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Abstract 
The prostate cancer is a heterogeneous disorder concealing different phenotypical and functional subtypes of cancer cells. This heterogeneity 
mirrors the normal prostate cell lineages whose alterations represent the starting points of the carcinogenesis mechanism. The histological 
structure of the prostate comprises two main types of cells: epithelial and stromal, with a stromal to epithelial ratio of 2:1. The prostate acini 
are lined by a contiguous layer composed of four different subtypes of epithelial cells: secretory luminal, basal, neuroendocrine, and transit-
amplifying. The epithelial component is enclosed in a stromal tissue, consisting of several types of cells: smooth muscle cells (the most 
numerous cell type), fibroblasts, and myofibroblasts. Despite their quite similar morphological appearance in light microscopy, the molecular 
markers expressed by the normal epithelial and stromal prostatic components, as well as the stem cells show that the prostatic cells are not 
equal. Numerous efforts have been made to identify the profile of prostate stem cells, and their role in cellular turnover and morphogenesis 
of the prostatic tissue, by using experimental and/or human studies. Consequently, several hypotheses regarding the location and the 
phenotype of these cells were formulated and tested, mainly in animal models. The molecular mapping of normal human prostate tissue 
might be the key for unlocking the intricate mechanisms of prostate carcinogenesis. Within this context, the prostatic cancer stem cells are 
thought to play an important role in tumor initiation, progression, recurrence and also therapy resistance. The cancerous phenotype of a 
stem cell can be reached via multiple genetic trajectories and epigenetic alterations, resulting in different subclonal populations of cancer 
stem cells, thus explaining the heterogeneity of the prostatic neoplasia. Future efforts should be directed towards better understanding of the 
relationship and interactions between these cancer stem cells subpopulations, their microenvironments, and also towards characterizing 
the signaling pathways and molecules involved in the regulation of prostatic cancer stem cells. The results of these studies could offer a 
different, more comprehensible perspective for a new, molecular classification of prostate cancer, overlapping the existing histological one. 
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 Introduction 

Benign prostate hyperplasia (BPH) and prostate cancer 
(PCa) are the most common prostatic disorders affecting 
a significant percentage of men during their lifetime, with 
major health and financial repercussions [1, 2]. 

PCa is a heterogeneous condition concealing different 
phenotypically and functionally subtypes of tumor cells 
[3]. Thus, for better understanding of its heterogeneity, 
one must dissect the biology of normal prostate cell 
lineages aiming to unveil the cell(s) of origin for PCa. 

This review gives the reader an analysis of the 
histological and molecular features of normal prostate 
cells and their possible involvement in the carcinogenesis 
mechanism. The paper is structured in three main sections. 
The first summarizes the embryological and anatomical 
hallmarks that define the prostate, the second is centered 
on the molecular markers expressed by the normal epithelial 
and stromal cells as well as by the stem cells (SCs), and 
the third highlights the putative role of the cancer stem 
cells (CSCs) in the development of prostatic neoplasia. 

 Embryological and anatomical synopsis 

The prostate is formed from a condensation of the 
mesenchymal tissue of the urogenital sinus, in the adjacent 
area of the pelvic urethra, in the early stages of the 
embryonic development [4–6]. Beginning with the 9th 

intrauterine (i.u.) week, by the marked densification of 
the mesenchyme in the posterior urethral segment, towards 
the rectum, and distally to its middle segment, the future 
prostate structure is shaped in the specific anatomic 
territory of the adult [5, 7]. The ejaculatory ducts make a 
way into this territory and head towards the future verum 
montanum, placed in the middle segment of the urethra. 

Between the 10th and the 16th week of fetal development, 
under the influence of fetal testosterone on specific 
androgen receptors (ARs), five pairs of primordial prostatic 
buds (considered prostatic ductal progenitors) appear 
from the urogenital sinus epithelium and extend into the 
mesenchyme of the urogenital sinus, following a rearward 
direction with respect to the urethra [7]. The whole process 
involves signaling between the mesenchymal and epithelial 
components, demonstrated since the 70’s [8]. 

Recent experimental evidence confirms the important 
role of the Wnt gene family in the embryonic development 
of the prostate [9]. The Wnt5a protein, identified in the 
periductal stroma and the distal ducts epithelium, is highly 
expressed in all prostatic lobes during morphogenesis [9]. 
Postnatal, however, the Wnt5a expression dramatically 
decreases in the ventral lobes, while persisting in the 
dorsal and lateral lobe at maturity [9]. Wnt5a expression 
is regulated by the intervention of steroid hormones: 
testosterone with inhibitory effect, and neonatal estrogens 
with stimulating effect [9]. 
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The development of prostatic buds consists of three 
successive phases [10]: (i) the conditioning phase, controlled 
by embryological determined signals through, which the 
site of formation is established, in the area of the urogenital 
sinus; (ii) the initiation phase, corresponding to the early 
formation of the prostatic buds; (iii) the elongation phase, 
characterized by proliferation, adhesion and cell migration, 
responsible for the growth of the prostatic buds in the 
adjacent mesenchyme. 

