
Human Prostate Cancer Initiating Cells Isolated Directly From
Localized Cancer Do Not Form Prostaspheres in Primary Culture

Shuangling Chen*, Lorenzo Principessa, and John T. Isaacs
Chemical Therapeutic Program, The Sidney Kimmel Comprehensive Cancer Center at Johns
Hopkins, Baltimore, Maryland

Abstract
BACKGROUND—Recent experimental studies suggest that hierarchical expansion from a minor
population of cancer cells with an unlimited self-renewal capacity, termed cancer initiating cells
(CICs), drives both lethality and heterogeneity of prostate cancer. Human prostate CICs have been
established from only two primary prostate cancer patients, with the remaining established CIC
lines being derived from metastatic sites from <10 patients. This suggests that the established CIC
lines are significant “outliers” and may not be representative of the prostate CICs seen clinically.
Thus, there is an urgent need to develop new approaches to achieve the “routine” establishment of
CIC containing lines, particularly derived from primary prostate cancers.

METHODS—In the present studies, we confirmed that in serum free, high Ca2+ (i.e., DMEN:
F12) growth factor defined (GFD) media plus androgen, a large (n = 10) series of established
human prostate cancer cell lines derived from both localized and metastatic sites characteristically
self-associate in suspension and grow as unattached spheroids, termed prostaspheres which
contain CICs based upon their self-renewal in vitro and tumorigenicity in vivo.

RESULTS—Unfortunately, however, while dissociated single cells from human primary prostate
cancer tissues are viable, contain CICs as documented by their ability to take and proliferate as
xenografts, and produce prostaspheres when plated with serum free, high Ca2+/GFD-media plus
androgen onto standard tissue culture flask, these prostasphere do not contain CICs.

CONCLUSION—The development of reproducibly methods to culture CICs isolated directly
from localized cancers is still an urgent unmeet need of the prostate cancer research community.
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INTRODUCTION
Prostate cancer is notoriously heterogeneous even when diagnosed initially as localized
disease, being composed of phenotypically diverse malignant cell populations. Indeed, this
tumor cell heterogeneity is the basis for the Gleason Grading system which combines the
scores of the degree of morphological abnormalities of the most common, as well as the
second most common, population of malignant cells within the primary prostate cancer
lesion. Besides morphological heterogeneity, individual prostate cancer sites are also
characteristically heterogeneous for the cellular expression of a series of differentiation
marker [i.e., androgen receptor (AR), prostate specific antigen (PSA), prostate specific
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membrane antigen, and lineage specific cytokeratins]. While it is clear that prostate cancer is
derived from the glandular epithelial compartment, this compartment is likewise composed
of a heterogeneous mixture of morphological distinct cells types, including basal,
intermediate, and luminal-secretory cells [1].

While the normal prostatic epithelial compartment is phenotypically heterogeneous, these
cells are genetically identical being derived from the hierarchical expansion of a series of
progenitors derived from a normal parental epithelial stem cell [1,2]. These stem cells reside
in a tissue specific microenvironmental stem cell niche which allows them to maintain self-
renewal ability and also generate a hierarchically expanding cascade of phenotypically
diverse progeny having only limited self-renewal ability [1,2]. Based upon a growing
knowledge of the role of normal prostate stem cells in both tissue renewal and the
development of normal phenotypic heterogeneity, the characteristic tumor cell heterogeneity
is consistent with the lethality of prostate cancers being the result of the hierarchical
expansion from a minor population of cancer cells with an unlimited self-renewal capacity,
termed cancer initiating cells (CICs). Recent experimental studies have documented that
even though CICs are a minor population of cancer cells, they drive both the lethality and
heterogeneity of the prostate cancer [3–11]. This is because these CICs have unlimited self-
renewal ability while also giving rise to a hierarchically expanding cascade of
phenotypically diverse malignant progeny which have only a limited proliferative ability
even though they share the malignant genotype inherited from their CICs parents [3–11].

