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Abstract

Cruciferous vegetables belong to the plant family that has flowers with four equal-sized petals in the pattern of a
crucifer cross. These vegetables are an abundant source of dietary phytochemicals, including glucosinolates and
their hydrolysis products such as indole-3-carbinol (I3C) and 3,3’-diindolylmethane (DIM). By 2013, the total
number of natural glucosinolates that have been documented is estimated to be 132. Recently, cruciferous vegetable
intake has garnered great interest for its multiple health benefits such as anticancer, antiviral infections, human sex
hormone regulation, and its therapeutic and preventive effects on prostate cancer and high grade prostatic intrae—
pithelial neoplasia (HGPIN). DIM is a hydrolysis product of glucosinolates and has been used in various trials. This
review is to provide an insight into the latest developments of DIM in treating or preventing both prostate cancer
and HGPIN.

Keywords: cruciferous vegetables, 3,3'-diindolylmethane (DIM), indole-3-carbinol (I3C), prostate cancer, high
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INTRODUCTION

Cruciferous vegetables

The consumption of fruits, soybean and vegetables
has been associated with reduced risk of several types
of cancers" . Cruciferous, or Brassica vegetables in
Latin, is one category of these vegetables. Cruciferous
vegetables arise from plant cells in the family known
to botanists as cruciferae or Brassocaceae. Plants in
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the cruciferae family have flowers with four equal-sized
petals in the shape of a “crucifer’” cross. Many com—
monly consumed cruciferous vegetables arise from the
Brassica genus, including broccoli, Brussels sprouts,
cabbage, cauliflower, kale, turnips, collard greens, kohl—
rabi and mustard rutabaga“’zl. Like other vegetables,
cruciferous vegetables contain a number of nutrients
and phytochemicals with cancer chemopreventive prop—
erties, including folate, fiber, carotenoids and chloro—
phyll. However, cruciferous vegetables are unique in
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that they are rich sources of glucosinolates, sulfur-con—
taining compounds that are responsible for their pungent
aromas and spicy taste”. The hydrolysis of glucosino—
lates by the plant enzyme myrosinase results in the for—
mation of biologically active compounds, including
indoles and isothiocyanates“'w]. Myrosinase and gluco—
sinolates, which are normally compartmentalized sepa—
rately in intact plant cells, are brought together during
the processes of cutting, freezing, pressurizing or cook—
ing the vegetables, thus facilitating the formation of
indole-3-carbinol. By 2011, more than 132 glucosino—
lates with unique hydrolysis products have been identi—
fied in plantsm. For example, broccoli is a good source
of glucoraphanin, the glucosinolate precursor of sulfor—
aphane, and glucobrassicin, the glucosinolate precursor

of indole-3-carbinol"".

Indole-3-carbinol (I3C)

I3C is the initial compound released from crucifer—
ous glucobrassicin by the action of myrosinase and this
compound has proved to be highly instable both in
vitro and in vivo' ", I3C given orally is almost imme—
diately converted to a number of condensation products
in the acidic environment of the stomach in varying
proportions depending upon the exact pH, including
a dimer (3,3'-diindolylmethane, DIM), trimers (linear
trimer, LTR: cyclic trimer, CTR; indolocarbazole,
ICZ), ascorbigen, and ascorbic acid although DIM
predominates“z’u_m. In multiple studies, measuring
plasma I3C after oral administration of I3C to mice
showed only a transient blood level of I3C at 15 min—
utes. Other testing found no I3C in the plasma even at
the earliest 1 hour time point tested after giving single
one-time dose. Some chronic studies also showed that
I3C can result in hepatocyte hypertrophy and P-450
enzyme induction, and CYP1A2 induction"". Although
studies have confirmed antitumor activity in I3C against
cancers of breast, endometrium and prostate, 13C
instability and toxicity associated with enzyme induction
have limited the use of I3C as a chemoprotective
agent

3,3’-diindolylmethane (DIM)

Under acidic conditions, I3C is converted to an esti—
mated 15 or more other oligomeric compounds thought
to be responsible for its biological effects in vivo and
DIM is the unique dimer form from I3C among these
oligomeric products. Approximately 10-20% of I3C
is estimated to be metabolized to DIM and the number
may fluctuate due to possible variability of conversion
of I3C to DIM. To date, DIM has been studied more
extensively than any other I3C metabolites.

Studies in vitro and in vivo prove that DIM provides
a more predictable response than I3C. DIM should be
regarded as the chemoprotective compound of choice”
Because obtaining DIM from the consumption of cruci—
ferous vegetables is not a practical way to obtain the
daily amounts of DIM, semisynthetic or synthetic
sources of cruciferous indole compounds can now be
obtained commercially.

DIM'S CRITICAL HEALTH BENEFITS
FOR HUMANS

DIM shows anti-proliferative property in

cancers

The consumption of fruits and vegetables has been
associated with reduced risk of some types of can—
cers”. In vitro and in vivo studies have demonstrated
that the dietary components from cruciferous vegeta—
bles have inhibitory effects on human cancers through
multiple mechanisms, suggesting that they may serve
as chemopreventive agents[b_ﬂ'”_m]. One challenge is
separating the benefits of diets that are non-specifically
rich in vegetables from those that are specifically rich
in cruciferous vegetables including DIM and indole-
3-carbinol ™.

DIM has recently received much attention amid the
public and the medical society[l'zu. In vitro studies have
found that DIM has anti-proliferative and anti-cancer
activities in various cancer cells including prostate,
breast, endometrial, colorectal and pancreatic can—
cers”*”, and leukemic cells””. DIM inhibits the pro—
liferation of androgen-dependent human prostate
cancer LNCaP cells with 70% less growing in culture
and reduces secreted prostatic specific antigen (PSA)
protein levels induced by dihydrotestosterone (DHT)"”".
This anti-proliferative activity from DIM is found in
prostate cancer cells including LNCaP, DU145, PC-3
and C4-2B cell lines. In vivo, DIM was found to be a
potent chemopreventive agent for hormonal-dependent
cancers such as breast and prostate cancers. In mice
injected TRAMP-C2 mouse prostate cancer cells, DIM
significantly reduced tumor development to 50% com—
pared with controls. Tumors in treated mice were sig—
nificantly smaller than control animals (P < 0.001)[25].
In a phase I study using DIM, all 12 prostate cancer
patients (castrate-resistant, non-metastatic, PSA relapse)
had 50% PSA decline (1 patient), stabilization (1
patient), or PSA deceleration of their PSA rise
(10 patients)m]. DIM treatment inhibited growth of
cancer stem cells in a phase II clinical trial through
downregulation of EZH2 expression in prostate cancer

. [27]
tissue .
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The anti-proliferative action from DIM may be
mediated through its abilities to induce G1/S arrest of
the cell cycle” ™™, induce apoptosis”' ", inhibit
angiogenesisw()%], regulate sex hormones and their
receptors”, anti-inflammatory activity'"""", and
other potential anti-carcinogenic properties' . uPA
(urokinase-tyle plasminogen activator) and its receptor
uPAR is a tumor-associated serine protease which is
linked to tumor progression and metastasis. DIM has
been reported to inhibit cell growth and migration by
downregulating uPA and its receptor uPAR in prostate
cells"” or inhibit cancer stem cell growth™".

