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ABSTRACT

The prevalence of bladder cancer (BCa) is 4 times higher in men as compared to women, and gender differences have been the focus
of attention for few years. Androgen receptor (AR) may be a putative explanation for gender differences. It may also be related to un-
favourable BCa progression and development because of the increased androgen sensitivity of urothelium to carcinogens. Moreover,
cigarette smoking and occupational exposure to carcinogens have been reported to play contributory roles with the highest attribut-
able risk of BCa. In this review, the authors attempt to summarize the seminal research works that synthesized current understand-
ing of the central role of AR in the negative regulation of carcinogen detoxification activity in BCa. In particular, the authors discuss
the regulatory effects of 3,3’-diindolylmethane on AR gene transcription through microRNA as its suggested effect on the prevention
of BCa. Moreover, to show the still existing problem of occupational exposure and BCa incidence, the authors review recent studies
in this area. Based on the rapidly accumulating scientific evidence, it seems pragmatic that androgen/AR-mediated interference in
the detoxification mechanism may be inhibited by phytochemicals. Therefore, collectively, nutrition has a key role as gene-nutrient
interactions are important contributors to BCa prevention, also through epigenetic modifications. Here, the authors have derived

suggestions for future research. Med Pr. 2022;73(2):151-62
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INTRODUCTION

The World Health Organization estimates that in Eu-
rope premature mortality before the age of 70 was
caused by cancer [1]. According to the world trends,
the authors observe a rapid increase in the number of
seniors in Europe [2]. The growing number of people
over the age of 65 increases the incidence of cases of
old-age cancers such as bladder cancer (BCa). There-
fore, BCa will be more and more frequently reported
in males and females, especially in Europe. The Glob-
al Cancer Statistics in 2020 showed that in terms of new
cases in the world BCa ranks 12th with the number of
573 278, which means 3% of all sites [3]. The World
Health Organization/Europe predicts that the number
of new cases of BCa from 2020 to 2040, in both sexes

and age groups between 0 to >85 will increase by 36.7%,
from 221 298 to 302 479 [4]. The gender disparity is im-
portant to note, as early studies have shown that BCa is
4 times more common in men than in women and that
this proportion remains the same all over the world [5].

Apart from the influence of age and gender on
the risk of BCa development, the remaining risk fac-
tors such as cigarette smoking and occupational expo-
sures should not be forgotten. An increased risk of BCa
is associated with workplace chemical carcinogens and
widespread exposure to tobacco smoke in the environ-
ment. It is regarded that up to 50% and 20% of BCa
sites is the result of tobacco smoking and occupation-
al or environmental toxins, respectively [5,6]. Depend-
ing on the profession occupational exposure and envi-
ronmental exposure to airborne metals (mercury, lead,
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and manganese), traffic air pollution, aromatic amines
(4-aminobiphenyl, 2-naphtylamine and benzidine), as-
bestos — they are all suspected or linked to BCa risk [7].

Attempts to understand gender differences in BCa have
been the focus of attention for few years [8,9]. Consider-
ing the importance of gender in this disease, it is believed
that the incidence may be related to hormones, i.e., an-
drogens and estrogens. Although the bladder is not re-
garded a sex organ that responds to androgen signals [10],
studies to date have shown that differences between men
and women in carcinogen sensitivity are observed, and
that they may be related to sex hormone activity. The dif-
ferences in carcinogen detoxification metabolism and im-
pact of environmental exposure will vary according to
gender [11]. Numerous studies indicate the potential role
of androgens, estrogens and their corresponding recep-
tors in BCa development and the disease course [6].

Androgens and androgen receptor (AR) in seve-
ral investigations have been shown as key players in
the BCa progression and development [12]. The ba-
sic molecular mechanisms through which androgens
promote BCa development and affect the course of
the disease include an increased androgenic sensitivi-
ty of urothelium to carcinogens, impaired degradation
of carcinogens via androgen-dependent pathways or di-
rect oncogenic effect of androgens [13]. Long-term cig-
arette smoking and occupational exposure have a po-
tentially negative effect and influence BCa neoplastic
processes also depending on gender [14,15].

The use of a high-quality diet and nutrition is highly
effective in the prevention of cancer [16]. Due to bioac-
tive phytochemical compounds of cruciferous vegetables,
they can inhibit tumour initiation, promotion, metastasis
and improve cancer cells’ sensitivity to chemotherapy by
epigenetic regulation of microRNA (miRNA, miR) ex-
pression [17,18]. One of them is indole-3-carbinol (I3C)
and its bioactive product 3,3’-diindolylmethane (DIM).

The DIM triggers a pleiotropic effect on cancer cells
by modifying many important genes for cell cycle control,
cell proliferation, signal transduction and other cellular
processes. In this sense, DIM is important for its strong
inhibitory effects on the expression of AR and the activa-
tion of AR signaling [19,20]. Moreover, DIM causes sup-
pression of cancer growth by increasing the efficiency for
detoxification and suppression of carcinogens by AR gene
transcription through epigenetic modulation [21].

In this review, the authors present important infor-
mation about aspects of DIM via modulation of AR
in BCa and provide a brief overview of the literature
on the occupational BCa incidence. This paper may

provide some suggestions for further research direction
in novel epigenetics targets for the prevention of BCa.

METHODS

The objective of this paper is to evaluate the published
evidence about the aspects of DIM via modulation of
AR in BCa, and to summarize findings across the stud-
ies on occupational exposure and BCa incidence. The
authors reviewed the published literature by search-
ing for relevant publications in Google Scholar, MED-
LINE (PubMed) and Web of Science databases using
the following key phrases: “bladder cancer” and “DIM”
and “AR” from 2011 to October 2021 or “bladder can-
cer” and “workers” and “case-control study” from 2020
to October 2021. Two investigators reviewed inde-
pendently the titles and abstracts of all the studies iden-
tified from the literature search against the inclusion
criteria to determine those eligible for inclusion and re-
trieval of full-text articles. Inclusion criteria included
English language papers containing original data.

RESULTS

Cigarette smoking

Tobacco is the greatest known environmental risk factor
for developing BCa. Cigarette smoking is a major risk fac-
tor for BCa in the general population [14,22]. Cigarette
smoking causes a 2- to 4-fold increased risk of BCa [23].
The incidence of BCa among men is the highest in Europe
and North America, these global trends reflect the preva-
lence of smoking. Especially long-term cigarette smoking
has a potentially negative effect. The effects of smoking ap-
pear to be alleviated after smoking cessation >10 years [24].
Although cessation reduces the risk of BCa, even after
10 years of not smoking the risk of developing BCa is still
almost twice higher than in never-smokers [25].

Toxins in cigarette smoke come from approx. 70 car-
cinogenic substances out of the total of 7000 chemi-
cals [26,27]. The most studied carcinogens such as poly-
cyclic aromatic hydrocarbons and tobacco-specific
nitrosamines are metabolically activated. It is worth men-
tioning that also very popular smokeless tobacco products
contain different concentrations of nicotine, toxic metals
and carcinogens [28].

Additionally, smoking addiction is a factor that has
a negative impact on eating habits. Studies show that
smokers have a much less healthy lifestyle and have
worse eating habits. Smokers often do not eat break-
fast and do not eat between meals, which leads to their
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being underweight. Being underweight is mainly due to
the low caloric content of consumed dishes and the low
content of nutrients. It can result in functional and phys-
ical impairment as well as a reduced quality of life [29].
Especially in smokers, lower daily intake of key nutri-
ents, e.g., vitamin C, is observed.

Exposure to tobacco smoke may also occur during
work. For example, many waiters are exposed to both
passive tobacco smoke and active cigarette consumption.
The research shows that smoking cigarettes often occurs
simultaneously with other risk factors such as specific
occupations. Therefore, for some professions smoking
changes the risk of developing BCa. The impact of the oc-
cupation-specific prevalence of tobacco is of great im-
portance in the exposure assessment. Occupation-specif-
ic smoking habits are difficult to assess individually [30].

Occupational exposure

Research on the relationship between occupational ex-
posure to carcinogenic substances or their mixtures and
the occurrence of cancer in workers is a topic of concern
for occupational medicine in many countries. Getting
to know the problem better has led to, inter alia, wide-
spread use of preventive measures in the workplace, as
well as closing or transforming industries. Owing to oc-
cupational regulations numerous sources of exposure
have been reduced in majority of the countries. How-
ever, despite the closure of harmful factories, there are
still industries that pose risk to workers. Occupational
epidemiology studies confirming the influence of car-
cinogens on the risk of BCa and studies on long-term
adverse effects are still an important field of research.
The authors summarize the BCa studies that have eval-
uated the importance of occupational exposure to car-
cinogenic substances in the last year.