During prostate carcinogenesis, AR is transformed from a growth suppressive into a ligand
dependent oncogenic protein directly stimulating the growth of prostate cancer cells [3].
This is because AR is a ligand dependent transcription factor for the expression of
malignancy associated genes, like ETS fusion genes [12]. In addition, AR protein also gains
the ability to be a licensing factor for DNA replication in prostate cancer cells [13,14].
Initially, this malignant growth stimulation requires a physiological level of androgen [i.e.,
testosterone and dihydrotestosterone (DHT)] providing the rationale for why androgen
ablation (i.e., castration) is standard therapy for metastatic prostate cancer [3].
Unfortunately, after a variable period of response, there is progression to a castrate resistant
state which despite secondary approaches to further lower androgen, eventually kills the
patient [15]. Thus, prostate cancer will kill 30,000 US males this year alone [16]. The
progression to this castration resistant state is due to CICs acquiring the novel ability to
generate survival and proliferation signaling without requiring full occupancy of the AR by
its normal cognate ligands [17]. Defining the mechanism for how CICs capture AR as a
ligand dependent oncogenic protein during prostate carcinogenesis and how it eventually
acquires ligand independent signaling during malignant progression is required to develop
successful therapies for both the prevention and treatment of this devastating disease. Thus,
isolating and propagating human prostate CICs from the full spectrum of clinical stages is
more than an academic exercise; it is mandatory so that these cells can be used for such
mechanistic studies.

Attempts to develop methods to isolate and propagate CICs have relied upon using
established human prostate cancer cell lines since these clearly contain CICs based upon
their lethal growth as xenografts in immune-deficient mice. Presently, prostate cancer cell
lines have been established from only one primary prostate cancer from a patient with
localized disease (i.e., E006AA), with the remaining established lines being derived from
one primary prostate cancer (i.e., CWR-22) and from distant sites from <10 patients with
metastatic disease. Thus, there is an urgent need for obtaining additional CIC containing
lines particularly derived from primary prostate cancers. The major limitation for
establishing new CIC driven human prostate cancer cell lines is not in dissociating these
cells from patient specimens in a viable form. Instead the limitations are: (i) inability to
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prevent overgrowth of normal prostatic epithelial and mesenchymal cells also present within
the starting clinical sample, and (ii) the inability to propagate the self-renewing CICs, as
opposed to their more differentiated progeny which have only limited proliferative potential.
Thus more refined methods are needed to propagate prostate CICs from a large series of
prostate cancers patients.

One such refinement is based upon the fact that in serum free-growth factor defined (SFD)
media containing high Ca2+ (i.e., >1 mM), normal human prostate epithelial and
mesenchymal cells attach to standard tissue culture plastic [18,19], but CICs from human
prostate cancer cell lines and from early passage cultures derived from chemotherapy/
radiation recurrent prostate patients do not and instead self-associate in suspension and grow
as non-adherent spheroids, termed prostaspheres [9–11]. Growth of such non-adherent
prostaspheres documents that the CICs have lost contact inhibition which is a fundamental
characteristic of cancer versus normal cells. In the present study, CICs from seven additional
human prostate cancer lines were documented to form prostaspheres when plated onto
standard tissue culture flask in high Ca2+/SFD-media supplemented with androgen. Based
upon these facts, single cell suspensions derived from a large series (n = 72) of radical
prostatectomy specimen were plated onto standard tissue culture flask in high Ca2+/SFD-
media supplemented with androgen in order to fractionate normal contaminating host cells
from human cancer cells by allowing the latter to form prostaspheres. These prostaspheres
were then tested to determine whether they contained self-renewing CICs as documented by
their ability to be continuously propagated in vitro.

