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ABSTRACT

Prostate cancer (PCa) is the most frequently diagnosed malignancy in men worldwide. Chemotherapy response is very poor and resistance 
to hormone-based treatments is frequent in advances stages. Recently, tumor-initiating cells or cancer stem cells (CSCs) have been identifi ed 
in several cancers, including PCa. These cells are thought to be responsible for therapy resistance, relapse and metastasis. In the present 
work, enriched populations of CSCs were obtained using a mixed procedure that included diff erential clone-forming ability, sphere growing 
induction (prostatospheres) and magnetic-associated cell sorting (MACS). Also, stem marker expression was determined in PCa biopsies of 
diff erent histological grades and metastasis samples. The signature for stem markers of the isolated CSCs was CD133+/CD44+/ABCG2+/
CD24-. Expression of stem markers (CD133, CD44, and ABCG2) was higher in medium Gleason biopsies than in lower and higher grades, 
and lymph-node and bone metastasis samples. These results suggest that the CSCs in PCa reach an important number in medium Gleason 
grades, when the tumor is still confi ned into the gland. At this stage, the surgical treatment is usually with curative intention. However, an 
important percentage of patients relapse after treatment. Number and signature of CSCs may be a prognosis factor for PCa recurrence.
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INTRODUCTION

Prostate cancer (PCa) is the second leading cause of male 
malignancy death throughout the world (Dunn and Kazer 
2011). In Chile, this disease reached that level very rapidly and 
currently over 1,700 patients die annually due to this cancer, 
representing an observed rate exceeding 20 per 100,000 men 
(Minsal 2011). This number may be even underestimated 
considering that PCa occurs mainly in men over 60 years, where 
other associated medical conditions may be contributing to 
the cause of death. If localized, PCa can be cured by surgical 
treatment. However, more than 30% of patients may relapse 
after surgery (Kotb and Elabbady 2011). Once disseminated, 
PCa can be controlled by hormonal treatment (androgen 
deprivation) and mortality is primarily associated with 
metastatic disease when patients become resistant to treatments 
(hormone therapy, radiotherapy and chemotherapy).

Recent studies on cancer pathogenesis have identified 
the presence of tumor stem-like cells that could infl uence 
the key processes of tumor progression (Clarke et al. 2006; 
Shipitsin and Polyak 2008). These cells have tumor-initiating 
and self-renewing abilities, divide asymmetrically, and 
express several pluripotency genes (La Porta 2012). For 
these reasons, many authors have called them cancer stem 
cells (CSCs). In recent years, CSCs were identifi ed in several 
cancers, including PCa, and have been proposed to explain 
the metastatic capacity, recurrence, and resistance to hormone, 
radio and chemotherapy (Gao 2008; Ishii et al. 2008; Li et al. 
2007). In established cell lines from PCa origin, particularly 

from metastasis, CSCs have been identified and isolated 
using diff erent approaches, such as fl ow cytometry, magnetic-
associated cell sorting (MACS), the ability of differential 
cloning and sphere growing under non-adherent culture 
conditions (Collins and Maitland 2006; Collins et al. 2005; 
Miki and Rhim 2008; Miki et al. 2007; Tang et al. 2007). Most of 
these studies have used cell lines as PC3, DU145, and LNCaP, 
and animal models. These reports have identified several 
molecular markers for CSCs such as CD44, CD133, CD24, 
CD40 and α2β1 integrin, among others (Patrawala et al. 2007; 
Pfeiff er and Schalken 2010). In addition, the ability to exclude 
Hoechst 33342 staining has been widely used for identifying 
and separating stem cells (side population) (Patrawala et al. 
2005; Zhou et al. 2001). The exclusion of this dye is caused by 
the ABCG2 transporter that is over-expressed in CSCs. The 
presence of a side population has been also reported in PCa 
cells (Pascal et al. 2007). Interestingly, ABC transporters are 
thought to be responsible for drug resistance in most cancers 
(Sharom 2008; Stavrovskaya and Stromskaya 2008), including 
PCa (Sánchez et al. 2009; Sánchez et al. 2011). 