DIM causes G1/S arrest in cell cycle

In studies on G1/S cell cycle arrest caused by DIM,
researchers found that DIM inhibited cells progressing
from G1 to S phase by downregulating cyclin 15) R
and cyclin E*"™", cyclin-dependent kinase CDK2™"™,
CDK4"“**** and CDK6™""”, but upregulating cell cycle
inhibitor p15[24'5(”, p21[24’5” and p27[24’28730]. In a study
using LNCaP cell line, DIM inhibited the increase of
cyclin DI and CDK4 mediated by R1881, a synthetic
androgen steroid. In in vitro breast cancer lines, DIM
modulates p27 through transcription, prolongation of
protein half-life, and nuclear localization; these effects
are independent of Akt and estrogen receptor status™"
In a study using both androgen-dependent LNCaP and
androgen receptor negative DU145 prostate cancer cells,
DIM-mediated GI cell cycle arrest involves activation
of the p38 MAPK and Spl pathways in the DU145 cells
regardless of their androgen-dependence and p53 sta—
tus””. DIM-induced cell arrest can be also mediated
by inhibiting mitochondrial ROS (mitochondrial reac—
tive oxygen species) release’” . Several studies found
that induction of p21 expression by DIM was indepen—
dent of p53[2”. In oral squamous cell carcinoma cell
lines, DIM induced G2/M cell arrest via DIM’s sup—
pressive effect on the expression of cyclin B1 and
cde25¢™. Except for its cell cycle effects in prostate
cancer cell lines, DIM has also been found to downre—
gulate cell cycle regulators or upregulate cell cycle inhi—
bitors in other cancer cell lines including esophageal
cancer[sm, colorectal cancerml, breast cancerml, endome—
trial cancer”", oral cancer", and leukemic cells™"

DIM causes cell apoptosis

Results from various research groups have revealed
that DIM induces cell apoptosis through two mechan—
isms, either by downregulating anti-apoptotic gene pro—
ducts including Bcl-2, Bcl-xL, survivin, inhibitor-of-
apoptosis protein (IAP), X chromosome-linked TAX
(XIAP), and Fas-associated death domain protein-like

interleukin-1-beta-converting enzyme inhibitory protein
(FLIP), or by upregulating proapoptotic protein Bas,
release of mitochondrial cytochrome C, p53, N-myc
downstream regulated gene-1, activation of caspase-9
and Caspase_g[&l\iﬂ—34,54—50]'

Survivin is an inhibitor of apoptosis and is associated
with both prostate cancer progression and drug resis—
tance. Targeting survivin could enhance therapeutic
efficacy in prostate cancer. In a study using DIM and
Taxotere, DIM enhanced Taxotere-induced apoptotic
death in LNCaP and C4-2B prostate cells and bone
tumor cells by decreasing survivin expression, AR
expression and nuclear factor-kappaB (NF-xB) DNA-
binding activity[:{:ﬂ. In an in vitro study, DIM inhibited
cell proliferation and induced apoptosis via inhibition
of Akt activation, NF-xB, AR phosphorylation and
expression PSA, and p38 mitogen-activated protein
kinase (p38 MAPK)"*””'. DIM could activate the
AMPK signaling pathway and downregulation of andro—
gen receptor expression, and induction of apoptosis[sﬂ. In
an in vitro study using physiologic concentrations, DIM
caused cell growth inhibition and this effect is only asso—
ciated with apoptosis but not cell cycle arrest .

p75 (NTR, neurotrophin receptor) functions as a
tumor suppressor in prostate epithelial cells and its
expression declines when malignant cancer progresses.
In a study comparing anti-inflammatory drugs and
chemopreventive agents including ketorolac, etodolac,
indomethancin, 5-methylindole-3-acetic acid and I3C,
DIM exhibits the greatest activity of induction of p75
(NTR) levels and inhibition of cell survival in prostate
PC-3 and DU-145 cancer cells and this p75 (NTR)-
dependent apoptosis is via the p38 MAPK pathway[%]

DIM causes anti-angiogenesis

Many articles also report anti-angiogenic effect from
DIM"™"***"!_DIM can inhibit angiogenesis via dif—
ferent pathways. In PDGF-D (platelet-derived growth
factor-D)-overexpressing PC-3 cells, DIM inhibits
invasion and angiogenesis in this cell line by reducing
the tube formation of human umbilical vein endothelial
cells (HUVECS) via inactivation of both mTOR (mam—
malian target of rapamycin) and Akt activity”". DIM
can also effect modulations of downstream transcription
factors NF-kB signaling”. In a separate article from the
same research group, DIM inhibited angiogenesis and
cell invasion by reducing the bioavailability of vascular
endothelial growth factor via repressing extracellular
matrix-degrading proteases, such as matrix metallopro—
teinase-9 and urokinase-type plasminogen activator .

In in vitro and in vivo studies, DIM inhibits angio—
genesis via inactivation of Akt and, at least in part, of
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[36]

ERK1/27". In separated studies, Chang et al. found
that DIM inhibits vascular endothelial growth factor
(VEGF)-induced cell proliferation and DNA synthesis
in HUVECs via Ras signaling[g“':;g]. In multiple thyroid
cancer cells, this anti-angiogenesis may be through

[61]

inhibition of VEGF by anti-estrogen effect of DIM .

DIM has anti-inflammatory activity

Recurrent or chronic inflammation has been impli—
cated in the development of a variety of human can—

s Inflammation promotes cellular proliferation,
angiogenesis, inhibits apoptosis, and induces DNA
damage, increasing the risk of developing cancer'” "
An estimated 20% of adult cancers are attributable to
chronic inflammatory conditions caused by infectious
agents, chronic non-infectious inflammatory diseases
and/or other environmental factors”

In a mice in vivo study, DIM exhibited a significant
therapeutic effect in the experimental colitis model and
decreased the number of colitis-associated colon
tumors'"”. This anti-inflammatory activity was asso—
ciated with reduction of proinflammatory cytokines'"”
In a study for nonsteriodal anti-inflammatory drug-acti—
vated gene-1 (NAG-1), DIM increased the expression of
NAG-1 as well as activating transcription factor 3
(ATF3) "’ The anti-inflammatory effects of DIM may
also be through the suppression of NF-xB activities.
Using mouse skin models, DIM pretreatment effectively
inhibited 12-O-tetradecanoylphorbol-13-acetate (TPA)
induced ear edema formation via the downregulation
of cyclooxygenase-2 (COX-2), inducible nitric oxide
synthase (iNOS), C-X-C motif chemokine 5 (CXCL5)
and interleukin-6 (IL-6) expression which may be
mediated by reductions in NF-xB activation'""""'.
These results show that DIM exerts anti-inflammatory
and chemopreventive effects, which may be related to
its antitumor property.

