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Summary

Breast cancer is the most common malignancy in women today. Despite
improved therapies, only every second woman with breast cancer can ex-
pect cure. If cancer is metastatic at diagnosis, or recurs with metastases,
then treatment is limited to palliative measures only, and cure is usually not
expected. Under these circumstances, quality of life as well as overall surviv-
al of the patient is significantly reduced. It is therefore advisable for pa-
tients, their physicians, and the entire society at large, to search for more
effective and less toxic treatment methods and develop better prevention
strategies that can reduce the burden of this cancer on the individual pa-
tient and society as a whole. Indole-3-carbinol, a glucosinolate derivative
from cruciferous vegetables, seems to be a strong candidate to achieve
these goals. It is abundantly available, well tolerated and non-toxic. Suffi-
cient amounts for prevention of breast cancer can be taken up by daily con-
sumption of cruciferous vegetables. Higher, therapeutic concentrations can
be achieved with certain food supplements or functional foods. Indole-3-
carbinol is known to have cancer preventive properties, reduces develop-
ment and propagation of metastases, and enhances the therapeutic effects
of various standard chemotherapy as well as other drugs used in conven-

tional treatment regimens.
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Introduction

Apart from cardiovascular diseases, can-
cer is the second leading cause of death
in the Western world. Based on data
from Europe and the United States,
breast cancer is the most common malig-
nant tumour in women. Today the major-
ity of affected patients can be cured by
adherence to modern therapy guidelines
provided the disease is detected in its
early stages. However, our standard ther-
apies have proven unsuccessful in almost
half of the patients and the tumours have
relapsed. The resultant metastasization
of the tumours limits the treatment strat-
egy to palliative measures.

This notwithstanding, there have been
significant improvements in recent years
in the standard treatment of cytotoxic
and anti-hormonal therapies, bisphos-

phonate treatment of bone infection as
well as antibody therapies for human epi-
dermal growth factor receptor 2 (HER2)
positive tumours. Over the years, these
improvements can lead to disease and
symptom control depending on the indi-
vidual case of the patient. However, the
median overall survival of patients with
remote metastatic breast cancer is still
significantly low.

Against this background, it is easy to un-
derstand only too well why the health
systems need to put more emphasis on
effective prevention, and why doctors
and patients are looking for effective ad-
ditional therapies, with less toxic side
effects that could lead to improved tu-
mour control, survival, longevity as well
as good quality of life.

Some of the best candidates in this re-

spect seem to be secondary plant sub-

stances from cruciferous vegetables,
such as indole 3-carbinol (13C). This is a
glucosinolate derivative containing sul-
phur whose metabolic products are
widely known for their anti-cancer
effects [34-36, 44, 46]. Detailed studies
have been carried out regarding their
preventive and therapeutic effectiveness
in treating breast cancer and other types
of cancer [7, 12, 18, 30, 62, 79]. Labora-
tory tests on cell cultures and animal ex-
periments showed that 13C prevents the
development of cancer in various organs
in rodents, slows down the growth of ex-
isting tumours and reduces metastases
[13, 14, 45, 66, 74, 82]. Besides, several
partially synergistic mechanisms of action
have been suggested based on experi-
ments of I3C and its derivatives in cancer
prevention and therapy. These include:
inactivation of carcinogenic substances,
protection against DNA damage, antiviral
and antibacterial effects, anti-
inflammatory effects, apoptosis induc-
tion, angiogenesis and cell migration inhi-
bition. However, there is less clarity of
epidemiological studies regarding the re-
duction of the risk of breast cancer in hu-
mans by I13C. For example, a meta-
analysis of 8 prospective studies from the
United States, Canada, the Netherlands
and Sweden, could not establish any sig-
nificant correlation [73]. Nonetheless, a
recent meta-analysis of 13 epidemiologi-
cal studies found a significant reduction
in the risk of breast cancer with in-
creased ingestion of cruciferous vegeta-
bles [53]. Different case and cohort stud-
ies also showed that women with higher
consumption of cruciferous vegetables
have a significantly lower risk of suffering
from breast cancer [7, 34, 84]. Moreover,

the study entitled "Women's Healthy
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Fig. 1: Glucosinolate structure

Eating and Living (WHEL)", in which more
than 3,000 breast cancer patients partici-
pated, offered proof of additional reduc-
tion in the risk of recurrence when tamoxi-
fen therapy was supplemented by the con-
comitant intake of cruciferous vegetables
[78].

