
Romanian Journal of Morphology and Embryology 2010, 51(1):7–12 

 

RREEVVIIEEWW  

Neuroendocrine transdifferentiation  
of prostate carcinoma cells and  

its prognostic significance 
MĂDĂLINA MARCU, E. RADU, MARIA SAJIN 

“Carol Davila” University of Medicine and Pharmacy, Bucharest 

Abstract 
Neuroendocrine (NE) cells are a distinct epithelial cell compartment of the normal human prostate gland. Their phenotype and range of 
endocrine secretion products are similar, but not identical to those of NE-like cells from prostate carcinoma. Neuroendocrine differentiation 
(NED) is a feature commonly seen in prostate carcinoma and a number of studies pointed out that its extent is associated to hormone 
therapy refractory and aggressive disease. However, less information is available on the significance of NED in organ-confined prostate 
cancer, although identification of early predictors of aggressive disease would obviously allow for more adequate therapy. We review here 
recent advances in understanding the differentiation pathways of normal and malignant neuroendocrine cells as well as current information 
regarding the prognostic and therapeutic implication of NED assessment. 
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 Introduction 

Prostate cancer is the most frequent malignancy in 
men with an estimated age-standardized incidence of 
106.2 new cases per 100 000 people for EU25 countries 
in 2006, almost a quarter of overall cancer incidence;  
in Romania, the estimated incidence in the same year 
was 32.2 [1]. Other statistical data [2] show that in 
Romania malignant neoplasm of prostate is the hospital 
discharge diagnostic for 64.80 patients in 100 000 
inhabitants and is responsible for a standardized death 
rate of 15.30/100 000 inhabitants. Although deaths 
caused by prostate cancer rank third among cancer 
deaths in both sexes [1], most cases are unlethal.  

Currently, prognostics tools based on statistical 
models with the ability to predict various risks for 
individual cases are used to guide clinical decisions and 
provide counseling for patients (reviewed in [3]). These 
tools include nomograms, probability tables (such as the 
“Partin staging tables”), classification and regression 
tree analyses and artificial neural networks. Of all these 
algorithms, nomograms are the most accurate and 
discriminating tools for predicting outcomes in patients 
with prostate cancer.  

Prostate biopsy is indicated in patients up to  
75-year-old with elevated serum PSA levels and/or 
suspicious digital rectal examination findings. Clinical 
features (preoperative serum PSA levels, clinical stage) 
and histopathological biopsy findings (primary and 
secondary Gleason grades, number of positive and 
negative biopsy cores) are shown to be quite accurate 
predictors of the tumor pathology. Patients are stratified 
according to disease extension: organ-confined cancer 
(pT1, T2) benefits of definitive therapy (radical 
prostatectomy, radiotherapy, neoadjuvant therapy), 
while extraprostatic tumor extension or metastasis are 

an indication for hormone therapy. However, T1–T2 
prostatic carcinoma is a heterogeneous tumor regarding 
outcome after radical prostatectomy; recurrence, 
metastasis and/or biochemical relapse can occur some-
times rapidly in a small number of patients. 

Although pre-operative prognostics tools are 
validated estimators of disease pathology, their ability to 
predict biochemical relapse, prostate cancer-related 
metastasis or death is limited. Nomograms currently in 
use and are also inadequate for the identification of 
patients that require minimal or no treatment (the so-
called “insignificant cancers”, less than 0.5 cm3 in 
volume, regardless of stage). Current therapeutic stra-
tegies (prostatectomy, hormone and adjuvant therapy) 
may be over-treating a number of the patients, while 
being insufficient for those with aggressive forms of 
disease. Due to high prevalence of the disease, the 
treatment side effects, the increasing age of the 
population; it would be of tremendous benefit to be able 
to recognize aggressive forms of prostatic cancer. 

Hormone therapy aimed at androngen deprivation of 
malignant cells is well established for the treatment of 
metastatic disease, recurrence after radical prostate-
ectomy or radiotherapy and as neoadjuvant therapy. 
However, 18 to 36 month after an initial response to 
anti-androgen therapy, most of the prostate carcinomas 
switch to a hormone resistant phenotype, entering into a 
more aggressive and ultimately fatal stage of disease. 

