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SUMMARY: Prostate cancer is one of the most important causes of oncologic death in men, and Chile
has also reached that level. Prostate cancer mortality is mostly associated with metastatic disease where the
cancer is usually resistant to available treatments, particularly hormone- therapy and chemotherapy. It has
been suggested that the existence of cancer stem cells could account for the metastatic capacity and treatment
resistance in most cancers. Recently, cells with stem characteristics have been identified in established cell
lines and animal models of prostate cancer. We have isolated and characterized this kind of cells from patient
tumors. This finding opens the possibility to manipulate them as potential therapeutic targets.
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INTRODUCTION
 

Prostate cancer (PCa) is a leading cause
of cancer deaths in men worldwide (International
Agency for Research of Cancer, 2012). In Chile,
PCa has reached this level very quickly and over
1,400 patients die annually of this cancer in our
country, which is equivalent to a rate exceeding
17 per 100,000 men (MINSAL). Because PCa is
a condition that occurs primarily in men over
60 years, where other associated medical
conditions may be contributing to the cause of
death, the number of PCa death may be even
underestimated. In Chile, PCa has been included
in the AUGE plan from 2006 according to Decree
288 (DEIS, 2015). In the last years the number
of cases has been reported at over 8,000 (DEIS),
making this disease a major national public
health problem. PCa can often be cured if it is
localized, or can be controlled when it responds
to current treatments, even when it is
disseminated. Mortality for PCa is associated
with metastatic disease when it becomes

resistant to treatments (hormone therapy,
radiotherapy and chemotherapy). The rate of
tumor growth varies from very slow to
moderately fast, which makes some patients
having prolonged survival even after metastasis.
However, this variability makes it very difficult
to predict tumor behavior and to take the most
appropriate therapeutic decision (Roussel et al.,
2015). At present, the main diagnostic elements
are the digital rectal examination and blood level
of prostatic specific antigen (PSA). When one
or both tests are positive, the patient is referred
for a confirmatory biopsy. Moreover, the high
variability in the prostate carcinoma behavior is
a source of controversy in the clinical
management of this cancer. Treatment options
are based primarily on the stage of the cancer,
which is not always easy to determine (Roussel
et al.). The outcomes of the treatments that
are now offered in medical oncology are
determined by patient age, presence of other
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medical conditions and degree of tumor
differentiation. The treatments are as follows
according to the disease status:

Localized cancer (not spread):

- Radical prostatectomy in patients younger than
70 years.
- Radiotherapy at low-level and locally applied
(brachytherapy).
- Observation without treatment. For slow-
course disease. It should be monitored carefully
(active surveillance).

Spread cancer:
- Hormone-therapy and chemotherapy.

The appropriate and timely therapeutic
decision, especially in localized cancers where
careful observation (watchful waiting) is
commonly indicated, has a decisive impact on
the cost-benefit for the patient, as tumors of the
same histological grade may have very different
evolution, and the time between diagnosis and
therapeutic action can be decisive for the patient
outcome. Even in the apparently curative
treatments such as radical prostatectomy, in ca-
ses of localized carcinoma, patients may have a
recurrence of over 25-35 % (Van Poppel et al.,
2009). Despite the usefulness of screening
programs in increasing the early diagnosis,
appropriate therapeutic decision in these cases
is still severely constrained by the lack of suitable
prognostic tools.
 

Recent scientific advances in the field of
cancer are changing the view on the
pathogenesis and progression of this disease and
there is evidence that the presence of tumor
stem-like cells could be influencing the key
processes of tumor progression (Shipitsin &
Polyak et al., 2008). It has been demonstrated
in several types of cancer, the existence of cancer
stem cells (CSCs) populations that would
account for the metastatic capacity, recurrence,
and resistance to various treatments such as
hormone, radio and chemotherapy that these
cancers can develop (Gao, 2008; Ishii et al.,
2008). In established cell lines from PCa origin,
particularly from metastasis, it has been possible
to identify these CSCs (Tang et al., 2007; Miki &
Rhim, 2008) and it would be very useful to
evaluate their presence, type and amount in

biopsies of patients diagnosed with localized and
metastatic cancers. This analysis might
represent an important prognostic tool,
especially in relation to the metastatic potential
of tumor, the possibility and timing of recurrence
after surgery, and the timing of treatment-
resistance development. This would allow to
adequate the protocol and timing of therapies
and possibly lay the groundwork for the
development of new therapies aimed at the
selective elimination of these CSCs.

