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ABSTRACT: Prostate cancer (PC) is a common malignancy insrialenost industrialized countries, where
it is the most commonly diagnosed cancer affeatieg after middle age (>50 years). Although theestrey

and surgical procedures for prostate cancer hapeowed, successful treatment is still a major @mge. In

the tumor microenvironment, hypoxia is one of thec@l factors which promote an aggressive phereotfp
tumor cells and decrease the effectiveness of atdrideatment. It implies that tumor cells surviyimypoxic
stress are likely to be a significant source ofbldaclonogens that can repopulate tumors with more
malignant/metastatic cells. Unfortunately, mostatneent protocols are less effective against hyporits
which are resistant not only to radiotherapy, bebdo standard cytotoxic chemotherapy. There i ao
considerable amount of clinical evidence that tuisneith a higher proportion of hypoxic cells haveaor
diagnosis. Tolerance of hypoxic conditions variesdifferent tumor types. However, prostate canaisc
seem to be highly tolerant of hypoxia. The mainbfem concerning the effectiveness of prostate tumor
therapies are changes in the biology of hypoxicaucells after standard hormone- and radiother@pgpite

the many studies of tumor hypoxia, very little atten has been given to the oxygen concentratiotién
conditions of in vitro cancer cells studies. Toedahere has been no comprehensive characterizafion
prostate cancer cells under hypoxic condition, Wiseems to be crucial in the light of the intensigarch for
novel cancer therapies.
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1. INTRODUCTION

Prostate cancer (PC) is among the most commongnaadcies in men [1, 2]. Metastatic PCs still
represent the second leading cause of cancerdetiaths. Although important advances have lednto a
earlier diagnosis and effective therapeutic intetioa by prostatectomy and/or radiation therapyatients
with localized PCs, the disease progression tollio@avasive and metastatic castration-resistarmsfate
cancers is generally associated with treatmensteesie and disease relapse [3]. Moreover, curnetit a
hormonal treatments against metastatic PCs arepatiiptive and lead to death in most patientsraffgrox.
12-19 months [4, 5]. In the tumor microenvironmdaytpoxia is one of the crucial factors which proenah
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aggressive phenotype of tumor cells and decreaseffhctiveness of standard treatment. Hypoxiadead
the selection of more malignant cells by inducingesies of cellular adaptation processes that isuatad
foster tumor invasion [6-8].

It is accepted that hypoxia induces selection tofss-resistant tumor cells with more malignant
features. It implies that tumor cells surviving byjr stress are likely to be a significant soureviable
clonogens that can repopulate tumors with moregnalit/metastatic cells. Despite the many studiésrobr
hypoxia, there is a considerable degree of confugiith this term. “Normoxia” is almost universalljged to
describe the “normal” oxygen levels in the gasguhese within the tissue culture flasks, i.e. appix-21%
oxygen. Despite the widespread usage of “normoitals far from being an accurate comparator fag th
oxygenation of peripheral tissue in which mediagg®en levels range from 3.4% to 6.8%, with an averaiy
approx. 6.1%. It is proposed that 5% oxygen is aena@curate approximation of tissue oxygenationtaat
this value should be recognized as “physoxia”ummt “physiological hypoxia” can be defined as thg/gen
level at which tissues respond to maintain theafgmred oxygen level. Since normal tissues are liysua
maintained at 3—7% oxygen, physiological hypoxilikisly to be in the range of 2—6% oxygen. Angiogss
in tumors is often enhanced, yet the oxygen lef@len in untreated tumors) are significantly lowanging
from 0.3% to 4.2%, with almost all decreasing talem2% [3]. Once tumor cells become pathologically
hypoxic, the proportion of cells in this fractioegknds on their hypoxia tolerance. The more totetaay
are, the longer they will remain quiescent, ydt giable, resulting in a proportionally more hyposxtumor
with a larger hypoxic fraction. Conversely, a hy@egensitive tumor cell will die more quickly, shet
hypoxic fraction will be smaller. Well-adapted tumeells acquire significantly reduced requiremefats
oxygen; this leads to a markedly improved abildysurvive in hypoxic conditions. Genetic changessed
by hypoxia are often measured in vitro and compavri¢hl “normoxia” which 20% oxygen is most frequentl
[3, 9]. These are non-physiological conditions hiexpose cells to a roughly 10 times higher oxygen
concentration than that encountered in their nhtoiches. It would be more relevant to normal tessi
control cells were maintained in physoxia, i.e. 8%ygen, and compared with physiological hypoxia3%}
and pathological hypoxia (0.1-0.5%).