Table 1 summarizes findings across the studies on oc-
cupational exposure and BCa. A total of 22 studies in the
field of occupational exposure and BCa incidence were
published. Majority of the studies are cohort ones, but
there are also case-control studies carried out all over
the world. The research has focused primarily on assess-
ing the risk of developing BCa [31-36], but also overall
survival rates [37], overall incidence [38], mortality odds
ratio [32,39,40] and lifetime prevalence [41,42]. Most of
the studies have found an increased risk of developing
BCa among exposed workers. In addition, the authors
also observe effects of occupational exposure to carcino-
gens from the remote past.

Toxic ingredients that are most commonly used in the
industry include, among others, aromatic amines such

as 2-naphthylamine, 4-aminobiphenyl and benzidine,
and 4,4’ -methylenebis like 2-chloroaniline, which are
present in many chemical products and which are used
by dye and rubber industries [42]. Aromatic amines are
also used in the manufacturing of products such as hair
dyes, paints, fungicides, metals and plastics. In addition,
these substances are present in cigarette smoke, motor
vehicle exhaust or drinking water contaminants [34].
Research also confirms that exposure in the aluminum
production industry causes BCa. Aluminum smelting is
associated with a wide range of toxic exposure constit-
uents including asbestos, beryllium, lead, polycyclic ar-
omatic hydrocarbons (PAHs), silica and other chemi-
cal vapours [40]. Asbestos exposure is also significant
for the health of workers. Studies show that occupation-
al asbestos exposure is carcinogenic to humans. Work-
ers involved in asbestos-cement sector production jobs,
rolling stock, shipbuilding, glasswork, harbours, insula-
tion and other industries are likely to have an elevated
exposure to asbestos [32].

Substances such as ortho-toluidine, benzidine, and
2-naphthylamine have been classified by the Inter-
national Agency for Research on Cancer (IARC) in-
to Group 1 carcinogens, 2012-2020 [42]. In this group
there are also chemicals or mixtures of chemicals such
as diesel engine exhaust, PAHs, asbestos, trichloroeth-
ylene and benzene to which mechanics are exposed.
Car mechanics are exposed to many other substances
that have been identified as probable human carcino-
gens (Group 2A) like lead, styrene and tetrachloroeth-
ylene or possible human carcinogens (Group 2B) such
as gasoline, carbon tetrachloride, and metallic fumes
containing nickel and chromium. However, the prod-
ucts made from substances included in the above-men-
tioned groups are still used worldwide. In turn, trucking
industry workers are regularly exposed to vehicle ex-
haust from diesel, other types of vehicles on the streets,
traffic exhaust and so on. At the same time, it has been
found that gasoline engine exhaust as possibly carcino-
genic to humans belongs to Group 2B, while diesel en-
gine exhaust is carcinogenic to humans and belongs to
Group 1 [31,38]. Some of the agents listed here are al-
so classified by IARC as those with sufficient or limited
evidence of human BCa [43].

Cotton production also causes exposure to pesticides,
while dyes leave residues such as sulfur on the product,
which indirectly exposes workers to chemicals. Prod-
ucts from cotton fiber but also synthetic fiber influence
the body because of carcinogenic substances used in
the process of obtaining textile products [44]. However,
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Table 1. Studies on the influence of occupational exposure to chemicals on bladder cancer (BCa) occurrence (from 2020 to October 2021)

Industry and worker type

Occupational exposure

Country
and reference

Mechanics

Different types of work

Painters and rubber manufacturing industry

Farmers, labourers (dye, chemical, fertilizer industry),
housewives, businessmen

Agriculturists

Military community

Factories using asbestos (asbestos cement, rolling stock,
shipbuilding, glasswork, harbours, insulation and other

industries)

Lumber, wood products, printing and allied industries,
petroleum and coal products, fabricated metal products,
electrical machinery, equipment and supplies, information
and communication electronics

Professional and managerial, clerical, sales and service,
agriculture, forestry, and fishery, transportation (including
machine operation workers), construction and mining,
manufacturing, (e.g., homemakers, students, unemployed,

miscellaneous)

Factory manufacturing organic dye/pigment intermediates

Road transportation workers, motor vehicle engine exhaust,
traffic exhaust, housework

Maritime workers - seafarers and fishermen

Textile industry

Welding, making cement

Firefighters

Aluminum smelting workers

Boat builders

Benzidine manufacturing plant
Chemical manufacturing plant
Automobile manufacturing workers

Heavy truck drivers, tractor-trailer drivers, bus drivers,
engine mechanics, repairers, equipment operators

also during the cotton production process itself, workers
at various stages of its production are exposed to chem-
ical softeners, bleaches, synthetic wax, flame retardants

diesel engine exhaust, polycyclic aromatic hydrocarbons, asbestos,
trichloroethylene and benzene, lead, styrene, tetrachloroethylene

silica, asbestos

painting, trichloroethylene,
asbestos, wood dust, diesel gasoline exhausts, formaldehyde,
and painting or varnish

pesticides, insecticides, weedicides, herbicides

pesticides
diverse carcinogens

asbestos

diverse carcinogens

diverse carcinogens

aromatic amines: ortho-toluidine, aniline, para-toluidine,
ortho-anisidine, 2,4-xylidine, ortho-chloroaniline

detergents, cleaners, bleaches, oil fumes during frying, traftic
air pollution

diesel exhaust, asbestos, polycyclic aromatic hydrocarbons,
ultraviolet radiation

cotton dust, caustic soda, acetic acid, hydrogen peroxide, surfactants,
formaldehyde, azo dyes, phthalates, perfluorinated compounds

lubricating/coolant oils, soldering/brazing, degreasing, fumes
from quenching/forging or cooling

polycyclic aromatic hydrocarbons, polychlorinated biphenyls,
formaldehyde, benzene, 1,3-butadiene, asbestos, diesel exhaust,
circadian disruption from shift work

airborne metal dusts, asbestos, polycyclic aromatic hydrocarbons,
silica, chemical vapors

cumulative styrene

benzidine, dichlorobenzidine
aromatic amine: ortho-toluidine
metalworking fluids

respirable elemental carbon

and finally formaldehyde spray. Moreover, numerous ing substances [45].

Brazil [100]

Canada [33]

France [41]

India [47]

Iran [46]
Iran [101]

Italy [32]

Japan [36]

Japan [37]

Japan [34]

Korea [102]

Nordic
countries [38]

Turkey [44]

United
Kingdom [103]

USA [39]

USA [40]

USA [104]
USA [35]
USA [42]
USA [105]

USA and
Spain [31]

cases of BCa are observed among workers working in
the dying process. This is because of exposure to car-
cinogenic effective azo dyes and heavy metal-contain-
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It is not only work in an industry that carries the risk
of cancer. Considerable concern about cancer risk exists
among agriculturists, farmers, firefighters, mechanics,
aluminum smelting workers. Agriculturists and farmers
are potentially exposed to a number of known and sus-
pected carcinogens including pesticides, insecticides,
weedicides and herbicides [46,47]. Firefighters consti-
tute another professional group that is exposed to poly-
chlorinated biphenyls, PAHs, asbestos, diesel exhaust,
benzene, 1,3-butadiene, formaldehyde, and circadian
disruption being a result of shift work [39].

The importance of androgen receptor

in the carcinogen UGT detoxification system

in bladder cancer

Androgen receptor is a steroid hormone receptor that
is mainly activated by androgens: testosterone and di-
hydrotestosterone (DHT) [48]. Down-regulation of AR
is observed in the case of various phytochemicals such
I3C, DIM, sulforaphane, curcumin, oridonin, isoliquir-
itigenin and wogonin [49]. It is likely that the AR moves
from the cytoplasm to the nucleus after binding andro-
gens and controls various genes’ transcription. AR can
significantly impact urothelial signaling and negatively
regulate the activity of detoxification enzymes like uri-
dine-diphosphoglucuronosyltransferase (UGT).

The UGTs enzymes belong to the second phase of
metabolism and they are very important for metaboliz-
ing carcinogenic compounds such as aromatic amines
in detoxification processes. Sex-dependent differenc-
es in carcinogen degradation efficiency are related to
the effect of AR [48]. Studies have shown male predom-
inance in the presence of AR. Therefore, it has been sug-
gested that the BCa is a sex hormone-dependent disease
due to the greater susceptibility to carcinogens.

