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Mutation within the adult human stem cell (SC) compartment has been proposed as a factor in the initiation 
and promotion of carcinogenesis. Isolation of these cancer stem cells (CSCs) has proven diffi cult, limiting their 
subsequent phenotypic, functional, and genetic characterization. We have used the Hoechst 33342 dye effl ux 
technique to isolate an epithelial side population (SP) from genitourinary (GU) cancers, which is enriched for 
cells with SC traits. With informed consent, samples were taken from patients with primary tumors and under-
going surgery for prostatic (CaP), invasive bladder transitional cell (TCC), and renal cell carcinomas (RCC). 
Single cell epithelial suspensions were extracted from these and incubated with Hoechst 33342. Hoechst SP/
non-SP profi les were then generated by fl ow cytometry using standardized protocols. SP/non-SP cell cycle status 
was established by Hoechst 33342 and Pyronin Y staining. Immunocytochemistry staining was performed for 
markers suggested as stem markers as well as lineage-specifi c markers. Functionality was determined using 
colony-forming assays and long-term monolayer culture. A characteristic verapamil-sensitive SP was isolated 
from all 3 urological malignancies and represented 0.57% ± 0.11% (CaP), 0.52% ± 0.49% (TCC), and 5.9% ± 0.9% 
(RCC) of the total epithelial population. Cell cycle analysis showed that the SP had enhanced numbers of cells in 
G0 as compared to the total cell population (CaP 12.4% ± 3.2 vs. 3.8% ± 1.0, RCC 23.2% ± 3.4 vs. 1.8% ± 0.9, and 
TCC 28.5% ± 4.9 vs. 4% ± 1.3). Immunocytochemistry demonstrated an increased expression of proliferative and 
putative stem markers within the SP fraction. Cultures confi rmed signifi cant enhancement of colony-forming 
ability and proliferative capacity of the SP fraction. A characteristic SP enriched for stem-like cells has been iso-
lated from the 3 most common urological malignancies. This provides strong evidence that Hoechst 33342 effl ux 
is a conserved and unifi ed mechanism in GU cancer.

Introduction

The adult tissue-specific stem cell (SC) is believed to 
be present in most human tissues and is defi ned by the 

specifi c properties of self-renewal, clonogenicity, and pluri-
potentiality [1–3]. SCs are thought to play a key role in organ-
ogenesis as well as the homeostasis and repair of tissues. 
Despite their proliferative potential, SCs usually remain 
quiescent within their niche, constituting only a small frac-
tion of the total cellularity of a tissue [4]. By the process of 
asymmetric division these primitive cells produce an iden-
tical copy of themselves, thus maintaining their own status, 
as well as a daughter cell that divides into numerous inter-
mediate cell types termed “committed progenitors” or the 

transit-amplifying population (TAP). Whilst having a lim-
ited phenotypic potential, the TAP expands the numbers of 
cells for which the differentiation pathway is now already 
determined and is responsible for generating the population 
of terminally differentiated cells of the mature tissue.

The attribute of self-renewal, in combination with their 
intrinsic growth potential, makes SCs relevant to carcino-
genesis [5,6]. The cancer stem cell (CSC) theory has gained 
popularity and it is postulated that CSC arise from the 
direct mutation of normal SCs or that dedifferentiation of 
the TAP leads to its constituent cells regaining the proper-
ties of self-renewal [7,8]. Accurate identifi cation and isolation 
of such CSCs would afford the opportunity to determine the 
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(10 mM), O-phosphorylethanolamine (1.4 mg/L), triiodothy-
ronine (0.68 μg/L), sodium pyruvate (0.5 mM), HEPES (10 
mM), bovine serum albumin (BSA) (0.02%), and FCS (5%). 
Transitional cell carcinoma (TCC); Ham’s F12 medium with 
1% fetal bovine serum, 5 × 10−8 M sodium selenite, 10−4 M 
ethanolamine, 2.7 mg/mL d-(+)-glucose, 2 mM l-glutamine, 
10−4 M nonessential amino acids, 10 μg/mL insulin, 5 μg/mL 
transferrin, 1 μg/mL hydrocortisone, and antibiotics and 
antimycotics (100 IU/mL penicillin, 100 μg/mL streptomy-
cin, and 0.25 μg/mL amphotericin B in 0.85% saline). Wash 
buffer was made from phosphate-buffered saline (PBS) with 
1 mM EDTA and 1% BSA. Hoechst buffer consisted of HBSS 
with 10% FCS, 2% d-glucose, and 1% HEPES.

