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al and 1 integrins enhance the homing and differentiation
of cultured prostate cancer stem cells
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Abstract

CD133" prostate cancer stem cells (PCSCs) have recently been identified in human prostate cancer tissues. The
present study reports the integrin profile of prostate cancer progenitor cells and the role of o, and B, integrins in
the homing and differentiation of PCSCs in vitro. PCSCs were isolated from the tissue specimens of patients with
prostate cancer and the expression of surface integrins and adhesion patterns were determined. Our analysis of the
expression of surface integrins and their adhesion patterns of prostate cancer stem cells derived from prostate cancer
tissues revealed that the levels of B, and o, integrins were significantly higher (P < 0.05) than those of the other
integrins. By contrast, peripheral blood-derived CD133" cells from prostate cancer patients showed a high level of
expression (P < 0.01) of a,B, a3, atPs, B; and o, integrins and a minimal expression of a,,f, integrins. Moreover,
CD133" cells derived from both prostate cancer tissues and peripheral blood exhibited an increased degree of attach-
ment to extracellular matrix proteins (P < 0.001) and a high expression level of o,f, integrin. In vitro experiments
using blocking antibodies indicated that ¢, and {3, integrins have a role in the homing and differentiation of PCSCs.
This is the first report to suggest the importance of integrins in mediating the homing and differentiation of PCSCs.
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1 Introduction

Prostate cancer is a major public health concern
in many industrialized countries. It is predominantly
a disease of elderly men, with its incidence increasing
steeply in the seventh decade of life. Recent studies
have indicated that a subpopulation of cells, cancer
stem cells (CSCs) [1], is present in prostate cancer.
CSCs are capable of self-renewal and are responsible
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for tumour maintenance and metastasis [2-8]. CSCs
can be isolated by observing their ability to efflux
Hoechst 33342 dye [9] and are referred to as the ‘side
population (SP)’. A previous report [10] has indicated
that these cells express MDR1. A transmembrane gly-
coprotein, CD133 (prominin-1), was first recognized
in CD34" progenitor populations from adult blood,
bone marrow and foetal liver cells [11-14]. Recently,
CD133 has been found to be an important marker for
a subpopulation of CSCs in leukaemia, brain tumours,
retinoblastomas, renal tumours, pancreatic tumours, co-
lon carcinomas, prostatic carcinomas and hepatocellular
carcinomas [15]. However, the mechanism underlying
the homing and differentiation of CSCs from prostate
tumours remains unclear.

The ex vivo expansion of stem cells using extracel-
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lular proteins such as fibronectin and laminin enhances
the homing and differentiation of these cells and also
promotes the up-regulation of B, integrins [16]. Pros-
tate tumour cells have a markedly different surround-
ing matrix compared with normal prostatic cells and,
therefore, changes that occur in the integrin profile may
be functionally related to tumour metastasis and growth
[14]. The altered integrin expression profile and ex-
tracellular matrix (ECM) environment that is present
in metastatic prostate cancer is likely to affect cell mi-
gration. Integrin-activated signalling molecules, such
as focal adhesion kinase (FAK), phosphatidylinositol
3-kinase (PI 3-kinase) and members of the extracellular
signal-regulated kinase 1 and 2 mitogen-activated pro-
tein (ERK1 and 2/MAP) kinase family [15, 17], have
been shown to be involved in cell migration. Further
study of alterations of the signalling pathways that are
controlled by integrins will contribute to a better un-
derstanding of the underlying mechanisms that support
metastasis establishment [18, 19].

Prostate cancer stem cells (PCSCs) predominantly
express CD133, MDR1 and Oct-4 and are found in the
prostate cancer tissues and also in the peripheral blood
of prostate cancer patients [20, 21]. Understanding the
homing, adhesion and differentiation characteristics of
PCSCs may have significant implications for the deve-
lopment of novel drugs for the treatment of prostate
cancer. The full integrin profile of human PCSCs and
the ECM proteins that form an adhesion platform for
these cells is currently unknown.

2 Materials and methods

All normal and prostate cancer tissues were
obtained from volunteers in Sri Krishna City Hospital,
Krishna (District), Andhra Pradesh, India. The study
was approved by the Institutional Ethics Committee/
Institutional Review Board of Sri Krishna City Hospital.