The upper pairs of prostatic buds have mesodermal 
origin and will form the transition and periurethral zones 
of the prostate, while the lower pairs have endodermic 
origin and will form the peripheral areas of the prostate 
[4, 5]. The prostate’s central area originates from the 
inclusions of Wolf mesonephric ducts in the mesenchymal 
area surrounding the ejaculatory ducts and occupying the 
entire base of the prostate in development [6]. 

The presence of the stroma is absolutely necessary 
because it provides, through a controlled number of cell 
divisions, the size of the neonatal prostate (less than 1 cm 
in diameter), after which the stimulation of the proliferation 
of the branched duct system is stopped [4, 5]. 

Anatomically and clinically, the prostate has four zones 
[6]. The central zone, located around the ejaculatory 
ducts, includes approximately 25% of the glandular 
component. The peripheral zone, located concentrically 
around the central area, occupying the posterior and lateral 
areas of the prostate, contains approximately 70% of the 
prostatic glands. The transition area, located around the 
prostatic urethra in the lateral lobes, comprises approxi-
mately 5% of the glandular tissue. The periurethral area, 
located adjacent to the prostatic urethra in the middle 
lobe, accounts for less than 1% of the prostatic acini. 
Additionally, the antero-median area of the prostate, 
located ventrally in relation to the prostate urethra and 
responsible for the anterior convexity of the gland, consists 
exclusively of fibromuscular stroma, that represents the 
non-glandular component. 

 Histological and molecular traits in 
normal prostate tissue. Are all cells 
equal in the prostate? 

Histologically, the prostate gland is formed of multiple 
epithelial acini arranged in a fibro-muscular stroma. The 
human prostate contains two main types of cells: epithelial 
and stromal cells, with a stromal to epithelial ratio of 2:1 
[11]. Despite their quite similar morphological appearance 
in light microscopy, the molecular markers expressed by 
the normal epithelial and stromal prostatic components, as 
well as the SCs show that the prostatic cells are not equal. 

The epithelial component 

The epithelial component is organized into a contiguous 
layer composed of four different subtypes of cells, as 
follows: secretory luminal (accounting for 60%), basal, 
neuroendocrine (NE), and transit-amplifying (TA) 
(constituting the rest 40% of total epithelia) [5, 6]. 

The major cell type of the normal prostate, defining 
the acini, is represented by the luminal cells. 

The luminal cells are columnar and present a clear 
cytoplasm that reveals their secretory capacity [5, 6]. 

Regardless the prostate zones, this aspect is due to the 
presence of numerous small, uniform vacuoles, optical 
apparently empty. The highest vacuoles density is noted 
in the peripheral and transition zones, with a distinct 
clear trait, whereas in the central zone these cells have a 
light basophilic cytoplasm because of a lower number of 
vacuoles, more widely spaced [12]. The electron micro-
scopy shows microvilli, Golgi complex, and secretory 
granules with lipid or non-lipid content that form the 
vacuoles [5, 6]. 

The luminal cells represent the exocrine component of 
the epithelium, secreting prostate-specific antigen (PSA) 
and prostatic acid phosphatase (PAP) into the lumen. In 
addition, the luminal cells express other molecular markers, 
such as cytokeratins CK8 and CK18, CD57 (glycoprotein 
with cell adhesion function), p27Kip1 (a cell cycle 
inhibitor) and high levels of androgen receptors [13, 14]. 

The basal layer is formed of flattened cells, with little 
cytoplasm and hyperchromatic nuclei, arranged above the 
acinar basal membrane. The absence of the contractile 
filaments marks the difference from the basal cells present 
in the mammary gland [5, 15]. The basal cells express 
multiple molecular markers: p63 (member of p53 suppressor 
gene family), cytokeratins CK5 and CK4, Bcl-2 (an anti-
apoptotic factor), CD44 (a cell adhesion molecule) and 
hepatocyte growth factor (HGF) [13, 16]. In comparison 
to the luminal cells, they have a low to undetectable 
expression of AR, that makes their survival independent 
of androgen levels [17]. 