DIM stimulates antioxidant response

DIM has demonstrated excellent chemopreventive
properties against carcinogenesis by regulating the
redox status of the cells during oxidative stress'””!
through the antioxidant transcription factor NFE21.2
(Nrf2) and antioxidant response element” . Nrf is a
transcription factor and the antioxidant response element
(ARE) is a critical regulatory element for the expression
of antioxidant enzymes. DIM induces Nrf2-ARE-
mediated gene expression that could potentially enhance
cancer chemopreventive activityml. In multiple animal
models, DIM upregulates BRCA1 expression, which
has antioxidant activity, and this induces Nrf2-ARE-
mediated gene expression via BRCA1-dependent man—

[69,75

ner”™. In in vitro studies, DIM acts as a scavenger of
free radicals and has anti-carcinogenic effects. In an
interesting study, DIM treatment improves cardiac
functions in a mouse model of cardiac hypertrophym.

DIM has other anti-carcinogenic properties

A few articles also have reported other anti-carcino—
genic properties of DIM, including epigenetic modula—
tion, anti-viral, anti-bacterial effects, and DNA
methylation. In a tumor cell culture model, DIM
decreases invasive properties of the tumor cells and
these properties were associated with reduction of
MMP-1 and MMP-12 (matrix metalloproteinases)m.
DIM can also alter gene expression and reduce cell
growth by inhibiting DNA methylation™. More trials

are needed for further investigation'".

DIM REGULATES SEX HORMONES,
THEIR RECEPTORS AND TARGET
GENE EXPRESSIONS

Many publications have identified effects from DIM
on sex hormones, hormone receptors, including estro—
gen receptor and androgen receptor, and their signal—
ing™""™* " therefore preventing prostate cancers
in men. DIM is a unique bifunctional hormone disrup—

ter for estrogen and androgen'”

DIM regulates estrogen and estrogen receptor

in prostate cancer

Researchers have identified that estrogens, including
17-beta-estradiol (E2), play an important role in the
development and progression of prostate cancer """
Their actions are mediated by estrogen receptors (ERs),
particularly ERf in the prostate epithelium'""'. ERa is
found primarily in stromal cells of the prostate and
appears to regulate the growth of prostatic epithelial
cells, but ERf is the predominant ER subtype in the
prostatic epithelium'"". A new discovery using newly
generated isoform-specific antibodies has found that
ERp can be divided into isoforms ERf1-5 in prostate
cancer' ", exerting their estrogenic effects by binding
to estrogen to form the estrogen-ER complex, then
further combine with DNA sequences in genes known
as estrogen response elements to enhance the tran—
scription of estrogen-responsive genesm. Evidence
suggests that E2 contributes to the risk of prostate can—
cer”™”. Using LNCaP cells, an E2 sensitive cell line, E2
induces cancer cell proliferation and stimulates PSA
expression, which is possibly related to its effects on
androgen receptor (AR) as this E2-induced stimulation
could be inhibited by the anti-androgen drug caso—
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dex"™". ERf2 is commonly found in the cytoplasm

which is the most abundant isoform, but ERbetal is
predominantly located in the nucleus and ERfS5 pri—
marily in the cytoplasm. The study further found that
nuclear ER 32 (nERbeta2) is an independent prognostic
marker for PSA failure and postoperative metastasis
(POM) and the combined expression of both ERf2
and ERf}5 can identify patients with the shortest POM-
free survival"". But in a study using MCF-7 cells,
DIM significantly reduced ERoz mRNA expression in
breast cancer cells and this effect is likely through the
binding of DIM as a ligand to the nuclear aryl hydrocar—
bon receptor (AhR)"".

DIM has effects on estrogen in two ways: affecting
estrogen metabolism and regulating ER activity. For its
metabolic effects, DIM can increase the conversion of
E2 into 2-hydroxyestrone (2-OHE), a “good” estro—
genic metabolite with anti-estrogenic and anti-prolif—
erative propet’tiesm’ROJ while decreasing the conversion
of E2 into 4-hydroxyestrone (4-OHE) or 16-o-hydro—
xyestrone (16-0-OHE), both ““bad” estrogenic metabo—
lites that can increase cell proliferation[gm. DIM also
increases urinary 16-o-OHE levels in postmenopausal
women' . For its effects on ER, DIM can inhibit the
transcription of estrogen-responsive genes stimulated
by E2, and increase ERa protein degradation Hon

A separate study shows that DIM’s estrogenic effects
can be mediated through ERf but not ERo. activation of
estrogen response element and DIM selectively acti—
vated multiple endogenous genes through ER[}W”. The
possible mechanisms by which DIM induces these
effects do not involve binding to ERf} but may involve
a ligand-independent mechanism by recruiting coacti—
vators to target genesml. It was reported that induction
of p21 expression by DIM was independent of estro—
gen-receptor signaling[zu

DIMs effects on androgen, androgen receptor
(AR) and prostate-specific antigen (PSA)

The male sex hormones, androgens mainly includ—
ing testosterone and DHT, mediate their effects by
binding to AR, forming androgen-receptor complex
in cytoplasm and then translocating into the nucleus.
The complex in the nucleus then binds to a DNA seg—
ment in androgen-responsive genes, the androgen
response element, to regulate gene transcription. By
turning the genes on or off, androgen and AR help
direct the development of male sexual characteristics.
In prostate cancer, androgen and AR are critical in
oncogenesis and cancer growthm'sg'm’m.

It has been shown in in vitro™" " and in vivo stu—
dies™”" that DIM has an anti-androgen effect which

downregulates AR and PSA. In androgen-dependent
LNCaP cells, DIM suppresses cell proliferation, inhibits
DHT stimulation of DNA synthesis and endogenous
PSA transcription and suppresses androgen-induced
AR translocation into the nucleus”". Similar effects of
DIM were observed in PC-3 cells only when these cells
were co-transfected with a wild-type androgen receptor
expression plasmid"”.