2.1 Isolation of the population of CD133" cells from
prostate tissue biopsy specimens

Normal prostate tissues were collected from mul-
tiple organ donors who suffered accidental deaths.
Organ donor samples from accidental death victims
were removed after obtaining consent from next of kin.
In all cases, the normal prostate tissues were free from
prostate intraepithelial neoplasia and cancer on histo-
logical examination. CD133" cells were isolated from
the prostate tissue of controls (prostate-specific antigen

levels < 4 ng mL™") and cancer patients (prostate-specific
antigen levels > 4 ng mL™") who were 60-70 years of age.
Biopsy samples from both control (n = 6) and prostate
cancer patients (n = 10) were digested with a trypsin-
collagenase mixture (Sigma, St. Louis, MO, USA) to
dissociate the cells. The CD133" cells were selected
using magnetic beads and analysed for the presence of
CD133 (AC133; Miltenyi Biotech, Bergisch Gladbach,
Germany). The purity of CD133" in the sorted samples
was routinely higher than 96%. The CD133" cells were
also used for integrin profile analysis. The immunola-
belling of CD133 was performed in prostate cancer
tissues using a monoclonal CD133/1 antibody (AC133,
Miltenyi Biotech) conjugated to biotin, and avidin-
fluorescein isothiocyanate (FITC) was used to detect
the biotin-CD133/1 antibody. The expression profile
of the androgen receptor in these cells was studied
by flow cytometry using a FITC-labelled rabbit anti-
human androgen receptor antibody (Sigma), and the
expression profiles of CD44 and p53 were characterized
using an avidin-labelled rabbit anti-human CD44 anti-
body (Pharmingen, San Jose, CA, USA) and an avidin-
labelled rabbit anti-human p53 antibody (Roche, Man-
nheim, Germany) using the western blot method.

2.2 Isolation of a CD133" cell population from peri-
pheral blood samples

Mononuclear cells were isolated from the blood
samples of control (n = 6) and prostate cancer patients
(n = 10) using a Ficoll gradient (Biocoll 1077; Sigma).
The cells were selected for CD133 expression on a
magnetic column using magnetic beads and were then
tested for the presence of CD133 (AC133). The purity
of CD133" cells in the sorted samples was routinely
higher than 94%. The CD133" cells were also used
for integrin profile analysis. The expression profile
of CD133 was assessed using a monoclonal CD133/1
antibody (AC133) conjugated to biotin, and avidin-
FITC was used to detect the biotin-CD133/1 antibody.
The expression profile of the androgen receptor was
studied by flow cytometry using an FITC-labelled rabbit
anti-human androgen receptor antibody (Sigma), and the
expression profiles CD44 and p53 were characterized
by western blot analysis using an avidin-labelled rabbit
anti-human CD44 antibody (Pharmingen) and an avidin-
labelled rabbit anti-human p53 antibody (Roche).

2.3 Analysis of cell-surface integrins
Fluorescence-activated cell sorter (FACS) analysis
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was performed to identify fluorescently labelled cell-
surface integrins, including FITC-labelled monoclonal
anti-human o, FITC-labelled monoclonal anti-human
o, B3, FITC-labelled monoclonal anti-human o,fs,
FITC-labelled monoclonal anti-human a,f,, phyco-
erythrin (PE)-labelled monoclonal anti-human {3,, PE-
labelled monoclonal anti-human 3, and PE-labelled
monoclonal anti-human o,f3, (all were procured from
Pharmingen) in prostate tissue-derived and peripheral
blood-derived CD133" cells from both control and
prostate cancer patients. The same expression profile
was analysed in the prostate cancer cell lines PC-3 and
DU-145, as well as in freshly isolated peripheral blood-
derived mononuclear cells from both control and pros-
tate cancer patients.