Neuroendocrine differentiation (NED) is seen in 
virtually all cases of prostatic carcinoma, mostly in a 
focal pattern; extensive NED is associated to hormone 
therapy refractory, aggressive disease. Yet neuro-
endocrine differentiation is included by the College of 
American Pathologists Consensus Statement 1999  
in Category III of prognostic and predictive factors  
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(not sufficiently studied to demonstrate prognostic 
value) [4]. This review discusses recent advances in the 
study of neuroendocrine differentiation mechanisms, 
prognostic value and implication for therapy. 

 Neuroendocrine (NE) cells in normal 
prostate 

Normal prostate epithelium comprises three cell 
types: luminal (secretory), basal and neuroendocrine 
cells (reviewed in [5]). Prostatic glandular component 
arises during organ development from epithelial stem 
cells under the inductory influence of urogenital sinus 
mesenchyme; small epithelial buds branch and develop 
into mature secretory acini. 

A small population of stem cells persists in the adult 
organ, most probably confined within the basal cell 
compartment. Several observations support this 
hypothesis: some of the basal cells (as defined by their 
histological characteristics) show the typical infrequent 
proliferation associated to adult stem cells, yet have 
high self-renewal capacity; they are able to reconstitute 
the gland after experimental androgen ablation in 
animal models through differentiation into secretory and 
neuroendocrine cells. Terminal differentiation, at least 
into secretory cells, is preceded by a stage of transit-
amplifying epithelial cells characterized by poor self-
renewal capacity but high mitotic activity. 

According to this model [6], neuroendocrine and 
secretory cells arise both from a common progenitor – 
adult prostate stem cells (PSC). Several experiments 
support this view: androgen administration in castrated 
rats leads to regeneration of the prostate in a pattern 
similar to normal development [7, 8]. Blastocyst 
complementation studies in p63-/- mice show that 
transplanted p63+ embryonic stem cells differentiate 
into both basal and luminal secretory cells [9]. 
However, Kurita T et al. concluded from UGS trans-
plantation studies that p63 is essential for differentiation 
of basal cells, but p63 and thus basal cells are not 
required for differentiation of prostatic neuroendocrine 
and luminal epithelial cells [10]. Recent studies also 
point to a common origin for NE and epithelial cells  
in the prostate: in a mouse transplantation model,  
Leong KG et al. showed that an entire prostate gland, 
including neuroendocrine cells, can be generated starting 
from an individual adult prostate stem cell with the 
phenotype Sca-1+CD133+CD44+CD117+ [11]. It has 
also been demonstrated that CD133, a marker expressed 
by a number of somatic stem cells, is present on stem-
like prostate cells that have high clonogenic potential 
and a basal location [12, 13], and are able to different-
iate in vitro into both secretory and neuroendocrine cells 
[14, 15]. Moreover, expression of oct4, a “stemness” 
signature gene was recently demonstrated in human 
basal p63+ prostatic cells [16]. 

It should be mentioned that a 1999 study by 
Aumüller G et al. suggests a different origin for neuro-
endocrine cells. The authors found that in 10-week-old 
human embryos UGS epithelium was free of neuro-
endocrine cells that were present in the surrounding 
mesenchyme and paraganglia. Later on, after week 12, 

chromogranin A positive cells were present within the 
epithelial buds that ultimately develop into prostate 
glandular components. These findings were interpreted 
by the authors as circumstantial evidence that neuro-
endocrine cells have neurogenic origin, distinct from the 
UGS-derived basal and luminal cells [17]. 