DIM results in cell cycle arrest in androgen-sensitive
LNCaP cells and androgen-insensitive C4-2B cells not
only by affecting cell cycle regulatory molecules
including cdks and their inhibitors but also by downre—
gulating AR"". In the same cell lines, DIM was found to
promote cell cycle arrest and cause apoptosis that may
be associated with effects on Akt and AR signaling
pathways by affecting Akt/FOXO03a/GSK-3f/f-catenin
signaling"”’. In a separate study, the same research group
found that B-DIM’s anti-androgenic effects were asso—
ciated with inhibition of AR phosphorylation, AR
expressions and AR nuclear translocation, leading to
the down-regulation of AR target genesml. The anti-
androgen effect from DIM is not associated with pros—
tate cancer cell’s androgen status™”. The results of
structural modeling studies showed that DIM is remark—
ably similar in conformational geometry and surface
charge distribution to an established synthetic AR
antagonist[gn. These observations provide rationales for
DIM in treating hormone-sensitive, but more impor—
tantly hormone-refractory prostate cancer by using
DIM alone or combining with other therapeuticsm

DIM'S THERAPEUTIC AND PREVENTIVE
EFFECTS ON PROSTATE CANCER AND
ITS PRECURSOR

DIM's use in prostate cancers

Epidemiological studies in in vitro and in vivo ani—
mal models have shown that DIM has anticancer prop—
erties in treating multiple cancers including prostate
cancer " Using prostate cancer cells including
LNCaP, PC-3, DU145 and C4-2B, studies have shown
that DIM has anti-prostate cancer properties involving
apoptosis” " anti-proliferation™ ", anti-angio—
genesis™ ", cell cycle arrest” ™", or anti-inflamma—
tory activity” ™. In mice injected with TRAMP-C2
mouse prostate cancer cells, DIM significantly reduced
tumor development to 50% compared with controls
and tumors in treated mice were significantly smaller
(P < 0.001) than tumors in the control groupsm]. In
a phase I study, all 12 patients (castrate-resistant,
non-metastatic, PSA relapse prostate cancer) had an

initial PSA deceleration of their PSA rise and 2/12
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experienced a 50% PSA decline or stabilization™. The
precise molecular mechanisms for these effects may
involve regulations of Akt, NR-xB,VEGF, AR signal—
ing pathway, uPA/uPAR, MAPK pathway, let-7/
DZH2"", and p75(NTR).

In recent reports, novel uses of DIM have been
designed to enhance the overall efficacy of its preven—
tive and therapeutic effects in vaginal neoplasiam’m,
cervical dysplasia "', mastalgia" ', leiomyomas,
respiratory syncytial virus infection and atherosclero—
sis" "', Recent articles have demonstrated that DIM is a
unique bifunctional hormone disruptor for both estro—
gen and androgen[gzl. Together with its multiple
effects on cancer cells, including anti-angiogenic
properties, inductive effects on cell apoptosis and
G1/S cell cycle arrest, DIM is an ideal agent that
could be used to prevent the progression of prostate
cancers.

High grade prostatic intraepithelial neoplasia
(HGPIN)

HGPIN has been thought as the precursor of prostatic
adenocarcinoma and is now accepted as the most likely
preinvasive stage of the cancer. Most patients with
HGPIN will develop carcinoma within 10 years' "
The results from different researches are controversial
in that it is unsure whether or not HGPIN can result
in an elevation of PSA """\ Development of HGPIN
may involve multiple mechanisms including chronic
or recurrent inflammation"””", loss of function of apop—
totic regulators[(m], elevated expression of angiogenic
proteins ", loss of cell cycle inhibitor p27"”"", virus
infection"’, or gene mutations . DIM may be one of
the most hopeful agents in preventing HGPIN from
becoming prostate cancer.

The lack of treatment options for HGPIN remains
an enormous obstacle in prostate cancer prevention
and no cure has been offered for this stage of dis—
ease’ """ In the Prostate Cancer Prevention Trial
(PCPT), HGPIN was treated with finasteride or pla—
cebo in 18,882 men. The investigators found that
adenocarcinomas with high-grade appearance were
more common in the finasteride group than the placebo
group, casting doubt on the therapeutic effect of
finasteride on HGPIN. Whether or not finasteride pro—
motes high-grade prostate cancer remains a subject of
intense ongoing debate' """, A trial on men with
HGPIN using toremifene showed a decrease of prostate
cancer incidence at a lower dose but not in high doses,
making it difficult to interpret the study, and larger

studies will be necessary to substantiate these find—
[102]

Recent studies have provided an interesting trend in
treating cervical intraepithelial neoplasia (CIN), which
is believed to be associated with human papilloma
virus (HPV) infection" ™. CIN is the precursor of cer—
vical cancer with a histologic similarity to HGPIN, and
inflammation is likely an etiological factor for both
CIN and HGPIN """ In a clinical study, DIM treat—
ment has led to a high rate of clinically significant
improvement in 64 patients with CIN"”'. In separated
trials, DIM can inhibit or delay the progression from
CIN or cervical dysplasia to cervical cancers . To
date, there have been no trials reported, focusing on
HGPIN using DIM or 13C, yet.

Natural chemopreventive agents such as selenium
and lycopene have been found with therapeutic effects
in treating HGPIN'""""". New studies designed to use
DIM in treating HGPIN are in a strong demand. DIM
is well-tolerated and has not shown any side effects in
preventive or therapeutic research studies”””. In a
phase I study in patients, 225 mg DIM twice daily
was determined to be safe and did not affect body
weight, kidney and liver functions, and was recom—
mended for phase II testing”™”. Another clinical study
showed that oral DIM at 2 mg/kg/day was well tolerated
with no significant toxicitym]. DIM has been reported
with therapeutic effects to overcome drug-resistance
from some forms of carcinoma to regain sensitization
in patients diagnosed with drug-resistant tumors .

COMMENTARY

Though risk factors for prostate cancer and HGPIN
such as age, race, and family history cannot be modi—
fied, other factors can be modified including lifestyle
in general and, specifically, nutritional, environmental,
and hormonal factors. Thus diet-derived compounds
have the potential to be safe and natural inhibitors of
cancer . The available data support the efficacy of
DIM as an ideal supplement for prostate cancer and
HGPIN. In in vitro or in vivo studies using cell lines
and animal models, supplementation with DIM
displays multiple effects of anticancer and anti-prolif—
eration with the mechanisms related to cell cycle,
angiogenesis, apoptosis, antioxidant, anti-inflamma—
tion, and regulation of sex hormones and receptors.
More studies are needed to address the treatment of
HGPIN. DIM, as a phytochemical from natural vege—
tables, has emerged as a strong contender in the arena
of cancer chemoprevention, showing promise for
treating prostate cancer and HGPIN. Its multiple antic—
ancer properties make the agent one of the most hope—
ful phytochemicals in treating and preventing prostate
cancer and HGPIN.



Therapeutic and preventive effects of 3,3'-diindolylmethane on cancer

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

Higdon JV, Delage B, Williams DE, Dashwood RH.
Cruciferous vegetables and human cancer risk: epidemio—
logic evidence and mechanistic basis. Pharmacol Res
2007;55:224-36.