METHODS
Cell Lines, Primary Cell Suspensions, and Materials

The history, characteristics, and growth media of all the human prostate cancer lines used in
this study are as reported previously [8][20–23]. Primary prostate cells were isolated from
patients undergoing radical prostatectomy at our institution according to an Institutional
Review Board approved protocol. Briefly, 18-gauge biopsy needle cores (C. R. Bard, Inc.,
Tempe, AZ) of prostate tissue were obtained and a portion of the cores is fixed, paraffin
embedded, sectioned and H&E stained and the stained slides read by Dr. Angelo De Marzo
for pathological confirmation of cancer and for determination of its Gleason Score. The
remaining portion of the cores is initially digested overnight at 37°C in collagenase solution
[0.28% collagenase I (Sigma–Aldrich, St. Louis, MO), 1% DNase I (Sigma), 10% FCS, 1×
antibiotic/antimycotic (Life Technologies-Invitrogen), in RPMI 1640] and then the mixture
centrifuged at 250 × g. The pellet is then re-suspended in PBS containing dithiothreitol
(DTT, 1 mmol/L) and then incubated for 30 min at 37°C (i.e., this step is to reduce the
disulfide bonds of extra-cellular portion of E-cadherin proteins preventing its homotypic
binding between epithelial cells). The mixture is then centrifuged, and the pellet re-
suspended in PBS containing 0.25% trypsin/1 mM EDTA for 30 min at 37°C. The trypsin is
neutralized with 10% FCS, and the cells washed twice in PBS. Cells are subsequently
passed through a cell strainer to ensure a single-cell suspension (BD Falcon, NJ). Ten biopsy
cores yield 2–4 million single cells with >90% cell viability as scored by try-pan blue
exclusion. 500,000 viable cells were plate into standard tissue culture plastic dishes with
either; (i) RPMI-1640 plus 10% FBS (HyClone, Logan, UT) containing 0.1 nM R1881 [i.e.,
non-metabolized synthetic androgen obtained from Perkin-Elmer (Boston, MA)] or (ii) 1:1
mixture of Dulbecco’s Modified Earle’s Media/F12 media (i.e., DMEM/F12) containing 1
mmM Ca2+ supplemented with 500 ng/ml of bovine pituitary extract (BPE), 20 ng/ml of
epidermal growth factor (EGF), and B27 [i.e., which contains insulin, tri-iodothyronine,
corticosterone, retinol, alpha-tocopherol, transferrin, linoleic acid, linolenic acid, selenite,
putrescine, carnitine, glutathione, ethanol-amine, galactose, catalase, albumin, and super
oxide dismutase] (i.e., all from Invitrogen, Carlsbad, CA). Where indicated, cells which

Chen et al. Page 3

Prostate. Author manuscript; available in PMC 2013 February 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



attached using serum free high Ca2+ DMEM/F12 media with DGFs were replated into low
(i.e., <100 μM) Ca2+ serum free keratinocyte-media containing defined growth factors as
described previously [5].

In Vivo Tumor Assays
All animal studies were performed according to animal protocol MO09M434 approved by
the Johns Hopkins Animal Care and Use Committee specifically for this study. In vivo
growth assays were performed as previously described [22]. For subcutaneous injections,
one million cells in 100 μl of 80% Matrigel (BD Biosciences, Sparks, MD) were injected
into the flanks of male NOG-SCID mice which were implanted in the flank with a 1 cm
silastic capsule filled with testosterone as described previously [23]. This size implant
maintains serum testosterone of 2–3 ng/ml [23]. For CWR22 and PC-82 xenograft
inoculations, 20 mg of tissue was injected per mouse. Surgical castration was done as
previously described [23]. Passage of tumor tissue was conducted by mincing the tumor
tissue, passing it through a sterile tissue strainer, washing it in PBS, and re-injecting 50 mg
of tumor in 100 μl of 80% Matrigel.

Cytochemical Staining
Immunocytochemistry for AR, p63, smooth muscle actin, and vimentin was preformed as
described previously [5]. Senescence associated β-galactosidase staining was performed as
described previously [24]. Immunocytochemistry for alpha methyl Co-A racemase (i.e.,
AMCAR) was performed as described previously [25].

RESULTS
Tissue Dissociation Protocol Liberates Proliferation Competent Localized Prostate Cancer
Initiating Cells Plus an Admixture of Normal Cells

Prostate tissue obtained under an IRB approved protocol was harvested from hormonally
naïve patients undergoing prostatectomy for localized prostate cancer. Such tissue harvest
was performed under sterile conditions and multiple cores from the area of cancer taken
using a biopsy needle to increase overall cancer cell yield. A portion of the tissue cores was
processed for pathological and immune-cytochemical analyses to document the extent of
cancer and allow Gleason grading. The remaining tissue was dissociated into single cells
using collagenase digestion, DTT exposure, and then treatment with trypsin/EDTA. Using
these methods, 2–4 million viable cells are routinely harvested from 10 biopsy punches. An
aliquot of these cells was used to determine viability via trypan blue exclusion and to
produce cytospin slides which are then formalin fixed and immunocytochemically stained
for detection of p63 and alpha methyl Co-A racemase (i.e., AMCAR). AMCAR was used
because it is highly detectable only in prostate cancer cells which do not express p63 but not
in normal prostate epithelial, mesenchymal, or infiltrating host cells [25]. Based upon trypan
blue exclusion and lack of p63 expression coupled with positive AMCAR staining (Fig. 1)
more than 80% of the total dissociated cells were viable and 20–90% were prostate cancer
cell. The remaining fraction was composed of a variable admixture of normal prostate
epithelial and mesenchymal cells.