In the basal and luminal layers reside rare NE cells, 
solitary or in small clusters [5, 18–20]. The electron micro-
scopy shows that these cells never reach the acinus lumen, 
but the open type presents thinly distributed apical 
processes directed towards the lumen, whereas the closed 
type do not present any apical extensions; they all have 
dendrite-like processes expanding below, to the basement 
membrane and between the closest basal or luminal cells 
[21]; the cytoplasmic secretory granules have different 
ultrastructural features that sustain their heterogeneity 
[22]. The identification of NE cells was based on histo-
chemical or immunohistochemical techniques that reveal 
their neuroendocrine secretion. The main neuroendocrine 
markers are chromogranin A (a neuron-specific enolase) 
and synaptophysin [20], but the cells can also produce 
other different neuropeptides [i.e., serotonin, bombesin, 
calcitonin, somatostatin, neurotensin, thyroid-stimulating 
hormone (TSH)-like peptide] [18]. They too, like the basal 
cells, are insensitive to androgen [20]. The role of these 
cells is still unclear; most probably, their secretion products 
support the epithelial cell growth and differentiation by 
a paracrine mechanism initiated in response to neuronal 
stimuli [20]. 

In between the basal and the luminal cells resides a 
small group of TA cells, without morphological distinct 
features, but with dual expression of both basal and 
luminal cell markers, namely CK5, CK8, CK14, CK18, 
AR, and PSA [23]. 

The stromal component 

The stromal component that encloses the epithelial 
acini consists of several types of cells: smooth muscle 
cells (the most numerous cell type), fibroblasts, and 
myofibroblasts. 
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Differences between the phenotype of the cells in the 
subepithelial stromal space are reported: most of these 
cells express vimentin, and the smooth muscle cells at this 
level were desmin+/alpha-smooth muscle actin (α-SMA)+/ 
caveolin-1+, but the deeper-lying interstitial cells predo-
minantly express CD34 and vimentin [24]; the mast cells 
present here are c-kit+/tryptase+ [24]. 

The stem cells component 

The cellular hierarchy of the prostatic epithelium is 
maintained by a small population of undifferentiated, 
SCs, capable of self-renewal and differentiation [25]. 

Numerous efforts have been made to identify the 
profile of prostate SCs, and their role in cellular turnover 
and morphogenesis of the prostatic tissue, by using 
experimental and/or human studies. One of the first 
proofs of the existence of prostatic SCs was experimentally 
supported by the multiple regeneration cycles of the normal 
prostate tissue in response to androgen deprivation/ 
restoration [26, 27]. 

Consequently, several hypotheses regarding the location 
and the phenotype of these cells were formulated and 
tested, mainly in animal models [25, 27–31]. 

Some works based on murine models show that in 
between the basal epithelial cells reside SCs responsible 
for the maintenance and renewal of both luminal and basal 
cell population. This renewal is possible by the slow 
turnover of either distinct lineage-restricted cells (CK5+ 
basal / CK8+/CK18+ luminal cells) [28] or bipotent 
progenitor cells organized in small group [25]. 

A study on mice prostate using in situ lineage tracing 
demonstrates that the regeneration of the prostate 
epithelium is based upon pluripotent basal SCs located 
at the junction between proximal ducts and the urethra 
[29]. Undergoing continuous renewal, these basal SCs 
eventually generate bipotent basal progenitor cells, which 
migrate along the ductal network, giving rise to luminal 
cells that restores the luminal population lost via constant 
apoptosis. A second small luminal unipotent SCs group 
is responsible for the renewal of the most proximal luminal 
cells, ensuring little support to the duct formation [29]. 

The molecular profile of basal cells leads to the 
identification of several subpopulations, only some of them 
having SCs potential. 

A paper that reports seven basal cell subpopulations 
indicates the subpopulation defined by the p63+/CK5−/ 
CK14− expression as the most appropriate multipotent 
SCs, able to efficiently differentiate into all prostatic cells 
[30]. On the other hand, two distinct subpopulations of the 
basal prostatic cells were defined based on their tumor-
associated calcium signal transducer 2 (Trop2) expression, 
only the one that express high levels of Trop2 having SC 
characteristics – not only in murine but also in human 
prostate [31]. 

Many potential surface markers for these prostatic 
SCs were considered in murine experimental research, 
such as p63, CD44, aldehyde dehydrogenase (ALDH) 
[13]. Moreover, stem cell antigen 1 (Sca-1/Ly6a) [32], 
with co-expression of integrin α6 (CD49f) and Bcl-2,  
or 5-bromo-2’-deoxyuridine (BrdU) labeling [33] were 
observed in cells from the proximal region of the prostatic 
duct. Prostatic cells with high proliferation potential and 

differentiation features were isolated by Lawson et al. 
[34], and characterized by CD45−/CD31−/Ter119−/Sca-1+/ 
CD49f+ immunohistochemical profile. Another potential 
prostatic SC marker, CD117 (also known as stem cell 
factor receptor), was expressed by a small population  
of prostatic cells in the proximal region of the mouse 
prostate, that originated normal, functional, secreting 
prostate tissue after multiple isolations and in vivo trans-
plantation procedures [35]. 