Kristal AR, Lampe JW. Brassica vegetables and prostate
cancer risk: a review of the epidemiological evidence.
Nutr Cancer 2002;42:1-9.

Agerbirk N, Olsen CE. Glucosinolate structures in evolu—
tion. Phytochemistry 2012;77:16—45.

Lee MM, Gomez SL, Chang JS, Wey M, Wang RT, Hsing
AW. Soy and isoflavone consumption in relation to pros—
tate cancer risk in China. Cancer Epidemiol Biomarkers
Prev 2003;12:665-8.

Smith-Warner SA, Spiegelman D, Yaun SS, Albanes D.
Beeson WL, van den Brandt PA, et al. Fruits, vegetables
and lung cancer: a pooled analysis of cohort studies. Int J
Cancer 2003;107:1001-11.

Kandala PK, Srivastava SK. DIMming ovarian cancer
growth. Curr Drug Targets 2012;13:1869-75.

Kandala PK, srivastava SK. Regulation of Janus-activated
kinase-2 (JAK2) by diindolylmethane in ovarian cancer in
vitro and in vivo. Drug Discov Ther 2012;6:94—101.
Shin JA, Shim JH, Choi ES, Leem DH, Kwon KH, Lee
SO, et al. Chemopreventive effects of synthetic C-substi—
tuted diindolylmethanes originating from cruciferous
vegetables in human oral cancer cells. Eur J Cancer
Prev 2011;20:417-25.

Drewnowski A, Gomez-Carneros C. Bitter taste, phyto—
nutrients, and the consumer: a review. Am J Clin Nutr
2000;72:1424-35.

Holst B, Williamson G. A critical review of the bioaval—
ability of glucosinolates and related compounds. Nat Prod
Rep 2004;21:425-47.

Zhang Y. Cancer-preventive isothiocyanates: measure—
ment of human exposure and mechanist of action. Mutat
Res 2004;555:173-90.

De Kruif CA, Marsman JW, Vennkam JC, Falke J.
Structure elucidation of acid reaction products of indole-
3-carbinol: detection in vivo and enzyme induction in
vitro. Chem Biol Interact 1991;80:303—-15.

Bradlow HL. Indole-3-carbinol as a chemoprotective
agent in breast aqnd prostate cancer. In Vivo 2008;22:
441-46.

Preobrazhenskaya MN, bukhman VM, Korolev AM,
Efimov SA. Ascorbigen and other indole-derived com—
pounds from Brassica vegetables and their analogs as
anticarcinogenic and immunomodulating agents.
Pharmacol Ther 1993;60:301-13.

Beaver LM, Yu TW, Sokolowski EI, Williams DE,
Dashwood RH, Ho E. 3,3'-Diindolylmethane, but not
indole-3-carbinol, inhibits histone deacetylase activity in
prostate cancer cells. Toxicol Appl Pharmacol 2012;263:
345-51.

Sepkovic DW, Raucci L, Stein J, Carlisle AD, Auborn K,
Ksieski HB, et al. 3,3'-Diindolylmethane increases serum
interferon-y levels in the K14-HPV16 transgenic mouse
model for cervical cancer. In Vivo 2012;26:207-11.
Crowell JA, Page JG, Levine BS, Tomlinson MJ, Hebert
CD. Indole-3-carbinol, but not its major digestive product
3,3'-diindolylmethane, induced reversible hepatocyte

(18]

(19]

(20]

(21]

[22]

(23]

[24]

(25]

(20]

[27]

(28]

(29]

[30]

(31]

(32]

345

hypertrophy and cytochromes P450. Toxicol Appl
Pharmacol 2006;211:115-23.

Chinni SR, Li Y, Upadhyay S, Loppolu PK, Sarkar FH.
Indole-3-carbinol (I3C) induced cell growth inhibition,
Gl cell cycle arrest and apoptosis in prostate cancer cells.
Oncogene 2001;20:2927-37.

Li Y, Li X, Sarkar FH. Gene expression profiles of I3C-
and DIM-treated PC3 human prostate cancer cells deter—
mined by cDNA microarray analysis. J Nutr 2003;133:
1011-9.

McNaughton SA, Marks GC. Development of a food
composition database for the estimation of dietary intakes
of glucosinolates, the biologically active constituents of
cruciferous vegetables. Br J Nutr 2004;90:687-97.
Sarkar FH, Li Y. Cell signaling pathways altered by natural
chemopreventive agents. Mutat Res 2004;55:53—64.
Banerjee S, Wang Z, Kong D, Sarkar FH. 3,3'-diindolyl—
methane enhances chemosensitivity of multiple che—
motherapeutic agents in pancreatic cancer. Cancer Res
2009;69:5592-600.

Wu QJ, Yang Y, Vogtmann E, Wang J, Han LH, Li HL,
et al. Cruciferous vegetables intake and the risk of color—
ectal cancer: a meta-analysis of observational studies. Ann
Oncol 2013;24(4):1079-87.

Aggarwal BB, Ichikawa H. Molecular targets and antic—
ancer potential of indole-3-carbinol and its derivatives.
Cell Cycle 2005;4:1201-15.

Fares F, Azzam N, Appel B, Stein A. The potential efficacy
of 3,3’ diindolylmethane in prevention of prostate cancer
development. Eur J Cancer Prev 2010;19:199-203.
Heath EI, Heibrun LK, Li J, Vaishampayan U, Harper F,
Pemberton P, et al. A phase I dose-escalation study of oral
Br-DIM (Bioresponse 3,3" diindolylmethane) in castrate-
resistant, non-metastatic prostate cancer. Am J Transl
Res 2010;23:402—-11.

Kong D, Heath E, Chen W, Cher ML, Powell I, Heilbrun
L, et al. Loss of let-7 up-regulates EZH2 in prostate can—
cer consistent with the acquisition of cancer stem cell sig—
natures that are attenuated by BR-DIM. PloS One
2012;7:e33729.

Garikapaty VP, Ashok BT, Tadi K, Mittelman A, Tiwari
RK. Synthetic dimer of indole-3-carbinol: second genera—
tion diet derived anti-cancer agent in hormone sensitive
prostate cancer. Prostate 2006;66:453—62.

Vivar O, Lin CL, Firestone GL, Bjeldanes LF. 3,3’
Diindolylmethane induces a G(1) arrest in human prostate
cancer cells irrespective of androgen receptor and p53
status. Biochem Pharmacol 2009;78:469-76.

Chang X, Tou JC, Hong C, Kim HA, Riby JE, Firestone
GL, et al. 3,3' diindolylmethane inhibits angiogenesis and
the growth of transplantable human breast carcinoma in
athymic mice. Carcinogenesis 2005;26:771-8.
Chinnakannu K, Chen D, Li Y, Wang Z, Dou QP, Reddy
GP, et al. Cell cycle-dependent effects of 3,3" diindolyl—
methane on proliferation and apoptosis of prostate cancer
cells. J Cell Physiol 2009;219:94-99.

