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Introduction

An efficient pharmacotherapy of prostate diseases, 
especially benign prostatic hyperplasia (BPH) and pros-
tate cancer (PC), are extremely important aspects of 
the modern medicine because of the increasing num-
ber of illnesses as a result of the increase in life expec-
tancy and the fact of aging of population [Cohen and 
Rokhlin, 2009].

Prostate cancer is a common illness, which leads to 
death among men all over the world [Cohen and Rokh-
lin, 2009]. The molecular mechanisms underlying of 

the development and the progression of prostate can-
cer remains still poorly understood. Genetic alterations, 
such as mutations, and epigenetic changes, defined as 
heritable changes in gene expression that occur with-
out changes in DNA sequence, appear to contribute to 
the malignant transformation and progression of pros-
tate cancer [Li et al., 2005]. Benign prostatic hyperpla-
sia (BPH) is a common, progressive with age, disease 
which occurs in approximately 50% of men aged about 
60 years old, 90% of men aged about 90 years of age 
resulting in a serious medical and social problem. The 
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The usage of classical pharmacological treatment of prostate diseases causes the risk of a number of side effects 
therefore the researchers are looking for new pharmacologically active molecules, including those contained in 
the plant extracts. The most widely studied is the lipido-sterolic extract from Serenoa repens (saw palmetto), 
water extract from Camellia sinensis (green tea) and several cruciferous vegetables. The molecular mechanisms 
underlying of the development and the progression of prostate disorders, especially benign prostatic hyperplasia 
(BPH) and prostate cancer (PC), remain still poorly understood. The development of pathologically changed 
prostate cells proliferation involves many factors, including genetic alterations, such as mutations, and epigenetic 
changes, appear to contribute to the transformation and progression of prostate cancer. In this paper we 
suggest that the knowledge of epigenetic modifications presented in this paper introduces the new point of 
view concerning the possibility of action of plant substances used in prevention and symptomatic treatment 
of BPH and prostate cancer. Thus, identification of the epigenetic modifications involved on the one hand in 
the development and progression of BPH / PC, on the other influencing the efficacy and safety of potential 
phytotherapeutics will be helpful in identifying its novel therapeutic strategy.
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consequence is progression of urethral stenosis, and 
thus the appearance of troublesome symptoms in the 
lower part of the urinary tract (LUTS – lower urinary 
tract symptoms), affecting the quality of life [Fong., 
2004]. 

Currently, the first-line pharmacological treatment 
options in men with BPH, moderate to severe LUtS and 
as adjuvant therapy of androgen-dependent prostate 
cancer the 2nd classes of drugs, mainly alpha-adren-
ergic blockers (alpha-blockers) and 5alpha-reductase 
inhibitors (5-ARIs; azasteroids – finasteride, dutas-
teride) are indicated [Gravas et al., 2010; Nickel et al., 
2010; Elterman et al., 2010]. Steroid 5a-reductase 2 
(SRD5A2) catalyzes the conversion of testosterone to 
the more potent androgen, DHT, in the prostate [Luo 
et al., 2003]. Decreased expression of SRD5A2 has 
been observed in prostate cancer. Many authors indi-
cate that there is an association of prostate cancer with 
reduced 5a-reductase enzymatic activity as a result of 
remarkably decreased expression of the SRD5A2 gene 
[Luo et al., 2003]. 

The usage of classical pharmacological treatment 
causes however the risk of a number of side effects 
i.e.: orthostatic hypertony, tachycardia (alpha-blockers), 
abnormal ejaculation, decreased volume of ejaculate, 
erectile dysfunction (5-ARIs) [Lepor, 2011]. They have 
a proven impact on reducing prostate size by modify-
ing the concentration of DHt acting on epithelial cells 
and core. Influence of the size of the prostate 5 alpha 
reductase inhibitors results of blocking the enzyme – 
5-alpha steroid reductase – converting the testoster-
one (t) to dihydrotestosterone (DHt), the active form 
responsible for the growth, proliferation and devel-
opment of the prostate and to facilitate atrophy and 
apoptosis [Gravas et al., 2010]. However, the necessity 
of their long application and, consequently, the emer-
gence of a number of side effects forced researchers 
to search for new pharmacologically active molecules, 
including those contained in the plant extracts. 