2.4 Culturing prostate tissue-derived and peripheral
blood-derived CD133" cells

The CD133" cells that were derived from periph-
eral blood and from the prostate tissues of prostate
cancer patients were cultured on plates coated with
fibronectin (50 pg mL™") and laminin (50 pg mL™") in
Iscove’s modified Dulbecco’s medium containing bo-
vine serum albumin (2 mg mL™"), bovine transferrin
(200 pg mL™"), human insulin (10 ng mL™"), hydro-
cortisone (2 umol L), hepatocyte growth factor (HGF)
(20 ng mL™"), and GM-CSF (granulocyte-monocyte col-
ony-stimulating factor) (20 ng mL™). Cells were cul-
tured in serum-free basal medium (all from PeproTech
Asia, Rehovot, Israel) for 7-10 days, at which point
half of the medium was replaced with fresh medium
every other day. The cultured cells were trypsinized
and analysed for the expression profiles of the androgen
receptor, prostate specific antigen, CD57, FAK and o3,
using an FITC-labelled rabbit anti-human androgen
receptor antibody, an FITC-labelled rabbit anti-human
prostate-specific antigen antibody, a rabbit anti-human
FAK antibody (all procured from Sigma), a rabbit anti-
human CD57 clone NK-1 antibody (Pharmingen) and
a rabbit anti-human B-actin antibody (Sigma). In some
experiments, blocking rabbit anti-human o, (3 pg mL™)
and B, antibodies (3 ug mL™") were used to block o, and
f3, antigens in cell culture.

2.5 In vitro adhesion of CD133" cells to fibronectin
and laminin

The adhesion capacities of prostate cancer tissue-
derived and peripheral blood-derived CD133" cells to
ECM proteins were analysed on coated 24-well plates

in vitro. CD133" cells were stained with cell tracker
green CMFDA (5-chloromethylfluorescein diacetate)
(CTG; 1 pL per 4 mL media; Molecular Probes, Eu-
gene, OR, USA) and plated at a density of 2 x 10° cells
per well. After 1 h of incubation at 37°C, unattached
cells were removed by washing with phosphate buft-
ered saline for 4 min, and the number of attached cells
was estimated by measuring the fluorescence of each
well by hemocytometer counting [5, 22].

2.6 Western blot analysis to determine CD44, p53,
CD57, FAK and B-actin expression levels

The isolated cells from control and prostate cancer
patients’ biopsy specimens were lysed with sodium
dodecyl sulphate sample buffer containing 1 mmol L™
orthovanadate, and the samples were then processed for
western blotting [8]. Expression of CD44, p53, FAK,
CD57 and B-actin was detected in CD133" cells derived
from normal and prostate cancer patients’ biopsies.
Avidin-labelled rabbit anti-human CD44 (Pharmin-
gen), avidin-labelled rabbit anti-human p53 (Roche),
rabbit anti-human FAK (Sigma), rabbit anti-human
CD57 clone NK-1 (Pharmingen) and rabbit anti-human
B-actin (Sigma) antibodies were used to detect protein
expression profiles by Western blot analysis.

2.7 Flow cytometry

A total of 5 x 10° cells out of freshly isolated cells
from patient biopsies and peripheral blood samples were
stained by incubation with 50 uL of diluted primary an-
tibodies at 4°C for 45 min. The cells were washed with
1% phosphate buffered saline with Tween-20 for 4 min
and stained with secondary antibody, then washed again
for 4 min. They were then fixed with 0.2% paraformal-
dehyde for 30 min at room temperature. The primary
antibodies used in the study were biotin-labelled CD133
(Miltenyi Biotech), FITC-labelled monoclonal anti-
human «,, FITC-labelled monoclonal anti-human a3,
FITC-labelled monoclonal anti-human o5, FITC-
labelled monoclonal anti-human o,f3,, PE-labelled
monoclonal anti-human f3;, PE-labelled monoclonal
anti-human f3,, PE-labelled monoclonal anti-human
4B, FITC-labelled rabbit anti-human CD57 clone
NK-1, and rabbit-anti human o, and ,. The secon-
dary antibodies used in this study were anti-biotin-PE
and streptavidin-FITC (all procured from Pharmingen),
FITC-labelled rabbit anti-human androgen receptor, and
FITC-labelled rabbit anti-human prostate-specific anti-
gen (both procured from Sigma). Cells were analysed

@ Asian Journal of Andrology | http://www.asiaandro.com; aja@sibs.ac.cn



on a customized BD FACSCalibur™ flow cytometer
(BD Biosciences, San Jose, CA, USA) using filters of
530/28 BP for FITC and 575/26 BP for PE and a 488-nm
argon laser to excite both PE and FITC.

2.8 Statistical analysis

Data were analysed by one-way ANOVA followed
by Dunnett’s ¢-test using GraphPad InStat version 3.05
(GraphPad software Inc., San Diego, CA, USA). All
P-values < 0.05 were considered to be statistically sig-
nificant.