Cancer stem cells and metastasis

Stem cells are defined on the base of self-
renewal capacity and the ability to giving rise
different cell types that can develop an organ
or tissue. Some stem cells (especially
embryonic) are capable of developing into
different types of tissues (pruripotentiality)
(Reya et al., 2001; Glinsky, 2008; Cabanillas &
Llorente, 2009). The first evidence of the
existence of CSCs originates from
haematopoietic cancers nearly 10 years ago
(Lapidot et al., 1994: Bonet & Dick, 1997). Either
normal and cancer stem cells have
organogenesis capabilities, but normal stem cells
originate normal organs or tissues and CSCs
would generate malignant tissue with similar
characteristics to those of the original tumor.
The mechanisms of initiation and development
of cancer remains difficult to understand despite
all thedecades of progress in cancer research.
The identification of CSCs in several types of
cancer has challenged the hypothesis of “clonal
evolution” for cancer development and could
implicate a new pathway for new cancer
treatments (Lewis, 2008; Filip et al., 2008; Gil
et al., 2008). The recent identification of pre-
cancerous stem cells (pCSCs) as precursor cells
of CSCs suggests that the stem cell hypothesis
is not inconsistent with clonal evolution, but
rather an aspect of it. It is not clear yet whether
the CSCs are caused by a malignant
transformation of normal stem cells or malignant
cells, in their transformation process,
progressively acquire stem cell characteristics
(Ward & Dirks, 2007; Lobo et al., 2007). Current
evidence suggests that most cancers originate
from progenitor cells (that originate from stem
cells during the differentiation process), rather
than stem cells themselves (Pardal et al., 2003).
There is still a debate about the existence of a
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real stem cell in cancer, but it is rather a semantic
than a biological discussion. It is perfectly
possible that, as part of a “clonal evolution”
process, a small population of cells regain some
stem cell capabilities. Indeed, these cell
populations with acquired “stemness” features
can be considered as cancer stem-like cells. For
all purposes of the present review, these cells
will be called CSCs.

In humans, the vast majority of cancers
are transformations of epithelial cells (carcinomas
and adenocarcinomas) and a very small
percentage corresponds to stromal cell
malignancies (sarcomas). In general, it is well
established that during the malignant
transformation of epithelial cells key components
that maintain their differentiated state are lost,
such as adhesion molecules that regulate cell-
cell and cell-extracellular matrix interactions that
are essential for position control (E-cadherin,
syndecans, etc). Also, the cancer cells begin to
express genes that confer them proliferative,
migratory and invasive capacities among others.
This series of changes known as epithelial-
mesenchymal transition (EMT) is quite well
described for many types of cancer (Acloque et
al., 2009). In our laboratory, we have studied
several of these EMT markers and their relation
to the recurrence of prostate cancer, highlighting
syndecans 1 and 2, Snail, among others
(Contreras et al., 2009; Poblete et al., 2014). The
most common belief is that tumor cells that have
undergone EMT are very aggressive because they
can invade the underlying stroma, enter lymphatic
and blood vessels, exit to blood circulation and,
eventually, produce distant metastases. It is
generally believed that solid tumors are more or
less homogeneous groups of cells with high
proliferative and invasive capacity and, in a
stochastic way; some may leave the tumor and
metastasize. This has resulted in that most cancer
treatments are aimed at eliminating these cells
(Le Tourneau et al., 2008). However, the
identification of small populations of CSCs in
various cancers and cancer established cell lines
has been cause to re-evaluate the situation. The
evidence suggests that the actual malignant cells
able to colonize other tissues and, eventually,
to produce secondary tumors (metastases) are
the CSCs (Chiang & Massagué, 2008). It is
generally accepted that stem cells are resistant
to cancer treatments due to their relatively low

rate of proliferation, high rate of detoxification
(high expression of transporters ABC), high rate
of DNA repair and resistance to apoptosis. The
CSCs also, unlike other non-stem tumor cells,
have a high resistance to conventional cancer
treatments as chemotherapy and radiotherapy
(Borst et al., 2007).
 