Ortho-toluidine, 4-aminobiphenyl, 2-naphtylamine
and benzidine are aromatic amines occurring in the
mainstream tobacco smoke and in the workplace, and
they are currently listed in IARC Group 1 risk factors for
BCa. Detoxification of these carcinogens primarily con-
sist in their degradation via the hydroxylation, acetyla-
tion, and glucuronidation pathways. The primary met-
abolic pathway of the aromatic amine activates them
into mutagenic and carcinogenic compounds. The UGTs
catalyze the attachment of glucuronic acid to a lipophil-
ic substrate containing a nucleophilic functional group.
Studies have shown that reduction of UGT1 expression
in endothelial cancer leads to accumulation of carcino-
gens in the bladder [50]. Expression of UGTs is reduced
by AR signals in the urothelium, thereby promoting

the development of BCa [51]. Thus, research indicates
an important role of AR signals in the development of
BCa. In both in vitro and in vivo tests, reducing AR ex-
pression inhibits the growth of cancer cells [52,53].

Androgen receptor plays an important role in pro-
moting metastasis and progression of BCa [54,55]. It is
also considered an indicator of BCa recurrence [56]. The
AR interacts with major signaling pathways i.e., f-caten-
inand cyclin-d promoting the aggressive type of BCa [57-
59]. In in vitro studies, knockout of the AR gene and lack
of its expression increased apoptosis, reduced prolifer-
ation and migration of BCa cells. Silencing expression
of AR through electroporation-assisted interference sig-
nificantly inhibited AR-positive bladder tumour growth
by reducing cell proliferation and increased apoptot-
ic indices [60]. In BCa trials, an increase in co-regula-
tors to form the AR transcription complex has been ob-
served [61]. Studies in mice indicate that males exposed
to carcinogens suffer from BCa more often than females.
Besides, AR knockout has suppressed cell proliferation
in vitro and xenograft tumour growth in vivo [52]. Also,
Johnson et al. [62] have observed that castration limit-
ed BCa development and the use of DHT restored tu-
mour growth. Studies on BCa cells confirm the effect of
the used DHT on the increase in AR expression [10].
On the other hand, loss of AR expression may be asso-
ciated with the invasive type of BCa [63]. Other authors
discuss and explain that the decreased AR expression
in higher-grade prostate cancer tumours may indicate
a poorly differentiated cell type or transition to an an-
drogen-independent state [62]. In conclusion, the po-
tential for AR signaling mechanism in BCa is still not
fully understood [64,65].

Epigenetic modulation of androgen receptor

by dietary phytochemical - 3,3’-diindolylmethane
Proper diet takes the second place after quitting smok-
ing in terms of avoiding the cause of cancer in West-
ern countries. Epidemiological studies suggest that peo-
ple with an antioxidant diet rich in fruit and vegetables
have a lower risk of developing chronic diseases [17,66].
The concept of using dietary ingredients to prevent can-
cer is nothing new, but the understanding of chemopro-
tective properties of dietary ingredients is still evolving.
Epidemiological studies have shown that consumption
of broccoli and other cruciferous vegetables such as cau-
liflower, kale and cabbage reduces the risk of develop-
ing different cancer types. Also, higher consumption of
cruciferous vegetables by the diagnosed persons reduc-
es the risk of the disease progression [67,68].
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The idea of using dietary ingredients to prevent cancer
is an important issue and therefore understanding of che-
moprotective action is still being deepened. Phytochemi-
cals have a positive effect on human health by regulating
DNA methylation and chromatin modification in cancer.
Modulation at a molecular level, i.e., miRNA expression,
may change the gene expression profile of key oncogenes
and tumour suppressor genes [69]. Plants contain many
bioactive phytochemicals which can inhibit tumour ini-
tiation, promotion, metastasis and which can improve
cancer cells’ sensitivity to chemotherapy by epigenetic
regulation of miRNA expression. Phytochemicals are an
interesting and potential target in cancer therapy [69].
Multidirectional activity, low toxicity and phytochemi-
cals’ natural origin - these all characteristics make them
good material supporting treatment processes.

Glucosinolates are the most characteristic phyto-
chemical compounds of Brassica genus. These com-
pounds are easily hydrolyzed to form the unstable iso-
thiocyanate and degraded to I3C. The I3C is present at
relatively high levels in brassica vegetables and has an-
ticancer effect [70]. I3C is not stable at low pH, which
spontaneously forms DIM in the acidic environment of
the stomach. DIM is a dimer of I3C [71]. Animal and
human studies indicate an anti-cancer effect of bioac-
tive products like I3C and DIM [72-76].

The DIM has been shown to interact with several
pathways, such as the androgen and estrogen receptor sig-
naling pathway, the aryl hydrocarbon receptor pathway;,
the Nrf2 pathway and the NF-xB pathway. It potentially
represents a multi-purpose drug [77-81]. Moreover, gene
expression studies have shown that DIM regulates many
important genes for cell cycle control, cell proliferation,
signal transduction and other cellular processes, suggest-
ing that DIM exerts a pleiotropic effect on cancer cells.

Inactivation of Akt and NF-kB by I3C helps in sen-
sitizing cancer-resistant cancer cells, making I3C and
DIM a potential new strategy for sensitizing cancer
cells to chemotherapeutic agents [82]. Nowadays, DIM
has become a popular dietary supplement because of
the great therapeutic potential in many diseases. The
DIM is also important in cancer therapy because it reg-
ulates and reduces AR expression [83]. It also shows
much stronger inhibitory effects than I3C on the ex-
pression of AR and activation of AR signaling. Further
studies in rats show that DIM affects not only AR but al-
so testosterone levels [84]. The DIM affects the growth
of biotransformation enzymes and increases efficien-
cy for detoxification and inhibition of carcinogens by
AR regulation [19,20,85,86]. Studies suggest a new role

for DIM in the epigenetic modulation of AR gene tran-
scription [87].

3,3’-diindolylmethane regulatory effects

on androgen receptor gene transcription

through microRNA

Several clinical studies have examined DIM properties
in various cancers such as prostate and breast cancer,
thyroid disease, cervical dysplasia, etc. [20,88,89]. Per-
haps the most interesting is that DIM affects the growth
of biotransformation enzymes like UGT. Figure 1 shows
the increased efficiency of detoxification and inhibition
of carcinogens through regulating AR by DIM. Thus,
it may support the detoxification process by growth of
UGTs expression in the urothelium. Moreover, stud-
ies are suggesting that dietary DIM suppresses AR gene
transcription through epigenetic modulation [21,90,91].

The MiRNA is one of the 3 main types of epigene-
tic regulation — along with DNA methylation and his-
tone modification. They are a class of small, non-coding
RNAs responsible for post-transcriptional regulation of
gene expression. The MiRNAs modulate many different
genes, including those that are involved in carcinogen-
esis [92]. They regulate cancer via the following mech-
anisms, i.e., proliferation, apoptosis, epithelial-mesen-
chymal transition, invasiveness, migration, metastasis,
resistance to chemo- and radio-therapy, adaptation to
hypoxia and angiogenesis [93].

Plant chemical compounds are thought to be import-
ant regulators of miRNA expression and are associated
with the epigenetic regulation of genes responsible for
cancer development. Research indicates that phytochem-
icals have an anti-cancer function by affecting various
paths, including regulating miRNA expression. Much
has been written on bioactive compounds isolated from
edible plants, studied as oncogenic and suppressor miR-
NA expression modulators [16,94]. The findings indicate
that DIM also modulates miRNA levels during carcino-
genesis. Studies on cancer cells have shown that I3C and
DIM compounds regulate miRNAs, e.g., it has been prov-
en that these compounds increase expression of miR-34a
suppressor [91]. Jin [95] has observed that DIM modu-
lates miR-21 and cdc25A expression, which is important
in cell cycle management. To sum up regulatory eftects of
DIM: it down-regulates the expression of miR-30e, miR-

1 [96], miR-92a [97], and miR-34a, miR-124, miR-27b,
which are known to be associated with the regulation
of AR [98]. Furthermore, the epigenetic effect of DIM
treatment on miR-34a and let-7 family expression has
been observed in prostate cancer patients [91,99].
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Down-regulation of AR gene transcription through epigenetic modulation by DIM

1 Bioactive 2

product of 13C miRNAS expression

DIM down-regulates

3 miRNAs regulate
AR gene transcription

(ruciferous vegetables Dietary DIM miRNAs
™ Y
' m Ym %}»
- mﬁnmh’
miRNA gene AR mRNA

S

DIM efficiency for detoxification of carcinogens through down-regulating AR

Effective
detoxification
process

Growth of
UGTs expression

DIM
down—regulqtlon of Reduce of
miR-30e, miR-21, AR expression
miR-92a, miR-34a, P
miR-124, miR-27b

Figure 1. Dietary 3,3’-diindolylmethane (DIM) down-regulates androgen receptor (AR) through regulation of miRNAs

CONCLUSIONS

The current understanding of the mechanisms by which
smoking induces BCa and the factors, such as industrial
exposure, that determine interindividual susceptibility
to smoking-induced BCa is remarkably limited. More-
over, smoking and occupational exposure to carcino-
gens are two most common risk factors for BCa. These
are risk factors that can be excluded or limited in our
lives, unlike other important risk factors such as age and
sex. Reduction of occupational exposure would presum-
ably reduce urothelial cancer risk, but as research shows
in recent years, occupational exposure is still present.
Many studies have been conducted to use beneficial
properties of a diet to counteract cancer formation and its
further development. Prevention of BCa by a nutritional
diet is important as certain dietary components may be
of particular importance in supporting the inefficiency
of detoxification processes of carcinogens. Supporting
detoxification processes through alteration of epigenetic
status by supplementation is important from the point
of view of carcinogenesis. Gene-nutrient interactions
are important contributors to cancer prevention. Nutri-
tion can alter gene expression, as well as the susceptibil-
ity to disease, including cancer by epigenetic changes.