To document that this cell dissociation protocol liberates not only viable but proliferation
competent prostate CICs, dissociated single cells from seven independent patients with
varying Gleason scores from 6 to 9 were mixed with Matrigel. One hundred microliters of
each of these preparations containing one million cells was inoculated into three triple (i.e.,
T, B, and NK cell) immune-deficient adult NOG male mice which were implanted
subcutaneously with a testosterone filled silastic capsule to maintain the serum testosterone
at a level comparable to that in an intact adult human male [i.e., 3–10 ng/ml] [26]. This latter
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point is critical since serum testosterone in the un-supplemented intact adult male NOG mice
varies diurnally from 0.1 to 1 ng/ml (Sedelaar and Isaacs, unpublished data) which is a range
only slightly higher than the serum testosterone (i.e., 0.2 ng/ml) present in an androgen
ablated human male [26]. None of the animals inoculated with any of these primary prostate
cancers developed macroscopically detectable tumors within 6 months. However, in animals
inoculated with dissociated cells from Gleason score 7 or higher primary cancers, these
prostate cancer cells did “take” and survive as documented by histological analysis of the
Matrigel plug. Such histological analysis documented the presence of viable cancer cells
(i.e., AR and PSA positive, but p63 negative), which were surviving and proliferating (i.e.,
Ki67 positive) in NOG mice inoculated with Gleason score 7 or higher cells (Fig. 2).
Interestingly, the growth fraction (i.e., determined as the percent of cancer cells Ki67
positive) was between 2% and 5% in these non-palpable lesions, which is very similar to the
Ki67 index of primary prostate cancer determined on prostatectomy tissue directly from
patients [27]. The lack of detection of macroscopically detectable tumor growth is
explainable if within these histological lesions, the cancer cell death rate is close to that of
its proliferation, such that net growth (i.e., tumor doubling time) is longer than 1 months.
This is because the starting volume of the one million cells inoculated is only 1 μl and thus
it takes at least seven population doublings (i.e., >7 months) for these cancer cells to grow to
a size (i.e., >100 μl) larger than the original volume of the Matrigel plug.

These results document that the protocol used dissociates Gleason score 7 or higher primary
prostate cancer cells into a single cell suspension containing CICs as determined by their
take and proliferation when inoculated into testosterone supplemented NOG male mice. The
characteristically slow net growth rate of these inoculated cells, however, makes using these
xenograft tumors for experimental studies extremely difficult.

Culturing of Unfractionated Localized Prostate Cancer Cell Suspensions in Serum
Containing Media Results in Over growth of Normal Mesenchymal Cells

Based upon this validation of the dissociation protocol and the fact that all of the established
human prostate cancer cell lines containing CICs were established and are maintained in
media supplemented with fetal bovine serum [i.e., FBS] [20], the dissociated admixture of
normal and malignant single cell was resuspended in RPMI-1640 media containing 10%
FBS and placed in standard tissue culture plastic flasks. Over the first several days in such
cultures, cancer cells as well as normal prostate epithelial and mesenchymal cells attach to
the flasks. Within 1–2 weeks, these primary cultures become confluent. Representative
flasks containing such confluent cultures were fixed and immunocytochemically stained for
expression of markers of normal epithelial (i.e., p63+) versus normal mesenchymal cells
(i.e., vimentin+) versus prostate cancer cells (i.e., AMCAR+). These results document that
these culture are composed of islands of malignant cells surrounded by normal epithelial
cells and mesenchymal cells. When unfixed confluent primary cultures containing this
admixture of cell types are treated with Trypsin/EDTA and the resulting single cell mixture
replated into standard tissue culture plastic flasks with RPMI-1640 media containing 10%
FBS, the mesenchymal cells rapidly attach, grow, and become confluent over the next week
(Fig. 3-upper panel). By this second passage, these cultures are composed of >95%
mesenchymal cells based upon the cells being vimentin positive, and p63/AMCAR negative.
Such pure mesenchymal cultures can be serially propagated for 10–12 passages in this
RPMI-1640-10% FBS containing media before undergoing cellular senescence as
determined by expression of senescence associated β-galactosidase.