In our laboratory we developed cell culture systems from 
PCa explants to study several aspects of this disease, such as 
hormone sensitivity, drug resistance and the eff ect of various 
compounds with therapeutic potential (Castellón et al. 2005; 
Castellón et al. 2006; Clementi et al. 2009; Mendoza et al. 2009; 
Sánchez et al. 2005). The aim of this work was to isolate and 
characterize CSCs from our tumor explant-derived cultures 
in order to determine specific molecular stem signatures 
and to evaluate these markers in relation to Gleason grades 
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and metastasis. This analysis may represent an important 
prognostic tool for metastasis potential, relapse timing and 
resistance development. In addition, genetic and functional 
characterization of these CSCs is being carried out in order 
to identify potential therapeutic targets for the selective 
elimination of these cells.

MATERIAL AND METHODS

Prostate cancer tissue

Tumor samples were derived from radical prostatectomies of 
patients with localized PCa (mostly patient Gleason score 5-6, 
histological sample Gleason grade 3) from our institutional 
hospital. Tissue pieces were received in sterile culture medium 
with RNase inhibitor and then taken to the laboratory in a 
period no longer than 1 hour after collection. Once in the 
laboratory, when necessary, soft healthy or hyperplasic tissue 
was separated from harder cancerous tissue. For control 
purpose, small pieces of all samples used for cell isolation and 
cultures were processed for histological diagnosis to confi rm 
Gleason grade. Successful cultures from six surgical pieces 
were obtained for this work. All protocols of this study were 
approved by Ethics Committees of the Faculty of Medicine and 
the clinic hospital of our university. 

Isolation and culture of epithelial cells from prostate cancer

Small pieces (1 mm3) of PCa tissue underwent enzymatic 
digestion with collagenase (2 mg/ml), hyaluronidase and 
deoxyribonuclease (0.02 mg/ml). Digestion was carried out 
at 37°C for 10-12 hours in a shaking water bath. The process 
was checked every hour in order to separate dispersed stromal 
cells. After enzymatic digestion, aggregates of epithelial cells 
were washed with culture medium and plated. These cell 
aggregates were cultured in Dulbecco MEM/HAM F-12 (1:1) 
medium supplemented with 10% FBS in culture bottles. After 
2 or 3 days, once cell aggregates had adhered and spread, 
the medium was changed by a chemically defi ned medium 
according to the methods previously described (Castellón et al. 
2005; Castellón et al. 2006). 

Isolation of prostate cancer stem cells 

Prostate CSCs were identifi ed and isolated from tumor explant-
derived cultures of epithelial cell (2-4 passages), using a 
combination of methods previously described.

Differential cloning ability: Detached and washed 
epithelial cells from explant-derived cultures were counted 
and diluted. 100 cells were taken and suspended in 10 ml of 
culture medium. Cells were plated by transferring 100 ul of 
cell dilution in each well of a of 96-well culture plate. The 
cells were monitored during the fi rst week to observe and 
characterize the obtained clones and allowed to grow for 
another week to evaluate and characterize the diff erent clones, 
namely, holoclones, meroclones and paraclones (Barrandon 
and Green 1985). To evaluate the morphology of these clones, 
cells were washed, fi xed with cold methanol 100% and stained 
with 0.5% violet crystal / 25% methanol for 10 minutes. 