The use of dietary supplements influences the epigenetic
status through DNA methylation and miRNA-depen-
dent gene silencing. There are many known processes
for forming tumours regulated by miRNA, e.g., prolif-
eration, apoptosis and epithelial-mesenchymal transi-
tion. These alterations may be associated with the course
and occurrence of BCa. It is known that AR expression
is regulated by a diet. Moreover, adverse sensitization to
carcinogens induced by androgen may be inhibited es-
pecially by phytochemicals present in plants.

In this review the authors seek to summarize the cur-
rent state of knowledge about the effects of phytochemical
DIM on epigenetic changes of the AR in terms of impor-
tance of dietary ingredients in the prevention of cancer.
The DIM supplementation affects AR signaling pathways
and reduces AR expression, thereby improving detoxifi-
cation processes associated with aromatic amines’ deg-
radation through the glucuronidation pathway. Despite
numerous reports indicating the effect of AR on cancer,
the role of AR in BCa has not been fully understood yet
and the regulatory role of the miRNA in BCa requires
new research. Better understanding of the effects of DMI
and AR on BCa growth may provide important informa-
tion and directions for the future development of epigen-
etic targets for novel prevention of BCa.



158 E. Wieczorek et al. Nr 2
REFERENCES 12. Martinez-Rojo E, Berumen LC, Garcia-Alcocer G, Esco-
bar-Cabrera J. The Role of Androgens and Androgen Re-

1. Global Health Estimates 2020: Deaths by Cause, Age, Sex, ceptor in Human Bladder Cancer. Biomolecules. 2021;
by Country and by Region, 2000-2019 [Internet]. Gene- 11(4):594. https://doi.org/10.3390/biom11040594.
va: World Health Organization; 2020 [cited 2021 Oct 1].  13. Gakis G, Stenzl A. Gender-specific differences in mus-
Available from: https://www.who.int/data/gho/data/the cle-invasive bladder cancer: the concept of sex steroid
mes/mortality-and-global-health-estimates/ghe-leading- sensitivity. World J Urol. 2013;31(5):1059-64. https://doi.
causes-of-death. 0rg/10.1007/s00345-013-1037-z.

2. Lewandowska-Gwarda K, Antczak E. Urban Ageing in Eu-  14. Rink M, Furberg H, Zabor EC, Xylinas E, Babjuk M, Py-
rope-Spatiotemporal Analysis of Determinants. ISPRS Int ] cha A, et al. Impact of smoking and smoking cessation
Geo-Inf. 2020;9(7). https://doi.org/10.3390/ijgi9070413. on oncologic outcomes in primary non-muscle-invasive

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, bladder cancer. Eur Urol. 2013;63(4):724-32. https://doi.
Jemal A, et al. Global cancer statistics 2020: GLOBOCAN esti- org/10.1016/j.eururo.2012.08.025.
mates of incidence and mortality worldwide for 36 cancersin  15. Dobruch J, Daneshmand S, Fisch M, Lotan Y, Noon AP,
185 countries. CA-Cancer J Clin. 2021;71(3):209-49. https:// Resnick MJ, et al. Gender and Bladder Cancer: A Collab-
doi.org/10.3322/caac.21660. orative Review of Etiology, Biology, and Outcomes. Eur

4. Ferlay ], Laversanne M, Ervik M, Lam E Colombet M, Mery L, Urol. 2016;69(2):300-10. https://doi.org/10.1016/j.eururo.
et al. Global Cancer Observatory: Cancer Tomorrow [Inter- 2015.08.037.
net]. Lyon, France: International Agency for Research on Can-  16. Kapinova A, Kubatka P, Golubnitschaja O, Kello M, Zu-
cer; 2020 [cited 2021 Oct 1]. Available from: https://gco.iarc. bor P, Solar P, et al. Dietary phytochemicals in breast can-
fr/tomorrow. cer research: anticancer effects and potential utility for

5. Saginala K, Barsouk A, Aluru JS, Rawla P, Padala SA, Bar- effective chemoprevention. Environ Health Prev Med.
souk A. Epidemiology of bladder cancer. Med Sci. 2020; 2018;23(1):36. https://doi.org/10.1186/s12199-018-0724-1.
8(1):15. https://doi.org/10.3390/medsci8010015. 17. Shankar E, Kanwal R, Candamo M, Gupta S. Dietary phy-

6. Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, tochemicals as epigenetic modifiers in cancer: Promise
Abnet CC. Association between smoking and risk of bladder and challenges. Semin Cancer Biol. 2016;40-41:82-99.
cancer among men and women. JAMA. 2011;306(7):737-45. https://doi.org/10.1016/j.semcancer.2016.04.002.
https://doi.org/10.1001/jama.2011.1142. 18. Montgomery M, Srinivasan A. Epigenetic gene regulation

7. Cumberbatch MGK, Jubber I, Black PC, Esperto E Figu- by dietary compounds in cancer prevention. Adv Nutr.
eroa JD, Kamat AM, et al. Epidemiology of Bladder Cancer: 2019;10(6):1012-28. https://doi.org/10.1093/advances/
A Systematic Review and Contemporary Update of Risk Fac- nmz046.
tors in 2018. Eur Urol. 2018;74(6):784-95. https://doi.org/10.  19. Kong D, Sethi S, Li Y, Chen W, Sakr WA, Heath E, et al.
1016/j.eururo.2018.09.001. Androgen receptor splice variants contribute to pros-

8. Zhang Y. Understanding the gender disparity in bladder can- tate cancer aggressiveness through induction of EMT
cer risk: the impact of sex hormones and liver on bladder sus- and expression of stem cell marker genes. The Prostate.
ceptibility to carcinogens. ] Environ Sci Health C Environ Car- 2015;75(2):161-74. https://doi.org/10.1002/pros.22901.
cinog Ecotoxicol Rev. 2013;31(4):287-304. https://doi.org/10. ~ 20. Hwang C, Sethi S, Heilbrun LK, Gupta NS, Chitale DA,
1080/10590501.2013.844755. Sakr WA, et al. Anti-androgenic activity of absorption-en-

9. Marks P, Soave A, Shariat SE Fajkovic H, Fisch M, Rink M. hanced 3,3’-diindolylmethane in prostatectomy patients.
Female with bladder cancer: what and why is there a differ- Am ] Transl Res. 2016;8(1):166.
ence? Transl Androl Urol. 2016;5(5):668-82. https://doi.org/ ~ 21. Palomera-Sanchez Z, Watson GW, Wong CP, Beaver LM,
10.21037/tau.2016.03.22. Williams DE, Dashwood RH, et al. The phytochemical

10. Gil D, Zarzycka M, Duliniska-Litewka J, Ciofczyk-Wierz- 3,3’-diindolylmethane decreases expression of AR-con-
bicka D, Lekka M, Laidler P. Dihydrotestosterone increas- trolled DNA damage repair genes through repressive chro-
es the risk of bladder cancer in men. Hum Cell. 2019:1- matin modifications and is associated with DNA damage
11. https://doi.org/10.1007/s13577-019-00255-3. in prostate cancer cells. ] Nutr Biochem. 2017;47:113-9.

11. Janisch E Shariat SE Schernhammer E, Rink M, Fajkov- https://doi.org/10.1016/j.jnutbio.2017.05.005.
ic H. The interaction of gender and smoking on bladder ~ 22. Chen CH, Shun CT, Huang KH, Huang CY, Tsai YC,

cancer risks. Curr Opin Urol. 2019;29(3):249-55. https://
doi.org/10.1097/MOU.0000000000000602.