Neuroendocrine cells are distributed throughout the 
normal prostate, with higher frequency in ducts than in 
acinar tissue. Two types of prostatic neuroendocrine 
cells have been described, according to their morpho-
logy: the “open” cell type with long processes reaching 
the lumen and the “closed” type without luminal 
extensions. Both cell types show irregular, dendritic 
processes that extend between adjacent cells ([18] cited 
by Abrahamsson PA [19]). NE cells have argentaffin 
and argyrophilic characteristics and their vast majority 
express/secrete a number of neuroendocrine markers: 
chromogranin A, neuron specific enolase, serotonin, 
calcitonin, bombesin, somatostatin and a number of 
other neuropeptides and proteins (reviewed in [20]). 
Neuroendocrine cells express synaptophysin, PGP 9.5, 
CD56, do not proliferate (Ki67-), and do not express 
p63 protein or PSA [21]. Another phenotype character-
ristic of NE cells that is considered relevant in patho-
logic circumstances is their lack of androgen receptor 
expression [22]. The neuroendocrine component of 
prostatic carcinoma will survive androgen deprivation 
therapy, which renders the tumors castration-resistant 
and incurable.  

 NE-like prostate cancer cells 

Neuropeptides released by NE cells may facilitate 
the development of androgen independence, acting as 
autocrine and paracrine growth factors for malignant 
cells. In prostate cancer cells, neuropeptides have been 
shown to promote cell growth, migration and protease 
expression [21]. Bombesin/gastrin-releasing peptide 
(GRP) transmit their signals through G protein-coupled 
receptors, which are often overexpressed in prostate 
cancer, and aberrantly activate androgen receptor (AR) 
in the absence of androgen [23]. 

However, the origin of NE cells and the molecular 
mechanism of NE cell enrichment during prostatic 
carcinoma progression are not fully understood. Recent 
data suggest that adenocarcinoma cells undergo a trans-
differentiation process to become NE-like cells, which 
acquire the NE phenotype and express NE markers and 
could thus be termed ‘NE-like PCa cells’ [24]. Under-
lying this naming convention are the demonstrated 
differences between normal and cancer NE cells: the 
former express cytokeratin 5, a basal cell marker [25], 
while the latter have characteristics of luminal cells such 
as cytokeratin 18 and prostatic acid phosphatase expre-
ssion [21, 26]. Also, as opposed to normal prostate NE 
cells, NE-like malignant cells express anti-apoptotic 
protein bcl-2 [27] and α-methylacyl-CoA racemase 
(AMACR) [26]. 

Furthermore, a number of studies in animal models, 
cell lines and primary tumor cells suggest some of the 
molecular mechanisms leading to prostate carcinoma 
cells transdifferentiation into NE-like cells (also reviewed 
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in [24]): androgen depletion (through RPTPα-, PTPB-1- 
or protocadherin-PC-mediated signaling pathways), 
increase of intracellular cAMP concentration and IL-6 
signaling through associated cell receptors. 

A different model of prostate tumorigenesis, propo-
sed by Bonkhoff H and Remberger K [6], that has 
recently received attention is the cancer stem cell (CSC) 
model. It states that tumors contain a pool of self-
renewing cells that maintain the heterogeneous malign-
nant cell population. Cancer stem’ cells are resistant to 
therapy and can survive and repopulate the tumor. 
Origin of CSC is still uncertain, with evidence sugges-
ting that either normal prostate stem cells, progenitor or 
even differentiated secretory cells could acquire 
epigenetic modifications and genetic mutations that 
would give rise to CSC [28]. The most frequently 
identified markers of cancer stem cells include CD44 
[29], CD133 [13, 15], and integrins [30]. Some of the 
properties of identified prostate cancer stem cells are 
common to a number of other organs CSC, including 
high colony-forming capacity, prolonged survival in cell 
cultures, growth in vitro as spheres of aggregated cells, 
and the ability to give rise to tumors in immunocompro-
mised animals. Noteworthy, Palapattu GS et al. have 
recently shown [31] that neuroendocrine tumor cells  
of prostate cancer selectively express CD44 in vivo and 
in vitro, leading them to conclude that such cells are 
significant for therapy resistance and tumor recurrence. 
Furthermore, the number of cells coexpressing oct4,  
a stemness marker, and chromogranin A or synapto-
physin increases in prostate cancer compared to benign 
prostate and these cells represent NE-like prostate 
cancer cells [16]. 

