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Abstract: Neuroendocrine differentiation (NED), which is not uncommon in prostate cancer, is
increases in prostate cancer after androgen-deprivation therapy (ADT) and generally appears in castrationresistant prostate cancer (CRPC). Neuroendocrine cells, which are found in normal prostate tissue,
are a small subset of cells and have unique function in regulating the growth of prostate cells. Prostate
cancer with NED includes different types of tumor, including focal NED, pure neuroendocrine tumor
or mixed neuroendocrine-adenocarcinoma. Although more and more studies are carried out on NED
in prostate cancer, the molecular components that are involved in NED are still poorly elucidated. We
review neuroendocrine cells in normal prostate tissue, NED in prostate cancer, terminology of NED and
biomarkers used for detecting NED in routine pathological practice. Some recently reported molecular
components which drive NED in prostate cancer are listed in the review.
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Introduction
Prostate cancer is one of the most common malignancies in
men worldwide with variable incidence. In Asian countries,
such as in China, South Korea, India, Japan, Thailand,
Philippines, and Vietnam, the incidence of prostate cancer
is much lower, compared with that in western countries
(1,2). However, the incidence has increased about 12−14%
in China annually (1). Patients with prostate cancer are
currently treated mainly based on tumor grade and stage.
Most patients have indolent disease and just need active
surveillance. As a standard therapy strategy, androgendeprivation therapy (ADT) is widely used for the treatment
of advanced and metastatic prostate cancer. Many patients
receiving androgen-deprivation may experience disease
regression for a while, but nearly all of them will eventually
progress to castration-resistant prostate cancer (CRPC) with
no response to hormonal therapy. More and more studies
are carried out to try to find the underlying mechanism of
the development of CRPC during the past several decades.
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There are several theories proposed, most regarding
androgen receptor (AR). One of the diverse mechanisms
is that prostate cancer cells will undergo neuroendocrine
differentiation (NED) after the patients have received
hormonal therapy, which will inhibits androgen production
or blocks AR function. This mechanism is believed to be
significantly associated with the development of CRPC.
Recently, Epstein et al. have proposed a novel
morphologic classification of prostate cancer with NED (3).
The proposed classification is as following: (I) usual prostate
adenocarcinoma with NED; (II) adenocarcinoma with
Paneth cell-like NED; (III) carcinoid tumor; (IV) small
cell carcinoma; (V) large cell NE carcinoma; (VI) mixed
NE carcinoma-acinar adenocarcinoma. NED is not
uncommon in prostate cancer. The proposed classification
is more complicated when compared with the 2004
WHO classification (Table 1). It is about 10% of usual
prostate adenocarcinoma shows focal NED detected by
immunohistochemical staining with different markers, such
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Table 1 Histologic classification of prostate cancer with NED
Epstein et al.

WHO (2004)
Histologic classification

Histologic classification

Morphologic features

Focal NED in conventional

Usual prostate adenocarcinoma

Usual acinar or ductal adenocarcinoma of the prostate in which

prostate adenocarcinoma

with NED

NED is demonstrated by IHC alone

Adenocarcinoma with Paneth cell Intense eosinophilia with large cytoplasmic granules
NED
Carcinoid tumor

Carcinoid tumor

Uniform appearance of well-differentiated cells; rare mitoses

Small cell NE carcinoma

Small cell carcinoma

Sheets of uniform cells, frequent mitoses, high nuclear/
cytoplasmic ratio

Large cell NE carcinoma

Large cells, extensive

Mixed (small or large cell)

Biphasic carcinoma with distinct admixed components of NE

NE carcinoma—acinar

(small cell or large cell) carcinoma and usual conventional acinar

adenocarcinoma

adenocarcinoma; rarely, the adenocarcinoma component may
have ductal or other variant features

NED, Neuroendocrine differentiation; IHC, immunohistochemistry; NE, Neuroendocrine.