Phytotherapy of BPH and PC 
Indeed, herbal medicines are used the most: they have 
an established position in prophylaxis and symptom-
atic treatment and prevention of urological diseases 
[Lowe et al., 2008; Macdonald et al., 2012; Kim et al., 
2012; Morán et al., 2013]. One of the best examples of 
modern phytotherapy is the treatment of BPH [Azimi et 
al., 2012; Morán et al., 2013]. Although plant materials 
used for the prevention and treatment of BPH, PC and 
LUTS are based mainly on the tradition of natural medi-
cine, there is growing number of preclinical and clinical 

studies attempting to determine the safety and efficacy 
of preparations of plant origin [Kim et al., 2012; Morán 
et al., 2013] . The most popular is Serenoa repens (saw 
palmetto) [Macdonald et al., 2012], also Pygeum afri-
canum (african plum), Cucurbita pepo (pumpkin), as 
well as Urtica dioica, Zea mays, Secale cereale, Hypox-
is rooperi (south African grass) and other [Wilt et al., 
2000; Cristoni et al., 2000; Steenkamp, 2003; PDR, 
2007; Lowe, 2008; Dedhia et al., 2008; Wehrberger et 
al., 2012; Azimi et al., 2012; Kim et al., 2012]. For them 
mostly antiproliferative effects, normalization of steroid 
hormones disturbance (antiandrogenic, antiestrogenic 
effects), decreasing the level of androgens transporter 
proteins (mostly SHBG), relaxation of smooth muscle in 
prostate, bladder gland and anti-inflammatory or anti-
oxidant properties have been described [Lowe et al., 
1999; Wilt et al., 2000; Dreikorn, 2002; PDR, 2007; 
Azimi et al., 2012; Morán et al., 2013]. 

Their molecular mechanism of action is still not fully 
understood, however, it is well known that it is mainly 
multidirectional, and is based primarily on the change 
in the enzymatic activity of 5α-steroid reductase, aro-
matase or lipooxygenases enzymes, protein growth 
factors, androgen (AR), estrogen (ER) receptors, as well 
as α-adrenergic and muscarinic receptors activities or 
by the promoting of the proteins regulating apoptosis 
in proliferating prostate cells (i.e. caspases, Bax/Bcl2 
proteins) [Madersbacher et al., 2008; Dedhia et al., 
2008; Kujawski et al., 2010; Wehrberger et al., 2012; 
Kim et al., 2012; Morán et al., 2013]. Several in vitro 
studies confirmed especially the inhibitory activity of 
plant extracts on steroid 5α-reductase activity, result-
ing in a decrease of DHT in the cells, without causing 
the increased expression levels of prostate specific anti-
gen (PSA) [Delos et al., 1994; Di Silverio et al., 1998; 
Hsieh et al., 2002; Hill et al., 2004; ]. Also Yang and 
coworkers confirmed the induction of apoptosis in sev-
eral cancer cell lines (LNCaP, PC-3, DU145) by extract 
from fruits of Serenoa repens manifested by increased 
expression of proteins "guardians of apoptosis" p21waf1 
and p53 [Yang, 2007]. In our studies we have shown 
that administration of Epilobium angustifolium aque-
ous extract caused a decrease in the level of expression 
of selected genes involved in the pathology of BPH in 
prostate lobes in rats and a small pro-androgenic effect 
[Kujawski et al., 2010; Kujawski et al., 2013; Kujawski 
et al., 2014; not fully-published data], the natural 
chemopreventive agents to counteract these cancer-re-
lated epigenetic alterations by influencing the activity 
or expression of DNA methyltransferases and histone 
modifying enzymes.
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According to current state of knowledge chemo-
preventive agents that target the epigenome in cancer 
cells include so-called micronutrients (folate, retinoic 
acid, and selenium compounds), butyrate, polyphenols 
from green tea, apples, coffee, black raspberries, and 
other dietary sources, genistein and soy isoflavones, 
curcumin, resveratrol, dihydrocoumarin, nordihydrogua-
iaretic acid (NDGA), lycopene, anacardic acid, garcinol, 
some compounds from Allium species and several cru-
ciferous vegetables, including indol-3-carbinol (I3C), 
diindolylmethane (DIM), sulforaphane, phenylethyl 
isothiocyanate (PEItC), phenylhexyl isothiocyanate 
(PHI), diallyldisulfide (DADS) and allyl mercaptan (AM), 
cambinol, and relatively unexplored modulators of his-
tone lysine methylation. Up to date the above data are 
based mainly on in vitro assays, and results of animal 
models or human intervention studies are limited that 
demonstrate the functional relevance of epigenetic 
mechanisms for health promoting of BPH and/or PC 
preventive efficacy of natural products [Ho et al., 2011; 
Gerhauser, 2013; Chiam et al., 2014]. Furthemore, lit-
erature data does not provide so far the complex 
information on the molecular mechanism of action of 
extracts based on above mentioned plant substances 
in prostate gland.