3 Results

3.1 Isolation and characterization of prostate tissue-
derived CD133" cells

CD133" cells were isolated from prostate tissue
samples of six control and ten prostate cancer patients.
To characterize isolated CD133" cells from control and
prostate cancer patients, flow cytometry and Western
blot analysis were used to detect the expression profile
of prostate cancer markers. The immunolabelling of
CD133 revealed a difference in the expression level
of CD133 between the prostate tissues of control and
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prostate cancer patients (Figures 1A and B). A high
percentage (97%) of CD133" cells were isolated from
the prostate cancer tissues and peripheral blood (PC-
CD133") of prostate cancer patients (Figures 1C and D).
The analysis of the expression levels of CD44 and p53
in both prostate cancer tissues and peripheral blood-
derived CD133" cells indicated that CD44 was up-
regulated and p53 was down-regulated (Figures 1E and
F). In contrast to this, CD133" cells derived from nor-
mal prostate tissues had low levels of CD44 expression
and high levels of p53 expression (Figures 1E and F).
However, the level of expression of the androgen recep-
tor in both the prostate tissue- and peripheral blood-
derived CD133" cells of prostate cancer patients was
low (Figures 1G and H).

3.2 Integrin profile of prostate tissue- and peripheral
blood-derived CD133" cells

Prostate tissue-derived CD133" cells exhibited a
high level of expression of {3, integrin (P < 0.05), a
moderate level of expression of ¢, integrin, low level
of expression of o, 3; integrin, and no expression of the
oPs, Bar B and auP, integrins (Table 1). By con-
trast, peripheral blood derived-CD133" cells exhibited
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Figure 1. Characterization of prostate cancer stem cells. (A) and (B): The immunolabelling of CD133 in normal and prostate cancer
tissues, which was stained with FITC (green). Nuclei were labelled with DAPI (blue). Scale bars = 50 pm. (C) and (D): The purity of
CD133" cells isolated from the prostate cancer tissue (PC) and the peripheral blood (PB). (E) and (F): The expression profiles of CD44,
p53 and B-actin in the prostate tissue and peripheral blood of both control and prostate cancer patients. (G) and (H): The expression
profile of androgen receptor (AR) in CD133" cells isolated from prostate cancer tissues and the peripheral blood. In each case, the filled
histogram represents an isotype-matched IgG control antibody. Histograms were analyzed with the intensity of the detected signal on
the x-axis and the number of counts (cells) on the y-axis. Experiments were performed for each antibody on at least five separate occa-

sions ("P < 0.05, compared with the respective IgG control).

http://www.asiaandro.com; aja@sibs.ac.cn | Asian Journal of Andrology @



@

Integrins in prostate cancer
Satyanarayana Rentala et al.

552

Table 1. Integrin profile of prostate tissue and peripheral blood-derived CD133" cells, prostate cancer cell lines and the mononuclear

cells of control and prostate cancer patients (mean + SEM).