It may appear premature, based on this
data, to give credence to I3C in comple-
mentary therapy of breast cancer and pre-
vention. This notwithstanding, it is appar-
ent that an increasing number of anxious
and concerned patients and their doctors
trust this substance in achieving their goal
of effective prevention, improved tumour
control, longer survival and a good quality
of life. It is therefore the objective of this
article to point out and discuss the new
scientific findings regarding 13C.

Chemistry and Biology of 13C

I3C is produced by the metabolism of glu-
cosinolates (glucobrassicin), which occur
mainly in cruciferous plants. All glucosin-

Fig. 1: Glucobrassicin catabolism to 13C and DIM

olates have a typical basic structure, con-
sisting of a glucose unit, a sulphur group, a
group of aglucon products and a sulphate
group (fig. 1). Over 150 different glucosin-
olates have hitherto been identified and
described. These differ only in the aglucon
products, which can have an alkyl, alkenyl,
aryl or indolyl structure and are ultimately
crucial for the physiological effects of the
substances in the group.

The development of 13C occurs in succes-
After
(glycolysis) from the glucosinolate struc-

sive  stages. splitting  glucose
ture, in the initial stage, an unstable inter-
mediate form is developed from which sul-
phur cyanate is separated in the second
stage and thus the indole-ring of I13C is cre-
ated. This differs from the aliphatic or aro-
matic isothiocyanates (such as sul-
foraphane from broccoli or PEITC from

cress), due to the discarded cyanate.

The source of I13C for humans is mainly
through the consumption of cabbage
plants such as broccoli, Brussels sprouts or
kale. Highest levels of 13C can be found in

the seeds or young sprouts of the plants.
During the preparation and consumption
of cruciferous vegetables, plant cells are
broken up and the glucosinolates metabo-
lised by myrosinase (B-thioglucosidase) in-
to mustard oil, also referred to as isothio-
cyanates. In an acidic environment (e.g.
gastric juice) 13C dimerizes to 3, 3'-
diindolylmethan (DIM), which is the most
important condensation product and phar-
macologically active substance of 13Cs (fig.
2).

For more than 25 years, 13C/DIM and oth-
er glucosinolate derivatives have been the
focal point of medical research due to
their varied positive influence on the oc-
currence of cancer. Indeed, 13C and DIM
serve as blueprints for the development of
novel cancer therapeutics. They offer the
link between orthodox medicine and evi-
dence-based naturopathy where mustard
plasters or cabbage poultices have been
applied for generations for inflammatory
processes, and also for cancer treatment.
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Principles of I3C action
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Fig. 3: Pleiotropic mechanisms of action of I3C and DIM as well as their synergistic effects with established pharmaceutical drugs.

Bioavailability of 13C/DIM

Isothiocyanates and thiocyanates have
exhibited a good bioavailability in animal
experiments (CD-1 mice). With oral admi-
nistration, 13C and DIM get quickly absor-
bed and distributed in tissues with good
blood circulation such as heart, kidney,
lung, liver and brain [8]. In humans, how-
ever, only the derived condensation pro-
duct, DIM, was traced in serum after oral
administration of 600 mg to 1,000 mg of
I3C [69]. This suggests that DIM s
responsible for the physiological effects
of I3C.

An intake of 600 mg of I3C every day
through the consumption of cruciferous
vegetables is hardly possible. One would
have to devour circa 0.5 kg of sprout ma-
terial as well as 12 g of other glucosinola-
tes. This would have either a toxic or at
least, a higher laxative effect. The inclusi-
on of I3C in cancer therapy therefore re-
quires the use of isolated, enriched or
chemically synthesized I3C.

Therapeutic effects -
Pleiotropic mechanisms
against cancer

I3C and DIM have detoxifying, anti-
inflammatory and antioxidant effects,
which play an important role in the pre-
vention of breast cancer [33, 40, 41].
Furthermore, they induce programmed
cell death (apoptosis) of cancer cells,
which commonly represents the indis-
pensable prerequisite for effective cancer
therapy. Extensive studies show the in-
teraction of 13C/DIM with multiple signal-
ling cascades [1, 15, 19, 24, 29, 37, 38,
42], which ultimately lead to the apopto-
sis of cancer cells of different origin. This
concerted action of different metabolic
pathways (pleiotropism) elevates glucosi-
nolates to one of the highly valuable na-
tural components in the prevention and
treatment of cancer (fig. 3).