It is known that metastasis is a very
inefficient process because less than 1 % of the
neoplastic cells that come out into blood
circulation may actually colonize other organs,
and only a smaller percentage of them may pro-
duce metastases (Chiang & Massagué). During
the development of a primary tumor, the
neoplastic cells secrete a number of altered
proteins that circulate in the blood plasma. Some
of them serve as warning signals to the immune
system, but others, apparently in a selective
way, affect specific stromal tissue in order to
favoring CSCs niche (niche conditioning) (Wiltz,
2008). When CSCs come to colonize these
conditioned stromas, they may remain for long
periods (even years) in dormant state and then
activate and produce metastases (Wels et al.,
2008). This would explain the recurrence after
apparently curative surgery in many cancers. In
several cases, when a cancer is diagnosed as
localized and without clinically evident
metastases, it is believed that radical surgery is
curative. However, at this state, many cancer cells
may have gone out into blood circulation and
some of them (presumably CSCs) may have
colonized lymph nodes or other tissues and
entered in this dormant state. These putative
CSCs may be responsible for later recurrence in
these patients. Since much of the cancer mortality
is due to metastasis, the study of molecular and
functional characteristics of the CSCs has been
of increasing interest in the last years.
 

In PCa, suitable models for the actual role
of CSCs in metastasis are needed. Recently, in
our laboratory, we have developed an orthotopic
model of human PCa in NOD/SCID immuno-
compromised mice (Cifuentes et al., 2015a,
2015b).

Cancer stem cells in prostate cancer

Prostatic epithelium consists basically of
two epithelial compartments: the basal and
luminal layers. In the basal layer two cell types
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are found: basal cells, which are more abundant,
and neuroendocrine cells representing a minority.
Into the luminal layer, secretory cells are found.
These cell types are distinguished by their
phenotypic and functional characteristics (Di
Zazzo et al., 2015). Secretory luminal cells
express androgen receptor (AR), prostate specific
antigen (PSA), prostatic acid phosphatase (PAP),
CD57 and low molecular weight cytokeratins (K8
and K18).Basal cells are non-secretory and
express CD44, p63 and high molecular weight
cytokeratins (K5 and K14), but do not express
AR, PAP or PSA. Neuroendocrine cells express
chromogranin A and several peptide hormones,
but do not express AR or PSA. These cells
originate from dendritic cells rather than epithelial
cells and their function is not very clear (Timms,
2008). In the prostate, normal stem cells within
the basal layer of the epithelium have been
identified and it is proposed that these androgen-
insensitive stem cells (not expressing AR) would
give rise to other normal stem cells (self-renewal)
and transition progenitor cells that then will give
rise to luminal androgen-sensitive secretory cells.
Androgens, particularly DHT, (the testicular
testosterone is converted into DHT within the
prostate cells by the 5-alpha reductase) not only
regulate the secretion of PSA but also the cell
survival and tissue homeostasis in the prostate.
This regulation also extends to cell proliferation
in early stage of prostate cancer (Nelson et al.,
2003). For this reason, therapeutic strategies
based on androgen deprivation have been
developed to treat prostate cancer. However, in
advanced stages, prostate cancer cells are
insensitive to androgens. Several mechanisms
have been proposed for this androgen
insensitivity, such as amplifications and activating
mutations of RA gene, but the mechanism is still
not completely understood (Shah et al., 2004;
Roussel et al.). Although most prostate cancer
cells express AR, this expression is heterogeneous
in both the primary tumor and in its metastases.
This heterogeneity could be the key for
understanding the progression of this cancer and
for the development of future treatments. In this
regard, the presence of CSCs that do not express
RA could be an important point to consider. In
recent years, several studies have reported CSCs
identified in prostate cancer (Fioriti et al., 2008;
Maitland and Collins, 2008; Masters et al., 2008;
Kasper, 2008). The majority of them have used
established cell lines originated from prostate