Since the tissue used to initiate these cultures were all obtained from hormonally naïve adult
male patients and since RPMI-1640 media containing 10% FBS only supplies androgen at
the level of a castrated male [26], this raised the issue of whether the inability to propagate
proliferation competent cancer cells is due to an insufficient level of androgen. Therefore,
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0.1 nM R1881, which is a synthetic non-metabolized androgen, was added to the initial
dissociation media to raise its androgen level to that of an intact male and 0.1 nM R1881
added to the RPMI-1640 plus 10% FBS culture media to test whether this would stimulate
sufficient growth of the malignant cells to prevent mesenchymal cells overgrowth.
Unfortunately, adding androgen to the culture media did not prevent mesenchymal cells
overgrowth.

Established Human Prostate Cancer Cell Lines Characteristically Form Prostaspheres
With Self-Renewal Capacity in High Ca2+/SFD-Media

One approach to prevent overgrowth of the CICs by either normal prostatic epithelial and/or
mesenchymal cells is to fractionate these cells in primary culture based upon their
differential ability to adhere to standard tissue culture plastic when plated in high Ca2+/SFD-
media. This is based upon the demonstration that CICs from human LNCaP, PC-3, and
Du145 prostate cancer cell lines and early passage chemotherapy/radiation recurrent prostate
cancer strains form prostaspheres when plated onto standard tissue culture plastic flasks in
high Ca2+/SFD-media [9–11]. Since these previously tested cell lines/strains were derived
from advanced stages cancers, this raises the issue of whether prostasphere formation also
occurs with CICs from localized cancers. Therefore, five additional advanced stage and two
localized human prostate cancer cell lines were tested for their response to exposure to high
Ca2+/SFD-media [i.e., DMEM/F12 media containing BPE/EGF/B27 supplement] plus
androgen (i.e., 0.1 nM R1881). These lines were chosen because: (i) they have variable
phenotypic and genetic characteristics [20–22] and (ii) all contain CICs as documented by
their tumorigenic ability when xenografted into mice [21,22,27]. As a control for
comparison, the LNCaP, PC-3, and DU145 were also tested. For all of the new lines tested,
approximately 1 in 1,000 cells developed prostaspheres when plated in high Ca2+/SFD-
media plus androgen on standard tissue culture flasks, as did the LNCaP and DU145 (Table
I). By 2 weeks, these non-adherent prostaspheres contained between 50 and 100 cells which
is consistent with a average doubling time of about 48 hr, which is essentially identical to
the doubling time for these human prostate cancer cell lines growing as adherent cultures in
standard serum containing media [28]. Only PC-3 did not form prostaspheres (Table I).
Instead PC-3 cells attached to the flasks. This may be significant since all the other lines
which formed non-adherent prostaspheres are characteristically adenocarcinomas while
PC-3 is characteristic a small cell neuroendocrine carcinoma [29].

When these non-adherent prostaspheres (i.e., termed p1-prostaspheres) were harvested,
enzymatically digested into single cells, and replated, they regenerated non-adherent
prostaspheres in secondary culture (Fig. 4) in all of the adenocarcinomas lines, except VCap
(Table I). In fact, single cells dissociated from previous prostaspheres regenerated
prostasphere formation for more than five serial passages, documenting their self-renewal
capacity. When single cells dissociated from these p5-prostaspheres were replated in
RPMI-1640 media containing 10% FBS, the cells attached to the standard tissue culture
plastic flasks. These attached cells could be serially propagated in the RPMI-1640 media
containing 10% FBS. When such attached cells were harvested and subsequently inoculated
into triple immune (i.e., T, B, and NK cell) deficient NOG mice, all of the lines produced
growing lethal tumors. These combined results document that when placed in SFD-media
with androgen, CICs from established human prostate cancer cell lines derived from all
clinical stages characteristically produce prostaspheres which can be serially propagated
without their loss of self-renewal in vitro or tumorigenic ability in vivo.
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Dissociated Cells From a Subset of Localized Prostate Cancers Form Prostaspheres With
Only Limited Self-Renewal Capacity in Primary Culture in High Ca2+/SFD-Media Containing
Androgen