The identification and characterization of SCs in 
human prostatic tissue are more difficult than in animal 
models. Therefore, the research regarding the leading 
prostatic stem niche is far to be completed [26, 36]. Unlike 
the mouse prostatic SCs, the human prostatic SCs are 
distributed in different compartments within the basal 
epithelial layer, throughout the acini and ductal regions 
of the prostate, and express CD133 (promonin-1) and 
α2β1-integrins as specific markers [37–39]. Integrin 
receptors have been hypothesized to play a fundamental 
role in the maintenance and activity of SCs [38, 39]. 
Solid evidences show that SCs expressing these two 
markers are able to regenerate and differentiate into two 
distinct types of prostatic cells, namely neuroendocrine 
and TA cells [37, 40, 41]. By division and maturation, 
TA cells becomes intermediate cells that finish their 
differentiation as mature luminal cells characterized by 
specific markers [37, 41–43]. 

Among prostate epithelial SC, the presence of stromal 
SCs is also reported, performing the function of replacing 
and renewing the stromal cell population that suffers due 
to normal tissue turnover, trauma, or aging [36]. These 
cells, able to differentiate into several cell lineages 
(fibroblasts, smooth muscle cells, adipocytes), express 
vimentin, CD117, stem cell factor (SCF), CD34 and Sca-1, 
and present a remarkable proliferative activity [36]. 

A crosstalk between the epithelial SCs and the stromal 
SCs, via Sonic hedgehog (Shh) signaling, sustains their 
symbiotic behavior [44]. The crosstalk molecules include 
members of transforming growth factor beta (TGFβ) super-
family, the insulin-like growth factors, the fibroblast 
growth factors, the platelet-derived growth factor, which 
eventually trigger differentiation into one specific stromal 
cell lineage [44]. 

 Prostatic cancer stem cells – theories 
and phenotype 

Prostatic CSCs are characterized as tumor cells with 
the ability to self-renew and to differentiate themselves 
in all types of cells in prostate tumors [45–47]. CSCs 
are thought to play an important role in tumor initiation, 
progression, recurrence and also therapy resistance. The 
mechanism of prostatic cancer development is not fully 
understood, and in the present is studied via two main 
models: the clonal (stochastic) evolution model, which 
postulates that all cancer cells are tumorigenic and the 
CSCs origin model, which considers that only a small 
population of SCs are responsible for cancer development. 
Due to the heterogeneity of the prostate cancer, these two 
models should not be considered as conflicting [48]. 

The first evidence of CSCs was documented in acute 
myeloid leukemia [49]. The leukemic progenitor cells, 
isolated and selected using immunophenotyping of 
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hematopoietic SCs (CD34+/CD38−), confirmed to have 
a dual ability: to reproduce the leukemic blastic cellular 
hierarchy and to exhibit considerable self-renewal 
capabilities [50]. 

Defining the cells-of-origin for prostate cancer, on the 
other hand, has proven to be quite a laborious process. 
However, the expected results might contribute to deci-
phering the complex process of carcinogenesis. 

Considering the luminal-like appearance and pheno-
typical features of many prostatic neoplasms, the luminal 
cell was thought to be the cell-of-origin for human PCa, 
being well known the fact that the predominant tumoral 
immunoprofile is AR+ and CK8+ [51]. 

According to some studies using tissue regeneration-
based assays, the cell-of-origin for PCa can only be of 
basal type [52], whereas more recent studies involving 
genetic mouse models claim that both basal and luminal 
cells can account for the origins of PCa, mentioning the 
fact that the luminal cells are more prone to tumorigenesis 
[51]. 

There are still major inconsistencies regarding the 
origin of CSCs in human prostate, but several explanations 
can be taken into consideration [48, 53]. The obvious 
and most pertinent explanation is that both luminal and 
basal prostatic cells can act as neoplastic cells of origin, 
influenced by different modifications of the micro-
environment. Such alterations include inflammation or 
other aggressive factors and can induce measurable 
enhancement of basal-to-luminal differentiation in vivo 
[44, 54]. A better understanding of the functional role 
and different phenotypical profile of the two basal and 
luminal cells might reside in gene expression studies [53]. 

The most studied markers for prostate CSCs are CD24, 
CD44, CD133, CD166 and α2β1-integrins. However, a full 
marker panel is not yet established, due to the diversity 
of prostatic histotypes [55–57]. 