cancer, mainly from metastasis, and animal
models. These studies have identified several
molecular markers for CSCs such as CD44,
CD133, CD24, CD40 and α2ß1 integrin, among
others. In addition to these surface markers,
the ability to exclude Hoechst 33342 staining
has been widely used for identifying and
separating stem cells (Patrawala et al., 2005).
The exclusion of this dye is caused by the ABCG2
transporter that is over-expressed in this cell
type. Recently the presence of cells that exclude
this stain in the prostate has been demonstrated
(Pascal et al., 2007). It should be remembered
that over-expression of this type of ABC
transporters is responsible for drug resistance
in most cancers (Stavrovskaya & Stromskaya,
2008; Sharom, 2008).

Hormone-resistance in prostate cancer

Hormone-resistance in the prostate cancer
is a clinical term that is often used for patients
that have become refractory not only to
androgen deprivation therapy, but also to other
second-line hormonal treatments such as the
use of estrogens (or analogues) (Mersenburger
et al., 2008). However, the main change
occurring at this stage is the androgen
insensitivity. This phenomenon, as mentioned
above, is not fully understood, but may occur
for at least 2 mechanisms. The first is related to
alterations in androgen receptor (AR), as
amplifications, activating mutations, or
mutations that make it sensitive to other
androgens, such as adrenal androgens, or even
other steroids such as cortisol (McPaul, 2008).
In all these cases, the proliferation of tumor cells
is still regulated by the AR activation. The second
mechanism is independent of AR and occurs
frequently in its absence, when the neoplastic
cell becomes autocrine for other growth factors
that control their proliferation (Lee &
Tenniswood, 2004). In either case, the patients
no longer respond to androgen deprivation
therapy and the prognosis is very unfavourable.
Most of the available evidence suggests that the
prostate CSCs would lack AR, which would make
them intrinsically insensitive to androgens (Berry
et al., 2008; Sharifi et al., 2008; Lowrance et
al., 2015). This strongly suggests that these cells
can contribute to the androgen resistance that
is observed in late stages of prostate cancer,
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especially in the metastatic stage.
The most widely used treatments for

androgen ablation therapy are surgical castration
and, more recently, the use of GnRH analogues
to block the hypothalamus-pituitary-gonad axis,
thus reducing the gonadotropins level with
subsequent inhibition of testicular testosterone
(Suzuki et al., 2008; Kollmeier & Zelefsky, 2008).
It has been observed that patients treated with
GnRH analogues have a longer survival than
those undergoing surgical castration
(Gnanapragasam et al., 2005). On the other
hand, the presence of GnRH receptors (GnRH-
R) in tumor prostate cells has been reported
(Finch et al., 2008; Montagnani Marelli et al.,
2009). These evidences have led to propose a
local effect for these analogues in addition to
their androgen deprivation effect. In our
laboratory, using a primary culture system of
PCa cells, we have confirmed the presence of
GnRH-R and studied the local effect of GnRH
analogues on the growth of these cell cultures
(Castellón et al., 2006; Sánchez et al., 2005;
Clementi et al., 2009). GnRH-R expressed in the
prostate cancer cells has very similar antigenic,
kinetics and binding characteristics to those
displayed by the type I GnRH-R expressed in
the gonadotroph cell (Castellón et al., 2006).
Also, GnRH-R expressed by prostate cancer cells
can be activated by both agonists (leuprolide)
and antagonist (cetrorelix), and the result of
this activation induces the apoptosis of cancer
cells (Sánchez et al., 2005). This effect is
mediated, at least in part, by the GnRH-R-
dependent expression of apoptotic p75 NGF re-
ceptor and requires p53 phosphorylation
(Clementi et al., 2009). In this work, we have
also shown that the optimal concentration for
the local effect of these analogues is beyond
the concentration achieved in most treatments
for androgen deprivation. One possibility to
bypass this problem is the intraprostatic
administration of these analogues. However, it
has been observed that the expression of GnRH-
R in samples of prostate cancer is variable and
tends to decrease as the cancer becomes more
aggressive (Szabó et al., 2009). This receptor,
in normal conditions (gonadotroph cell), is
retained almost 50% in the endoplasmic
reticulum due to differences in its aminoacid
sequence compared to other similar G protein
coupled receptors (Janovick et al., 2003). It has
been observed, in gonadotroph cell lines, that