Based upon the positive previous results with the established human prostate cancer cell
lines, dissociated single cells from a total of 72 Gleason score 6–9 primary prostate cancer
specimens were plated in high Ca2+/SFD-media containing 0.1 nM R1881 into standard
tissue culture flasks. Androgen was added since these cells were derived from hormonally
naïve patients. Within the first several days, a subset of cells attached to the plastic surface
in all 72 primary cultures. Morphologically, the attached cells were of two major types. The
first type of cells were small and more rounded in morphology with the characteristics of
normal human basal epithelial cells [5,8] while the second type of attached cell was
elongated with a fibroblastoid morphology. Over the first 2 weeks in primary culture, only
the attached cells with epithelial morphology grew into discreet adherent colonies. During
this same 2 week period, cells from 43% of the localized prostate cancer patients (i.e., 31 out
of 72) formed unattached prostaspheres in primary culture, with the proportion being more
than twofold greater for Gleason Score 8 and higher cancers (Table II). For the positive
samples, approximately one out of 20,000 cancer cells formed prostaspheres (Fig. 5-upper
panels). These prostaspheres are composed of cancer cells and not normal prostate epithelial
or mesenchymal cells as documented by their lack of expression of p63 (Fig. 5-lower panel)
smooth muscle actin, or vimentin (data not shown).

After 2 weeks, the media was harvested and in the 43% of samples which produced
prostaspheres, these were isolated from the cells attached to the flask. The attached cells
were trypsinized, and an aliquot replated in high Ca2+/SFD-media containing 0.1 nM R1881
into standard tissue culture flasks. When these p-2 attached cells grew to confluence (Fig. 3-
lower panel) they were analyzed for AR, p63, and AMCAR expression. From all of the
samples even if they did not produce prostaspheres, these p-2 attached cells were >90% p63
positive but AR and AMCAR negative documenting that they are normal basal epithelial
cells. This conclusion is also supported by the fact that these p-2 attached normal basal cells
could be passaged only once more at a 1:4 split ratio when maintained in high Ca2+/SFD-
media containing 0.1 nM R1881 into standard tissue culture flasks, but 8–10 times, if shifted
to a low (i.e., <100 μM) Ca2+/SFD-media (i.e., serum free keratinocyte media plus added
DGF) even without added androgen. Such extensive growth before senescing when placed
in low Ca2+/SFD-media is characteristic of normal human prostate basal cells since in this
low Ca2+ media, Notch-1 is constitutively active while E-cadherin is inactivated preventing
contact inhibition [30].

With regard to the cancer p-1 prostaspheres initially isolated after 2 weeks of primary
culture, these were dissociated into single cells and replated in high Ca2+/SFD-media
containing 0.1 nM R1881 into standard tissue culture plastic flasks. Dissociated single cells
regenerated unattached growing prostaspheres in such secondary cultures in 10 of 31 (1:3 of
patient samples which formed prostaspheres in initial culture or 13% of all patient samples
tested). The p2-prostaspheres from four patients with Gleason 9 cancers were dissociated
into single cells and these single cells were re-plated in standard tissue culture plastic flasks
containing either in high Ca2+/SFD-media containing 0.1 nM R1881 or growth factor
defined (GFD) media containing 10% FBS plus androgen. In the high Ca2+/SFD-media
containing 0.1 nM R1881, these single cells regenerated unattached p3-prostaspheres. In
contrast in the GFD media containing 10% FBS plus androgen, single cells from p-2
prostaspheres attached to the culture dish and initially grew. When these attached p-3 cells
were trypsinized and re-plated in GFD-media containing 10% FBS plus androgen, they did
not attach nor form prostaspheres. Likewise, when dissociated cells from the p3-
prostaspheres were re-plated in high Ca2+/SFD-media containing 0.1 nM R1881, they did
not regenerate p4 prostaspheres. These results document that the cells in primary
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prostaspheres derived from localized prostate cancers have only a limited self-renewal
capacity (i.e., they are not CICs).