Sphere growing induction: Cells obtained from the 
diff erential cloning cultures were trypsinized and centrifuged 

at 2000 rpm for 5 minutes. The pellet was suspended and 
plated, at a density of 4x104 cells/ml, in DMEM medium 
without FBS and supplemented with the following factors: 
5 ug/ml of human transferrin, 5 ug/ml of insulin, 20 ng/
ml of EGF, 10 ng/ml of FGF-2, 200 ng/ml of retinol, 200 ng/
ml of vitamin E, 10 nM of hydrocortisone, 2 ng/ml of sodium 
selenite, and 0.4% of human serum albumin-free globulins. 
This culture medium (non-adherent medium) allowed the 
formation of prostate spheroids (prostatospheres) enriched 
in CSCs from day 7 of culture (Fan et al. 2010). For control 
purposes, parallel cultures in adherent conditions were used.

Magnetic-associated cell sorting (MACS): Cell populations 
enriched in CSCs were dispersed, washed and incubated with 
antibody-coupled magnetic microbeads for 1 hour. Then, cells 
were mounted into proper columns and settled in a magnetic 
support (Pascal et al. 2007). For positive separation, negative 
cells passed throughout the columns were used as control. 
Positive retained cells were washed and plated in proper CSCs 
medium. For negative separation (in case of using a non-
stem marker antibody), negative cells were processed as the 
enriched stem cell population. The selected antibodies coupled 
to the microbeads for these separations included anti-CD133, 
anti-CD44, anti-CD24 and anti-ABCG2 (Miltenyi Biotec). 

Immunocytochemistry of prostatospheres

Prostatospheres were washed and fi xed with paraformaldehyde 
10% in phosphate buff er and then resuspended in HistoGel 
reagent (Thermo Scientific, HG-4000-012). These structures 
formed a three-dimensional matrix to preserve the integrity 
of prostatospheres. Then, the matrix was included in paraffi  n 
and sections of 5 um were obtained. Afterwards, samples were 
deparaffi  nized with xylene and rehydrated with decreasing 
ethanol concentrations. Later, sections were incubated for 2 
hours with specifi c antibodies targeting extracellular epitopes 
of surface proteins CD133 (Miltenyi Biotech.), CD44 (Santa 
Cruz Biotechnology Inc.), CD24 (Santa Cruz Biotechnology 
Inc.), ABCG2 (Thermo Scientific) and ALDH2 (Thermo 
Scientifi c). After washing to remove non-specifi cally bound 
antibody, samples were incubated for 1 hour with secondary 
biotinylated antibodies followed by peroxidase-labeled 
streptavidin. Diaminobenzidine was used as chromogen. For 
immunofl uorescence, secondary antibody was conjugated to 
FITC (Thermo Scientifi c) and to observe nuclei, DAPI for 5 
minutes was used. 

Prostate cancer biopsies and metastasis samples 

Samples of PCa of diff erent Gleason grades and lymph-node 
and bone metastases were obtained from our institutional 
archive of biopsies with the corresponding authorizations. 
The following samples were used considering the histological 
grade (Gleason 1 to 5) of the biopsies:

Low Gleason (grade 2): 11 samples. Medium Gleason 
(grade 3): 14 samples. High Gleason (4-5): 9 samples. Lymph-
nodes metastasis: 7 samples. Bone metastasis: 5 samples.

Immunohistochemistry of prostate cancer biopsies and metastasis samples

Expressions of all markers studied were evaluated by 
quantitative immunohistochemistry. Only specimens fixed 
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and included in optimal conditions for immunohistochemical 
studies were selected. The samples were deparaffinized 
and rehydrated. Hydrogen peroxide was used to inactivate 
endogenous peroxidase activity and antigen retrieval was 
performed with target retrieval solution. To avoid unspecifi c 
binding, samples were incubated with PBS-BSA 1% for 1 
hour at room temperature. Samples were incubated with 
fi rst antibodies directed against proteins CD133 (Santa Cruz 
Biotechnology Inc.), CD44 (Santa Cruz Biotechnology Inc.) 
and ABCG2 (Thermo Scientifi c) for 1 hour at 37ºC. The signal 
was amplifi ed using a second biotinylated antibo  dy followed 
by peroxidase-labeled streptavidin. Diaminobenzidine was 
used as chromogen. The samples were counterstained with 
hematoxylin (Ross et al. 2003). All samples were analyzed 
using Image ProPlus 6.2 software (Media Cybernetics, 
Bethesda USA), to quantify the immunoreactive area (IA) in 
um2 and the integrated optical density (IOD), which allows 
a quantitative densitometric analysis of the specific areas 
(Ruifrok and Johnston 2001).