Tntegrin Prostate-derived Peripheral blood-derived PCa cell lines Mononuclear cells
name CD133" cells (%) CD133" cells (%) (%) (%)
Controls PCa patients Controls PCa patients PC-3 DU-145 Controls PCa patients
a, 150£5.6 85.0+3.2 18.0£4.6 94.0+4.1" 89.0£3.1 90.0+2.3 91.0+£4.3 90.0 + 2.6
B, 27.0+7.4 95.0+1.8"  21.0+5.5 97.0+£ 15  90.0+56  89.0+6.1  93.0+32  940+17
a B, 11.0+2.7 40.0 £ 8.6 10.0 £3.7 93.0 £3.6" 50.0+4.5 49.0+3.6 70.0 +4.7 68.0+£5.1
a B 10.0£3.1 10.0+£3.2 12.0+2.2 95.0 £4.1" 52.0+3.8 51.0+34 72.0+5.1 71.0+7.6
a,p, 8.0+2.6 95 .0+1.3 13.0£3.6 90.0 + 1.6" 58.0+5.6 54.0+2.6 65.0+6.1 60.0+3.2
o,B, 10023 17.0+4.1 17.0+4.7 30.0+£3.2 61.0+£24 60.0 £6.5 79.0 +4.1 80.0+2.6
B, 7.0+£42 20.0+5.6 10.0£4.6 26.0+3.1 41.0+£2.9 44.0 = 8.6 40.0+5.3 23.0+£6.7
Abbreviation: PCa, Prostate cancer.
'P<0.05,“P<0.01, compared with the control.
a high level of expression of a,f,, a.,Bs, oPBs, B, and A 100
o, integrins (P < 0.01) and minimal expression of o, = =
integrin (Table 1). Cells from the prostate cancer cell g 75
lines PC-3 and DU-145 as well as mononuclear cells E
expressed f3, integrin, which differentiated these cell © 50
types from those listed above (Table 1). 3 .
G 25t *
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of o, and B, integrins in the attachment of CD133" cells derived cells derived cells
to ECM proteins, we added rabbit anti-human o, and B, B 16 C s
blocking antibodies to 810 days culture of tissue and
peripheral blood-derived CD133" cells (Figure 2A). 9 wp,-PC 384 B PB
Collins et al. [19] suggested the role of a,B; in adhe- § 64 g 256
sion of CD133" prostate cancer stem cells. To support © ©
the data, the expression profile of o,p; prostate cancer 2 128
tissue-derived and peripheral blood-derived CD133" o 0 ]
10° 107 10¢ 10° 10¢ 100 1 108 10 10

cells in culture is shown in Figures 2B and C.

3.4 Role of a;and B, in differentiation of CD133" cells

To investigate the role of o, and B, integrins in the
differentiation of CD133" cells, we used blocking rabbit
antihuman al and B1 blocking antibodies in 8-10 days
culture of prostate cancer tissue- and peripheral blood-
derived CD133" cells and checked for differentiation.
The differentiation markers, androgen receptor, pros-
tate-specific antigen, focal adhesion kinase (FAK) and
CD57 were down-regulated upon blocking with a; and
By antibodies separately and in combination in cultured
cells. The results are shown in Figure 3.

FITC-flucrescence intensity FITC-fluorescence intensity

Figure 2. Adhesion properties of CD133" cells to extracellular ma-
trix proteins. (A): Data regarding the adhesion of prostate cancer
tissue- and peripheral blood-derived CD133" cells to extracellular
matrix (ECM) proteins in the presence of various anti-integrin
antibodies (o, B, and o, + B,) as compared with an IgG control
antibody (3 pg mL™" of each antibody) ("P < 0.001, compared with
the respective IgG control). (B) and (C): The expression profile
of a,f, integrin in the prostate cancer tissue (PC)- and peripheral
blood (PB)-derived CD133" cells with the respective immu-
noglobulin IgG control antibody. In each case, the filled histogram
indicates the isotype-matched IgG control antibody. Histograms
were analyzed with the intensity of the detected signal on the x-
axis and the number of counts (cells) on the y-axis.
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Figure 3. The role of integrins in the differentiation of CD133"
cells. The expression levels of the androgen receptor, and pros-
tate-specific antigen in prostate cancer tissue-derived (A) and
peripheral blood-derived (B) CD133" cells were induced to dif-
ferentiate with cytokines for 8-10 days in the presence of various
anti-integrin antibodies (a;, B, and a,; + B,). These results were
compared with those obtained using an IgG control antibody
(3 ug mL™" of each antibody). Results are expressed as mean
+ SEM ('P < 0.01, compared with the respective control). The
expression of differentiation markers (CD57 and focal adhesion
kinase) and a control (B-actin) indicate that prostate tissue-de-
rived cancer stem cells (C) and peripheral blood-derived prostate
cancer stem cells (D) had differentiated into prostatic epithelial
cells.