this retained amount of GnRH-R can be rescued
by special drugs called pharmacoperons
(Leaños-Miranda et al., 2005; Janovick et al.,
2009). In our laboratory, we are rescuing by
pharmacoperons GnRH-R in prostate cancer cells
to increase the sensitivity of these cells to GnRH
analogues. There is no information in the
literature on the expression of GnRH-R in
prostate CSCs. If prostate CSCs would not
express this receptor, they would be resistant
both to androgen deprivation (no AR) and to
the local effects of GnRH analogues, which could
explain the behavior of patients with advanced
prostate cancer regarding these treatments.

Chemotherapy resistance in prostate
cancer

Until today, one of the most important
therapeutic tools for cancer treatment is
certainly chemotherapy (Kurokawa & Sasako,
2008; Sherman, 2009; Alberts & Wagman,
2008; Yamashiro & Toi, 2008). This is based on
the administration of one or more cytotoxic
drugs that act preferentially on neoplastic cells
in active proliferation. The most common drugs
act on the cytoskeleton, as anti-metabolites or
directly on the DNA (Risinger et al., 2009;
Altaner, 2008). The chemotherapy protocols
depend on the cancer type, their progression
stage and patient characteristics. However, for
prostate cancer, this therapy is rarely used
because of its poor effectiveness (Michael et al.,
2009). Only modest results have been obtained
using docetaxel (Sundaram et al., 2009;
Vaishampayan et al., 2009). This is mainly due
to the prostate cancer shows a particularly high
resistance to chemotherapeutic drugs (van
Brussel & Mickisch, 2003). Our laboratory has
investigated this problem in patients’ biopsies
and primary cultures of tumor cells. We have
shown that this phenomenon is due, at least in
part, to the high expression of multi-drug
resistance (MDR) proteins Gp-P (ABCB1), MRP1
(ABCC1) and LRP (Sánchez et al., 2009). Gp-P
and MRP1 correspond to members of the ABC
(ATP Binding Cassette) transporters family that
transport (actively and selectively) toxic
substances, including chemotherapeutic drugs,
out of the cell. In this study, we found that these
three MDR proteins are expressed in biopsies of
patients with prostate cancer, with the general
trend to show a positive association between
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the expression level of these MDR proteins and
the degree of tumor malignancy. However, we
also observed heterogeneity of MDR protein
expression within the patients. Thus, biopsies
of similar histological grade showed areas of
higher expression of MDR that are consistent
with the increased expression of other markers
of tumor malignancy (unpublished observation).
In our cell culture experiments, we have
demonstrated that high expression of these
MDR proteins is coincident with a high survival
rate after treatment with the respective
chemotherapeutic drugs. We have also shown
that prolonged treatments with these drugs in-
duce a higher expression of MDR proteins and
reduced drug sensitivity (acquired resistance)
(Sánchez et al., 2009). Finally, we found that
pharmacological inhibition and knock down of
these proteins recovered, in part, the
sensitivityof prostate cancer cells to the action
of various chemotherapeutic drugs (Sánchez
et al., 2011).

All the evidence indicates that the CSCs
express high protein levels of the ABC
transporter family (in particular ABCG2)
(Patrawala et al., 2005; Zhou et al., 2001). It is
improbably that prostate CSCs escape from this
phenomenon (Mathew et al., 2009), on the
contrary, considering the high intrinsic resistance
of prostate cancer to chemotherapy and the
results reported by our laboratory and others,
in relation to MDR proteins expression and its
association with sensitivity to chemotherapeutic
drugs, it is highly likely that prostate CSCs are
involved in this phenomenon in prostate cancer.