Statistic analysis

Statistic evaluation of data was performed using ANOVA 
analysis and non-parametric test of Kruskal-Wallis followed by 
Dunnett’s post-test. Statistic signifi cance was considered for P< 
0.05. Results were expressed as mean + SD.

RESULTS

Enrichment of CSCs by diff erential cloning ability

We obtained different clone populations using limiting 
dilution assays from PCa explant-derived cultures, knowing 
that CSCs have the ability to form compact colonies. 
Holoclones (compact colonies), meroclones (loose colonies), 
and paraclones (dispersed colonies) were obtained from 
explant-derives cultures (Fig. 1A). From some cultures, more 
than 35% of holoclones (Fig. 1B) were yielded. However, it 
was not possible to obtain compact colonies, with the same 
expansive characteristics, from all explant-derived cultures 
(data not shown). These diff erences could be due to the eff ect 
of the number of passages that underwent each culture. It was 
observed that the greater the number of previous passages of 
original culture, the higher the holoclones yield. Holoclones 
obtained by this method showed higher expression of the 
stem markers than mero- and paraclones. A representative 
marker (CD44) in shown in Figure 1A and 1C. The successful 
holoclones maintained their morphological and clonogenic 
characteristics for at least 3 successive passages (Fig. 2A). 
However, it should be noted that these clones showed some 
degree of plasticity, as well as producing primarily holoclones 
(> 90%), the presence of few mero- and paraclones in the 
cultures was observed (data not shown).

Enrichment of CSCs by sphere growing induction

Cells obtained from holoclones were plated under non-
adherent condition, knowing that CSCs can survive and 
aggregate under this condition and generate spheres that 
grow without differentiation. Successful spheres cultures 
(prostatospheres) were obtained after a week of culture (Fig. 
2A and 2B). Some prostatospheres were fi xed and processed 

for immnocytochemistry, showing a molecular signature that 
included high expression of CD133, CD44, and ABCG2 and 
no expression of CD24 (Fig. 2B). A few cells of the spheres 
expressed also ALDH2, another marker described for CSCs. The 
prostatospheres can be maintained in culture for several weeks 
without expression of diff erentiation makers (data not shown).

Enrichment of CSCs by magnetic-associated cell sorting (MACS)

Some prostatospheres were disaggregates and resulting cells 
washed and processed for MACS separation (see materials and 
methods). Using the stem markers CD133, CD44 and CD24, 
further enriched CSCs populations were obtained. In Figure 
3, a representative separation protocol using CD44 is shown. 
Cells retained in the MACS column (expressing CD44) were 
washed and plated in proper medium for 48 and 72 hrs (Fig. 
3A). Resulting cultures were enriched over 95% in CD44-
expresing cells (Fig. 3B).

Expression of CSCs markers in PCa biopsies of diff erent histological 
grades and metastasis samples

In order to evaluate the expression of the stem markers 
described for CSCs isolated from explant-derived cultures in 
tumor progression and metastasis, we analysed a collection 
of biopsies of low, medium and high Gleason grade 
and samples from lymph-node and bone metastasis by 
immunohistochemistry. Expression of stem markers CD133, 
CD44 (Fig. 4A), and ABCG2 (Fig. 5A) was observed in all 
samples. For the three markers studied, medium Gleason 
biopsies showed the highest expression (Figs. 4B and 5B). 
Interestingly, lymph-node and bone metastasis showed the 
lowest expression of CSCs proteins. Tissue for benign prostatic 
hyperplasia (BPH) was used as non-malignant control. As 
expected, low expression of stem markers were found in BPH 
(Figs. 5 and 6). It is known that in normal prostate CD44 is 
restricted to basal cells and ABCG2 to endothelial cells.

