
Abstract. Background: The basal compartment of the
prostatic acinus harbors stem and basal cells, whereas the
luminal compartment contains cuboidal and columnar cells.
Mutation in the genes of stem cells is required for benign
(normal) prostate to develop into prostatic adenocarcinoma.
Stem/basal cells survive androgen deprivation therapy in
humans and castrated mice to repopulate glandular cells by
proliferation when stimulated by androgen. We hypothesized
that using different embedding and staining methods, it would
be possible to identify two types of stem cells in human
prostate by localization of CD133. Materials and Methods:
Prostate biopsy or prostatectomy pieces from 13 untreated and
eight diethylstilbestrol-treated men with prostate cancer were
sectioned, stained by methylene blue and CD133 was localized
by immunogold technique. Results: Methylene blue stained
basic proteins in dark basal cells, but not in light cells. Light
basal cells expressed androgen receptors and dark cells
estrogen receptors. Light and dark cells expressed CD133,
indicating them to be stem cells. Light stem cells produced the
lineage of columnar/cuboidal cells. Estrogen-dependent dark
cells produced a lineage of columnar/cuboidal cells, that also

expressed estrogen receptors. Conclusion: Our analysis
indicates that stem/basal cells are privileged cells in the basal
compartment. Stem cells are not under the regulation of
steroid hormones, whereas their lineage of cuboidal/columnar
cells are. The lineage of androgen-dependent cells are
columnar/cuboidal cells and the lineage of estrogen-dependent
cells are also columnar/cuboidal cells. Epon-embedding and
methylene blue staining showed two types of CD133-positive
stem cells in prostate. Paraffin sections did not show two types
of stem cells in prostate and bone marrow leukemia cells. Our
study indicates the continuity of embryonic stem cells into
adult prostate as organ-specific stem cells. To our knowledge,
this is the first study to identify two types of stem cells in
human prostate.

Stem cells are critical in embryos for the development of an
organ (such as prostate, breast) and they are essential for
replenishing adult prostatic glandular cells and malignant
tissues (1-3). Basal and luminal compartments were
identified in normal (benign) prostate and prostate cancer
(PC) (4, 5). We determined that the basal compartment
harbors basal/stem cells, and possibly niche cells, and the
luminal compartment contains columnar/cuboidal cells and
neuroendocrine cells (4, 5). Stem cells reside in the basal cell
compartment (3-5). About 1% of human basal cells in human
prostatic epithelium express the stem cell marker CD133 (4,
5). Many studies have identified and characterized PC stem
cells using a variety of markers (such as CD44, CD133, α2-
B-1-integrin and E-cadherin (4, 6, 7). CD133 is the most
common marker used for identifying stem cells (5, 8). These
studies identified a single type of PC stem cell on frozen
cryostat and paraffin-embedded prostate tissue sections by
immunohistochemical or immunofluorescence techniques
using the above markers (2, 5, 6, 9). Stem cells are a subset
of basal cells and function as a reservoir of self-sustaining
stem cell type (3, 10, 11). Basal cells are less differentiated
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than stem cells (unpublished observation). Prostatic stem
cells proliferate to replenish the columnar/cuboidal cells
when they are lost due to sloughing, or cell death in the
acinar lumen (2, 4, 9, 10). 

Stem cells differentiate to produce luminal compartment
columnar/cuboidal cells which are prostatic secretory cells (2,
5, 11, 12). Stem cells in adult prostate proliferate and
repopulate partially differentiated or fully differentiated
columnar/cuboidal cells in benign (normal) and malignant
prostate (13). The basal compartment also contains niche cells
(12). Basal/stem cells are usually associated with the niche
cells, but their exact function or origin are unknown. They
might function like Sertoli cells found in testis. The luminal
compartment contains differentiated cuboidal/ columnar and
neuroendocrine cells, whereas the stroma contains muscle
cells and fibroblasts (2, 4, 9). Differentiated cells of benign
prostate lack an unlimited potential for proliferation, whereas
gene mutation in stem cells can impart the potential for
unlimited proliferation in cancerous cells. Our analysis of the
above literature indicates that the basal compartment provides
a privileged area for stem/basal cells in the prostate. 