Yu HJ, et al. Stopping smoking might reduce tumour re-
currence in nonmuscle-invasive bladder cancer. BJU Int


https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://doi.org/10.3390/ijgi9070413
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://gco.iarc.fr/tomorrow
https://gco.iarc.fr/tomorrow
https://doi.org/10.3390/medsci8010015
https://doi.org/10.1001/jama.2011.1142
https://doi.org/10.1016/j.eururo.2018.09.001
https://doi.org/10.1016/j.eururo.2018.09.001
https://doi.org/10.1080/10590501.2013.844755
https://doi.org/10.1080/10590501.2013.844755
https://dx.doi.org/10.21037%2Ftau.2016.03.22
https://doi.org/10.1007/s13577-019-00255-3
https://doi.org/10.1097/MOU.0000000000000602
https://doi.org/10.1097/MOU.0000000000000602
https://doi.org/10.3390/biom11040594
https://doi.org/10.1007/s00345-013-1037-z
https://doi.org/10.1007/s00345-013-1037-z
https://doi.org/10.1016/j.eururo.2012.08.025
https://doi.org/10.1016/j.eururo.2012.08.025
https://doi.org/10.1016/j.eururo.2015.08.037
https://doi.org/10.1016/j.eururo.2015.08.037
https://doi.org/10.1186/s12199-018-0724-1
https://doi.org/10.1016/j.semcancer.2016.04.002
https://doi.org/10.1093/advances/nmz046
https://doi.org/10.1093/advances/nmz046
https://doi.org/10.1002/pros.22901
https://doi.org/10.1016/j.jnutbio.2017.05.005

Nr 2

Androgen receptor and bladder cancer

159

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

2007;100(2):281-6. https://doi.org/10.1111/j.1464-410X.
2007.06873.x.

Zeegers MPA, Tan FES, Dorant E, van den Brandt PA.
The impact of characteristics of cigarette smoking on urinary
tract cancer risk — A meta-analysis of epidemiologic studies.
Cancer. 2000;89(3):630-9. https://doi.org/10.1002/1097-
0142(20000801)89:3<630::AID-CNCR19>3.0.CO;2-Q
Rink M, Zabor EC, Furberg H, Xylinas E, Ehdaie B, No-
vara G, et al. Impact of Smoking and Smoking Cessation
on Outcomes in Bladder Cancer Patients Treated with
Radical Cystectomy. Eur Urol. 2013;64(3):456-64. https://
doi.org/10.1016/j.eururo.2012.11.039.

Kispert SE, Marentette J, Campian EC, Isbell TS, Kuen-
zel H, McHowat .J Cigarette smoke-induced urothelial cell
damage: potential role of platelet-activating factor. PHYSI-
OL. REP. 2017;5(5). https://doi.org/10.14814/phy2.13177.
Talhout R, Schulz T, Florek E, van Benthem ], Wester P,
Opperhuizen A. Hazardous Compounds in Tobacco
Smoke. Int ] Environ Res Public Health. 2011;8(2):613-28.
https://doi.org/10.3390/ijerph8020613.

Rodgman A, Perfetti TA. The chemical components of to-
bacco and tobacco smoke: CRC press; 2008. https://doi.
org/10.1201/9781420078848.

McNeill A, Bedi R, Islam S, Alkhatib MN, West R. Levels
of toxins in oral tobacco products in the UK. Tob Control.
2006;15(1):64-7. https://doi.org/10.1136/tc.2005.013011.
Schilp J, Wijnhoven HAH, Deeg DJH, Visser M. Early de-
terminants for the development of undernutrition in an
older general population: Longitudinal Aging Study Am-
sterdam. Br ] Nutr. 2011;106(5):708-17. https://doi.org/
10.1017/50007114511000717.

Hadkhale K, Martinsen JI, Weiderpass E, Kjerheim K,
Sparén P, Tryggvadottir L, et al. Occupational variation in
bladder cancer in Nordic males adjusted with approximated
smoking prevalence. Acta Oncol. 2019;58(1):29-37. https://
doi.org/10.1080/0284186X.2018.1518591.

Koutros S, Kogevinas M, Friesen MC, Stewart PA, Baris D,
Karagas MR, et al. Diesel exhaust and bladder cancer
risk by pathologic stage and grade subtypes. Environ Int
2020;135. https://doi.org/10.1016/j.envint.2019.105346.
Magnani C, Silvestri S, Angelini A, Ranucci A, Azzolina D,
Cena T, et al. Italian pool of asbestos workers cohorts: as-
bestos related mortality by industrial sector and cumula-
tive exposure. Ann Ist Super Sanita. 2020;56(3):292-302.
https://doi.org/10.4415/ANN_20_03_07.

Latifovic L, Villeneuve PJ, Parent M, Kachuri L, Har-
ris SA, Group CCRE. Silica and asbestos exposure at work
and the risk of bladder cancer in Canadian men: a popu-
lation-based case-control study. BMC Cancer. 2020;20(1):
171. https://doi.org/10.1186/s12885-020-6644-7.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

. Nakano M, Shinagawa T, Eitaki Y, Omae K, Takeuchi A,
Iwasawa S, et al. Risk of bladder cancer in male Japanese
workers exposed to ortho-toluidine and other aromat-
ic amines. Int Arch Occup Environ Health. 2021;94(6):
1427-39. https://doi.org/10.1007/s00420-021-01658-2.
Millerick-May ML, Wang L, Rice C, Rosenman KD. On-
going risk of bladder cancer among former workers at
the last benzidine manufacturing facility in the USA. Oc-
cup Environ Med. 2021;78(9):625-31. https://doi.org/10.
1136/0emed-2020-106431.

Kaneko R, Sato Y, Kobayashi Y. Manufacturing Industry
Cancer Risk in Japan: A Multicenter Hospital-Based Case
Control Study. Asian Pac J Cancer Prev. 2020;21(9):2697.
https://doi.org/10.31557/APJCP.2020.21.9.2697.

Zaitsu M, Lee HE, Lee S, Takeuchi T, Kobayashi Y, Kawachi I.
Occupational disparities in bladder cancer survival: A pop-
ulation-based cancer registry study in Japan. Cancer Med.
2020;9(3):894-901. https://doi.org/10.1002/cam4.2768.
Ugelvig Petersen K, Pukkala E, Martinsen JI, Lynge E,
Tryggvadottir L, Weiderpass E, et al. Cancer incidence
among seafarers and fishermen in the Nordic countries.
Scand ] Work Environ Health. 2020;46(5):461-8. https://
doi.org/10.5271/sjweh.3879.

Pinkerton L, Bertke SJ, Yiin J, Dahm M, Kubale T, Hales T,
et al. Mortality in a cohort of US firefighters from San
Francisco, Chicago and Philadelphia: an update. Occup
Environ Med. 2020;77(2):84-93. https://doi.org/10.1136/
oemed-2019-105962.

McClure ES, Vasudevan P, DeBono N, Robinson WR,
Marshall SW, Richardson D. Cancer and noncancer mor-
tality among aluminum smelting workers in Badin, North
Carolina. Am J Ind Med. 2020;63(9):755-65. https://doi.
org/10.1002/ajim.23150.

Marant Micallef C, Paul A, Charvat H, Vignat ], Houot M,
Pilorget C, et al. An innovative method to estimate life-
time prevalence of carcinogenic occupational circum-
stances: the example of painters and workers of the rub-
ber manufacturing industry in France. ] Expo Sci Environ
Epidemiol. 2021;31(4):769-76. https://doi.org/10.1038/
s41370-020-00272-7.