Prostate cancer stem cells as new target
for therapy

It has accumulated sufficient evidence to
postulate that the prostatic CSCs could represent
a potential therapeutic target (Lang et al., 2009).
In general, prostate CSCs have been involved
with epithelial-mesenchymal transition (Hollier
et al., 2009), the niche formation for metastases
generation (Takao & Tsujimura, 2008), the
metastatic capacity as such (Kelly & Yin, 2008;
Drewa & Styczynski, 2008) and could have some
relevance in other diseases such as prostate
benign hyperplasia (Isaacs, 2008). Considering
that generation of a complete prostate from a
single stem cell has been recently reported

(Leong et al., 2008), it is reasonable to suggest
that a single prostatic CSCs could be sufficient
to generate a new tumor, which might be of
particular importance in the endocrine regulated
cancers (Lichtenauer & Beuschlein, 2009) such
as prostate cancer. For these reasons, we
consider of fundamental importance to study
systematically the presence of prostatic CSCs
in order to isolate and characterize them as
potential therapeutic target for selective
elimination. Taking into account that CSCs can
be found still in established cell lines, we consider
that our primary cell culture system from
prostate adenocarcinoma (Castellón et al., 2005,
2006) is a suitable model for the proposed study.

We have isolated and characterized a CSCs
population from tumor-derived cell cultures from
PCa patients, using different mixed methods.
We have obtained enriched cultures of CSCs
expressing a consistent molecular signature
displaying a CD133+/CD44+/ABCG2+/CD24-/
SOX2+/Oct3/4+/AR-/PSA-/cMYC+/KLF4+
pattern. This stem signature is very similar to
that obtained from PCa cell lines, suggesting
that prostate CSCs are very conservative.
 

Considering their properties, PCa CSCs
might represent a potential therapeutic target
(Lang et al.). We have evaluated the stem
signature described in enriched population of
CSCs from tumor explants, in representative
biopsies of the different histological grades and
lymph-node and bone metastasis samples. We
have found that stem markers analysed were
present in low, medium and high Gleason grades
and metastasis. Interestingly, the highest
expression of CSCs markers was found in
medium Gleason grades (Castellon et al., 2006).
These samples correspond to patients with
medium Gleason score (grades 5 to 6). At this
stage, the tumor is usually confined to the
prostate gland and most patients are subjected
to radical surgery. However, many of them
(around 30 %) relapse months after surgery
(Kotb & Elabbady, 2011). This is a very
interesting point, taking into account that
metastasis is rather an inefficient process,
because less than 1 % of malignant cells
reaching blood stream are able colonize distant
tissues, and even a smaller percentage can in-
duce metastases (Chiang & Massagué). There
are convincing evidence that primary tumor,
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produce and secrete signals (altered proteins)
that affect, in a selective manner, to selective
stromal tissue favouring CSCs pre-
metastaticniche (Chiang & Massagué; Witz).
Once CSCs colonize these conditioned stromas,
they may remain for long time in dormant state
before activate and produce metastases (Kaplan
et al., 2006; Wels et al.). This may explain the
recurrence after intended curative surgery in
many cancers. In PCa, it is believed that radical
surgery in localized tumors is curative. However,
many cancer cells, at this point, may have
reached blood stream (some of them
presumably CSCs), colonized lymph nodes or
other tissues and entered in dormant state.
These CSCs may be responsible for later
recurrence in those patients. On the other hand,
lymph-node and bone metastasis displayed the
lowest expression of CSCs markers. This
suggests that in growing metastasis, progenitors
and malignant differentiated cells (originated
from CSCs) are predominant.
 