Specific agents which can induce mutation of prostatic
stem cells are unknown, but mutation may be due to specific
molecules in prostatic secretion, environmental toxins/
chemicals, viruses (such as TRIM5 alpha), all supplied to the
prostate by the capillaries around the acinus (Figure 1). 

Several steroid hormones (androgen, estrogen and
progesterone) and their receptors regulate functions of
prostatic cells in the luminal compartment and in PC (14-17).
The amount and ratios of these hormones and their receptors
differ in steroid-dependent normal prostate and breast and
their cancers, and other steroid-dependent organs (such as
uterus, cervix). Prostate and PC have a preponderance of
androgens and androgen receptors, much as breast tissue and
its cancer have a preponderance of estrogens and estrogen
receptors. Estrogen has been found in prostate (14, 18) and
other tissues (15-17), but its role in prostate and PC has not
been accepted by the supporters of the androgen dependence
of prostate (19, 20). Methylation of estrogen receptor in PC
was found to be correlated to tumor progression (21).
Androgen deprivation therapy (ADT) and diethylstilbestrol
(DES) treatment lead to degeneration and sloughing of
cuboidal/columnar cells, but not of stem and basal cells in
human prostate (2, 9, 22). Likewise, castration of mice and
rats leads to degeneration and sloughing of glandular cells,
but not of stem/basal cells (23, 24). When stem cells are
stimulated by androgen, they repopulate the glandular
cuboidal/columnar cells (24). Our previous study indicated
that when androgen is removed/reduced by ADT, the role of
estrogen emerges because the inhibitory effect of androgen
is greatly diminished (23). We hypothesized that by using
different embedding and staining methods followed by
localization of CD133 as a stem cell marker using

immunogold techniques, it might be shown whether there is
more than one type of stem cell in prostate and PC. 

Materials and Methods
Areas suspected of PC were biopsied or removed by radical
prostatectomy from untreated and DES-treated patients. Prostate
specimens were submitted to the Pathology Service at the
Minneapolis Veterans Affairs Medical Center (VAMC). After
diagnosis of cancer, the pathologist provided tissue pieces for this
study. Patients in our study had not received any hormone treatment,
or chemotherapy, prior to biopsy or surgery. Biopsy or
prostatectomy specimens were collected between 1972 and 1975 at
the VAMC. We received 13 samples from untreated patients, eight
from patients treated with DES alone or DES plus Provera and four
from benign prostatic hyperplasia cases. All samples were collected
according to the VAMC and the University of Minnesota Review
Board guidelines. The authors appointment required dual approval.
No University of Minnesota specimens were used in this study. 

Clinical details of all DES-treated patients were published
elsewhere (22). The DES treatment of cases ranged from 37 days to
18 years and 9 days (22, 23). The age of DES-treated patients
ranged from 53 to 86 years, with a mean±standard error of
69.37±2.83 years. The age of untreated patients ranged from 58 to
79 years, with a mean±standard error of 70.54±3.60 years.

Briefly, prostate pieces were fixed in a combination of
paraformaldehyde and glutaraldehyde (18, 22, 23). After washing,
pieces were post-fixed in 1% to 2% buffered osmium-tetroxide,
washed and dehydrated in graded ethanol, and then embedded in
Epon 812 as previously described (22). Sections were graded by Drs.
Donald F. Gleason and Nancy A. Staley, former staff pathologists of
the Minneapolis VAMC. Patients had PC with pathological grade III
and IV tumors, which are comparable to Gleason histological scores
6 to 10 (25). Clinical stages were B-D (26).

Monoclonal antibody against CD133 was kindly provided by Drs.
John Ohlfest and. S. K. Swaminathan (University of Minnesota,
Minneapolis, MN, USA). This antibody was characterized by them
and was found suitable for localization of CD133 in neuroblastoma
(27) and human prostate (22). We used CD133 antibody on formalin-
fixed, paraffin-embedded sections of 84 prostate cases and a few
leukemia bone marrow samples (as positive control) using an
immunohistochemical method reported before (22). This CD133
antibody was also used in localization studies on Epon-embedded
sections (1-to 2-μm-thick) which were prepared using a LKB III
Ultratome (LKB produkter AB, Bromma, Sweden) or Reichert-Jung
ultracut microtome (C. Reichert AG, Wien Austria. Sections were
stained with methylene blue for morphological analysis (22, 23),
methylene blue stains basic proteins (28). Methylene blue staining
was carried out prior to localization of CD133. 