Molecular aspects of phytotherapy of prostate dis-
ease progression
Epigenetics refers to the study of heritable changes in 
gene expression without any changes in DNA sequence. 
Epigenetic processes involve three interacting molecu-
lar mechanisms: DNA methylation, modification of his-
tones in chromatin and RNA-mediated regulation of 
gene expression [Peedicayil, 2006]. These patterns are 
known to be reversible and vary with age as well as 
varying from tissue to tissue, since an individual has 
multiple epigenomes. The importance of epigenet-
ics in clinical medicine has been increasingly appreci-
ated, both in the pathogenesis of single-gene disorders 
and common diseases. Among the common diseases, 
except of cancer, little is known at present regarding 
the role of epigenetics in the pathogenesis of these 
diseases [Feinberg, 2007]. One of the most important 
epigenetic aberration is DNA methylation, which is the 
addition of a methyl group to the 5’-carbon of cytosine 
in CpG sequences, catalyzed by DNA methyltransferas-
es (DNMTs). Methylcytosine residues are often found 
in short stretches of CpG-rich regions (i.e., CpG islands) 
that are 0.5–2 kb long and found in the 5’ region of 
approximately 60% of genes [Gardiner-Garden and 
Frommer, 1987].

the development of pathologically changed pros-
tate cells proliferation involves many factors, including 
genetic alterations, such as mutations, and epigenetic 
changes, appear to contribute to the transformation 
and progression of prostate cancer. Studies on cell lines 
focused so far on a number of genes, but the most 
important for the epigenetic changes and their relation 
to the development of prostate proliferation, especial-
ly the prostate cancer, are classified into four groups: 
hormonal response genes (androgen receptor (AR), Ste-
roid 5-α-reductase type 2 (SRD5a2), estrogen recep-
tors (ERs): ER alpha (ESR1) and ER beta (ESR2)), cell 
cycle control genes (RB1), cell invasion genes (CD44, 
adenomatous polyposis coli (APC)) and DNA damage 
repair genes (glutathione S-transferase Pi (GSTP1)).

In our opinion it is very important to investigate 
whether plant extract has a direct impact on changes 
in the level of methylation and expression of selected 
genes, which are modifications influencing develop-
ment of prostate cancer. 

Hormonal response genes
In the literature there are few studies evaluating the 
changes in the methylation profile of gene sequences 
in the pathogenesis of hormone-dependent prostate 
in vivo. There is a growing number of in vitro studies 
concerning this problem. Current state of knowledge 
presents a positive relationship between epigenetics 
modifications and expression level of androgen recep-
tor (AR) gene in prostate cancer development. Aber-
rant hypermethylation in the AR promoter region may 
play a critical role in AR expression in rat prostate 
cancers [Takahashi et al., 2002]. It is well known that 
hypermethylation is a potential transcriptional regula-
tory mechanism in prostate cancer in an approximately 
~ 1.5-kb region of CpG island in the AR gene in the 
AR expression-negative cell lines Du145, DuPro, TSU-
PRI, and PPC1 [Jarrard et al., 1998], which has been 
not detected in non-tumor prostate epithelial cells [Jar-
rard et al., 1998; Nakayama et al., 2000]. Takahashi 
et al. have not observed the AR mRNA expression in 
any of the rat prostate cancer model or human cancer 
cell lines (PLS10, 20, and 30) and all of the examined 
rat prostate and seminal vesicle cancers demonstrated 
hypermethylation at these CpG sites [Takahashi et al., 
2002]. The authors showed that methylation of CpG 
sites at -312, -274, -9, and -1 nucleotides upstream of 
the transcriptional initiation site correlated well with 
AR mRNA expression in rat prostate.