DISCUSSION

Stem cells are defined upon their self-renewal capacity 
and the ability to give rise to complete tissues, organs or 
even individuals (i.e. embryonic stem cells) (Glinsky 2008; 
Reya et al. 2001; Visvader and Lindeman 2008). Nearly a 
decade ago, evidence about the existence of CSCs came from 
haematopoietic cancers (Bonnet and Dick 1997; Lapidot 
et al. 1994). In the same way that normal stem cells can 
give rise to normal tissue or organs, CSCs can give rise to 
malignant tissue or tumors. Considering that the mechanisms 
underlying cancer initiation and development remain unclear, 
the presence of CSCs in most cancers has focussed attention 
on the role of these cells in carcinogenesis (Cabanillas and 
Llorente 2009). The identification of CSCs has challenged 
the hypothesis of “clonal evolution” for cancer development 
and may implicate new approaches for cancer therapy (Filip 
2008; Gil 2008; Lewis 2008). It is still not clear whether CSCs 
originate from malignant transformation of normal stem cells, 
or if malignant cells acquire stem characteristics through the 
epithelial-mesenchymal transition (EMT) (Lobo et al. 2007; 
Ward and Dirks 2007). Most evidence suggests that cancer 
originate from progenitor cells rather than stem cells (Pardal 
et al. 2003; Wicha et al. 2006). There is still debate regarding 
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Figure 1. Prostate cancer cell clones obtained by limiting dilution assays. A) Representative images of clones with different 
morphology. Holo: holoclone, Mero: meroclone, Para: paraclone observed by phase-contrast light microscopy (PC) and stained with crystal 
violet (CV). A set of clones showing immunofl uorescence (red) staining for a representative stem marker (CD44). DAPI (blue) was used for 
nuclei staining. B) Number and percentage of clones obtained by limiting dilution assay. C) Quantitative analysis of immunofl uorescence. 
Data are expressed as percentage of positive area (PA). Different superscripts represent statistical signifi cance (p<0.05).

the existence of an actual stem cell in cancer. For these reasons, 
some authors prefer to refer to these cells as tumor-initiating 
cells (TICs). Probably, as part of EMT, a small cell population 
re-expresses some pluripotency genes. These cell populations, 
with acquired “stemness” features, can be considered as cancer 
stem-like cells or CSCs.

It is believed that malignant cells undergoing EMT become 
aggressive due to invading and migrating abilities. They 
could invade the surrounding stroma, enter lymph and blood 
circulation and produce local and distant metastases. It is 
assumed that solid tumors are a rather homogeneous group 
of cells with high proliferative and invasive capacity and, 
in a stochastic way, some of these cells leave the tumor and 

produce metastasis. This explains that most treatments are 
focussed on eliminating the bulk of these cells (Le Tourneau 
et al. 2008). However, the presence of a small number of CSCs 
in many cancers makes it necessary to re-consider that view. 
Current evidence suggests that CSCs are really responsible for 
metastasis, recurrence and drug resistance (Borst et al. 2007; 
Chiang and Massagué 2008; Croker and Allan 2008). Prostate 
CSCs has been also identifi ed. There have been successful 
eff orts to isolate and characterize PCa CSCs from established 
cell lines (mainly PC3, LNCaP and DU145) (Celià-Terrassa 
et al. 2012; Duhagon et al. 2010; Li et al 2008; Setoguchi et 
al. 2004; Tang et al. 2007). This is a very interesting fi nding 
since cell lines have been believed to be very homogeneous 
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Figure 2. Holoclones sub-cultures and characterization of holoclone-derived spheres. A) Sequence of 3 successive passages of a 
representative holoclone and representative cell spheroids (prostatospheres) generated from the 3rd passage of holoclones. During the 
period of time taken by the sequence of passages (approximately 3 weeks) no changes in characteristic morphology was observed. B) 
Immunocytochemistry analysis of prostate cancer spheres enriched in cancer stem cells. Spheres were fi xed, embedded in HistoGel (see 
materials and methods) and included in paraffi n. H&E: Control Hematoxylin/Eosin staining. 5 um sections were immunocytochemically 
analyzed for CD133, CD44, ALDH2, ABCG2 and CD24. The main molecular signature observed was CD133+/CD44+/ABCG2+/CD24-. A 
few cells within prostatospheres were positive for ALDH2. Insert: Representative prostatospheres (PS) obtained by culturing cells in non-
adherent conditions after 15 days of cultures.