All samples were analyzed and sorted using a Becton 
Dickinson FACSVantage SE Flow Cytometer. A BroadPass 
424/44 fi lter was used to measure Hoechst red along with 
a 675/20 BroadPass fi lter to measure Hoechst Blue (Omega 
Optical, Brattleboro VT).

Methods

Sample preparation

Samples were collected with full ethical approval from 
consenting patients undergoing channel transurethral 
resection of the prostate (TURP) for adenocarcinoma of the 
prostate, radical cystectomy for TCC, and radical nephrec-
tomy for RCC. Eleven specimens from each malignancy 
were obtained for analysis. Samples were fi nely diced and 
digested overnight in type 1 collagenase solution (200 U/mL 
in RPMI 1640 media with 2% FCS). Representative samples 
were sent to confi rm each diagnosis histologically. The sam-
ples were washed with wash buffer, resuspended in RPMI 
1640, and differentially centrifuged (360g, 1 min, no brake) 
to separate the epithelial cells from the fi broblast and stro-
mal cells.

Hoechst 33342 staining and 
fl uorescence-activated cell sorting (FACS)

Live cells were isolated using Optiprep density gradient 
medium (60% iodixanol [w/v] in water) and suspended in 
Hoechst buffer at a concentration of 1 × 106 cells/mL. CD45-
FITC (1:500) and 5 μM Hoechst 33342 dye were added and the 
cell suspension incubated on a shaker-plate (5 Hz) at 37°C for 
90 min. An identical sample was prepared with the addition 
of 50 μM of verapamil. A control sample was also prepared 
using mouse IgG-FITC (1:500) and 5 μM Hoechst 33342. After 
75 min, Pyronin Y (0.5 ng/mL) was added to the samples used 
for cell cycle analysis. These samples were then returned to 
the shaker-plate and incubated for a further 15 min.

The samples were then washed in ice-cold Hoechst buffer 
before being placed on ice and taken for immediate analy-
sis on the FACSVantage Flow Cytometer. The live, CD45−ve 
SP cells were identifi ed, isolated, and collected in Hoechst 
buffer, along with live, CD45−ve non-SP (NSP) cells for use as 
a comparative control.

Immunocytochemistry

After FACS sorting, live CD45−ve SP and NSP cells were 
centrifuged at 800g for 5 min and resuspended in PBS to 
a concentration of 104 cells/mL. Ten microliters of this cell 

underlying mechanisms of disease, with the ultimate aim 
of developing novel diagnostics, prognostics, and targeted 
treatments.

Previously, the expression of cell surface markers has been 
used as the method of SC and CSC enrichment. Individual 
tissues often display specifi c markers, though expression is 
not consistent between tissues and no one common marker 
has been identifi ed to date. Much effort has therefore been 
made to identify enriched SC populations based on their 
physical and physiological properties. One such mechanism 
for SC isolation is to exploit a cytoprotective mechanism 
possessed by noncommitted SCs. SCs express ATP-binding 
cassette (ABC) and multidrug resistance (MDR) effl ux 
pumps and thus are able to remove toxic metabolites and 
xenobiotics from the interior of the cell. This survival advan-
tage is clearly benefi cial to the organ or tissue as it is the 
SC that would survive and be able to repair and repopu-
late an injured tissue. In the case of CSCs, these cells would 
potentially have greater resistance to therapy, a feature that 
could predispose to disease resistance and/or recurrence. 
The DNA-binding dye Hoechst 33342 is affected by this 
process, with stem-like cells retaining the ability to effl ux 
this chemical using the ABC/MDR mechanism. Cells able to 
effl ux Hoechst 33342 therefore appear to the bottom left cor-
ner of a dual parameter fl uorescence-activated cell sorting 
(FACS) analysis as a Hoechst 33342low side population (SP) 
[9]. Goodell et al. [10] developed this technique to identify 
a population of cells from the mouse hematopoietic system 
that was able to actively effl ux cytotoxic agents (such as the 
Hoechst 33342 dye) as well as showing increased prolifer-
ative and self-renewal capacity. Subsequent work (reviewed 
by Challen and Little [11]) has identifi ed an SP in various 
human solid tissues including prostate [12,13], breast [14], 
skeletal muscle [15,16], intestinal tract [17], liver [18], and 
brain [19].