For immunogold localization of CD133, methylene blue-stained
sections were etched for 10 min with 10% H2O2, washed with
distilled water for 10 min (four changes), subjected to antigen
retrieval for 10 minutes with citrate buffer (pH 6.0; Invitrogen
Corp., Fredrick, MD, USA), and washed with phosphate-buffered
saline. After blocking of non-specific reaction product using a
mixture of 1-2% bovine serum albumin and 1-2% normal goat or
sheep serum, localization of CD133 IgG was achieved using rabbit
or mouse secondary antibody IgGs or protein A conjugated with 15
to 25 nm Aurion gold particles (Aurion Immuno Gold Reagents,
Wageningen, the Netherlands). The reaction products were enhanced
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using an Aurion R-Gent silver enhancement kit (Electron
Microscopy Sciences, Hatfield, PA, USA). Methylene blue staining
and CD133 localization by immunogold and silver enhancement did
not differ in light and dark cells (23). Dark cells stained with
methylene blue and light cells did not. For negative control, normal
serum of the animal used in preparation of antibody was used or
CD133 antibody was omitted. Negative control sections did not
show CD133 immunostaining. For positive control, leukemia bone
marrow sections showing expression of CD133 were used. Images
of methylene blue and immunogold-stained sections were acquired
directly from slides on a Zeiss microscope equipped with a Nikon

digital camera to a computer. Brightness of entire images was
adjusted using Photoshop, which did not effect individual light and
dark cells. 

Sections were then assessed visually for the presence of light and
dark cells, their location and CD133 localization. 

Results

Previously, paraffin sections of 84 PC cases with Gleason
histological scores of 5 to 9 showed there to be a single type
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Figure 1. Diagram of a prostatic acinus. The figure illustrates a prostatic acinus and a closely associated capillary in the stroma. Lymphatic vessels
are not illustrated. Basal cells are spindle-shaped cells that are closely associated with the basement membrane. They have few cytoplasmic
organelles and the nucleus occupies most of the cell. Stem cells are found slightly away from the basal cells and are more rounded or oval and
have more cytoplasmic organelles than basal cells. Niche cells do not reach the basement membrane nor the acinar lumen. These have more
cytoplasmic organelles than both basal and stem cells. Breaks in the basement membrane allows passage of stem cells to the prostatic stroma and
capillary. Stem cells may enter lymphatic vessels. The lumen contains secretory material and sloughed apical portions of columnar cells. Columnar
cells reach the basement membrane and the lumen.



of stem cell after localization of CD133 (unpublished data).
The Gleason grading system is now universally accepted for
grading of prostate cancer. This result is consistent with
many other studies (2-6, 9, 12). We used paraffin sections of
leukemia bone marrow as controls for localization of CD133
(Figure 2a). They also showed there to be a single type of
stem cell. In contrast, Epon-embedded sections stained with
methylene blue showed dark and light stem cells and each
type of stem cell localized CD133 immunogold particles,
which were also localized in some columnar/cuboidal cells
of benign prostate (Figure 2b). This indicates that paraffin
embedding is inadequate to show that two types of stem cells

exist. Gold particles were specific for the cell constituents
and particles were not present in the lumen of this gland. In
high-grade prostatic intraepithelial neoplasia, CD133 was
localized in dark and light stem cells, as well as in clustered
cuboidal cells (Figure 2c). Gold particles were localized at
different heights of the prostatic intraepithelial neoplasia
cells. Lumen in high-grade prostatic intraepithelial neoplasia
did not contain gold particles, indicating that localization
was specific. In untreated malignant prostate, columnar/
cuboidal cells were greatly reduced in cell height and dark
and light stem cells localized CD133 as shown by
immunogold particles (Figure 2d). In a favorably cut section,
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Figure 2. Stem cells in untreated prostate. a: Paraffin section of leukemia bone marrow showing localization of CD133 in nuclei by immunohistochemical
methods. Paraffin sections showed a single type of stem cell. b: Epon-embedded and methylene blue-stained section of patients with untreated benign
prostate showing localization of CD133 in stem cells by immunogold particles. The arrowhead indicates a dark stem cell. Columnar cells localized
CD133 by gold particles (arrow), suggesting that some features of stem cells are also present in columnar/cuboidal cells. The absence of gold particles
in glandular lumen indicates that immunogold particles do not localize in lumen, but localize where antigen is present in the cell. c: Methylene blue-
stained section from the case shown in (b) illustrates untreated high-grade prostatic intraepithelial neoplasia. The arrowhead indicates a glandular
cell. Dark and light stem cells exhibit localization of CD133 by immunogold particles (arrow). Gold particles are not present in the glandular lumen,
indicating that antigen is not present in the lumen. This demonstrates the specificity of antigen–antibody reaction. d: Methylene blue-stained section of
untreated prostate cancer with dark and light stem cells and some columnar cells exhibiting localization of CD133 by immunogold particles.