Bhuiyan MM, Li Y, Banerjee S, Ahmed F, Wang Z Ali S,
Sarkar FH. Down-regulation of androgen receptor by 3,3’
diindolylmethane contributes to inhibition of cell prolif-
eration and induction of apoptosis in both hormone-sen—
sitive LNCaP and insensitive C4-2B prostate cancer cells.
Cancer Res 2006;66:10064—72.



346

[33]

[34]

[35]

[30]

[37]

(38]

[39]

[40]

(41]

[42]

[43]

[44]

[45]

[40]

[47]

Rahman KM, Banejee S, Ahmad A, Wang Z, Kong D,
Sakr WA. 3,3'-Diindolylmethane enhances taxotere-
induced apoptosis in hormone-refractory prostate cancer
cells through surviving down-regulation. Cancer Res
2009;69:4468-75.

Nachshon-kedmi M, Yannai S, Fares FA. Induction of
apoptosis in human prostate cancer cell line, PC3, by
3,3'-diindolylmethane through the mitochondrial path—
way. Br J Cancer 2004;91:1358—63.

Khwaja FS, Wynns S, Posey I, Djakiew D. 3,3’ diindolyl—
methaneinductin of P75NTR-dependent cell death via the —
38 mitogen-activated protein kinase pathway in prostate
cancer cells. Cancer Prev Res (Phila) 2009;2:566-71.
Kunimasa K, Kobayashi T, Kali K, Ohta T. Antiangiogenic
effects of indole-3-carbinol and 3,3" diindolylmethane and
associated with their differential regulation of ERK1/2 and
Akt in tube-forming HUVEC. J Nutr 2010;140:1-6.
Kong D, Banerjee S, Huang W, Li Y, Wang Z, Kim HR,
et al. Mammalian target of repamycin repression by 3,3’
diindolylmethane inhibits invasion and angiogenesis in
platelet-derved growth factor-D-overexpressing PC3
Cells. Cancer Res 2008;68:1927-34.

Chang X, Firestone GL, Bjeldanes LF. Inhibition of
growth factor-induced Ras signaling in vascular endothe—
lial cells and angiogenesis by 3,3’ diindolylmethane.
Carcinogenesis 2006;27:541-50.

Smith S, Sepkovic D, Bradlow HL,, Auborn KJ. 3,3’ diin—
dolylmethane and genistein decrease the adverse effects
and estrogen in LNCaP and PC-3 prostate cancer cells.
J Nutr 2008;138:2379-85.

Vivar OI, Saunier EF, Leitman DC, Firestone GL,
Bjeldanes LF. Selective activation of estrogen receptor-beta
target genes by 3,3’ diindolylmethane. Endocrinology
2010;151:1662-7.

Bovee TF, Schoonen WG, Hamers AR, Bento MJ,
Peijnenburg AA. Screening of synthetic and plant-derived
compounds for (anti) estrogenic and (anti)androgenic
activities. Anal Bioanal Chem 2008;390:1111-9.
Wihlen B, Ahmed S, Inzunza J, Matthews J. Estrogen
receptor sutype- and promoter-specific modulatin of aryl
hydrocarbon receptor-dependent transcription. Mol
Cancer Res 2009;7:977-86.

Septovic DW, Stein J, Carlisle AD, Ksieski HB, Auborn
K, Bradlow HL. Diindolylmethane inhibits dysplasia,
alters estrogen metabolism, and enhances immune
response in the K14-HPV16 transgenic mouse model.
Cancer Epidemiol Biomarkers Prev 2009;18:2957—64.
Leung YK, Lam HM, Wu S, Song D, Levin L, Cheng L,
et al. Estrogen receptor beta2 and beta5 and associated
with poor prognosis in prostate cancer, and promote can—
cer cell migration and invasion. Endocr Relat Cancer
2010;17:675-89.

Wang TT, Milner MJ, Milner JA, Kim YS. Estrogen
receptor alpha as a target for indole-3-carbinol. J Nutr
Biochem 2005;17:659—64.

Steele VE, Hawk ET, Viner JL, Lubet RA. Mechanisms
and application of non-steroidal anti-inflammatory drugs
in the chmoprevention of cancer. Mutat Res 2003;523—
524:137-72.

Liu RH. Potential synergy of phytochemicals in cancer
prevention: mechanism of action. J Nutr 2004;134(suppl):
3479S5-85S.

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

Zhang WW et al. J. Biomed Res, 2014, 28

Kim EJ, Park H, Kim J, Park JH. 3,3’-diindolylmethane—
suppresses 12-O-Tetradecanoylphorbol-13-acetate-
induced inflammation and tumor promotion in mouse skin
via the downregulation of inflammatory mediators. Mol
Carcinog 2010;49:672-83.

Ahmad A, Kong D, Sarkar SH, Wang Z, Banerjee S,
Sarkar FH. Inactivation of uPA and its receptor uPAR
by 3,3'-diindolylmethane (DIM) leads to the inhabition
of prostate cancer cell growth and migration. J Cell
Biochem 2009;107: 516-27.

Kim SJ, Lee JS, Kim SM. 3,3'-Diindolylmethane sup—
presses growth of human esophageal squamous cancer cells
by G1 cell cycle arrest. Oncol Rep 2012;27: 1669-73.
Gong Y, Sohn H, Xue L, firestone GL, Bjeldanes LF. 3,3’
diindolylmethane is a novel mitochondrial H(+)-ATP
synthase inhibitor that can induce p21 (Cip/Wafl)
expression by induction o f oxidative stress in human
breast cancer cells. Cancer Res 2006;66:4880-7.

Wang Z, Yu BW, Rahman KM, Ahmad F, Sarkar FH.
Induction of growth arrest and apoptosis in human breast
cancer cells by 3,3’ diindolylmethane is associated with
induction and nuclear localization of p27kip. Mol Cancer
Ther 2008;7:341-9.

Weng JR, Bai LY, Chiu CF, Wang YC, Tsai MH. The
dietary phytochemical 3,3’-diindolylmethane induces
G2/M arrest and apoptosis in oral squamous cell carci—
noma by modulating Akt-NF-xB, MAPK, and p53 sig—
naling. Chem Biol Interact 2012;195:224-30.

Choi HJ, Lim do Y, Park JH. Induction of G1 and G2/M
cell cycle arrests by the dietary compound 3,3’-diindolyl—
methane in HT-29 human colon cancer cells. BMC
Gastroenterol 2009;9:39.