We have applied the Hoechst 33342 dye effl ux technique to 
the 3 most common urological malignancies, prostate, blad-
der, and renal cancers, to determine whether SP cells could 
be identifi ed and their functional phenotype characterized.

Materials

All materials were sourced from Sigma-Aldrich (Poole, 
UK) apart from: RPMI 1640 and fetal calf serum (FCS) 
(Cambrex BioSciences, Verviers, Belgium), collagenase type 
1 and trypsin (Lorne Laboratories, Twyford, UK), Hanks’ 
balanced salt solution (HBSS), HEPES, Keratinocyte Serum-
Free Media, Dulbecco’s Modifi ed Eagle’s Medium (DMEM), 
insulin-transferrin-selenium, Hoechst 33342 (Invitrogen, 
Paisley, UK), and Optiprep (Axis-Shield Diagnostics 
Limited, Dundee, UK). Individual culture media was pre-
pared for each tissue type using the following recipes. 
Prostate carcinoma [20]; cholera toxin (100 ng/mL), GM-CSF 
(1 μg/mL), leukocyte inhibitory factor (2 ng/mL), and SC 
factor (20 mg/mL), added to keratinocyte serum-free media 
treated with 0.005 μg/mL of human epithelial growth fac-
tor, 0.05 mg/mL of bovine pituitary extract, antibiotics, and 
antimycotics (100 IU/mL penicillin G sodium, 100 μg/mL 
streptomycin sulfate, and 0.25 μg/mL amphotericin B in 
0.85% saline). Renal cell carcinoma (RCC); equal volumes 
of DMEM and Ham’s F12 media with insulin (200 μg/L), 
transferrin (100 μg/L), selenium (25 nM), hydrocortisone 
(18.2 μg/L), epidermal growth factor (1 μg/L), ethanolamine 
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Statistical analysis

A 2-tailed paired t-test was used to determine statistical 
signifi cance during analysis. A signifi cance level of P < 0.05 
was used.

Results

Identifi cation of a side population (SP) in Hoechst 
33342 fl ow cytometry profi les

The fl ow cytometer defi ned gates to ensure the required 
populations were analyzed. First, the live population was 
gated with the characteristic dead cells (small cell size and 
low cell granularity) appearing to the left of a plot of forward 
against side scatter (Fig. 1A). To ensure there was no contam-
ination by SCs from coexistent lymphocytes, the pan-leuko-
cyte marker CD45 was used and the second gate applied to 
exclude the CD45+ve population (Fig. 1B). The cytoprotective 
ABC and MDR effl ux pumps that remove toxic metabolites 
and xenobiotics from the interior of the cell are inactivated 
by verapamil. The accurate defi nition of the SP tail is con-
fi rmed by its verapamil sensitivity (Fig. 1C). Characteristic 
Hoechst 33342 red/blue fl ow cytometry profi les have been 
successfully produced for CD45−ve cell populations from all 
3 genitourinary malignancies. The SP tail contains those 
cells that are able to effl ux the Hoechst 33342 dye, and as 
such display low red and blue fl uorescence on a red/blue 
dual parameter plot. The SP comprised 0.57 ± 0.11%, 0.52 ± 
0.49%, and 5.9 ± 0.9% of the total epithelial populations of 
carcinoma of the prostate (CaP), TCC, and RCC, respectively 
(Fig. 1D). The CD45−ve SP and NSP populations were subse-
quently collected for phenotypic and functional analysis.

Phenotype of SP and NSP populations

With the exception of the immunocytochemical mark-
ers β-Catenin and Cleaved Notch in TCC, and PAX-2 in 
CaP, all other putative SC markers were enriched in the 
SP compared with the NSP (Table 2). The markers p21 and 

suspension were placed into each of 12 individual wells on a 
poly-l-lysine-coated slide. The cells were fi xed in 4% formal-
dehyde and permeabilized in methanol at −18°C. Cells were 
blocked with 10% serum and 0.3% H2O2 and stained with pri-
mary antibodies against putative SC markers, lineage mark-
ers, or with isotype control antibodies (see Table 1). Primary 
antibodies were labeled with biotinylated secondary anti-
body and avidin DH/biotinylated horseradish peroxidase 
complex (Vectastain EliteABCkit; Vector Labs, Burlingame, 
CA). Cells were developed by the addition of DAB substrate 
for 5 min and counterstained with hematoxylin. Slides were 
then counted with an Olympus BX51 microscope with a 40× 
objective lens.