The first mention of an abnormal prostatic SCs 
population is attributed to Isaacs & Coffey [58], but it 
was Collins et al. [38] who identified basal SCs (CK5+/ 
CK14+/p63+/AR–), overlapping with the expression of 
α2β1-integrin in CD44+/CD133+ prostate cells, by using 
radical prostatectomy specimens. These results strengthen 
the CSCs theory of prostatic neoplasia. However, recent 
experimental studies in mice using BM18 human PCa 
xenograft demonstrated the expression of SCs markers, 
as well as luminal markers, such as NKX3-1, CK18 and 
AR in a population of castration-resistant prostatic tumor 
cells (CARNs), supporting the CSCs origin of prostatic 
cancer [59]. These cells were able, after castration and 
androgen replacement, to generate prostatic tumors, 
emphasizing that stem-like cells with luminal phenotype 
are probably the cells of origin for therapy resistant 
prostate cancer. 

Subsequently, other works [60, 61] suggest that 
prostatic CSCs seem to be androgen-resistant, due to the 
dysregulation of AR signaling, thus cancer relapse and 
recurrence may be due to the surviving of the poorly 
differentiated prostatic CSCs, despite the death of 
differentiated prostatic tumor cells (primary the bulk of 
the neoplastic cell population). 

An appropriate microenvironment that supports 
prostatic CSCs, even after a radical prostatectomy, can 
be the explanation for tumor relapse [62]. Several studies 

[62, 63] have shown that cancer cell subpopulations can 
crosstalk with other normal cells in their habitat, using 
them for their own benefit, perhaps for the maintenance 
of stem-like features which gives them AR resistance. A 
recent study [63] supported that SPARC protein (a glyco-
protein, responsible for the extracellular matrix repairing) 
has a critical role in mediating the cooperation between 
CSCs and non-CSCs, describing that the aggressiveness 
and metastatic potential of CSCs subpopulation can be 
enhanced by the presence of non-CSCs. Also, different 
cells, such as bone-marrow derived mesenchymal SCs, 
could be recruited from the tumor microenvironment and 
can interact and boost prostate cancer progression [64]. 

The cancerous phenotype of a SC can be reached via 
multiple genetic trajectories and epigenetic alterations, 
resulting in different subclonal populations of CSCs, thus 
explaining the heterogeneity of the prostatic neoplasia. 
Future efforts should be directed towards better under-
standing of the relationship and interactions between these 
CSCs-subpopulations, their microenvironments, and also 
towards characterizing the signaling pathways and molecules 
involved in the regulation of prostatic CSCs. 

 Final remarks 

The prostate cancer is a heterogeneous disorder 
concealing different phenotypical and functional subtypes 
of cancer cells. This heterogeneity mirrors the normal 
prostate cell lineages whose alterations represent the 
starting points of the carcinogenesis mechanism. The 
molecular mapping of normal human prostate tissue might 
be the key for unlocking the intricate mechanisms of 
prostate carcinogenesis. Therefore, further studies could 
offer a different, more comprehensible perspective for  
a new molecular classification of prostate cancer, over-
lapping the existing histological one. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 
[1] Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer 

statistics, 2009. CA Cancer J Clin, 2009, 59(4):225–249. 
[2] Damber JE, Aus G. Prostate cancer. Lancet, 2008, 371(9625): 

1710–1721. 
[3] Liu X, Chen X, Rycaj K, Chao HP, Deng Q, Jeter C, Liu C, 

Honorio S, Li H, Davis T, Suraneni M, Laffin B, Qin J, Li Q, 
Yang T, Whitney P, Shen J, Huang J, Tang DG. Systematic 
dissection of phenotypic, functional, and tumorigenic hetero-
geneity of human prostate cancer cells. Oncotarget, 2015, 
6(27):23959–23986. 

[4] Weiss L. Cell and tissue biology: a textbook of histology. 6th 
edition, Urban & Schwarzenberg, Baltimore, Munich, 1988. 

[5] Ross MH, Pawlina W. Histology: a text and atlas with 
correlated cell and molecular biology. 7th edition, Wolters 
Kluwer, Lippincott Williams & Wilkins, Philadelphia, 2015. 

[6] Mills SE (ed). Histology for pathologists. 4th edition, Wolters 
Kluwer, Lippincott Williams & Wilkins, 2012. 

[7] McNeal JE. Developmental and comparative anatomy of the 
prostate. In: Grayhack J, Wilson J, Scherbenske M (eds). 
Benign prostatic hyperplasia. National Institutes of Health 
(NIH), Bethesda, Maryland, USA, 1975. 

[8] Cunha GR, Donjacour AA. Mesenchymal–epithelial inter-
actions in the growth and development of the prostate. In: 
Lepor H, Ratliff TL (eds). Urologic oncology. Book Series: 
“Cancer Treatment and Research”, vol. 46, Series Editor: 
McGuire WL, Springer, Boston, 1989, 159–175. 



