been reported[89,107,108]. Rodent suggests that
a diet rich in isoflavones may be protective against breast
cancer only when consumed before puberty or during ado-
lescence[109]. Some studies on prostate cancer have shown
the beneficial effect of a large soy intake, rich in isoflavonoids,
against the cancer[90,110]. There is less evidence about the
beneficial qualities of the lignans, mainly because of lack
of data. Stattin et al. reported recently that the lignan, en-
terolactone, had no protective effect against prostate cancer
in a cohort among Nordic men[111], but more research is
needed. Furthermore, it can be speculated, whether it truly is
the phytoestrogens of the diet, which protect from cancer or
whether they only are indicators of a generally healthy diet.

6.5. Phytoestrogens and Vitamin D

It has been known for some time that Vitamin D has
a beneficial effect against cancer. Thus, when Kállay et al
found that the phytoestrogen genistein increased the amount
of 1�,25(OH)2D3 in the mouse colon, they suggested that
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