Dissociated Cells From Prostate Cancers Xenografts Also Form Prostaspheres in Primary
Culture in High Ca2+/SFD-Media Containing Androgen With Only Limited Self-Renewal
Capacity

It is unexpected that when dissociated cancer cells from 72 localized prostate cancers were
tested, none formed prostaspheres in primary culture containing self-renewal CICs. This
raises the issue of whether this is due to the fact that none of these cancers contained CICs
and thus are “incidental” cancers with no lethal potential. Along these lines, in one screening
study, 48 men had to be treated to save one man with locally detected prostate cancer [31].
On the other hand, in appropriately one-third of radical prostatectomized patients, the cancer
recurs documenting its tumorigenic behavior [32]. Combining these clinical data suggests
that in at least a subset (i.e., 1:3) of the localized prostate cancers tested, CICs are present
but are not incorporated into prostaspheres using the high Ca2+/SFD-media protocol. To
resolve this possibility, PC-82 and CWR-22 human prostate cancer xenografts derived from
localized prostate cancer from two independent hormonally naïve patients were used as the
test tissue specimens. These cancers are not established cell lines but are serially
passageable as tumorigenic xenografts in mice documenting that they contain self-renewing
tumorigenic CICs. Both lines are androgen responsive, growing when initially inoculated
into androgenized, but not castrated adult male mice [33,34].

Enzymatically dissociated single cells from these PC-82 and CWR-22 xenografts were
separately plated in standard tissue culture plastic flasks with high Ca2+/SFD-media
containing 0.1 nM R188. Androgen was added since the xenografts are highly androgen
dependent for their take and subsequent growth in vivo. In this serum free-androgen
containing media, one in 10,000 of unattached malignant cells formed prostaspheres. After 2
weeks in culture, these primary p-1 prostaspheres (Fig. 6-upper panels) were isolated,
dissociated, and replated in serum free-androgen containing media where they again
regenerated unattached p-2 prostaspheres. These p-2 prostaspheres were dissociated into
single cells and replated in serum containing media to allow the attachment of the cells. The
results of these studies documented that in the presence of serum, the cells attached and
grew (Fig. 6-lower panels). These adherent cells were passaged and cells from each of these
passage two adherent cultures were co-inoculated with Matrigel into androgen supplemented
immune-deficient NOG male mice, but no palpable cancers developed even when followed
for more than a year. At that time, histological examination of the residual Matrigel plug did
not document even microscopically detectable prostate cancer cells surviving. This in vivo
lack of tumorigenicity by the p-2 adherent cells was likewise coupled with an inability to
serial passage these cells in vitro (i.e., cancer cells attached to the plastic in the third passage
but the attached cells did not proliferate). These results documented that primary
prostaspheres lack self-renewal capacity and thus do not contain CICs even when starting
with a single cell suspension documented to contain CICs based upon their ability to
produce lethally growing cancers when xenografted in mice.

DISCUSSION
Despite large numbers of tissue specimens processed (i.e., >several hundred) by several
dozen independent groups over the last 30 years, human prostate cancer cell lines have been
established from only two primary prostate cancer patients (i.e., CWR-22 and E006AA),
with the remaining established lines being derived from metastatic sites from <10 patients.
All of the presently available established human prostate cancer cell lines were originally
established with and are maintained in 10% FBS containing medium whose Ca2+ is between
650 and 1,860 μmol/L [5,20–22]. When such 10% FBS containing media is used to culture
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dissociated single cells from primary human prostate cancer specimens, there is a rapid
overgrowth of normal mesenchymal cells which nearly universally prevents successful
establishments of new cell lines. This suggests that the cancer cell lines which have been
established are significant “outliers” and may not be representative of the prostate
adenocarcinomas seen clinically. Thus, there is an urgent need to develop new approaches to
achieve the “routine” establishment of CIC containing lines, particularly derived from
primary prostate cancers.