The prostatic cellular and molecular kaleidoscope. Starting points for carcinogenesis 

 

47

[9] Huang L, Pu Y, Hu WY, Birch L, Luccio-Camelo D, Yamaguchi T, 
Prins GS. The role of Wnt5a in prostate gland development. 
Dev Biol, 2009, 328(2):188–199. 

[10] Vezina CM, Lin TM, Peterson RE. AHR signaling in prostate 
growth, morphogenesis, and disease. Biochem Pharmacol, 
2009, 77(4):566–576. 

[11] Timms BG. Prostate development: a historical perspective. 
Differentiation, 2008, 76(6):565–577. 

[12] deVries CR, McNeal JE, Pensch K. The prostatic epithelial 
cell in dysplasia: an ultrastructural perspective. Prostate, 
1992, 21(3):209–221. 

[13] Prajapati A, Gupta S, Mistry B, Gupta S. Prostate stem cells 
in the development of benign prostate hyperplasia and prostate 
cancer: emerging role and concepts. Biomed Res Int, 2013, 
2013:107954. 

[14] Long RM, Morrissey C, Fitzpatrick JM, Watson RW. Prostate 
epithelial cell differentiation and its relevance to the under-
standing of prostate cancer therapies. Clin Sci (Lond), 2005, 
108(1):1–11. 

[15] Mao P, Angrist A. The fine structure of the basal cell of 
human prostate. Lab Invest, 1966, 15(11):1768–1782. 

[16] Grisanzio C, Signoretti S. p63 in prostate biology and 
pathology. J Cell Biochem, 2008, 103(5):1354–1368. 

[17] Bonkhoff H, Remberger K. Widespread distribution of nuclear 
androgen receptors in the basal cell layer of the normal and 
hyperplastic human prostate. Virchows Arch A Pathol Anat 
Histopathol, 1993, 422(1):35–38. 

[18] Abrahamsson PA, diSant’Agnese PA. Neuroendocrine cells 
in the human prostate gland. J Androl, 1993, 14(5):307–309. 

[19] diSant’Agnese PA, de Mesy Jensen KL. Neuroendocrine 
differentiation in prostatic carcinoma. Hum Pathol, 1987, 
18(8):849–856. 

[20] Amorino GP, Parsons SJ. Neuroendocrine cells in prostate 
cancer. Crit Rev Eukaryot Gene Expr, 2004, 14(4):287–300. 

[21] Abrahamsson PA, Wadström LB, Alumets J, Falkmer S, 
Grimelius L. Peptide-hormone- and serotonin-immunoreactive 
cells in normal and hyperplastic prostate glands. Pathol Res 
Pract, 1986, 181(6):675–683. 

[22] diSant’Agnese PA, de Mesy Jensen KL. Endocrine-paracrine 
cells of the prostate and prostatic urethra: an ultrastructural 
study. Hum Pathol, 1984, 15(11):1034–1041. 

[23] Xue Y, Smedts F, Debruyne FM, de la Rosette JJ, Schalken JA. 
Identification of intermediate cell types by keratin expression 
in the developing human prostate. Prostate, 1998, 34(4):292–
301. 

[24] Gevaert T, Lerut E, Joniau S, Franken J, Roskams T, De 
Ridder D. Characterization of subepithelial interstitial cells in 
normal and pathological human prostate. Histopathology, 
2014, 65(3):418–428. 

[25] Wang ZA, Mitrofanova A, Bergren SK, Abate-Shen C, 
Cardiff RD, Califano A, Shen MM. Lineage analysis of basal 
epithelial cells reveals their unexpected plasticity and supports 
a cell-of-origin model for prostate cancer heterogeneity. Nat 
Cell Biol, 2013, 15(3):274–283. 

[26] Evans GS, Chandler JA. Cell proliferation studies in the rat 
prostate: II. The effects of castration and androgen-induced 
regeneration upon basal and secretory cell proliferation. 
Prostate, 1987, 11(4):339–351. 

[27] Takao T, Tsujimura A. Prostate stem cells: the niche and 
cell markers. Int J Urol, 2008, 15(4):289–294. 

[28] Choi N, Zhang B, Zhang L, Ittmann M, Xin L. Adult murine 
prostate basal and luminal cells are self-sustained lineages 
that can both serve as targets for prostate cancer initiation. 
Cancer Cell, 2012, 21(2):253–265. 

[29] Moad M, Hannezo E, Buczacki SJ, Wilson L, El-Sherif A, 
Sims D, Pickard R, Wright NA, Williamson SC, Turnbull DM, 
Taylor RW, Greaves L, Robson CN, Simons BD, Heer R. 
Multipotent basal stem cells, maintained in localized proximal 
niches, support directed long-ranging epithelial flows in human 
prostates. Cell Rep, 2017, 20(7):1609–1622. 