clusters of light and dark basal stem cells expressed CD133
as shown by localization of immunogold particles (Figure
2d). The section shown in Figure 2d also exhibited invasive
dark stem cells with gold particles. 

In a set of untreated PC, stem cells were localized by
CD133-labeled gold particles. Columnar and cuboidal cells
were at variable heights within acini. Some of these cells
contained gold particles, indicating that they may function
as stem cells. Immunogold particles did not localize in
stromal cells or acinar lumen, indicating that antigens were
not present in the lumen of the gland (Figure 3a). In another
area of the same section, light and dark stem cells also
illustrated CD133 localization by immunogold particles
(Figure 3b). In untreated PC, CD133 was localized in light
and dark stem cells and occasional invasive cells in the
stroma (Figure 3c). Some areas had greater numbers of stem

cells than others. Immunogold particles localized in nuclei
of light and dark basal/stem cells (Figure 3b and c). In some
sections, invasive stem cells were found in the stroma as
shown by localization of gold particles (Figure 3d). 

In the prostate of a patient treated with DES for 67 days,
CD133 was localized by immunogold particles in epithelial
as well as in dark and light basal stem cells (Figure 4a).
Glandular epithelium was greatly reduced in cell height
(Figure 4a). In PC treated with DES for 67 days, gold
particles were localized in most basal/stem cells (Figure 4b).
In the prostate from a patient treated for 37 days with DES,
there were many invasive cells with CD133 localized by
gold particles (Figure 4c). A sample of PC treated for 37
days with DES illustrated localization of CD133 in dark and

Sinha et al: Two Types of Stem Cells in Human Prostate Cancer 

5729

Figure 3. Stem cells in untreated prostate cancer. a: Untreated prostate cancer shows localization of CD133 in dark and light stem cells by
immunogold particles. Glandular (columnar) cells also have localization of gold particles. No gold particles are present in the acinar lumen,
indicating that the lumen does not have antigen. b, c: Untreated prostate cancer showing different areas with localization of CD133 in dark and
light stem cells by immunogold particles. d: Untreated prostate cancer showing localization of CD133 in dark and light stem cells by immunogold
particles. Some stem cells invading stroma have immunogold particles.



light basal cells (Figure 4d). The presence of an invasive cell
in the stroma localizing CD133, as shown by gold particles
indicated that the cancer stem cell had migrated from the
acinus to stroma. 

Discussion 

In 1977, we identified light and dark basal cells after
methylene blue staining of sections of untreated and DES-
treated PC (22). CD133 antibody was not available at the
time. In a recent article, we reported that light cells had
androgen receptors and dark cells had estrogen receptors
(23). Our approach of Epon-embedding, methylene blue
staining and localization of CD133 showed that prostate and
PC have two types of stem cells, light and dark stem cells.

We did not study progesterone-dependent cells, but others
have (14-17). CD133 does not distinguish between light and
dark stem cells, but methylene blue staining does. 