as synaptophysin (Syn), chromogranin A (CgA) and CD56
(4,5). The prognostic significance of focal NED of usual
prostate adenocarcinoma remains controversial. Most of the
studies have shown no effect of NED on patients’ outcome
(6,7). However, prostate cancers treated with androgendeprivation usually show an increased NED and sometimes
progress to secondary small cell carcinoma of prostate
cancer with very poor outcome.
Neuroendocrine cells in normal prostate
Neuroendocrine cells are found in many tissues including
normal prostate. NE cells in normal prostate, though a
small subset of cells, are randomly interspersed amongst
the luminal and basal cells of the prostate glands in all
anatomic zones, with a slight more cells in transitional zone
and peripheral zone than that in central zone (8). They are
not readily recognized under the light microscope using
conventional hematoxylin and eosin staining, but can be
easily demonstrated by immunohistochemical staining with
specific markers, such as Syn, CgA and CD56 etc. Under
electron microscope, there are two different morphologic
types of NE cells: the open-type cells and the closed-type
cells (5). The open-type cells possess long surface microvilli
through which the cells reach the lumen and receive luminal
stimuli (pH, chemicals). The closed-type cells have lateral
processes like dendritic cells through which the cells can
contact the adjacent epithelial cells (luminal cells and basal
cells), and receive stimuli from nerve endings, neighboring
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blood vessels and underlying stromal cells. The different
morphologic types of NE cells are found to distribute
differently in the prostate and seminal vesicles when the
topography and structure of the excretory ducts of the
different glands are analyzed in male rats (9). Approximately
40% of the NE cells of the ventral prostate ducts are of
the open-type, whereas 14% of the seminal vesicle ducts,
where most of the NE cells are of the closed-type (9). The
finding suggests that the distribution pattern and different
morphologic types of NE cells may be associated with
different function (10).
As part of a diffuse NE system, NE cells in the prostate
secrete a variety of peptide hormones, such as CgA, neuronspecific enolase (NSE), Syn, neural growth factor (NGF),
bombesin/gastrin-releasing peptide, serotonin, histamine,
calcitonin and other members of the calcitonin gene family,
neuropeptide Y, vasoactive intestinal peptide, parathyroid
hormone-related protein, somatostatin, vascular endothelial
growth factor, and others. These substances regulate
prostatic cells both in benign and malignant conditions
endocrine, paracrine, and autocrine mechanisms (11). NE
cells in the prostate are immunohistochemically positive for
CgA, Syn, and CD56 etc., but negative for prostate specific
antigen (PSA), AR and Ki67 because they appear to be nonproliferative and postmitotic cells.
NED in prostate cancer
As mentioned above, it is about 10% of untreated usual
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prostate adenocarcinoma shows focal NED (4,5). Focal
NED shows such a highly heterogeneous phenomenon
in prostate cancer, not only because of the true inherent
heterogeneity of prostate cancer, but also because of the
variable number of blocks detected and variable number of
antibodies used. It is still remains uncertain whether patients
of typical adenocarcinomas with focal NED have worse
prognosis when compared with those without focal NED. It
is not recommended to routinely use immunohistochemical
stains to detect any NED in an morphologically typical
primary adenocarcinoma of the prostate, particularly at
early prostate cancer stage (3,12). The focal NED cells
usually show the same appearance as the usual prostate
adenocarcinoma; not necessarily resembling normal NE
cells (13,14).
De novo NE tumors of the prostate, which are composed
of exclusive NE tumor cells without history of prostate
adenocarcinoma, are very rare. The tumors that fit in this
category include carcinoid tumor, small cell carcinoma,
and large cell NE carcinoma of the prostate. These tumors
can be pure or admixed with prostatic adenocarcinoma.
Carcinoid tumor is an extremely rare tumor with classic
morphology at other sites, without close relation to usual