Park RM, Carreén T, Hanley KW. Risk assessment for
o-toluidine and bladder cancer incidence. Am J Ind Med.
2021;64(9):758-70. https://doi.org/10.1002/ajim.23265.
Cogliano VJ, Baan R, Straif K, Grosse Y, Lauby-Secre-
tan B, El Ghissassi E et al. Preventable Exposures Asso-
ciated With Human Cancers. JNCI-J. Natl. Cancer Inst.
2011;103:1827-1839. https://doi.org/10.1093/jnci/djr483.
Turan B. Cancer Attributable to Occupational Exposures
in Textile Industry. ] Med Sci. 2020;1(2):26-31. https://
doi.org/10.46629/jms.2020.9.


https://doi.org/10.1111/j.1464-410X.2007.06873.x
https://doi.org/10.1111/j.1464-410X.2007.06873.x
https://doi.org/10.1002/1097-0142(20000801)89:3%3c630::AID-CNCR19%3e3.0.CO;2-Q
https://doi.org/10.1002/1097-0142(20000801)89:3%3c630::AID-CNCR19%3e3.0.CO;2-Q
https://doi.org/10.1016/j.eururo.2012.11.039
https://doi.org/10.1016/j.eururo.2012.11.039
https://doi.org/10.14814/phy2.13177
https://doi.org/10.3390/ijerph8020613
https://doi.org/10.1201/9781420078848
https://doi.org/10.1201/9781420078848
https://doi.org/10.1136/tc.2005.013011
https://doi.org/10.1017/S0007114511000717
https://doi.org/10.1017/S0007114511000717
https://doi.org/10.1080/0284186X.2018.1518591
https://doi.org/10.1080/0284186X.2018.1518591
https://doi.org/10.1016/j.envint.2019.105346
https://doi.org/10.4415/ANN_20_03_07
https://doi.org/10.1186/s12885-020-6644-7
https://doi.org/10.1136/oemed-2020-106431
https://doi.org/10.1136/oemed-2020-106431
https://dx.doi.org/10.31557%2FAPJCP.2020.21.9.2697
https://doi.org/10.1002/cam4.2768
https://dx.doi.org/10.5271%2Fsjweh.3879
https://doi.org/10.1136/oemed-2019-105962
https://doi.org/10.1136/oemed-2019-105962
https://doi.org/10.1002/ajim.23150
https://doi.org/10.1002/ajim.23150
https://doi.org/10.1038/s41370-020-00272-7
https://doi.org/10.1038/s41370-020-00272-7
https://doi.org/10.1002/ajim.23265
https://doi.org/10.46629/jms.2020.9
https://doi.org/10.46629/jms.2020.9

160

E. Wieczorek et al.

Nr 2

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Arslan-Alaton I, Seremet O. Advanced treatment of biotreat-
ed textile industry wastewater with ozone, virgin/ozonated
granular activated carbon and their combination. ] Environ
Sci Health A Tox Hazard Subst Environ Eng. 2004;39(7):
1681-94. https://doi.org/10.1081/ESE-120037869.

Amiri M, Heshmatollah S, Esmaeilnasab N, Khoubi J, Gh-
aderi E, Roshani D. Survival rate of patients with bladder
cancer and its related factors in Kurdistan Province (2013~
2018): a population-based study. BMC Urol. 2020;20(1):
195. https://doi.org/10.1186/s12894-020-00769-1.

Bhangu GS, Singh R, Bansal D, Bajwa BS. Etiological study of
urinary bladder carcinoma in patients presenting to tertiary
care centre. International Surgery Journal. 2020;8(1):43-7.
https://doi.org/10.18203/2349-2902.i5j20205664.

Lombard AP, Mudryj M. The emerging role of the andro-
gen receptor in bladder cancer. Endocr-Relat Cancer. 2015;
22(5):R265-R77. https://doi.org/10.1530/ERC-15-0209.
Khurana N, Sikka SC. Targeting Crosstalk between Nrf-2,
NF-xB and Androgen Receptor Signaling in Prostate Can-
cer. Cancers. 2018;10(10). https://doi.org/10.3390/cancers
10100352.

Sundararaghavan VL, Sindhwani P, Hinds TD. Glucuroni-
dation and UGT isozymes in bladder: new targets for the
treatment of uroepithelial carcinomas? Oncotarget. 2017;
8(2):3640-8. https://doi.org/10.18632/oncotarget.12277.
Izumi K, Zheng Y, Hsu JW, Chang C, Miyamoto H. An-
drogen receptor signals regulate UDP-glucuronosyltrans-
ferases in the urinary bladder: A potential mechanism of
androgen-induced bladder carcinogenesis. Mol Carcinog.
2013;52(2):94-102. https://doi.org/10.1002/mc.21833.
Miyamoto H, Yang Z, Chen YT, Ishiguro H, Uemura H,
Kubota Y, et al. Promotion of bladder cancer development
and progression by androgen receptor signals. ] Natl Cancer
Inst. 2007;99(7):558-68. https://doi.org/10.1093/jnci/djk113.
Nam JK, Park SW, Lee SD, Chung MK. Prognostic val-
ue of sex-hormone receptor expression in non-muscle-in-
vasive bladder cancer. Yonsei Med J. 2014;55(5):1214-21.
https://doi.org/10.3349/ym;j.2014.55.5.1214.

Jing Y, Cui D, Guo W, Jiang J, Jiang B, Lu Y, et al. Activated an-
drogen receptor promotes bladder cancer metastasis via Slug
mediated epithelial-mesenchymal transition. Cancer Lett. 2014;
348(1-2):135-45. https://doi.org/10.1016/j.canlet.2014.03.018.
Hsu J-W, Hsu I, Xu D, Miyamoto H, Liang L, Wu X-R,
et al. Decreased tumorigenesis and mortality from blad-
der cancer in mice lacking urothelial androgen receptor.
Am ] Pathol. 2013;182(5):1811-20. https://doi.org/10.
1016/j.ajpath.2013.01.018.

Yasui M, Kawahara T, Izumi K, Yao M, Ishiguro Y, Ishig-
uro H, et al. Androgen receptor mRNA expression is
a predictor for recurrence-free survival in non-muscle

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

invasive bladder cancer. BMC Cancer. 2019;19(1):331.
https://doi.org/10.1186/512885-019-5512-9.

Ren BM, Li W], Yang YP, Wu SD. The impact of cyclin
D1 overexpression on the prognosis of bladder cancer:
a meta-analysis. World ] Surg Oncol. 2014;12. https://doi.
org/10.1186/1477-7819-12-55.

Li Y, Zheng YC, Izumi K, Ishiguro H, Ye B, Li FQ, et al.
Androgen activates beta-catenin signaling in bladder
cancer cells. Endocr-Relat Cancer. 2013;20(3):293-304.
https://doi.org/10.1530/ERC-12-0328.

ZhaoJJ, Xu WD, Zhang ZS, Song RX, Zeng SX, Sun YH, et al.
Prognostic role of HER2 expression in bladder cancer: a sys-
tematic review and meta-analysis. Int Urol Nephrol. 2015;
47(1):87-94. https://doi.org/10.1007/s11255-014-0866-z.
Wu JT, Han BM, Yu SQ, Wang HP, Xia S]. Androgen re-
ceptor is a potential therapeutic target for bladder can-
cer. Urology. 2010;75(4):820-7. https://doi.org/10.1016/j.
urology.2009.10.041.

Boorjian SA, Heemers HYV, Frank I, Farmer SA,
Schmidt L], Sebo T7J, et al. Expression and significance of
androgen receptor coactivators in urothelial carcinoma
of the bladder. Endocr-Relat Cancer. 2009;16(1):123-37.
https://doi.org/10.1677/ERC-08-0124.

Johnson AM, O’Connell MJ, Miyamoto H, Huang J, Yao JL,
Messing EM, et al. Androgenic dependence of exophyt-
ic tumor growth in a transgenic mouse model of bladder
cancer: a role for thrombospondin-1. BMC Urol. 2008;8:7.
https://doi.org/10.1186/1471-2490-8-7.

Boorjian S, Ugras S, Mongan NP, Gudas L], You XK,
Tickoo SK, et al. Androgjen receptor expression is inverse-
ly correlated with pathologic, tumor stage in bladder can-
cer. Urology. 2004;64(2):383-8. https://doi.org/10.1016/
j.urology.2004.03.025.

Mizushima T, Tirador KA, Miyamoto H. Androgen recep-
tor activation: a prospective therapeutic target for blad-
der cancer? Expert Opin Ther Targets. 2017;21(3):249-57.
https://doi.org/10.1080/14728222.2017.1280468.

Inoue S, Mizushima T, Miyamoto H. Role of the andro-
gen receptor in urothelial cancer. Mol Cell Endocrinol.
2018;465:73-81. https://doi.org/10.1016/j.mce.2017.06.021.
Montgomery M, Srinivasan A. Epigenetic Gene Regula-
tion by Dietary Compounds in Cancer Prevention. Adv
Nutr. 2019. https://doi.org/10.1093/advances/nmz046.
Kirsh VA, Peters U, Mayne ST, Subar AF, Chatterjee N,
Johnson CC, et al. Prospective study of fruit and veg-
etable intake and risk of prostate cancer. ] Natl Cancer
Inst. 2007;99(15):1200-9. https://doi.org/10.1093/jnci/
djm065.