4 Discussion

A distinct surface integrin expression profile of
CD133" cells derived from prostate cancer tissues
and peripheral blood was observed in this study and
is shown in Table 1. Our previous studies [20, 21] in-
dicated that 80%-90% of prostate cancer tissue- and
peripheral blood-derived CD133" cells were also posi-
tive for MDR1, which is also expressed in the ‘side
population’ of progenitor cells. These CD133" cells
have also been shown to be involved in cell adhesion to
specific ECM proteins such as fibronectin and laminin.
This may have implications for our understanding of in
vivo cancer stem cells and for the development of novel
cellular targets for the treatment of adenocarcinoma
of the prostate. The components of the prostate tis-
sue that are involved in the homing of cancer cells are
currently unknown. Homing may involve the exit of
progenitor cells from the circulation [11-13] followed
by their attachment to ECM proteins and incorporation
into surrounding tissues. Integrins are known to have a
key role in mediating the attachment between prostate-
derived progenitor cells and ECM proteins, as well as
in potentiating cell differentiation, migration and proli-
feration. In vitro models suggest that different progeni-
tor cells express several integrins in common that have
potentially overlapping matrix-binding characteristics,
and indeed, the constituents of the matrix environment
are a strong determinant of specific integrin—-ECM
interactions [15, 17, 20]. High levels of expression
of a, and B, integrins, which are known facilitators of
fibronectin binding, were found in prostate cancer tis-
sue- and peripheral blood-derived CD133" cells in our
present study. These integrins are likely to be involved
in the interaction between CD133" cells and fibronectin.
Indeed, our CD133" cells binding data support this con-
cept, as the addition of anti-f3, and a, integrin-blocking
antibodies led to considerable inhibition of the binding
of prostate tissue-derived CD133" cells to fibronectin.
The use of blocking anti-human o, and f, antibodies in
CD133" cells led to considerable interference (P < 0.001)
of the ability of these cells to adhere to ECM proteins,
such as fibronectin and laminin. On the contrary, only a
0%—2% interference was observed in the ECM adhesion
capabilities of CD133" cells derived from normal non-
cancerous prostate tissues (data not shown) after the ad-
dition of these blocking antibodies. Differentiation of
CD133" cells was found to be inhibited in the presence
of B, and a, integrin blocking antibodies. Flow cytom-
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etry and western blot analysis indicated that the expres-
sion of the androgen receptor, prostate-specific antigen,
CD57 and FAK was inhibited in the presence of block-
ing antibodies. Prostate tissue-derived CD133" cells
lacked notable expression of o,f; and o, f3; integrins,
which have been shown to have a key role in angiogen-
esis, whereas peripheral blood-derived CD133" cells
strongly expressed these integrins at higher levels. To-
gether, these data suggest a difference in the underlying
mechanism of the integrin—matrix binding interaction of
prostate cancer tissue-derived CD133" cells compared
with peripheral blood-derived CD133" cells. Figures
2B and C shows that expression of a,3, was up-regu-
lated in cultured peripheral blood- and prostate tissue-
derived CD133" cells. Moreover, the a,f, integrin,
which is a significant mediator of collagen binding, was
expressed at high levels in both peripheral blood- and
prostate tissue-derived CD133" cells. Collins et al. [19,
23] suggested that o,B," progenitor cells from prostate
tissues later became differentiated into androgen recep-
tor-positive prostate cancer cells. Further studies are
required to elucidate the role that o,f, integrin in pros-
tate cancer tissue-derived and peripheral blood-derived
CD133" cells have in cell signalling pathways. It has
been previously shown that the tyrosine phosphoryla-
tion and activation of pp125FAK, in association with 3,
and o, integrins, are both increased when integrins bind
to ECM proteins. This binding triggers cytokine induc-
tion followed by the differentiation of CD133" cells into
prostatic epithelial cells that express CD57, androgen
receptor and prostate-specific antigen. We believe that
the interaction between integrin molecules and ECM
proteins is responsible for the increased attachment and
differentiation capacities of prostate cancer tissue- and
peripheral blood-derived CD133" cells. However, in
vivo experiments are required to determine whether or
not the phenotype of in vivo tumour-initiating cells is
comparable to the in vitro phenotype.

5 Conclusion

In summary, we were able to identify and isolate a
population of cells from prostate tissues that is highly
enriched for a phenotype that is consistent with that of
a CSC, which appears to have attachment and differen-
tiation capabilities that allow these cells to recapitulate
the original tumour phenotype. The tumour hetero-
geneity and attachment of 3, and o, integrins to ECM
proteins that occur in human prostate cancer appear to

be a consequence of the differentiation of tumour cells
from androgen receptor-negative stem cells to androgen
receptor-positive prostate cancer epithelial cells. This
study provides evidence that prostate cancer can origi-
nate from CD133-enriched cells that express o, and 3,
integrins, which are responsible for the regulation of
cellular attachment to ECM and cellular differentiation.
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