These positive effects are complemented
by the capability of 13C and DIM to in-
crease the effect of different cytotoxic

substances (synergism with standard
chemotherapy) as well as make cancer
cells more receptive to these substances,
i.e. chemosensitization [2]. In previous
studies, it was possible to show the signi-
ficance of I3C and DIM in improving the
effectiveness of taxol, taxotere, doxorubi-
cin and cisplatin [68]. The apoptosis rate
of breast cancer was increased significa-
ntly by inhibition of the Bcl-2 gene and of
the NF-kB pathway. A chemosensitizing
effect of I3C and DIM was demonstrated
for breast cancer with regard to the me-
dication taxotere and taxol [2, 4, 56] as
well as for other anti-tumour drugs such
as cisplatin, gemcitabine, oxaliplatin,
doxorubicin and vinblastine [11, 17, 80].

I3C and DIM strengthen not only the
effect of cytotoxic chemotherapy drugs,
but also those of herceptin, tamoxifen
and bortezomib [3, 54, 76]. Evidently, the
combination of these medications with
13C/DIM was more effective than the sin-
gle remedy. Thus, 13C and DIM are ideal
candidates for combination therapy.
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I3C/DIM detoxify, improve the
redox status and have an anti-
inflammatory effect

Humans are daily exposed to carcinogens
and it is through the consumption of cru-
ciferous vegetables that we are able to
neutralize these cancer causing agents.
Sourced from cruciferous vegetables, I13C
and DIM are capable of inhibiting the
conversion of procarcinogens into carci-
nogens. In the drug metabolism context,
in phase 1, carcinogen activating enzy-
mes (CYP 450) are probably competitively
inhibited by I3C and DIM [51, 84], while
in phase 2, the enzymes in the detoxifica-
tion centres of the liver and intestinal
epithelium are activated [72]. The result
is an accelerated elimination of carcino-
genic substances where 13C and DIM con-
tribute to the increased formation of
glutathione in liver cells, rendering a
number of toxic substances, such as afla-
toxin, dioxin, and heterocyclic aromatic
amines, harmless [32].

In the same vein, 13C and DIM reduce
reactive oxygen species (ROS) (fig. 4). Ac-
cording to animal experiments, the inges-
tion of I3C and other glucosinolate deri-
vatives significantly contributes to the in-
crease of glutathione-S-transferase and
superoxide dismutase [23, 52, 72], as well
as other enzymes that control the oxida-
tive status of the cell. Therefore, 13C and
DIM as secondary antioxidants are effec-
tive in this context.

Ultimately, 13C and DIM have an anti-
inflammatory effect. This was proven in
experiments with lipopolysaccharide -
induced inflammation [16, 43, 81]. In the
process, DIM inhibits the NF-kB activity
as well as pro-inflammatory cytokines
such as the TNF-alpha, IL-1-beta and IL-6.
This detoxifying, antioxidant and anti-
inflammatory properties of I3C and DIM
are the mechanisms responsible for the
reduction of cancer risk.

I3C and DIM inhibit cell divisi-
on and promote apoptosis of
cancer cells
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ROS Reactive oxygen species

Fig. 4: Antioxidant effect of DIM is carried out by activation of phase Il enzymes such as GST
or NQ-1. The NRF2-Keap-1 complex is resolved by the induction of BRCA-1. NRF2 enters the
nucleus and binds to the ARE promotor region. This leads to the induction of the transcripti-

on of phase Il detoxifying enzymes such as quinon reductase or glutathione-S-transferase,

which make reactive oxygen molecules harmless.

Cell division is essential in the growth of
tumours. Like all cells, tumour cells also
go through the 4-phase cycle; G1, S, G2
and M. The phase sequence is controlled
by a number of different protein kinases
and their inhibitors. 13C and DIM interve-
ne at different points in this circuit [55,
61, 65, 71, 75] and thereby often affect
several signal cascades. Thus, I3C and
DIM inhibit different protein kinases,
such as CDK2, cyclin E and cyclin D1 or
stimulate the production of specific inhi-
bitors for cell division, for example p21
WAF1, and p27 KIP1 (fig. 5).

These effects lead to the termination of
cell division and an interruption in the G1
phase and therefore to a halt in the
duplication of chromatids and subse-
guent mitosis. Finally I3C and DIM inhibit
"nuclear factor kappa B" (NF-kB) and
different-dependent genes. They also
highly regulate the p53 gene and reduce

the mitochondrial membrane potential,
thus finally leading to the apoptosis of
cancer cells [15, 31, 67, 78].