Basal cells are more undifferentiated cell than stem
cells, as shown by transmission electron microscopy (22,
23, 29). The basal/stem cells found in the basal
compartment differ in function from the secretory
columnar/cuboidal cells in the luminal compartment.
Regulations of these cells differ in prostate. For example,
basal/stem cells do not degenerate in untreated and DES-
treated human PC and in castrated mice (22-24). In
contrast, columnar/cuboidal cells degenerate, slough and
die in response to ADT or castration in mice. This
indicates that basal/stem cells are not dependent on steroid
hormones, but columnar/cuboidal cells are. This also
indicates that stem cells in the basal compartment are
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Figure 4. Stem cells in treated prostate cancer. a: Prostate cancer treated with diethylstilbestrol (DES) for 67 days showing localization of CD133
in dark and light stem cells by immunogold particles. Arrowhead illustrates localization of gold particles in a dark stem cell and that in a light
stem cell is shown by an arrow. b, c: Prostate cancer treated with DES for 67 days shows localization of CD133 in dark and light stem cells by
immunogold particles. d: Prostate cancer treated with DES for 37 days shows localization of CD133 in dark and light stem cells by immunogold
particles. Invasive stem cell in prostatic stroma illustrates localization of gold particles. 



independent of the luminal compartment. We determined
that proliferation of stem cells produces a lineage of
columnar/cuboidal cells. In contrast, Kasper stated that
human PC is derived from the luminal cell lineage (4).
Furthermore, stem cells are therefore closer in proximity
to circulating mutagens, resulting in mutation in the genes
of the stem cells, producing cancer stem cells. Cancerous
mutation confers unlimited potential for proliferation in PC
cells, but not in benign prostate. 

The above observation has led us to propose that stem
cells and their genes are organ-specific in adult prostate,
breast and other solid organs. Stem cells and their genes
acquire organ-specific (or unipotential) characteristics in
contrast to pluripotent characteristics in the embryo.
Embryonic stem cells and their genes are responsible for the
development of specific organs during organogenesis. Once
an organ has developed, the embryonic stem cells continue
to function in the adult organ as organ-specific stem cells.
This is supported by observation that stem cells proliferate
and produce differentiated columnar/cuboidal cells, which
when sloughed are replenished or replaced by stem cells
when necessary (see above). Stem cells have the ability to
proliferate and differentiate into columnar/cuboidal cells as
well as slough, replenish and replace dead cells when
necessary. In other words, once stem cells and their genes
have completed organ-specific development during
organogenesis, they continue to support function in the adult
prostate. There is a continuity of embryonic stem cells and
their genes in adult organs. There is no evidence that adult
prostate produces a new set of stem cells (2-5, 8-10, 12, 13,
30). We also postulate that embryonic stem cells persist in
breast, uterus, cervix and other organs in adults. The above
hypothesis needs to be further studied. 

Androgen-dependent columnar/cuboidal cells are the
lineage of light stem cells, whereas dark cells also have
lineage of cuboidal cuboidal/columnar cells, they emerged
after ADT treatment [see (23) for details]. The lineage of
dark cells is under the influence of estrogen. This also
indicates the failure of ADT treatment, as detailed in earlier
studies (22, 23). Others have suggested the role of androgen
and estrogen receptors for PC stem cells (14-17). Some have
suggested that cancer stem cells are involved in the
development of cancer castration-resistant PC and they
should be targeted (31-34). We have suggested that ADT
failure leads to loss of androgen-dependent cells. Prostatic
cells thereby become estrogen-dependent since androgen has
been essentially removed by ADT. This leads to the
development of castration-resistant PC (23). Castration-
resistant tumor is, therefore, under the control of estrogen
and not androgen. We have recommended that castration-
resistant PC, should be treated with drugs for estrogen
ablation (such tamoxifen, or aromatase inhibitors) and not by
abiraterone acetate and enzalutamide [see (23)].

Conclusion

The basal compartment of the prostate is a privileged site for
stem cells. Stem cells are not under the regulation of steroid
hormones. There is a continuity of embryonic stem cells into
the adult prostate. There is no evidence that adult prostate
produces a new set of stem cells. Stem cells in adult prostate
proliferate to produce a lineage of differentiated columnar/
cuboidal cells and replenish them when they are lost by
sloughing, or cell death in the luminal compartment. Epon
embedding and methylene blue staining showed two types
of CD133-positive stem cells exist in prostate. In contrast,
paraffin embedding showed only a single type of stem cell.
The current stem cell therapies used for many types of
cancer may simply have a placebo effect on patients, but an
effective therapy could be developed for both prostate and
breast cancer considering our findings. 
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