Long-term monolayer culture

Following FACS sorting, cells were placed in Falcon T25 
tissue culture fl asks in appropriate media as described in 
the Materials section. Forty-eight hours prior to the cells 
being seeded, STO cells were irradiated with a single frac-
tion of 50 Gy and seeded in the Falcon T25 culture fl ask at a 
density of 106 cells/fl ask.

The cells were then incubated in 5% CO2 in air at 37°C 
and cultured until confl uent. The number of cells in each 
fl ask was counted prior to a 1 in 4 split and recultured in T25 
tissue culture fl asks. This was repeated until proliferation 
ceased, at which point “duration in culture” and “number of 
serial passages” were recorded.

Colony-forming efficiency assays

During FACS sorting, live CD45−ve SP cells were placed 
into individual wells of a 96-well plate, containing a feeder 
layer of irradiated (50 Gy) STO cells and 150 μL of growth 
media. A corresponding plate of NSP cells was also pre-
pared. The plate was then placed in 5% CO2 in air at 37°C 
and left for 7 days, following which 100 μL of the growth 
media was discarded from each well and replaced with 
fresh media. After a further 7 days, the plates were removed 
and colonies (>32 cells) counted.

Table 1. The Antibodies Used for Immunocytochemistry Staining of the 
Cells Obtained From Each Tissue, Along With Respective Controls and 

Secondary Antibodies

Antibody Host animal Dilution Secondary antibody Control

p21 Mouse 1:10 Rabbit anti-mouse Mouse IgG
p27 Mouse 1:40 Rabbit anti-mouse Mouse IgG
Beta-catenin Rabbit 1:50 Swine anti-rabbit Rabbit IgG
Cleaved notch Rabbit 1:50 Swine anti-rabbit Rabbit IgG
Musashi-1 Mouse 1:2000 Rabbit anti-mouse Mouse IgG
Pax-2 Rabbit 1:500 Swine anti-rabbit Rabbit IgG
Notch-1 Goat 1:50 Rabbit anti-goat Goat IgG
Controls
 IgG Mouse 1:100 Rabbit anti-mouse
 IgG Rabbit 1:1000 Swine anti-rabbit
 IgG Goat 1:1000 Rabbit anti-goat
Secondary antibodies
 Rabbit anti-mouse 1:40
 Swine anti-rabbit 1:40
 Rabbit anti-goat  1:40   
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signifi cantly enriched for Sonic hedgehog (Shh) in only TCC, 
the marker was highly expressed in the other 2 tissues and 
signifi cance levels were close to the P < 0.05 level. None of 
the individual markers were signifi cantly enriched in the SP 

Musashi-1 (Msi-1) were signifi cantly raised in RCC and CaP 
and were close to signifi cance in TCC though the level of P 
< 0.05 was not reached. The SP was signifi cantly enriched 
for p27 and PAX-2 in RCC and TCC. Whilst the SP was 
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FIG. 1. Flow cytometry density plots demonstrating the process of gate defi nition and the identifi cation of live cells (a), 
CD45−ve selection (b), verapamil-sensitive SP region identifi cation (c), and SP and NSP epithelial cell populations (d) isolated 
from carcinoma of the prostate (CaP), renal cell carcinoma (RCC), and transitional cell carcinoma (TCC).

Table 2. The Differential Expression of Immunocytochemical Stem Cell Markers in the SP and NSP Isolated 
From Each of the Three Genitourinary Malignancies

 

RCC CaP TCC

SP NSP

P

SP NSP

P

SP NSP

P
Mean 
(%)

SD 
(%)

Mean 
(%)

SD 
(%)

Mean 
(%)

SD 
(%)

Mean 
(%)

SD 
(%)

Mean 
(%)

SD 
(%)

Mean 
(%)