prostate carcinoma or extension from bladder or urethra (3).
It is a well-differentiated NE tumor with relatively good
prognosis. It is suggested that carcinoid tumor can
be subclassified according to mitotic rates and Ki67
proliferation rates as the criteria used for those of the
gastrointestinal tract. Unlike usual prostate adenocarcinoma
with focal NED, small cell carcinoma and large cell NE
carcinoma of the prostate are very aggressive tumors with
median cancer-specific survival of less than 2 years and
7 months, respectively (15,16). NE cells in prostate cancer
are different from normal prostate NE cells in their protein
expression (17). There are several hypotheses (18,19): (I)
transformation of multi-potential prostatic progenitors;
(II) transformation of normal prostatic NE cells; (III)
transformation of prostate adenocarcinoma.
NED in prostate cancer increases after androgen
deprivation and in CRPC (20). The mechanisms are not
very clear regarding how the prostate carcinoma cells
undergo NED when the tumor is treated with androgen
deprivation. A number of experimental data generated
in vitro found that multiple signaling pathways might
contribute to NED (4), such as signal transducer and
activator of transcription-3 (STAT-3), mitogen activated
protein kinases (MAPKs), cyclic AMP-dependent protein
kinase (PKA) and phosphatidylinositol 3-kinase (PI3K)
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dependent signaling pathways, in which phosphatidylinositol
3-kinase-AKT-mammalian target of rapamycin pathway
(PI3K-AKT-mTOR) is essential for NED in prostate
cancer (PCa) (21). Wnt pathway also plays a role in NED
of prostate cancer other than the pathways mentioned
above. All these pathways form a network and interact with
each other to participate in the process of NED in prostate
cancer.
There are many biomarkers used to detect NE
component, such as CgA, Syn, NSE, and CD56. These
antibodies are not only diagnostic ancillary tools, but also
act as screening biomarkers with prognostic significance.
Despite its name as neuron specific enolase, NSE
immunoreactivity is not sufficiently specific for the diagnosis
of NED (3). CgA, also known as secretory protein I, is
an acidic protein encoded by the CHGA gene in humans
(22,23). CgA was initially isolated as the major soluble
protein of adrenal medullary chromaffin granules (24).
This highly acidic protein is co-stored and co-released
from storage vesicles along with catecholamines upon
neural stimulation of the adrenal gland, or with the
parathyroid hormone in response to hypocalcemia in the
parathyroid gland (25,26). The localization of CgA has
stimulated interest in CgA as a marker for differentiation of
normal and neoplastic tissues of the diffuse endocrine and
neuroendocrine system or cancer cells that can undergo
NED. Elevated CgA expression levels correlated with
disease burden and poor outcomes of prostate cancer (27,28).
CgA appears to be the most sensitive marker and is most
widely used for detecting NED either at the tissue level or
in the general circulation (29-32). The availability of such
a specific marker for the NE component could assist in
identifying and monitoring NE cells in prostate cancer. Syn,
also known as P38, is an acidic calcium binding glycoprotein
closely associated with synaptic structure and function, and
is an integral membrane protein of synaptic vesicles (33).
It has been reported that the expression level of Syn is
higher in malignant prostate tissue compared with that in
benign tissue (34,35). Furthermore, high Syn levels are
associated with poor survival of the patients with prostate
carcinoma metastasis to bone (36). CD56, also known as
neural-cell adhesion molecule (NCAM), is a membranous
marker implicated into the intercellular adhesion that plays
a key role in the cell-to-cell interactions well as cell-matrix
interactions during development and differentiation of the
nervous system. It is the most sensitive antibody especially
in lung endocrine cancers. It has been reported that the
sensitivity of this antibody reach up to 90−100% (37,38).
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Table 2 The characteristics of molecular components in PCa
with NED when compared with PCa without NED
Molecular components