Richman EL, Carroll PR, Chan JM. Vegetable and
fruit intake after diagnosis and risk of prostate cancer


https://doi.org/10.1081/ESE-120037869
https://doi.org/10.1186/s12894-020-00769-1
https://doi.org/10.18203/2349-2902.isj20205664
https://doi.org/10.1530/ERC-15-0209
https://doi.org/10.3390/cancers10100352
https://doi.org/10.3390/cancers10100352
https://doi.org/10.18632/oncotarget.12277
https://doi.org/10.1002/mc.21833
https://doi.org/10.1093/jnci/djk113
https://doi.org/10.3349/ymj.2014.55.5.1214
https://doi.org/10.1016/j.canlet.2014.03.018
https://doi.org/10.1016/j.ajpath.2013.01.018
https://doi.org/10.1016/j.ajpath.2013.01.018
https://doi.org/10.1186/s12885-019-5512-9
https://doi.org/10.1186/1477-7819-12-55
https://doi.org/10.1186/1477-7819-12-55
https://doi.org/10.1530/ERC-12-0328
https://doi.org/10.1016/j.urology.2009.10.041
https://doi.org/10.1016/j.urology.2009.10.041
https://doi.org/10.1677/ERC-08-0124
https://doi.org/10.1186/1471-2490-8-7
https://doi.org/10.1016/j.urology.2004.03.025
https://doi.org/10.1016/j.urology.2004.03.025
https://doi.org/10.1080/14728222.2017.1280468
https://doi.org/10.1016/j.mce.2017.06.021
https://doi.org/10.1093/advances/nmz046
https://doi.org/10.1093/jnci/djm065
https://doi.org/10.1093/jnci/djm065

Nr 2

Androgen receptor and bladder cancer

161

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

progression. Int J Cancer. 2012;131(1):201-10. https://
doi.org/10.1002/ijc.26348.

Kang H. MicroRNA-Mediated Health-Promoting Effects
of Phytochemicals. Int ] Mol Sci. 2019;20(10). https://doi.
org/10.3390/ijms20102535.

Sarkar FH, Li YW. Indole-3-carbinol and prostate cancer.
J Nutr. 2004;134(12):3493S-8S. https://doi.org/10.1093/
jn/134.12.3493S.

De Kruif CA, Marsman JW, Venekamp JC, Falke HE,
Noordhoek ], Blaauboer B]J, et al. Structure elucidation of
acid reaction-products of indole-3-carbinol: detection in
vivo and enzyme-induction in vitro. Chem-Biol Interact.
1991;80(3):303-15. https://doi.org/10.1016/0009-2797(91)
90090-T.

He YH, Friesen MD, Ruch RJ, Schut HAJ. Indole-3-car-
binol as a chemopreventive agent in 2-amino-1-methyl-
6-phenylimidazo[4,5-b]pyridine (PhIP) carcinogene-
sis: Inhibition of PhIP-DNA adduct formation, accel-
eration of PhIP metabolism, and induction of cyto-
chrome P450 in female F344 rats. Food Chem Toxicol.
2000;38(1):15-23. https://doi.org/10.1016/S0278-6915
(99)00117-9.

Jin L, Qi M, Chen DZ, Anderson A, Yang GY, Arbeit JM,
et al. Indole-3-carbinol prevents cervical cancer in human
papilloma virus type 16 (HPV16) transgenic mice. Cancer
Res. 1999;59(16):3991-7.

Oganesian A, Hendricks JD, Wiiliams DE. Long term di-
etary indole-3-carbinol inhibits diethylnitrosamine-ini-
tiated hepatocarcinogenesis in the infant mouse model.
Cancer Lett. 1997;118(1):87-94. https://doi.org/10.1016/
S0304-3835(97)00235-8.

Wong GYC, Bradlow L, Sepkovic D, Mehl S, Mailman J, Os-
borne MP. Dose-ranging study of indole-3-carbinol for breast
cancer prevention. ] Cell Biochem. 1997:111-6. https://doi.
0rg/10.1002/(SICI)1097-4644(1997)28/29+<111::AID-]C-
B12>3.0.CO;2-K.

Yuan E, Chen DZ, Liu K, Sepkovic DW, Bradlow HL, Au-
born K. Anti-estrogenic activities of indole-3-carbinol in
cervical cells: Implication for prevention of cervical can-
cer. Anticancer Res. 1999;19(3A):1673-80.

Le HT, Schaldach CM, Firestone GL, Bjeldanes LE. Plant-de-
rived 3,3’-Diindolylmethane is a strong androgen antagonist in
human prostate cancer cells. ] Biol Chem. 2003;278(23):21136—
45. https://doi.org/10.1074/jbc.M300588200.

Degner SC, Papoutsis AJ, Selmin O, Romagnolo DF. Tar-
geting of aryl hydrocarbon receptor-mediated activa-
tion of cyclooxygenase-2 expression by the indole-3-car-
binol metabolite 3,3’-diindolylmethane in breast cancer
cells. J Nutr. 2009;139(1):26-32. https://doi.org/10.3945/
jn.108.099259.

79.

80.

81.

82.

83.

84.

85.

86.

Wu TY, Khor TO, Su ZY, Saw CL, Shu L, Cheung KL, et al.
Epigenetic modifications of Nrf2 by 3,3’-diindolylmeth-
ane in vitro in TRAMP CI1 cell line and in vivo TRAMP
prostate tumors. AAPS J. 2013;15(3):864-74. https://doi.
org/10.1208/s12248-013-9493-3.

Kim EJ, Park H, Kim J, Park JH. 3,3’-diindolylmethane
suppresses 12-O-tetradecanoylphorbol-13-acetate-in-
duced inflammation and tumor promotion in mouse skin
via the downregulation of inflammatory mediators. Mol
Carcinog. 2010;49(7):672-83. https://doi.org/10.1002/mc.
20640.

Saw CL, Cintron M, Wu TY, Guo Y, Huang Y, Jeong WS,
et al. Pharmacodynamics of dietary phytochemical in-
doles I3C and DIM: Induction of Nrf2-mediated phase
II drug metabolizing and antioxidant genes and syn-
ergism with isothiocyanates. Biopharm Drug Dispos.
2011;32(5):289-300. https://doi.org/10.1002/bdd.759.
Maruthanila V, Poornima J, Mirunalini S. Attenuation of
carcinogenesis and the mechanism underlying by the in-
fluence of indole-3-carbinol and its metabolite 3,3’-diin-
dolylmethane: a therapeutic marvel. Adv Pharmacol Sci.
2014;2014. https://doi.org/10.1155/2014/832161.
Westendorf JJ, Hoeppner LH, editors. Down-regulation of
androgen receptor by 3,3’-diindolylmethane contributes
to inhibition of cell proliferation and induction of apop-
tosis in both hormone-sensitive LNCaP and insensitive
C4-2B prostate cancer cells. Bhuiyan MM, Li Y, Baner-
jee S, Ahmed F, Wang Z, Ali S, Sarkar FH, Departments
of Pathology and Internal Medicine, Karmanos Cancer
Institute, Wayne State University School. Urol Oncol-Se-
min Orig Investig. 2007: Elsevier Inc. https://doi.org/10.
1016/j.urolonc.2006.12.006.

Aksu E, Akman O, Omiir A, Karakus E, Can I, Kan-
demir E et al. 3,3 diindolylmethane leads to apoptosis,
decreases sperm quality, affects blood estradiol 17 B and
testosterone, oestrogen (a and ) and androgen receptor
levels in the reproductive system in male rats. Andrologia.
2016;48(10):1155-65. https://doi.org/10.1111/and.12554.
Thomson CA, Chow HHS, Wertheim BC, Roe D], Sto-
peck A, Maskarinec G, et al. A randomized, placebo-con-
trolled trial of diindolylmethane for breast cancer bio-
marker modulation in patients taking tamoxifen. Breast
Cancer Res. Treat. 2017;165(1):97-107. https://doi.org/10.
1007/510549-017-4292-7.