One approach that has become popular for culturing dissociated single cells from human
prostate cancer tissue is to use a serum free-growth factor defined (SFG)-media containing a
low (i.e., <260 μmol/L) level of calcium since such media prevents growth of mesenchymal
cells [5,30,35,36]. When single cell suspensions of malignant human prostate tissue are
culturing in such low Ca2+/SFD-medium, however, only normal basal epithelial cells grow
producing adherent basal cell cultures which can be serially passaged for 8–10 times before
undergoing proliferative senescence [5,30,35,36]. In contrast, this low Ca2+/SFD-medium
prevents adherence to the tissue culture surface of prostate cancer cells and thus these cells
undergo anoikis [5,30]. Importantly, however, if under such serum free conditions the Ca2+

level is high enough (i.e., >1 mM), CICs from human prostate cancer cell lines and from
early passage cultures derived from chemotherapy/radiation recurrent prostate patients do
not attach when plated onto standard tissue culture plastic flasks, but instead self-associate
in suspension and grow as unattached prostaspheres [9–11]. The presence of CICs in these
prostaspheres is documented by their self-renewal capacity in vitro and their tumorigenicity
in vivo [9–11].

In the present studies, we confirmed that in such serum free, high Ca2+ (i.e., DMEN/F12)
GFD media plus androgen, a large series of human prostate cancer cell lines established
from both localized and metastatic sites characteristically form prostaspheres which contain
CICs based upon their self-renewal in vitro and tumorigenicity in vivo. Unfortunately,
however, while dissociated single cells from human primary prostate cancer tissues are
viable, contain CICs as documented by their ability to take and proliferate as xenografts, and
produce prostaspheres when plated onto standard tissue culture flask in serum free, high
Ca2+/GFD-media plus androgen, these prostasphere do not contain CICs. Thus, the
development of reproducibly methods to culture CICs isolated directly from localized
cancers is still an urgent unmeet need of the prostate cancer research community.
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Fig. 1.
Alpha methyl Co-A racemase immunocytochemical staining of a representive cytospin from
a dissociated single cell suspension from a Gleason 7 localized prostate cancer.[Color figure
can be seen in the online version of this article, available at http://wileyonlinelibrary.com/
journal/pros]
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Fig. 2.
H&E histology (upper panels), AR (middle-left panel), p63 (middle-right panel), PSA
(lower-left panel), and Ki67 (lower-right panel) immunocytochemical staining of xenograft
tissue at 4 month post inoculation of a Gleason 7 human prostate cancer. [Color figure can
be seen in the online version of this article, available at http://wileyonlinelibrary.com/
journal/pros]
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Fig. 3.
Morphology of dissociated single cells from radical prostatectomy specimen growing in
RPMI-1640 plus 10% FBS (upper panel) versus cells growing in serum free high calcium
DF media plus defined growth factors (lower panel).
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Fig. 4.
Morphology of prostaspheres formed by CWR22Rv1 cells (upper panel) and E006AA cells
(lower panel) in serum free high calcium DF-media containing defined growth factors and
androgen.
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Fig. 5.
Morphology of prostaspheres (upper panels) formed in primary culture of dissociated single
cells from two different radical prostatectomy specimens in serum free high calcium DF-
media containing defined growth factor plus androgen. Prostaspheres were dual stained with
DAPI (i.e., DNA stain) to identify cell nuclei (lower-left panel) and rabbit anti-p63
antibody/alexa red labeled anti-rabbit antibody to detect p63 expression (lower-right panel).
[Color figure can be seen in the online version of this article, available at http://
wileyonlinelibrary.com/journal/pros]
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Fig. 6.
Morphology of prostaspheres formed when dissociated single cell from CWR22 (upper-left
panel) and PC-82 (upper-right panel) xenograft tissue was plated into serum free high
calcium DF-media containing defined growth factors plus androgen. Morphology of
CWR22 (lower-left panel) and PC-82 (lower right panel) which attached to flask when
single cells were dissociated from prostaspheres and replated in serum containing media.
[Color figure can be seen in the online version of this article, available at http://
wileyonlinelibrary.com/journal/pros]
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TABLE II

Percentage of Dissociated Single Cells From Radical Prostatectomy Samples Which Formed Prostaspheres in
High Calcium/SFD-Media Based Upon Gleason Score

Gleason score of sample 6 7 8 9

Number of samples 19 21 17 15

Number forming spheroids 4 (20%) 6 (29%) 11 (65%) 10 (67%)

Racemase statining 20–90% Positve staining
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