populations. Apparently, they are not, distinguishing at least 
two very diff erent cell types, one of them CSCs (Celià-Terrassa 
et al. 2012). Many authors report molecular signatures for these 
CSCs isolated from cell lines. Most of them are coincident 
with high expression of the markers CD133, CD44, CD40 and 
α2β1 integrin, among others (Yu et al. 2012). Interestingly, 
some of these markers are also common with CSCs from other 
solid tumors (La Porta 2012). However, the remaining CSC 
populations in cancer cell lines may not represent actual CSCs 
from tumors. Phenotypic, functional and gene expression 
characteristics may differ substantially. Indeed, there is 
still uncertainty about the source of CSCs in PCa. Evidence 
supports both basal and luminal cell compartments as 
potential prostatic niche for CSCs (Yu et al, 2012). Considering 
that PCa is a heterogeneous and multi-focal disease, malignant 
cells may come from different stem sub-populations. In 
order to address this problem, we have isolated and partially 
characterized a CSCs population from explant-derived cell 
cultures from PCa tumors, using combined methods. We were 
able to obtain enriched cultures of CSCs expressing a consistent 
molecular signature displaying a CD133+/CD44+/ABCG2+/
CD24- pattern, from these explant-derived cell cultures. 
Interestingly, this stem signature is similar to those obtained 
from PCa cell lines (Yu, et al 2012), suggesting that prostate 
CSCs are very conservative. 

Keeping in mind that prostate CSCs could represent a 
potential therapeutic target (Lang et al. 2009), we evaluated the 
stem signature described in enriched population of CSCs from 

tumors, in representative biopsies of the diff erent histological 
grades and lymph-node and bone metastasis samples. We 
found, that all stem markers studied were present in low, 
medium and high Gleason grades and metastasis. However, 
the highest expression of CSCs proteins was observed in 
biopsies of medium grades. These samples correspond to 
patients with medium Gleason score (grades 5 to 6). At this 
stage, the tumor is usually confi ned to the prostate gland and 
most patients are subjected to radical surgery. However, many 
of them (around 30%) relapse months after surgery (Kotb and 
Elabbady 2011). This is a very interesting point, considering 
that metastasis is a very ineffi  cient process, due to less than 1% 
of the neoplastic cells reaching blood circulation can actually 
colonize distant organs, and even a smaller percentage produce 
metastases (Chiang and Massagué 2008). It is well known that 
primary tumors secrete signals (altered proteins) that aff ect, in 
a selective way, specifi c stromal tissue favouring CSCs niche 
(Chiang and Massagué 2008; Witz 2008). Once CSCs colonize 
these conditioned stromas, they may remain for long periods 
of time in a dormant state before activating and producing 
metastases (Kaplan et al. 2006; Wels et al. 2008). This may 
explain the recurrence after apparently curative surgery in 
many cancers. In PCa, when a tumor is diagnosed as localized 
and without clinically evident metastases (medium Gleason 
grades), it is believed that radical surgery is curative. However, 
at this stage many cancer cells may have reached blood 
circulation (according to our results, some of them presumably 
CSCs), colonized lymph nodes or other tissues and entered 
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Figure 3. Representative separation of prostate cancer cells by magnetic-associated cell sorting (MACS). Enriched population of 
prostate cancer stem cells were processed for MACS separation using several stem marker antibody-coupled microbeads. A representative 
positive separation using microbeads coupled to anti-CD44 is shown. A) CD44-negative and CD44-positive cell populations 48 and 72 hrs 
after separation observed under the phase-contrast microscope at different magnifi cation (see size-bars) B) Immunofl uorescence analysis 
for CD44 (green) before MACS (B-M) and after MACS (A-M) separation. Phalloidin (red) for cytoskeleton and DAPI (blue) for nuclei 
staining were used.