I3C and DIM inhibit the forma-
tion of new blood vessels in
the tumour

The overexpression of angiogenic factors
such as vascular endothelial growth fac-
tor (VEGF), interleukin-6 and matrix me-
talloproteinases (MMP-9), is closely cor-
related with carcinogenesis and meta-
stasis [5, 25, 26, 47, 50]. Tumour cells sti-
mulate the formation of new blood ves-
sels (neoangiogenesis) that provide vari-
ous growth factors in the cell environ-
ment. In normal cells, the protein kinase
G (PKG)
switch" (beta catenin), which stimulates

regulates the "angiogenic
the formation of new vessels. In cancer
cells, however, the production of the PKG
is either regulated downwards or comes
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Fig. 5: DIM inhibits several protein kinases and breaks the cell cycle.

to a still-stand. The regulatory impact of
this enzyme is thus eliminated and leads
to unstoppable vascular regeneration.
I3C, DIM and sulphoraphan compensate
for the failure of PKG by stimulating the
degradation of beta-catenin, reducing the
secretion of VEGF, IL-6 and MMP-9 as
well as inhibiting the growth of endothe-
lial cells [9, 14, 22, 48, 49, 57]. At this
point 13C and DIM intervene at the pro-
tein level of the cell without affecting the
transcription of the genes involved.

Anti-angiogenic pharmaceuticals such as
cetuximab, bevacizumab and erlotinib
have been successfully used for several
years in cancer medicine. They are aimed
directly at fighting the VEGF or epidermal
growth factor (EGF) receptors. So far, a
synergistic effect has been proven for er-
lotinib and 13C/DIM [6].

I3C/DIM creates a healthy est-
rogen balance

Estradiol is the dominant and most effec-

tive estrogen in the human body. It is
broken down into two metabolic pa-
thways: on the one hand to the less po-
tent 2-hydroxyestrone (estriol) and on
the other to the potent and toxic meta-
The
weaker estriol is considered the better

bolites  16-alpha-hydroxyestrone.
estrogen, because it can block the strong
signs of growth of the more active estra-
diol by competitive inhibition of the est-
rogen receptor.

I3C and DIM reduce the conversion of
estradiol into the dangerous 16-alpha-
hydroxyestrone, which is regarded as a
tumour promoter [27], and thereby inhi-
bit the development of breast cancer and
other types of cancer. Women with hig-
her levels of 2-hydroxyestrone and low
16-alpha-hydroxyestrone develop much
less breast cancer than women with an
inverse ratio of these metabolites. A fa-
vourable ratio of the two estrogen meta-
bolites is now regarded as good cancer
protection [28, 59, 60]. I13C and DIM work

thus, in a positive way on the estrogen
metabolism, by creating a favourable ra-
tio of the two estrogen metabolites [61]
(fig. 6). This positive hormone modulati-
on is associated with a reduced risk of
breast and cervix as well as prostate car-
cinomata.

For a long time the synthetic anti-
estrogen tamoxifen has been used in
breast cancer therapy to reduce metasta-
ses and contribute to lifespan extension.
I3C and DIM have similar effects as
tamoxifen. However, I13C positively inhi-
bits the growth of estrogen receptors in
breast cancer cells more than tamoxifen
(90% vs. 60%) [20].The combination of
13C and tamoxifen positively inhibits est-
rogen receptors in breast cancer cells
(MCF-7) more effectively than either of
the two substances alone. The growth of
estrogen receptor negative cells is blo-
cked by 13C by about 50%, while tamoxi-
fen shows no effect [21]. Finally, whereas
I3C activates specific signal proteins in
the cancer cell (e.g. p21), which control
cell division; tamoxifen shows no effect
on p21 [21]. It is apparent that tamoxifen
and 13C develop different mechanisms
It is
therefore recommended that also here a

for the control of breast cancer.

combination therapy be provided for.

Summary and closing remarks

The importance of cruciferous phytoche-
micals, particularly I3C and DIM is inhe-
rent in their potential for prevention and
therapy of breast cancer and other types
of tumour. Besides the detoxifying, anti-
inflammatory and antioxidant effects of
13C and DIM, which play a role in the pre-
vention of cancer, it is particularly the
pleiotropic effects on different pathways
of tumour cells that have brought these
substances in the focus of research. 13C
and DIM exert their effects on various
corridors during cell division (for examp-
le: NF-kB, Akt, FoxM1, uPA-uPAR, survi-
vin, BCL2, GSK-3beta / beta-catenin) and
thus lead to cell cycle arrest and apopto-
sis. In this regard, NF-kB seems to play a
special role (fig. 7).
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In contrast, classical chemotherapeutic
drugs are aligned only to a single target
(molecule or signalling pathway). Classi-
cal chemotherapy typically leads to an
efficient inhibition of specific targets. Ini-
tially, it slows the progression of the
cancer. However, the cancer cells quickly
switch to alternative pathways and can
therefore survive. Thus resistance to
chemotherapy develops and tumour
growth continues. Indoles, such as DIM
and I13C, modulate multiple targets and
affect also the alternative signalling pa-
thways required by tumour cells to survi-
ve. This capability to facilitate the swit-
ching off of "cross-talk" between the sig-
nalling pathways makes 13C and DIM ide-
al candidates for effective combination
therapy against breast cancer.