Therefore, in our opinion, the biological changes of 
the methylation-mediated AR inactivation in prostate 
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occurring in BPH as a potential source of cancerous 
development and the effects of several plant extracts 
on the level of expression of AR gene and methylation 
status of CpG sites at -312, -274, -9, and -1 nucleotides 
upstream of the transcriptional initiation site should be 
investigated. 

Estrogen receptors (ERs) A and B have been identi-
fied in normal and cancerous prostate tissue [Karr et 
al., 1979]. Hypermethylation of cytosine-rich areas in 
promoters of ESR genes seem to be associated with the 
transcriptional inactivation and also has been detected 
frequently in cancer [Esteller et al., 2001]. ESR recep-
tor genes appear to be inactivated by CpG methylation 
in prostate cancer tissue and cell lines [Sasaki et al., 
2002]. the extent of ESR1 and ESR2 promoter methy-
lation is significantly less in the BPH than in prostate 
tumors [Li et al., 2000], indicating that prostate cancer 
induces ESR gene hypermethylation. 

The analysis of the literature data found no studies 
on changes in the level of methylation in the promoter 
of ESR1 and ESR2 in the prostate of the rat. the most 
analyzed regions in these genes are ER1 promoter 
region (spanning −186 to −45 upstream of transcrip-
tion start site) and ER2 promoter region (spanning 
−625 to −392, important regulatory region) [Doshi et 
al., 2011]. It is very important to evaluate the methyla-
tion status of these regions in ESR1 and ESR2 genes 
in, for example, in vivo BPH pathogenesis model under 
the influence of herbal extracts.

There are many published data concerning the 
methylation status of SRD5A2 gene in BPH and PC and 
its influence on the expression level as well as if any 
of the bioactive compounds of analyzed in this proj-
ect extracts would be responsible for the epigenetic 
regulation of studied hormonally dependent genes. 
Blanchard et al analysed the promoter region of the 
5alpha-reductase type 1 gene and observed that the 
high percentage of G + C which accounted for 61.3% 
of the nucleotides in the region from −1000 to +1; 
numerous CpG were present, and the CpG observed/
CpG expected ratio was 0.76 for this 1 kb window. Fur-
ther, within a 500 bp region (from −500 to +1), no less 
than 11 potential Sp1 binding sites (GC and GT boxes) 
were found with sequence homology very close to the 
Sp1 consensus sequence. Based on the above men-
tioned results, in our opinion, the evaluation of such 
500 bp length fragment against changes in the level 
of methylation, their relationship to the level of gene 
expression of 5alpha-reductase and changes in methy-
lation and expression under the influence of crucial in 
the phytotherapy of BPH/PC plant extracts could be 

a very important step enabling an assessment of their 
mechanism of action and therefore safety and efficacy 
with a comedication with currently used drugs of first 
choice.

DNA damage repair genes
Hypermethylation of genes involved in DNA damage 
repair, has been reported in prostate cancer [Li et al., 
2005]. Methylation changes in the glutathione S-trans-
ferase P1 (GSTP1) promoter are the most frequent 
alterations in prostate cancer development. Many sci-
entific data indicated that hypermethylation of GSTP1 
is involved in intracellular detoxification reactions and 
in loss of gene expression. Hypermethylation has been 
found in >90% of prostatic carcinomas, including ear-
ly disease stages, and has not been detected in normal 
tissues [Goessl, 2000.].