There are two types of hypoxia: chronic (unintpted) hypoxia, associated with an increasing
distance of proliferating cells from the vesselsd &ycling (acute, interrupted) hypoxia, mainly sed by
fluctuations in the blood flow rate [8, 9]. In thetual intratumoral microenvironment, continuoupdxia is
rare, and hypoxia and reoxygenation are more frgqaenditions due to the irregular blood flow dugrin
ischemia—reperfusion [8]. The existence of cyclwygoxia has been directly observed in human tunidrs.
presence of cycling hypoxia in tumors has direchseguences on the tumor behavior. It promotes
spontaneous metastasis, and cells exposed to suaditions have an even greater metastatic potetiiad
cells exposed to chronic hypoxia. Cycling hypoxisoaaffects the effectiveness of anti-cancer thesp
predominantly radiotherapy (RT) [9]. Recent studiase shown that cycling hypoxia can also be aofdct
selecting and promoting cells with stem-cell likeepotype, presenting increased tumor-initiatingatélfiies
and metastatic potential [8, 10]. An increasing antoof evidence demonstrates that alterations in
microenvironmental oxygen levels and activationhgpoxic signaling through hypoxia-inducible factors
(HIF) are emerging as important triggers and maduaof the epithelial-mesenchymal transition (EMT)
which is now thought to play a key role as the @gence point between hypoxia and cancer.

2. PROSTATE CANCER STEM CELLS

Cellular heterogeneity is characteristic for mbsiman tumors, also for prostate cancer. Prostate
cancers contain multiple independent clones [1dhdilering tumor heterogeneity, cancer stem c€&3s)
are a small subpopulation with a self-renewal pidérclonal tumor initiation capacity and clonahly-term
repopulation ability [12] (Fig.1).
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Figure 1. The Cancer Stem Cells hypothesis.

CSCs are also able to escape cell death and emstastalthough they may be inactive for long pisio
of time [13]. A lot of clinical studies indicateahthese cells survive treatment with many carteerapeutics.
CSCs reside in niches, which are specialized mizrioenments regulating stem cell fate and, in thsecof
cancer stem cells, are part of the tumor microemvirent [14]. As aforementioned, CSCs represent anly
small subpopulation of cancer cells within a tumith the potential to regenerate the tumor. Thipybation
shares a number of characteristics with normal stells such as self-renewal or high proliferatictemtial.
CSCs express many surface markers and transcritibors, including CD24, CD44, CD133, OCT-4, SOX-
2 and others. These cells also posses multilingidffgrentiation potential. Due to all features niened
above, CSCs in prostate cancer are thought to bpomsible for tumor progression, metastasis and
therapeutic resistance [15]. The main biomarkerctvhiave been identified on the surface of CSCs and
distinguish these cells from the bulk of the tunso€D133. CD133 (known as AC133 and prominin-13lso
the most common used cell surface antigen to detedtisolate cancer stem cells from different tuspor
including prostate [16, 17]. The physiologic role @D133 in the progression of cancer remains etsiv
Some studies suggested a potential role of thidiker in determining cellular fate or maintainistgm
cell-like properties, however the molecular mechkanis still unclear.