 Prognostic value of NED in prostatic 
carcinoma 

All of the above characteristics of normal and 
cancer-associated neuroendocrine cells have led to a 
number of studies that analyzed the value of neuro-
endocrine differentiation assessment for prostate carci-
noma prognostics and therapy. Although there is no 
accepted definition of NED in PCa, it is often identified 
by scattered clusters of differentiated NE cells among a 
predominant population of adenocarinoma cells, except 
for rare cases of small cell carcinoma or carcinoid [32]. 
Two of the most frequently used methods to study 
neuroendocrine differentiation are the immunodetection 
of NE tissue and/or serum markers such as chromo-
granin A. Results obtained are conflicting possibly due 
to differences in lot size and selection criteria, in 
analysis end-points definition and in methods used. It is 
also conceivable that increasing NE differentiation is a 
phenomenon associated to worse tumor stage and/or 
grade, rather than being an independent prognostic 
factor. Thus, in advanced, non-organ confined prostate 
cancer correlation of NE differentiation with a poor 
prognosis might be coincidental, not causative.  

Organ-confined disease 

Only a few studies addressed the prognostic signifi-
cance of NE differentiation in localized prostate cancer, 

and data collected on prostatic biopsies is even scarcer. 
Weinstein MH et al. [33] studied 104 patients with 
clinically organ-confined CaP treated only by radical 
prostatectomy, with the end-point of biochemical 
disease progression. Results showed that histological 
grade and NE differentiation seen in prostatectomy 
samples predicted progression in multivariate analysis. 
Moreover, extent of NE differentiation (more than 70 
chromogranin A positive cells per representative section, 
as revealed by immunohistochemistry) separated patients 
with tumors of Gleason sum less than or equal to six 
into groups with high and low risks for progression, 
independent of Gleason sum. The latter observation 
could provide a basis for stratifying the estimated 85% 
of newly diagnosed prostate cancers that are organ-
confined [34].  

Theodorescu D et al. [35] studied 71 patients with 
localized disease treated by radical prostatectomy, using 
immunohistochemistry to identify expression of chro-
mogranin A and cathepsin D. The authors concluded 
that the level of Chr A immunoreactivity is a strong 
predictor of disease specific survival and is superior to 
standard pathologic prognostic factors (such as Gleason 
score, capsular penetration, seminal vesicle invasion, 
and percentage of tumor in the specimen). 

Recently, a multivariate analysis of NE different-
iation and malignant cell proliferation (Ki-67 labeling 
index) on radical prostatectomy specimens found NED 
to be the second most significant predictor of bioche-
mical progression, after Gleason score [36]. The authors 
also observed a significantly higher Ki-67 reactivity in 
the chromogranin A positive group in comparison with 
chromogranin A negative specimens, and concluded 
that NE differentiation could serve as additional 
prognostic marker in radical prostatectomy samples. 
Another study by Gunia S et al. [37] also demonstrated 
that Ki67 index and NED significantly aggravate 
established adverse prognostic parameters such as  
nodal status, tumor stage, pretherapeutic PSA-level, and 
Gleason score. 

However, other studies lead to diverging conclu-
sions: Ahlegren G et al. [38] found that NE different-
iation in localized prostate cancer is not per se a prog-
nostic factor of failure after radical prostatectomy. More 
recently, Revelos K et al. [39] studied 130 patients with 
clinically localized prostate cancer, treated with radical 
prostatectomy. Although a positive association was 
detected between NED and pathological features of the 
tumors, the extent of neuroendocrine differentiation was 
not found to be an independent prognostic factor for 
biochemical failure of therapy in multivariate analysis. 
Similar conclusions were drawn by Autorino R et al. 
[40], after noting that in univariate analysis NE expre-
ssion did not predict biochemical recurrence free survi-
val, whereas it was associated with clinical recurrence. 

In prostate cancer extending beyond the organ limits, 
most of the studies pointed out a strong association 
between the extent of NE differentiation and aggressive 
disease, but here also there are conflicting conclusions 
regarding the value of NED as an independent prog-
nostic factor. Increased NE differentiation was found to 
be associated with aggressive disease [41, 42], Gleason 
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score [43, 44], anti-androgen therapy failure [41] and 
survival [44, 45]. However, McWilliam LJ et al. conclu-
ded that detection of neuroendocrine differentiation in 
conventional prostatic adenocarcinoma is not an inde-
pendent indicator of prognosis [44]. 