For example, DIM renders various types
of cancer in humans sensitive to taxol, ta-
xotere,

oxaliplatin, and gemcitabine.

Thus, a reduction of these toxic
chemotherapy doses could be underta-
ken to allow an improvement of the qua-
lity of life for the patient. However, pros-
pective studies that support this finding
are still lacking. Moreover, a synergistic
effect between I13C/DIM and erlotinib,
herceptin as well as tamoxifen could be
established and make a combination
therapy of these medicaments meaning-
ful. Unfortunately, scientific evidence for
the benefits of such a combination is still
missing as well. Finally, I3C and DIM as
well as some synthetic derivatives can al-
so increase the sensitivity of cancer cells
to radiation. This is a pointer to the possi-
bility of a dose reduction of this type of

cytotoxicity treatment.

Due to the location of most effects of 13C
and DIM in the signalling pathways, inde-
pendent of the cell type and the type of
cancer, a vast clinical potential is availab-
le for successful and less toxic current
therapies through the combination of sui-
table and optimized dosages. In this re-
gard, 13C and DIM meet important prere-
quisites for appropriate applications in
complementary oncological treatment

(fig. 8).
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Fig. 6: DIM modulates estrogen and androgen effects. It modulates the androgen and estro-
gen receptors, and thus inhibits the absorption of these hormones in the cell. DIM causes the
interruption of signal transduction and prevents the activation of hormone-dependent genes
in the cell nucleus, which then can no longer be transcribed.

Apoptosis

BCL2
c-myc p21
Caspase 3 COX2 Cyc!ooxygen?se 2 '
p27 BCL2 Anti-apoptotic protein (B-cell lymphoma 2
S S C-myc Proto-oncogenic transcription factor
urvivin p21,p27 Cyclininhibitors
AKT Protein kinase B
PI3K Phosphatidylinositide 3-kinases
EGF Epidermal growth factor
mTOR Mechanistic target of rapamycin

Fig. 7: DIM’s effect on apoptosis, cell cycle and inflammation is carried out largely through
the direct inhibition of NF-kB signalling cascade. DIM inhibits not only the activating kinases
(PI3K, AKT and mTOR), but also the transcription factor itself. Consecutively the activity of
BCL2, c-myc and survivin are reduced whereas caspase-3 is induced, the cyclin and COX2
inhibited and cyclin inhibitors activated, leading to cell cycle arrest and a reduced inflamma-
tory response.
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13C fulfills the basic prerequisite for complementary breast cancer therapy
Efficacy in estrogen-dependent tumors (breast, uterus, cervix, ovaries)
Efficacy in estrogen-independent tumors (prostate, colon, liver, lung)

Oral bio-availability, optimal efficacy after gastric passage

Good tolerability with long-term use

Pleiotropic effects

Positive synergies with complementary biological and synthetic therapeutics

Side effect free long term safety

Fig. 8:13C and DIM - Candidates for prophylaxis and complementary oncological therapy in

breast cancer.

Outlook

Both I3C and its phytonutrient DIM offer
an excellent framework for the develop-
ment of synthetic derivatives with phar-
macological activity against cancer cells.
Certain tetramers or alkylated indole de-
rivatives show a similar efficacy spectrum
as 13C/DIM but with 100-fold higher effi-
ciency than the natural substances [70].
These synthetic analogues, similar to the
natural "parents", affect multiple signal-
ling pathways in tumour cells. Synthetic
analogues do not affect healthy cells and
thus provide the good chance for the de-
velopment of new medicament with im-
proved efficacy and without toxic side-
effects.

It should be mentioned that some older
reports about 13C have found no protec-
tion of indole substances against chemi-
cally induced carcinogenesis in animal ex-

periments nor even described any activa-

Caution: Pregnant patients should ref-
rain from taking 13C or DIM, because
these substances can modulate oestro-
gen balance and content which are nee-
ded for the normal development of the
foetus. In this context, 13C seems to be
an effective anti-oestrogen on both, the
ovarian and the hypothalamic level, re-
ducing the concentrations of the luteini-
zing (LH)- as well as the follicle stimula-
ting (FSH) hormone [28].

tion of tumour genesis [10, 39, 63, 85]. In
our opinion, the research results of the
last 10 years have particularly exhibited
the clear preponderance of positive
effects of 13C and DIM in relation to the
prevention and complementary treat-

ment of breast cancer.
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