Choi KH, Kim HK, Kim JH, Choi ES, Shin JA, Lee SO,
et al. The p38 MAPK pathway is critical for 5,5'- dibromo—
diindolylmethane - induced apoptosis to prevent oral squa—
mous carcinoma cells. Eur J Cancer Prev 2010;19:153-9.
Lerner A, Grafi-Cohen M, Napso T, Azzam N, Fares F.
The indolic diet-derivative, 3,3'-diindolylmethane, induced
apoptosis in human colon cancer cells through upregulation
of NDRGL1. J Biomed Biotechnol 2012;2012:256178.
Chen D, Banerjee S, Cui QC, Kong D, Sarkar FH, Dou
QP. Activation of AMP-activated protein kinase by
3,3’-Diindolylmethane (DIM) is associated with human
prostate cancer cell death in vitro and in vivo. PloS One
2012;7:e47186.

Moiseeva EP, Almeida GM, Jones GD, Manson MM.
Extended treatment with physiologic concentrations of
dietary phytochemicals results in altered gene expression,
reduced growth, and apoptosis of cancer cells. Mol
Cancer Ther 2007;6:3071-9.

Kunimasa K, Kobayashi T, Sugiyama S, Kaji K, Ohta T.
Indole-3-carbinol suppresses tumor-induced angiogenesis
by inhibiting tube formation and inducing apoptosis.
Biosci Biotechnol Biochem 2008;72:2243—6.

Wang W, Bergh A, Damber JE. Morphological transition
of proliferatie inflammatory atrophy to high-grade intrae—
pithelial neoplasia and cancer in human prostate. Prostate
2009;69:1379-86.

Rajoria S, Suriano R, George AL, Kamat A, Schantz SP,
Geliebter J, et al. Molecular target based combinational
therapeutic approaches in thyroid cancer. J Transl Med
2012;10:81.



[62]

[63]

[64]

[65]

[60]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

Therapeutic and preventive effects of 3,3'-diindolylmethane on cancer

Acharya Z, Das I, Singh S, Saha T. Chemopreventive
properties of indole-3-carbinol, diindolylmethane and
other constitutents of cardamom against cardinogenesis.
Recent Pat food Nutr Agric 2010;2:166-77.

Ahmad A, Biersack B, Li Y, Kong D, Bao B, Schobert R,
et al. Targeted regulation of PI3K/Akt/mTOR/NF-«B sig—
naling by indole compounds and their derivatives: mechan—
istic details and biological implications for cancer therapy.
Anticancer Agents Med Chem 2013;13(7):1002—13.

Ide H Tokiwa S, Sakamaki K, Nishio K, Isotani S, Muto
S, Hama T, et al. Combined inhibitory effects of soy iso—
flavones and curcumin on the production of prostate-spe—
cific antigen. Prostate 2010;70:1127-33.

Sfanos KS, De Marzo AM. Prostate cancer and inflam—
mation: the evidence. Histopathology 2012;60:199-215.
Fujii T, Shimada K, Asai O, Tanaka N, Fujimoto K, Hirao
K, et al. Immunohistochemical analysis of inflammatory
cells in benign and precancerous lesions and carcinoma
of the prostate. Pathobiology 2013;80:119-26.

Kazma R, Mefford JA, Cheng I, Plummer SJ, Levin AM,
Rybicki BA, et al. Association of the innate immunity and
inflammation pathway with advanced prostate cancer risk.
PLoS One 2012;7:¢51680.

Kim YH, Kwon HS, Kim DH, Shin EK, Kang YH, Park
JH, et al. 3,3’ diindolylmethane attenuates colonic
inflammation and tumorigenesis in mice. Inflamm Bowel
Dis 2009;15:1164-73.

Firestone GL, Sundar SN. Minireview: Modulation of
hormone receptor signaling by dietary anticancer indoles.
Mol Endocrinol 2009;23:1940-7.

Fan S, Meng Q, Saha T, Sarkar FH, Rosen EM. Low con—
centrations of diindolylmethane, a metabolite of indole-3-
carbinol, protect against oxidative stress in a BRCAI-
dependent manner. Cancer Res 2009;69:6083-91.
Benabadji SH, Wen R, Zheng JB, Dong XC, Yuan SG.
Anticarcinogenic and antioxidant activity of diindolyl—
methane derivatives. Acta Pharmacol Sin 2004;25:666—71.
Arnao MB, Sanchenz-Bravo J, Acosta M. Indole-3-carbi—
nol as a scavenger of free redicals. Biochem Mol Biol Int
1996;39:1125-34.

Hsu EL, Chen N, Westbrook A, Wang F, Zhang R, Taylor
RT, et al. CXCR4 and CXCL12 down-regulation: a novel
mechanism for the chemoprotection of 3,3" diindolyl-
methane for breast and ovarian cancers. Cancer Lett
2008;265:113-23.

Saw CL, Cintron M, Wu TY, Guo Y, Huang Y, Jeong WS,
et al. Pharmacodynamics of dietary phytochemical indoles
I3C and DIM: Induction of Nrf2-mediated phase II drug
metabolizing and antioxidant genes and synergism with
isothiocyanates. Biopharm Drug Dispos 2011;32:289-300.
Huang Z, Zuo L, Zhang Z, Liu J, Chen J, Dong L, et al.
3,3'-Diindolylmethane decreases VCAM-1 expression and
alleviates experimental colitis via a BRCAI-dependent anti—
oxidant pathway. Free Radic Biol Med 2011;50:228-36.
Zong J, Deng W, Zhou H, Bian ZY, Dai J, Yuan Y, et al.
3,3'-Diindolylmethane protects against cardiac hypertro—
phy via 5'-adenosine monophosphate-activated protein
kinase-0:2. PLoS One 2013;8:¢53427.

Ribaux P, Irion O, Cohen M. An active product of cruci—
ferous vegetables, 3,3'-diindolylmethane, inhibits inva—
sive properties of extravillous cytotrophoblastic cells.
Neuro Endocrinol Lett 2012;33:133-7.

[78]

[79]

[80]

(81]

[82]

[83]

(84]

(85]

[80]

(87]

(88]

(891

[90]

[91]

[92]

(93]

347

Hsu JC, Zhang J, Dev A, Wing A, Bjeldanes LF,
Firestone GL. Indole-3-carbinol inhibition of androgen
receptor expression and downregulation of androgen
responsiveness in human prostate cancer cells.
Carcinogenesis 2005;26:1896—904.

Dalessandri KM, Firestone GL, Fitch MD, Bradlow HL,
Bjeldanes LF. Pilot study: effect of 3,3" diindolylmethane
supplements on urinary hormone metabolites in postme—
nopausal women with a history of early-stage breast can—
cer. Nutr Cancer 2004;50:161-7.

Minich DM, Bland JS. A review of the clinical efficacy
and safety of cruciferous vegetable phytochemicals.
Nutr Rev 2007;65:259-67.

Nachshon-Kedmi M, Fares FA, Yannai S. Therapeutic
activity of 3,3 diindolylmethane on prostate cancer in
an in vivo model. Prostate 2004;61:153—-60.