Hypoxic niches are a preferred location of CS@sl, IF-1 has an important role in controlling these
cells. CSCs have characteristic functional featundgch make CSCs different from the bulk tumodseind
enable them to initiate and maintain tumor develepini18, 19]. Hypoxia in tumor microenvirenment has
also been shown to promote CD133 expression viatiggpnducible factor-& (HIF-1 o) upregulation [20-
22]. CD133 has been postulated to identify CSCsufation, also in prostate cancer. However, some
controversies are related with this idea, e.gsialso expressed in normal stem cells, so it icdif to
differentiate between CSCs and non-stem like caneis. What is more CD18% CSCs population have
only been shown to represent 1-5% of the total geflulation in prostate cancer cell lines. Howeveis
CD133° populations can be enriched through chemiotheemuly radiotherapy, claiming that these cells, at
least at some level, are chemo/radioresistant [R8jes et al. showed that CD¥33Xells exhibit higher
proliferative potential than CD13% population. These results suggest that CB%¥22lls do have enhanced
potential for cell division despite chemo or ratirapy. However, it is still unclear whether CD}88ys a
direct role in prostate cancer stem cells mainteaan it is related with aggressive form of disg@<@.

One important capability of CSCs is the epithefisenchymal transition (EMT). This event plays an
important role in promoting cell migration and thevelopment of metastasis.
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3. ROLE OF EPITHELIAL-MESENCHYMAL TRANSITION AND CA NCER STEM CELLS

Epithelial-mesenchymal transition (EMT) is a cklluprocess in which cells lose epithelial markers
and features and acquire mesenchymal charactd@Sfi¢Table 1).

Table 1.Characteristic of EMT.

EMT state Epithelial Full EMT
Cell shape Round-shaped Elongated shape
Cell adhesion Strong adhesion between cells Adhédsgin
Surface markers EpCAM, Cdhl CD51/61

Induction of the EMT has been demonstrated inowaricell lines after hypoxia or constitutive
expression of HIF, as shown by a shift from epitléb mesenchymal markers and an increase inhtigya
of migration and invasion [26]. A hallmark of th&/& is the loss of E-cadherin expression, a verydrtgmt
caretaker of the epithelial phenotype [27, 28]. ieepion of E-cadherin expression, often correlatit
tumor grade and stage, results in the disruptionetif-cell adhesion and an increase in the levebaif-
catenin in the nucleus. The EMT also includes degulation of epithelial markers, such as desmoplakid
plakoglobin, and upregulation of mesenchymal marksuch as vimentin, fibronectin and alpha-smooth
muscle actin [29]. It has been widely accepted thatEMT has a central role in cancer progressiwh a
metastasis [30]. It has been associated with mamptit functions like tumor initiation, progressidaamor
stemness and resistance to therapy [25]. It igrtbst important mechanism behind the initiation afaer
metastasis. By adopting a mesenchymal phenotypeidhrthe EMT, individual carcinoma cells obtain the
ability to infiltrate adjacent tissues, cross emgdial barriers and enter the circulation throudbod and
lymphatic vessels [29, 31-33]. It is proved thalasion of different tumor cell populations basedEpCAM
or E-cadherin are associated with increased tummpamating potential [25]. There is now a considkra
amount of clinical evidence that tumors with a lEgiproportion of hypoxic cells have a poor progaosi
Studies have shown that patients have a markediyep@rognosis when their tumors are more hypa3ic [
18]. It is likely that these patients will have @arder number of hypoxia-tolerant cells with moreligrant
features free in the circulation and/or alreadysatondary sites, with both factors having impact on
recurrence and survival. Concluding, the basic tstdading of the mechanisms controlling EMT shdugd
used in developing new therapeutic strategies tatrobtumor progression, metastasis and resistaoce
common therapies.