The comparison between methylation status of 
DNA damage repair genes in benign prostatic and 
prostate cancer cell lines showed that frequencies of 
the methylation level in prostate cancer were higher 
than in BPH [Yamanaka et al., 2003]. 

A literature analysis shows no studies on the analy-
sis of methylation in the promoter of the gene GSTP1 
in rat prostate. therefore, in order to obtain a better 
understanding of the molecular mechanism of action 
of plant extracts in prostate gland, we postulate, 
based on studies presented by Nakayama et al., that 
the investigation of the methylation status of promot-
er region (a region extending in human GSTP1 from 
a pentad [ATAAA]n repeat sequence located at -414 of 
the GSTP1 transcription start site to an area between 
+296 and +625 of the gene) and the expression level 
of this gene could be a very promising course .

Cell cycle control genes
Retinoblastoma (RB1) protein plays a crucial role in 
regulation of the cell cycle and has been identified in 
many tumor types as a tumor suppressor gene [Lee et 
al.,1987]. According to our knowledge there is only 
one published study resulting in the information that 
loss of RB1 expression correlated with homozygous 
deletion or promoter hypermethylation in histologi-
cally heterogeneous prostate carcinomas, which indi-
cate that hypermethylation is correlated with the loss 
of gene function [Konishi et al., 2002]. The analysis of 
the literature data found no studies on the analysis of 
methylation in the promoter of the gene of RB1 in rat 
prostate. Therefore, the authors based on studies pre-
sented by Stirzaker et al. investigated the methylation 
status of the promoter region in 185–206 bp upstream 
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of the initial codon and contains putative binding sites 
for transcription factors RBF-1, Sp1, ATF and EF2, in 
gene RB1 in rat prostate. It is very important to veri-
fy the methylation status and expression level of RB1 
in the pathogenesis of BPH in prostate gland (in vivo 
models, clinical samples), especially under the influence 
of selected plant extracts. Such mechanism of action in 
prostate cells is still unknown. Therefore, these aspects 
should be more complex studied.

Cell invasion genes
The APC gene encodes a protein with multiple cellu-
lar functions and interactions, including roles in signal 
transduction in the Wnt-signalling pathway, mediation 
of intercellular adhesion, stabilization of the cytoskele-
ton and possibly regulation of the cell cycle and apop-
tosis [Fearnhead and all., 2001]. Methylation in APC 
promoter was associated with an increased risk of pros-
tate cancer–specific mortality and promoter methyla-
tion in APC was identified as a marker for prostate can-
cer progression [Richiardi et al., 2009]. However such 
studies were performed so far in in vitro cell cultures, 
thus there are no published data concerning the meth-
ylation status of APC gene in prostate gland. CD 44 
is also an important integral membrane protein recep-
tor, playing a crucial role in cell-cell and cell-matrix 
interactions, and has been implicated in tumor growth 
and migration [Naor et al., 1997]. Some studies dem-
onstrated that loss of CD44 expression correlates with 
methylation and was associated with increased grade 
and pathological stage of prostate cancer [Verkaik et 
al., 2000]. Such mechanism of action of plant origin 
bio-active compounds in prostate cells is still unknown. 
Therefore, these aspects require further comprehensive 
studies.

Conclusions

Epigenetic modifications ongoing in pathophysiologi-
cally changed prostate gland in response of pathophys-
iological process may be a crucial factors in the pro-
gression of prostate diseases (BPH, PC). Although the 
pharmacological activities of plant origin substances 
have been described, their above mentioned epigenet-
ic mechanisms of action are still unknown. The authors 
suggest that the knowledge of epigenetic modifications 
presented in this paper introduces the new point of 
view concerning the possibility of action of plant sub-
stances used in prevention and symptomatic treatment 
of BPH and prostate cancer. Thus, identification of the 

epigenetic modifications involved on the one hand in 
the development and progression of BPH/PC, on the 
other influencing the efficacy and safety of potential 
phytotherapeutics will be helpful in identifying its nov-
el therapeutic strategy.
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