PCa CSCs have been associated to EMT
(Hollier et al.), pre-metastatic niche preparation,
recurrence and metastasis (Drewa & Styczynski;
Kelly & Yin; Takao & Tsujimura). At this respect,
our results represent an important step in the
efforts to further characterize CSCs from PCa in
order to identify potential therapeutic targets
for selective elimination. Considering that PCa
CSCs have been studied mainly in established
cell lines, our PCa tumor-derived culture system
mat be a more suitable model for the study of
CSCs. A further characterization of PCa CSCs
using their ability to form tumorspheres has
been carried out in our laboratory. Like in other
models, ABCG2 transporter is highly expressed.
In fact, this transporter has been used to isolate
CSCs from many tumors (side population). In
PCa tumorspheres, we have also found CK5 and
CK18 expression. This is a very interesting
finding since CK5 is expressed mainly in prostate
basal cells (Miki, 2010) and it has been
associated with invasiveness and metastasis in
breast cancer (Sutton et al., 2010; de Silva et
al., 2011). In addition, this cytokeratin
expression has also been observed in PCa
spheres (Garraway et al., 2010), suggesting a
contribution of basal cells in CSCs population.
The expression of epithelial marker CK18
strongly suggests that PCa CSCs may come from
a divergence of the EMT process rather than a

malignant transformation of normal prostate stem
cell (Celia-Terrassa, et al., 2012). The absence of
AR expression indicates that PCa CSCs represent
an androgen-insensitive cell type within thePCa
tumor. On the other hand, the low expression of
PSA in prostatospheres may be the result of EMT.
Our results on differential clonogenic capacity
(mainly holoclones), anchorage-independent
growth and self-renewal properties are consistent
with the most important properties of stem cells
(Miki; Patrawala et al., 2006, 2007). Additionally,
low proliferation and apoptotic rate are common
features of CSCs. The transporter ABCG2 is one
of the most highly expressed in CSCs including
our prostatosphere preparation. For this reason,
we have assayed the resistance of PCa
tumorspheres to chemotherapeutic drugs
daunorubicin and topotecan (ABCG2 substrates).
Our results showed that CSCs are significant more
resistant than other cancer cells to ABCG2
transported drugs. In addition, the pharmacologic
inhibitor of the ABCG2 transporter
fumitremorgin C, partially re-sensitizes, PCa
tumorspheres to both drugs suggesting that
ABCG2 transporter is involved in PCa drug
resistance and could be a potential therapeutic
target for CSCs-selective therapy.

Projections

The identification, characterization and
pharmacological and gene manipulation of PCa
CSCs would increase treatment sensitivCancer  
Stem   Cells   in   Human   Prostate   Cancer.  
Role   in   Drug   Resistance   and   Metastasis

Las células troncales del cáncer en el cán-
cer de próstata humano. Rol en la resistencia a
los medicamentos y la metástasis.

CASTELLÓN, E. A. & CONTRERAS, H. R. Las   Cé-
lulas   Troncales   del   Cáncer   en   el   Cáncer   de
Próstata   Humano. Rol   en   la   Resistencia   a   los
Medicamentos   y   la   Metástasis. Int. J. Med. Surg.
Sci., 2(4):711-722, 2015.
 

RESUMEN:  El cáncer de próstata es una de
las causas más importantes de muerte oncológica en
los hombres, y Chile también ha llegado a ese nivel.
La mortalidad por cáncer de próstata se asocia sobre
todo con la enfermedad metastásica en el que el cán-
cer suele ser resistente a los tratamientos disponi-
bles, en particular la terapia hormonal y la quimiote-
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rapia. Se ha sugerido que la existencia de células
troncales cancerígenas podría ser responsable de la
capacidad metastásica y la resistencia al tratamien-
to en la mayoría de los cánceres. Recientemente, las
células con características troncales han sido identi-
ficadas en las líneas celulares establecidas y mode-
los animales de cáncer de próstata. Hemos aislado y
caracterizado este tipo de células en de tumores de
pacientes. Este hallazgo abre la posibilidad de mani-
pularlos como dianas terapéuticas potenciales.
 

PALABRAS CLAVE: Cáncer de próstata;
Células troncales cancerígena; Resistencia a las
drogas; Metástasis.
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