a dormant state. These CSCs may be responsible for later 
relapse in those patients. Interestingly, lymph-node and bone 
metastasis showed the lowest expression of CSCs markers. 
This may be explained because in growing metastasis, 
progenitors and malignant diff erentiated cells (originated from 
CSCs) are predominant. 

Generally, prostate CSCs have been involved in EMT 
(Hollier et al. 2009), pre-metastatic niche preparation, relapse 
and metastasis (Drewa and Styczynski 2008; Kelly and Yin 
2008; Takao and Tsujimura 2008). For these reasons, our results 
may represent an important step in the efforts to further 
characterize CSCs from prostate tumors in order to identify 
potential therapeutic targets for selective elimination. Taking 
into account that prostate CSCs have been studied mainly 
in established cell lines, we consider that our PCa explant-
derived culture system is more suitable as a model for the 
study of these CSCs. Nevertheless, the main feature of these 
cells is to induce tumor growth resembling the original cancer 
in a recipient organism. For this purpose, animal models have 
been widely used, but most of them are suitable to study 

tumor growth and local dissemination. To evaluate metastasis, 
orthotopic models have been developed and for PCa, human 
cancer lines have been implanted in the ventral prostate lobe of 
immuno- compromised mice, resulting in rapid tumor growth 
and spreading to distant organs (Celià-Terrassa et al. 2012). 
The main disadvantages of this model are the size of ventral 
lobe and the high grade of local dissemination of malignant 
cells. At present, we have developed a modifi ed orthotopic 
model injecting PCa cells into anterior prostate lobe of NOD/
SCID mice. This model allows the surgical resection of the 
initial tumor and evaluating relapse and further metastasis 
progression. The isolated CSCs from tumor samples are been 
currently evaluated in this model.
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Figure 4. Immunohistochemistry analysis of cancer stem cell markers CD133 and CD44 in prostate cancer biopsies of different 
Gleason grades and metastasis samples. A) CD133 (left) and CD44 (right) immunostaining. BPH: Benign prostatic hyperplasia. LG: 
low histological Gleason grade (grade 2). MG: Medium histological Gleason grade (grade 3). HG: high histological Gleason grade (grade 
4-5) LN: lymph-node metastasis. BM: Bone metastasis. See size-bars for magnifi cation. B) Quantitative analysis of immunostaining using 
Image ProPlus 6.2 software. Data are expressed as percentage of positive area (PA). Different superscripts represent statistical signifi cance 
(p<0.05).
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Figure 5. Immunohistochemistry analysis of cancer stem cell marker ABCG2 in prostate cancer biopsies of different Gleason 
grades and metastasis samples. A) ABCG2 immunostaining. BPH: Benign prostatic hyperplasia. LG: low histological Gleason grade 
(grade 2). MG: Medium histological Gleason grade (grade 3). HG: high histological Gleason grade (grade 4-5) LN: lymph-node metastasis. 
BM: Bone metastasis. See size-bars for magnifi cation. B) Quantitative analysis of immunostaining using Image ProPlus 6.2 software. Data 
are expressed as percentage of positive area (PA). Different superscripts represent statistical signifi cance (p<0.05).
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