[30] Lee DK, Liu Y, Liao L, Wang F, Xu J. The prostate basal cell 
(BC) heterogeneity and the p63-positive BC differentiation 
spectrum in mice. Int J Biol Sci, 2014, 10(9):1007–1017. 

[31] Goldstein AS, Lawson DA, Cheng D, Sun W, Garraway IP, 
Witte ON. Trop2 identifies a subpopulation of murine and 
human prostate basal cells with stem cell characteristics. 
Proc Natl Acad Sci U S A, 2008, 105(52):20882–20887. 

[32] Burger PE, Xiong X, Coetzee S, Salm SN, Moscatelli D, 
Goto K, Wilson EL. Sca-1 expression identifies stem cells in 
the proximal region of prostatic ducts with high capacity to 
reconstitute prostatic tissue. Proc Natl Acad Sci U S A, 2005, 
102(20):7180–7185. 

[33] Goto K, Salm SN, Coetzee S, Xiong X, Burger PE, Shapiro E, 
Lepor H, Moscatelli D, Wilson EL. Proximal prostatic stem 
cells are programmed to regenerate a proximal–distal ductal 
axis. Stem Cells, 2006, 24(8):1859–1868. 

[34] Lawson DA, Xin L, Lukacs RU, Cheng D, Witte ON. Isolation 
and functional characterization of murine prostate stem cells. 
Proc Natl Acad Sci U S A, 2007, 104(1):181–186. 

[35] Leong KG, Wang BE, Johnson L, Gao WQ. Generation of  
a prostate from a single adult stem cell. Nature, 2008, 
456(7223):804–808. 

[36] Ceder JA, Jansson L, Ehrnström RA, Rönnstrand L, Abra-
hamsson PA. The characterization of epithelial and stromal 
subsets of candidate stem/progenitor cells in the human adult 
prostate. Eur Urol, 2008, 53(3):524–532. 

[37] Richardson GD, Robson CN, Lang SH, Neal DE, Maitland NJ, 
Collins AT. CD133, a novel marker for human prostatic 
epithelial stem cells. J Cell Sci, 2004, 117(Pt 16):3539–3545. 

[38] Collins AT, Habib FK, Maitland NJ, Neal DE. Identification 
and isolation of human prostate epithelial stem cells based 
on α2β1-integrin expression. J Cell Sci, 2001, 114(Pt 21): 
3865–3872. 

[39] Heer R, Collins AT, Robson CN, Shenton BK, Leung HY. 
KGF suppresses α2β1 integrin function and promotes 
differentiation of the transient amplifying population in human 
prostatic epithelium. J Cell Sci, 2006, 119(Pt 7):1416–1424. 

[40] Uzgare AR, Xu Y, Isaacs JT. In vitro culturing and characte-
ristics of transit amplifying epithelial cells from human prostate 
tissue. J Cell Biochem, 2004, 91(1):196–205. 

[41] Vander Griend DJ, Karthaus WL, Dalrymple S, Meeker A, 
DeMarzo AM, Isaacs JT. The role of CD133 in normal human 
prostate stem cells and malignant cancer-initiating cells. 
Cancer Res, 2008, 68(23):9703–9711. 

[42] Garraway LA, Lin D, Signoretti S, Waltregny D, Dilks J, 
Bhattacharya N, Loda M. Intermediate basal cells of the 
prostate: in vitro and in vivo characterization. Prostate, 2003, 
55(3):206–218. 

[43] Bonkhoff H, Stein U, Remberger K. The proliferative function 
of basal cells in the normal and hyperplastic human prostate. 
Prostate, 1994, 24(3):114–118. 

[44] Goldstein AS. A symbiotic relationship between epithelial 
and stromal stem cells. Proc Natl Acad Sci U S A, 2013, 
110(51):20356–20357. 

[45] Collins AT, Maitland NJ. Prostate cancer stem cells. Eur J 
Cancer, 2006, 42(9):1213–1218. 

[46] Lawson DA, Witte ON. Stem cells in prostate cancer initiation 
and progression. J Clin Invest, 2007, 117(8):2044–2050. 

[47] Jaworska D, Król W, Szliszka E. Prostate cancer stem cells: 
research advances. Int J Mol Sci, 2015, 16(11):27433–27449. 

[48] Packer JR, Maitland NJ. The molecular and cellular origin  
of human prostate cancer. Biochim Biophys Acta, 2016, 
1863(6 Pt A):1238–1260. 

[49] Lapidot T, Sirard C, Vormoor J, Murdoch B, Hoang T, 
Caceres-Cortes J, Minden M, Paterson B, Caligiuri MA, 
Dick JE. A cell initiating human acute myeloid leukaemia after 
transplantation into SCID mice. Nature, 1994, 367(6464): 
645–648. 