SD 
(%)

p21 48 5 16 4  0.005* 44 6 25 5   0.022* 9 3 2 0  0.063
p27 79 8 44 16   0.018* 18 6 11 3 0.210 12 1 4 2  0.039*
Beta-catenin 79 12 55 10 0.186 50 6 16 5   0.010* 55 19 53 6  0.828
Cleaved notch 80 11 12 8   0.004* 31 4 11 3   0.032* 36 9 52 3 0.136
Msi-1 4 1 0 1    0.009* 4 1 1 1   0.035* 10 2 4 3 0.170
PAX-2 62 7 20 2   0.009* 33 10 33 6 0.920 55 15 17 6  0.044*
Shh 72 12 36 15 0.064 34 6 16 4 0.089 58 15 22 7   0.018*
Notch 1 63 10 33 14 0.143 41 9 16 5   0.071* 1 2 0 0  0.422

The mean percentage of cells positive for the various markers, as compared with the relevant isotype control antibodies, is shown along 

with the standard deviation. The level of signifi cance for the differential expression between SP and NSP is reported. *Signifi cant P values.

Abbreviations: CaP, carcinoma of the prostate; RCC, renal cell carcinoma; TCC, transitional cell carcinoma; SP, side population; NSP, 

non-side population.
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of cells in G0 in the entire CD45−ve cell population (Fig. 2A) 
compared with the SP tail (Fig. 2B). Results showed that the 
SP from all 3 malignancies had enhanced numbers of cells in 
G0 (CaP 3.8% ± 1.0 of total vs. SP 12.4% ± 3.2, P = 0.01, RCC 
1.8% ± 0.8 of total vs. SP 23.2% ± 3.4, P = 0.002, and TCC 4% 
± 1.3 of total vs. SP 28.5% ± 4.9, P = 0.003).

Discussion

The traditional stochastic theory of cancer suggested 
that any cell within a tumor population had the potential 
ability to proliferate extensively and induce carcinogene-
sis (reviewed by Ward and Dirks [21]). The life span of such 
cells is comparatively low and it seems unlikely that a dif-
ferentiated cell would survive long enough to receive the 
necessary number of mutations required for carcinogenesis 
and tumor formation. Many investigators now favor the SC 
theory of cancer [7]. The relative quiescence and prolonged 
life span of the stem population means the cells are exposed 
to multiple potential carcinogenic events and therefore are 
more likely to develop oncogenic mutations, which are 
maintained by asymmetric division and consequently long-
term self-renewal [22,23]. Furthermore, the ability of SCs/
CSCs to produce a number of phenotypically distinct lin-
eages offers explanation for the observed heterogeneity of 
tumors. Failure to treat the mutated CSC adequately results 

across all 3 tissue types. Furthermore, variation in the abso-
lute expression of markers is evident between different tis-
sue types (Table 2).

Functional assessment of SP characteristics

Four samples from each tumor type were selected for 
functional analysis to determine the SP’s potential for col-
ony-forming ability and proliferation capacity compared to 
non-SP cells. Compared with the NSP, the SP demonstrated a 
statistically signifi cant 6.42, 5.77, and 4.21-fold enhancement 
in colony-forming ability: CaP (P < 0.001), RCC (P < 0.001), 
and TCC (P = 0.004), respectively. The duration of culture 
was signifi cantly greater in the SP in all 3 cell types; cultures 
lasted 2.70, 1.60, and 3.28 times longer in the SP of CaP (P = 
0.018), RCC (P = 0.033), and TCC (P = 0.002). A signifi cantly 
increased number of serial passages was possible with the 
SP successfully being passaged 2.88 times more than NSP 
cells in CaP (P < 0.001), 3.14 times in RCC (P < 0.001), and 
3.72 times in TCC (P = 0.039). (Data summarized in Table 3.)

Cell cycle analysis

Four samples from each tumor were used for the determi-
nation of cell cycle status. Flow cytometry plots of Hoechst 
Blue (FL-5) against Pyronin Y (FL-2) were constructed. Each 
of the plots reveal 2 columns of cells representing the nor-
mal (n) and twice normal (2n) DNA copy number evident 
just prior to cytokinesis. The cells in G0 sit below the hori-
zontal line drawn from the lowest extremity of the 2n col-
umn across to the y-axis and therefore are defi ned as cells 
with a normal (diploid) DNA copy number and low RNA 
content. Analysis was performed to determine the number 

Table 3. Results of the Functional Analysis of the 
Live, CD45-Depleted SP and NSP