Hormone-refractory carcinoma 

Prostate cancer has been recognized as an androgen-
sensitive disease since the work of Huggins and Hodges 
in 1941. Androgen ablation, involving antiandrogens 
and luteinizing hormone-releasing hormone analogues, 
remains the main therapeutically approach of metastatic 
cancer, recurrence after definitive treatment and as 
neoadjuvant therapy concurrent with radiotherapy [46]. 
Anti-androgen therapy prolongs overall survival, 
reduces bone and soft tissue metastases mass and 
suppresses PSA levels in most of the patients with 
metastatic prostate cancer. However, disease progresses 
despite therapy at a median of 2–3 years, with a 
subsequent expected survival of 16–18 months from the 
time of progression [47]. Duration of response to 
therapy is variable, with 5–10% of patients remaining 
alive 10 years after initiating ADT [48]. 

The efficacy of different drugs or drug combinations 
to induce androgen suppression is estimated in relation 
to the goal of achieving serum levels of total 
testosterone below 50 ng/dL. When progression occurs 
despite maintenance of target serum androgen levels, 
the disease is considered to be ‘androgen-independent’ 
or ‘hormone-refractory’.  

There are several theories addressing the mechanism 
of hormone-refractory PCa [47–49]. These theories 
propose either continued AR signaling via alternative 
pathways, or truly AR-independent mechanisms. 
Continued signaling through the AR is dependent on 
increased AR sensitivity through AR amplification  
or mutation. These alterations increase AR sensitivity  
to DHT, nonandrogenic steroid molecules or anti-
androgens. 

AR-independent mechanisms of androgen-indepen-
dent PCa could at least in part be due to the presence  
of NE differentiation. Malignant NE cells do not 
express AR, are more resistant to apoptosis and also 
express and secrete a number of molecules that can act 
as antiapoptotic and growth factors on adenocarcinoma 
cells [21].  

Neuroendocrine differentiation (NED) and hormone-
refractory disease seem to be associated phenomena: 
extensive NED of a tumor renders it androgen-indepen-
dent, and androgen blockade induces NED. Moreover, 
the extent of neuroendocrine component of a prostatic 
tumor is related to Gleason score, thus advanced prosta-
tic cancer, which is the main indication for hormone 
therapy, already has, in most instances, a significant 
neuroendocrine component. 

Evidence for the impact of anti-androgen therapy on 
NED comes from a number of studies shown that 
chromogranin A expression in either prostate tissue or 
serum increases in continuous androgen deprivation 
therapy, pointing out that NED progresses more rapidly 
if androgen deprivation is carried out more intensively 
[50–53]. 

 Therapeutical implications 

Alternatives to standard androgen deprivation 
therapy, such as intermittent androgen suppression and 
estrogen therapy, hold the potential to reduce the switch 
towards androgen-independent growth of CaP while 
maintaining clinical benefit (reviewed in [48]). 
However, once the hormone-refractory stage of prostate 
cancer has been reached, the only non-experimental 
therapeutic option is chemotherapy, which is usually 
also of limited benefit to patients. 

Pharmaceutical agents able to block the tumor-
promoting action of neuroendocrine cancer cells 
products are under investigation. Serotonin and 
bombesin antagonists under study show promising 
experimental results. Also IL-6 could be considered as a 
new therapeutic approach, since in vitro and in vivo 
experiments have demonstrated that IL-6 induced NE 
transdifferentiation of prostate cancer cells has a 
significant inhibitory effect on tumor growth [21], [32]. 
Somatostatin inhibits NE activity and, through specific 
receptors, is able to reduce angiogenesis, proliferation 
and to promote apoptosis of cancer cells. Somatostatin 
analog used in combination with other agents lead to 
PSA and symptomatic responses in several studies [32]. 

Neuroendocrine transdifferentiation of prostate car-
cinoma cells is a constant phenomenon, with possible 
prognostic significance and consequences on therapy 
response. In organ-confined disease, assessment of NED 
could identify a group of patients that would benefit 
from more aggressive therapy, while extended NED in 
HRPC could be a trigger for a particular anti-androgen 
regimen. 
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