Le HT, Schaldach CM, Firestone GL, Bjeldanes LF.
Plant-derived 3,3'-Diindolylmethane is a strong androgen
antagonist in human prostate cancer cells. J Biol Chem
2003;278:21136—-44.

Wang TT, Schoene NW, Milner JA, Kim YS. Broccoli-
derived phytochemicals indole-3-carbinol and 3,3'-diin—
dolylmethane exerts concentration-dependent pleiotropic
effects on prostate cancer cells: comparison with other
cancer preventive phytochemicals. Mol Carcinog 2012;
51:244-56.

Weng JR, Tsai CH, Kulp SK, Chen CS. Indon-3-carbinol
as a chemopreventive and anti-cancer agents. Cancer Lett
2008;262:153—-63.

Bovee TF, Schoonen WG, Hamers AR, Bento MJ,
Peijnenburg AA. Screening of synthetic and plant-derived
compounds for (anti) estrogenic and (anti)androgenic
activities. Anal Bioanal Chem 2008;390:1111-9.
Nachson-Kedmi M, Yannai S, Haj A, Fares FA. Indole-3-
carbinol and 3,3'-diindolylmethane induce apoptosis in
human prostate cancer cells. Food Chem Toxicol 2003;41:
745-52.

Kim EJ, Shin M, Park H, Hong JE, Shin HK, Kim J, et al.
Oral administration of 3,3'-diindolylmethane inhibits lung
metastasis of 4T1 murine mannary carcinoma cells in
BALB/c mice. J Nutr 2009;139:2373-9.

Garikapaty VP, Ashok BT, Tadi K, Mlttelman A, Tiwari
RK. 3,3 diindolylmethanedownregulates pro-survival
pathway in hormone independent prostate cancer.
Biochem Biophys Res Commun 2006;230:718-25.

Kim YS, Milner JA. Targets for indole-3-carbinol in can—
cer prevention. J Nutr Biochem 2005;16:65—73.

Cho HIJ, Park SY, Kim EJ, Kim JK, Park JH. 3,3'-
Diindolylmethane inhibits prostate cancer development
in the transgenic adenocarcinoma mouse prostate model.
Mol Carcinog 2011;50:100-12.

Wiatrak BJ. Overview of recurrent respiratory papilloma—
tosis. Curr Opin Otolaryndol Head Neck Surg 2003;11:
433-41.

Del Prore G, Gudipudi DK, Montemarano N, Restivo
AM, Malanowska-Stega J, Arslan AA. Oral diindolyl-
methane (DIM): pilot evaluation of a nonsurgical treat—
ment for cervical dysplasia. Gynecol Oncol 2010;116:
464-17.

Sepkovic DW, Stein J, Carlisle AD, Ksieski HB, Auborn
K, Bradlow HL. Diidolylmethane inhibits cervical dys—
plasia, alters estrogen metabolism and enhances immune



348 Zhang WW et al. J. Biomed Res, 2014, 28

response in the K14-HPV16 transgenic mouse model.
Cancer Epidemiol Biomarkers Prev 2009;18:2957-64.

[94] Bostwick DG, Qian J. High-grade prostatic intraepithelial
neoplasia. Modern Pathology 2004;17:360—79.

[95] Brawer MK, Lange PH. Prostate-specific antigen and
premalignant change: implications of early detection.
CA Cancer J Clin 1989;39:361-75.

[96] Horninger W, Holgger H, Rogatsch H, Strohmeyer D,
Steiner H, Hobisch A, et al. Predictive value of total
and percent free prostate specific antigen in high grade
prostatic intraepithelial heoplasia lesions: results of the
Tyrol prostate specific antigen screening project. J Urol
2001;165:1143-5.

[97] Morote J, Raventos CX, Encabo G, Lopez M, de Torres
IM. Effect of high-grade aepithelial neoplasia on total
and percent free serum prostatic-specific antigen. Eur
Urol 2000;37:456-9.

[98] Cho HJ, Seon MR, Lee YM, Kim J, Kim JK, Kim SG,
et al. 3,3" diindolylmethane suppresses the inflammatory
response to lipopolysaccharide in murine macrophages.
J Nutr 2008;138:17-23.

[99] Zeng L, Rowland RG, Lele SM, Kyprianou N. Apoptosis
incidence and protein expression of p53, TGF-beta recep—
tor II, p27kip1, and Smad4 in benign, premalignant, and
malignant human prostate. Hum Pathol 2004;35:290-7.

[100] Pallares J, Rojo F, Iriarte J, Morote J, armadans LI, de
Torres 1. Study of microvessel density and the expression
of the angiogenic factors VEGF, bFGF and the receptors
Flt-1 and FLK-1 in benign, premalignant and malignant
prostate tissues. Histol Histopathol 2006;21:857-65.

[101] Shappell SB, Olson SJ, Hannah SE, Manning S, Roberts
RL, Masumori N, et al. Elevated expression of 12/15-

lipoxygenase and cyclooxygenesa-2 in a transgenic
mouse model of prostate carcinoma. Cancer Res 2003;63:
2256—-67.

[102] Zynger DL, Yang X. High-grade prostatic intraepithelial
neoplasia of the prostate: the precursor lesion of prostate
cancer. Int J Exp Pathol 2009;2:327-38.

[103] Han B, Suleman K, Wang L, Siddiqui J, Sercia L, Magi-
Galluzzi C, et al. ETS gene aberrations in atypical cribri—
form lesions of the prostate: implications for the distinc—
tion between intraductal carcinoma of the prostate and
cribriform high-grade prostatic intraepithelial neoplasia.
Am J Surg Pathol 2010;34:478-85.

[104] Facompre N, El-Bayoumy. Potential stages for prostate
cancer prevention with selenium: Implications for cancer
survivors. Cancer Res 2009;69:2699-703.

[105] Thompson IM, Lucia MS, Redman MW, Darker A, La
Rosa FG, Parnes HL, et al. Finasteride decreases the risk
of prostatic intraepithelial neoplasia. J Urol 2007;178:
107-9.

[106] O’Shaughnessy JA, Kelloff GJ, Gordon GB, Dannenberg
AJ, Hong WK, Fabian CJ, et al. Treatment and prevention
of intraepithelial neoplasia: an important target for accel—
erated new agent development. Clin Cancer Res 2002;8:
314-46.

[107] Mohanty NK, Saxena S, Singh UP, Goyal NK, Arora RP.
Lycopene as a chemopreventive agent in the treatment of
high-grade prostate intraepithelial neoplasia. Urol Oncol
2005;23:383-5.

[108] Ali S, Varghese L, Pereira L, Tulunay-ugur OE, Kucuk O,
Carey TE, et al. Sensitization of squamous cell carcinoma
to cisplatin induced killing by natural agents. Cancer Lett
2009;278:201-9.