 

SP NSP
Fold 

enhancement P valueMean SD Mean SD

Colony-forming ability (%)
CaP 34.0 6.9 5.3 1.0 6.43 <0.001
RCC 27.1 2.3 4.7 1.3 11.78    0.004
TCC 16.0 2.8 3.8 1.0 4.21    0.004
Duration of culture (days)
CaP 73 10.2 27 9.8 2.70    0.018
RCC 67 12.1 42 4.7 1.60    0.033
TCC 56 7.2 17 3.6 3.29    0.002
Number of cell passages
CaP 8.8 1.7 2.8 0.9 3.14 <0.001
RCC 9.5 1.9 3.3 1.3 2.88 <0.001
TCC 9.3 2.6 2.5 2.0 3.72    0.039

The mean stem cell characteristics of colony-forming ability, 

duration of culture, and total number of cell passages are reported 

with standard deviation (SD) for each of the 3 tissues types. For 

each tissue type, the mean result for both SP and NSP cells, along 

with the fold enhancement between the populations and the P 

value generated from a Student’s two-tailed t-test.

Abbreviations: CaP, carcinoma of the prostate; RCC, renal cell 

carcinoma; TCC, transitional cell carcinoma; SP, side population; 

NSP, non-side population.
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FIG. 2. Flow cytometry plots illustrating cell cycle analy-
sis for each of the 3 tissue types. The (a) plots demonstrate 
fl ow cytometry plots of Hoechst 33342 Blue (FL-5) against 
Pyronin Y (FL-2) for the entire live CD45−ve cell population. 
Low levels of RNA (low Pyronin Y staining) are indicative 
of quiescent cells in G0 phase and are highlighted by the box. 
The (b) plots show the CD45−ve SP cells only. Again the box 
in this column denotes the quiescent cells. The number of 
cells in G0 is expressed as a percentage of the total cell num-
ber for that particular population and the SP and total live 
CD45−ve percentages are then compared.
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as it suggests that cells that effl ux Hoechst 33342 are not 
SCs whereas SP cells (which have effl uxed Hoechst 33342) 
are enriched for SCs. It is known though that ABCG2 is not 
solely responsible for the effl ux of Hoechst 33342 (indeed, 
only a fraction of the SP cells express ABCG2) with other 
ABC transporters, such as MDR-1, MRP-1, and ABCA2 also 
playing an important role. It would appear likely that the 
ABCG2− cells within the SP use other ABC transporters to 
effl ux Hoechst 33342, hence their Hoechstlow state. It is rec-
ognized that the SP is heterogeneous, so although the lack of 
ABCG2 expression cannot be used solely to identify SCs, it 
may be useful to further enhance the SP for cells with stem-
like characteristics.

Our group successfully applied the Hoechst 33342 dye 
effl ux assay to solid tumors by investigating the prostate 
[12,13] and we now have extensive experience of the tech-
nique in determination of the SP in both normal and malig-
nant epithelial populations. We have previously reported 
functional and phenotypic characterization of the prostatic 
SP, demonstrating enrichment for cells with SC characteris-
tics and have, with others, gone on to apply this methodol-
ogy to normal human renal cell populations isolated from 
RCC patients [29,30]. We have also subsequently identifi ed 
an SP profi le in a bladder cell population [31]. An important 
feature of this work is not only the demonstration that the 
SP profi le enriches signifi cantly for cells with proliferative 
potential or that a large proportion of these cells are in the 
G0 phase, but also that this property is a conserved feature of 
all 3 of the most common genitourinary malignancies.

The Hoechst 33342 dye effl ux technique is a useful assay 
in the isolation of putative SCs and acts to support the SC 
theory of cancer within such malignancies. One concern 
raised about the Hoechst 33342 dye effl ux technique is that 
Hoechst 33342 is cytotoxic, so cells which are having high 
intracellular Hoechst 33342 concentrations may display 
poor performance in culture due to poor cellular viability 
due to the cytotoxic effects of the Hoechst 33342. We, and 
others using the Hoechst effl ux technique [28], have found 
that cells treated with Hoechst 33342 have similar viability 
to untreated cells. We have demonstrated using primary 
human cell populations in vitro that the SP is enriched for 
cells with the characteristics of clonogenicity, enhanced pro-
liferative capacity, and long-term self-renewal. We acknowl-
edge that further work is required using in vivo systems to 
demonstrate asymmetric division and serial tumor repopu-
lation studies in animals. However, ultimately the Hoechst 
33342 dye effl ux assay provides strong evidence that the 
SP process is a unifi ed mechanism in normal GU tract tis-
sue and their associated cancers, and as such may play an 
important role in the development of novel diagnostic, prog-
nostic, and treatment strategies in these cancers.