Gee JR, Saltzstein DR, Messing E, Kim K, Kolesar J,
Huang W, et al. Phase Ib placebo-controlled, tissue bio-
marker trial of diindolylmethane (BR-DIM™C) in patients
with prostate cancer who are undergoing prostatectomy.
Eur J Cancer Prev. 2016;25(4):312-20. https://doi.org/10.
1097/CEJ.0000000000000189.


https://doi.org/10.1002/ijc.26348
https://doi.org/10.1002/ijc.26348
https://doi.org/10.3390/ijms20102535
https://doi.org/10.3390/ijms20102535
https://doi.org/10.1093/jn/134.12.3493S
https://doi.org/10.1093/jn/134.12.3493S
https://doi.org/10.1016/0009-2797(91)90090-T
https://doi.org/10.1016/0009-2797(91)90090-T
https://doi.org/10.1016/S0278-6915(99)00117-9
https://doi.org/10.1016/S0278-6915(99)00117-9
https://doi.org/10.1016/S0304-3835(97)00235-8
https://doi.org/10.1016/S0304-3835(97)00235-8
https://doi.org/10.1002/(SICI)1097-4644(1997)28/29+%3c111::AID-JCB12%3e3.0.CO;2-K
https://doi.org/10.1002/(SICI)1097-4644(1997)28/29+%3c111::AID-JCB12%3e3.0.CO;2-K
https://doi.org/10.1002/(SICI)1097-4644(1997)28/29+%3c111::AID-JCB12%3e3.0.CO;2-K
https://doi.org/10.1074/jbc.M300588200
https://doi.org/10.3945/jn.108.099259
https://doi.org/10.3945/jn.108.099259
https://doi.org/10.1208/s12248-013-9493-3
https://doi.org/10.1208/s12248-013-9493-3
https://doi.org/10.1002/mc.20640
https://doi.org/10.1002/mc.20640
https://doi.org/10.1002/bdd.759
https://doi.org/10.1155/2014/832161
https://doi.org/10.1016/j.urolonc.2006.12.006
https://doi.org/10.1016/j.urolonc.2006.12.006
https://doi.org/10.1111/and.12554
https://doi.org/10.1007/s10549-017-4292-7
https://doi.org/10.1007/s10549-017-4292-7
https://doi.org/10.1097/CEJ.0000000000000189
https://doi.org/10.1097/CEJ.0000000000000189

162

E. Wieczorek et al.

Nr 2

87.

88.

89.

90.

91.

92.

93.

94.

95.

Palomera-Sanchez Z, Watson GW, Wong CP, Beaver LM,
Williams DE, Dashwood RH, et al. The phytochemical
3,3’-diindolylmethane decreases expression of AR-con-
trolled DNA damage repair genes through repressive chro-
matin modifications and is associated with DNA damage
in prostate cancer cells. ] Nutr Biochem. 2017;47:113-9.
https://doi.org/10.1016/j.jnutbio.2017.05.005.

Amare DE. Anti-Cancer and Other Biological Effects of
a Dietary Compound 3,3’-Diindolylmethane Supplemen-
tation: A Systematic Review of Human Clinical Trials.
Nutr Diet Suppl. 2020;12:123-37. http://doi.org/10.2147/
NDS.S§261577.

Thomson CA, Chow HS, Wertheim BC, Roe D], Sto-
peck A, Maskarinec G, et al. A randomized, placebo-con-
trolled trial of diindolylmethane for breast cancer bio-
marker modulation in patients taking tamoxifen. Breast
Cancer Res Treat. 2017;165(1):97-107. https://doi.org/10.
1007/510549-017-4292-7.

Ahmad A, LiY, Bao B, Kong D, Sarkar FH. Epigenetic reg-
ulation of miRNA-cancer stem cells nexus by nutraceu-
ticals. Mol Nutr Food Res. 2014;58(1):79-86. https://doi.
0rg/10.1002/mnfr.201300528.

Kong D, Heath E, Chen W, Cher M, Powell I, Heilbrun L,
et al. Epigenetic silencing of miR-34a in human prostate
cancer cells and tumor tissue specimens can be reversed
by BR-DIM treatment. Am J Transl Res. 2012;4(1):14.
O’Brien J, Hayder H, Zayed Y, Peng C. Overview of Mi-
croRNA Biogenesis, Mechanisms of Actions, and Cir-
culation. Front Endocrinol. 2018;9:402. https://doi.org/
10.3389/fendo.2018.00402.

Samec M, Liskova A, Kubatka P, Uramova S, Zubor P,
Samuel SM, et al. The role of dietary phytochemicals in
the carcinogenesis via the modulation of miRNA ex-
pression. J Cancer Res Clin Oncol. 2019;145(7):1665-79.
https://doi.org/10.1007/s00432-019-02940-0.

Sayeed MA, Bracci M, Lazzarini R, Tomasetti M, Ama-
ti M, Lucarini G, et al. Use of potential dietary phytochem-
icals to target miRNA: promising option for breast cancer
prevention and treatment? ] Funct Food. 2017;28:177-93.
https://doi.org/10.1016/1.jff.2016.11.008.

Jin Y. 3,3’-Diindolylmethane inhibits breast cancer cell
growth via miR-21-mediated Cdc25A degradation. Mol
Cell Biochem. 2011;358(1-2):345-54. https://doi.org/10.
1007/s11010-011-0985-0.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Kang H. MicroRNA-mediated health-promoting ef-
fects of phytochemicals. Int ] Mol Sci. 2019;20(10):2535.
hitps://doi.org/10.3390/ijms20102535.

Li Y, Kong D, Ahmad A, Bao B, Sarkar FH. Targeting
bone remodeling by isoflavone and 3,3’-diindolylmeth-
ane in the context of prostate cancer bone metastasis.
PLoS One. 2012;7(3):e33011. https://doi.org/10.1371/
journal.pone.0033011.

Li Y, Sarkar FH. Role of BioResponse 3,3’-diindolyl-
methane in the treatment of human prostate cancer:
clinical experience. Med Princ Pract. 2016;25(Suppl. 2):
11-7. https://doi.org/10.1159/000439307.

Kong D, Heath E, Chen W, Cher ML, Powell I, Heil-
brun L, et al. Loss of let-7 up-regulates EZH2 in pros-
tate cancer consistent with the acquisition of cancer
stem cell signatures that are attenuated by BR-DIM. PloS
one. 2012;7(3):33729. https://doi.org/10.1371/journal.
pone.0033729.

Santos ASE, Martins AAF, Gongalves ES, Meyer A. Mor-
tality from Selected Cancers among Brazilian Mechan-
ics. Asian Pac J Cancer Prev. 2020;21(6):1779. https://
doi.org/10.31557/APJCP.2020.21.6.1779.

Alimohamadi Y, Sepandi M, Khoshdel A. The trend of
bladder cancer among Iranian military community from
2007 to 2019. Rom ] Milit Med. 2020;123(3):160-5.

Lee W, Kang MY, Kim ], Lim SS, Yoon JH. Cancer risk
in road transportation workers: a national representative
cohort study with 600,000 person-years of follow-up.
Sci Rep. 2020;10(1):11331. https://doi.org/10.1038/s415
98-020-68242-5.

Reed O, Jubber I, Griffin J, Noon AP, Goodwin L, Hus-
sain S, et al. Occupational bladder cancer: A cross sec-
tion survey of previous employments, tasks and ex-
posures matched to cancer phenotypes. PLoS One.
2020;15(10):0239338. https://doi.org/10.1371/journal.
pone.0239338.

Daniels RD, Bertke S]. Exposure-response assessment
of cancer mortality in styrene-exposed boatbuilders.
Occup Environ Med. 2020;77(10):706-12. https://doi.
org/10.1136/0emed-2020-106445.

Costello S, Chen K, Picciotto S, Lutzker L, Eisen E. Met-
alworking fluids and cancer mortality in a US autowork-
er cohort (1941-2015). Scand ] Work Environ Health.
2020;46(5):525-32. https://doi.org/10.5271/sjweh.3898.

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License — http://creative-
commons.org/licenses/by-nc/3.0/pl/deed.en.

Publisher: Nofer Institute of Occupational Medicine, £6dz, Poland


https://doi.org/10.1016/j.jnutbio.2017.05.005
http://doi.org/10.2147/NDS.S261577
http://doi.org/10.2147/NDS.S261577
https://doi.org/10.1007/s10549-017-4292-7
https://doi.org/10.1007/s10549-017-4292-7
https://doi.org/10.1002/mnfr.201300528
https://doi.org/10.1002/mnfr.201300528
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.1007/s00432-019-02940-0
https://doi.org/10.1016/j.jff.2016.11.008
https://doi.org/10.1007/s11010-011-0985-0
https://doi.org/10.1007/s11010-011-0985-0
https://doi.org/10.1371/journal.pone.0033011
https://doi.org/10.1371/journal.pone.0033011
https://doi.org/10.1159/000439307
https://doi.org/10.1371/journal.pone.0033729
https://doi.org/10.1371/journal.pone.0033729
https://dx.doi.org/10.31557%2FAPJCP.2020.21.6.1779
https://doi.org/10.1038/s41598-020-68242-5
https://doi.org/10.1038/s41598-020-68242-5
https://doi.org/10.1371/journal.pone.0239338
https://doi.org/10.1371/journal.pone.0239338
https://doi.org/10.1136/oemed-2020-106445
https://doi.org/10.1136/oemed-2020-106445
https://doi.org/10.5271/sjweh.3898
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