4. SIGNIFICANCE OF NUCLEOTIDE SIGNALING IN PROSTATE CANCER

Elevated concentrations of ecto-adenosine (eci)}Aate associated with the increased in vitro
proliferation capacity of different populations siEm cells and cancer cell lines. Ecto-5'-nuclexsel (ecto-
5'-NT, CD73) is responsible for conversion of AM® dcto-adenosine in the extracellular environmé&he
most recent data show that the ecto-5’-NT genkasiost increased gene in the TEFinduced gallbladder
carcinoma cell line (GBC-SD cells), as comparechwidrmal GBC-SD cells. Transforming growth facfor-
(TGF$) modulates epithelial plasticity in the physiologi contexts of the tumor by inducing epithelial—-
mesenchymal transitions (EMT) [34]. On the otharchd.aSOM 63, a monastrol derivative acting as-8l'b’
inhibitor, induces apoptotic cell death of glion&l ¢cines [35].
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Moreover, the activity of ecto-5’-nucleotidaseniormal endothelial and epithelial cells increaseama
effect of their adaptation to hypoxia [36]. To dateere has been no comprehensive characterizafion
prostate cancer cells under hypoxic conditionsti@darly in respect to their ecto-5’-NT activittlowever, it
cannot be excluded that the ecto-5'-NT activitypirostate cancer cells and/or prostate cancer sedis) c
similarly as in endothelial cells, is upregulatddenosine receptors mediate the adenosine signafiddave
been found on cell membranes of different humanoturells, i.e. SH-SY5Y neuroblastoma, A375
melanoma, colon carcinoma HT29 and human breastecaiCF-7 cells [37]. Full characterization of the
role of adenosine in prostate cancer also reqaideisessing the question of whether adenosine merseate
present on the surface of cancer cells.

5. HYPOXIA AND RESISTANCE TO ANDROGEN DEPRIVATION?

Androgens and androgen receptor play an importdetin the proliferation of human prostate cancer.
Androgen action is a summed effect of bioactiveragens (such as DHT and testosterone) and the
responsiveness of the androgen receptor (AR) getarells. Free testosterone, after diffusion thtotne cell
membrane, binds specifically to the AR in the clasm causing nuclear translocation of the recefmatical
function of the activated AR is to trigger the eagsion of other genes. This mechanism is not fidlcribed,
but it is known that the concentration of signifitmaumbers of proteins may be regulated by theatetil AR
[38, 39]. Since the development and progressiomprobtate cancer depends on androgenic stimulation,
treatment of this cancer relies on depriving thedu of androgens or blocking their actions [40]fé2¢s in
the AR can play a role in metastatic prostate caridee mutated receptor stimulates prostate grcawith
development of metastases despite androgen abldtlta treatment can reduce primary and metastatic
lesions probably by inducing the apoptosis of tuirgts expressing the wild-type receptor. As the iARf
critical role in cell biology, it is important to @asure the total amounts of the AR present inrdiffetypes of
cells and tissues [41].

Bicalutamide, a drug widely used in locally adveshiqrostate cancer (androgenic blockade) has a
short-term efficacy with prostate cancer. Basedhanliterature data, the drug is suspected to chypexia
and can select for hypoxia-tolerant tumor cells flw@sent more malignant features [2]. This carthHeze
foremost reason for which vessel-targeting drugeduas single agents, are not as successful asatisig
expected. It is possible that many treatments ceasgy antivascular effects and the associatecease in
hypoxia. Tumors can adapt to this hypoxic insultl aacover with a more proangiogenic and potentially
malignant phenotype. There is no analysis of dffeness of hormonotherapy against distinct poputatiof
PC cells in different oxygen concentrations, wireflect the in vivo conditions.

5. CONCLUSION

The comprehensive biological analysis of differBft populations cultured in hypoxic conditions and
undergoing standard treatment (radio- and hormemafly) will help to indicate cells that are respblesfor
the recurrence of the disease and factors thabearsed as diagnostic and prognostic markers iapatwith
cancer. It seems to be a crucial aspect in thé tifhovel, personalized cancer therapies.
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