Conclusion

A distinct subpopulation enriched for SC characteristics 
has now been isolated from the 3 most common urological 
malignancies. In vitro, these cells have enhanced growth 
potential, have a high proportion of cells in G0, and they are 
enriched for known stem markers. Although these fi ndings 
require further validation in in vivo systems, they do pro-
vide further evidence that the CSC may reside within this 
population and that the multidrug resistance pathways, 
which underpin the Hoechst 33342 dye effl ux technique, 

in a persistent potential for disease recurrence as the CSC 
has the ability to repopulate the entire tumor.

Identifi cation and subsequent isolation of the rare SCs/
CSCs have proven diffi cult. Cell surface antigens repre-
sent one method of SC detection and isolation. However, no 
single marker has been elucidated to date that can be used 
consistently through different tissue types. As can be seen 
from our results, although the SP is signifi cantly enriched 
for many of the putative markers in 1 or 2 tissue types, there 
was no consistent elevation of any single marker in all tissue 
types. For example, CD133 has been proposed as a marker 
for prostatic SCs [20], though other studies have suggested 
that CD133 is not present in bladder mucosal cells [24], so it 
would appear it cannot be used universally. The markers we 
have used to phenotype the SP cells have been previously 
proposed to be elevated in enriched stem-cell-like popula-
tions, but it is clear that no one marker can be used in all 
tissues.

Recent work has identifi ed a population of CD44+/
α2β1high/CD133+ cells from prostate cancer tissue [20] and 
these cells have been shown to have increased tumorigenic 
properties consistent with CSC-like behavior. However, other 
groups have demonstrated that CD44+/α2β1high/CD133+ 
prostate cells behaved similarly to CD44+/α2β1low/CD133+ 
cells [25], casting doubt on the role of α2β1 as a marker for 
SCs. Equally, some work has suggested that whilst CD133+ 
cells from renal tissue are more proliferative than CD133− 
cells and have greater colony-forming potential, they did 
not display the signifi cant self-renewal potential expected of 
SCs [26]. Work from our group has also shown the CD133+ 
cells can be cultured from selected CD133− cells in renal tis-
sue [27], suggesting that even if CD133 is a marker for SCs 
in prostate cells, it probably represents a more mature cell in 
renal tissue.

At present there is no single, cross-tissue SC marker and 
for many of the markers proposed in individual tissues there 
are doubts as to whether they are markers of SCs or instead 
markers of early progenitor cells. For this reason our group 
looked to explore different methods of identifying putative 
stem populations. The Hoechst 33342 dye effl ux assay in 
genitourinary (GU) tissue allows the isolation of an enriched 
population with similar characteristics to those gained from 
the hematological system [10]. The fundamental method-
ological principal is that the greater the ability of a cell to 
effl ux toxic metabolites (including Hoechst 33342 dye), the 
more primitive its lineage. It is hypothesized that those cells 
at the distal SP tail, which are the most effi cient at effl uxing 
the Hoechst 33342 dye, may represent a SC-enriched popu-
lation. We have demonstrated that side populations can be 
obtained from both normal and cancerous solid tissue from 
the human GU tract. Furthermore, these SP cells can be iso-
lated and cultured, when they show a generally quiescent 
population with the potential for proliferation.

Recent work has shown that SP cells isolated from a vari-
ety of cancer cell lines, including several cells from prostate 
cancer, display similar properties of enrichment for stem-
like properties [28]. However, this group did demonstrate 
that cells lacking lineage markers and ABCG2 (1 of the trans-
membrane glycoproteins thought to be responsible for the 
effl ux of the Hoechst 33342 dye) showed greater expression of 
Notch-1, SMO, and Oct-4, had greater self-renewal potential, 
had greater proliferative potential but were slower cycling 
than Lin−/ABCG2+ cells. This would appear contradictory 
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potentially provide new therapeutic targets for the treat-
ment of these important cancers.
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