[50] Bonnet D, Dick JE. Human acute myeloid leukemia is 
organized as a hierarchy that originates from a primitive 
hematopoietic cell. Nat Med, 1997, 3(7):730–737. 

[51] Wang ZA, Toivanen R, Bergren SK, Chambon P, Shen MM. 
Luminal cells are favoured as the cell of origin for prostate 
cancer. Cell Rep, 2014, 8(5):1339–1346. 

[52] Goldstein AS, Huang J, Guo C, Garraway IP, Witte ON. 
Identification of a cell of origin for human prostate cancer. 
Science, 2010, 329(5991):568–571. 

[53] Zhang D, Park D, Zhong Y, Lu Y, Rycaj K, Gong S, Chen X, 
Liu X, Chao HP, Whitney P, Calhoun-Davis T, Takata Y, 
Shen J, Iyer VR, Tang DG. Stem cell and neurogenic gene-
expression profiles link prostate basal cells to aggressive 
prostate cancer. Nat Commun, 2016, 7:10798. 

[54] Kwon OJ, Zhang L, Ittmann MM, Xin L. Prostatic inflammation 
enhances basal-to-luminal differentiation and accelerates 
initiation of prostate cancer with a basal cell origin. Proc Natl 
Acad Sci U S A, 2014, 111(5):E592–E600. 



Andrei Daniel Timofte & Irina-Draga Căruntu 

 

48 

[55] Wang ZA, Shen MM. Revisiting the concept of cancer stem 
cells in prostate cancer. Oncogene, 2011, 30(11):1261–
1271. 

[56] Williams K, Motiani K, Giridhar PV, Kasper S. CD44 integrates 
signaling in normal stem cell, cancer stem cell and (pre)meta-
static niches. Exp Biol Med (Maywood), 2013, 238(3):324–338. 

[57] Moltzahn F, Thalmann GN. Cancer stem cells in prostate 
cancer. Transl Androl Urol, 2013, 2(3):242–253. 

[58] Isaacs JT, Coffey DS. Etiology and disease process of benign 
prostatic hyperplasia. Prostate, 1989, 15(S2):33–50. 

[59] Germann M, Wetterwald A, Guzmán-Ramirez N, van der 
Pluijm G, Culig Z, Cecchini MG, Williams ED, Thalmann GN. 
Stem-like cells with luminal progenitor phenotype survive 
castration in human prostate cancer. Stem Cells, 2012, 30(6): 
1076–1086. 

[60] Zhang X, Morrissey C, Sun S, Ketchandji M, Nelson PS, 
True LD, Vakar-Lopez F, Vessella RL, Plymate SR. Androgen 
receptor variants occur frequently in castration resistant 
prostate cancer metastases. PLoS One, 2011, 6(11):e27970. 

[61] Sharifi N, Kawasaki BT, Hurt EM, Farrar WL. Stem cells in 
prostate cancer: resolving the castrate-resistant conundrum 
and implications for hormonal therapy. Cancer Biol Ther, 2006, 
5(8):901–906. 

[62] Cunha GR, Hayward SW, Wang YZ, Ricke WA. Role of the 
stromal microenvironment in carcinogenesis of the prostate. 
Int J Cancer, 2003, 107(1):1–10. 

[63] Mateo F, Meca-Cortés O, Celià-Terrassa T, Fernández Y, 
Abasolo I, Sánchez-Cid L, Bermudo R, Sagasta A, Rodríguez-
Carunchio L, Pons M, Cánovas V, Marín-Aguilera M, Mengual L, 
Alcaraz A, Schwartz S Jr, Mellado B, Aguilera KY, Brekken R, 
Fernández PL, Paciucci R, Thomson TM1. SPARC mediates 
metastatic cooperation between CSC and non-CSC prostate 
cancer cell subpopulations. Mol Cancer, 2014, 13:237. 

[64] Luo J, Ok Lee S, Liang L, Huang CK, Li L, Wen S, Chang C. 
Infiltrating bone marrow mesenchymal stem cells increase 
prostate cancer stem cell population and metastatic ability via 
secreting cytokines to suppress androgen receptor signaling. 
Oncogene, 2014, 33(21):2768–2778. 

 
 
 
 
 
 
Corresponding author 
Irina-Draga Căruntu, Professor, MD, PhD, Department of Morphofunctional Sciences I – Histology, “Grigore T. Popa” 
University of Medicine and Pharmacy, 16 University Street, 700115 Iaşi, Romania; Phone +40727–003 700, e-mail: 
irinadragacaruntu@gmail.com 
 
 
 
 
 
 
Received: January 25, 2018 

Accepted: June 8, 2018 
 
 