Characteristics

TMPRSS2–ERG

Gene fusions

AURKA

Overexpression

MYCN

Overexpression

REST

Under-expression

Rb

Loss

TIMP-1

Overexpression

CD44

Strong and diffuse membrane staining

PCa, prostate cancer; NED, Neuroendocrine differentiation.

Molecular components driving NED in prostate
cancer
In the last years, the molecular components involved in
the NE differentiation of prostate cancer have been highly
studied. Several molecular signatures have been implicated
in prostate cancer with NED (Table 2).
Transmembrane protease serine 2 (TMPRSS2) is an
androgen-regulated, type II transmembrane-bound serine
protease expresses in the prostate and overexpresses in
neoplastic prostate epithelium. The rearrangement occurs
between TMPRSS2 and an ETS transcription factor family
member, most common early growth response proteins,
ERG (39,40). ERG is a family of zinc finger transcription
factors that includes Egr1, Egr2, Egr3 and Egr4. These
four proteins show high degree of homology at their DNAbinding zinc finger domains, but they have divergent
sequences outside the DNA-binding domains. All four EGR
proteins bind to a 9-bp GC-rich DNA sequence called ERE
that is found in multiple target gene promoters (41). The
fusion of TMPRSS2-ERG results in an aberrant function
of the ERG oncogene in cancer cells and consequently
tumor progression in prostate cancer (42,43). Studies have
documented the occurrence of TMPRSS2-ERG gene fusions
in androgen-independent metastases of prostatic small cell
carcinomas (44). Furthermore, several studies reported
that TMPRSS2-ERG rearrangements were present in
primary prostatic small cell carcinomas (45,46), which made
it possible to distinguish prostatic small cell carcinoma
from other small cell carcinomas such as metastasis or
local extension from other sites such as the bladder using
fluorescence in situ hybridization (FISH) or reverse
transcription polymerase chain reaction of TMPRSS2-ERG
gene fusion rearrangement.
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The cell cycle kinase AURKA and MYCN are found
to be overexpressed in prostate cancer with NED when
compared with prostate adenocarcinoma by nextgeneration sequencing (47). The aurora kinase family
includes aurora-A, -B and -C in mammals, encoded by
AURKA gene mapped to chromosome 20q13.2 and initially
discovered in 1995 (48). Aurora-A is a more extensively
studied member of the aurora kinase family. Aurora-A
predominantly localizes to the centrosome, and regulates
centrosome maturation, entry into mitosis, formation
and function of the bipolar spindle, and cytokinesis (49).
As for MYCN, it is a member of the MYC family and
encodes a transcription factor, N-myc. Aurora-A is known
to stabilize N-myc, and gene amplification of AURKA
and MYCN plays a leading role in the pathogenesis of
malignancy for many types of tumor (50,51). Beltran et al.
showed that overexpression of AURKA and MYCN were
present in about 65% of primary prostate adenocarcinoma
specimens that subsequently developed NEPC after ADT
and in approximately 90% of the corresponding metastatic
samples (47). Conversely, the same amplifications were only
appearing in 5% of 169 unselected prostate adenocarcinoma
tumors (52). To investigate the mechanism of Aurora
kinase A or N-myc in NED, Beltran et al. assessed
neuroendocrine marker expression after overexpression
of AURKA and MYCN in RWPE-1 and LNCaP. The
results showed that either AURKA or MYCN induced
the expression of the neuroendocrine markers Syn and
NSE, which are not normally expressed in benign prostate.
Furthermore, inhibition of AURKA suppressed NSE
expression in the NEPC cell line NCI-H660. Chromatin
immunoprecipitation assay demonstrated that N-myc
binds the promoters of NSE, Syn, and AR, suggesting
direct modulation of the neuroendocrine phenotype (47).
These results indicated that AURKA and MYCN could
play important roles in the development of neuroendocrine
carcinoma of the prostate and also suggested these
molecular alterations may predispose for development of
the NED in prostate cancer.
Another important finding is that RE-1 silencing
transcription factor (REST) was down-regulated in
association with the prevalence of NE phenotype in
prostate cancer (53). The REST or neuron-restrictive
silencer factor (NRSF) was identified in 1995 as a master
transcriptional repressor with a critical role in suppressing
expression of neuronal-specific genes (54,55). REST has
been demonstrated to play crucial roles during embryonic
development and neurogenesis. In addition, as REST
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plays important roles in the regulation of gene expression,
abnormal function of REST has been associated with
NE phenotype (56). Studies show that REST gene was
down-regulated in 50% of NEPC and hybrid PC/NEPC
tumors. Meanwhile, the neuroendocrine phenotype genes,
harboring experimentally validated REST binding site, were
up-regulated. In contrast, only 3% of other tumors from
the same cohort exhibited this pattern (53,57). In addition,
REST knockdown by siRNA leads to increased NED, and
immunofluorescence analysis shows that CgA-positive
cells are negative for nuclear REST staining, suggesting
that nuclear REST functions as a transcriptional repressor
that inhibits NED (53,58). Studies demonstrated that
chronically androgen deprivation as well as AR blockage
with antagonist MDV3100 leads to the reduced expression
of REST coinciding with increased levels of CgA. In
addition, REST protein downregulation, either directly by
siRNA knockdown or indirectly through AR inhibition,
leads to increased NED, suggesting that one of the
functions of REST in NED is by the androgen/AR axis (58).
Some studies show that Rb loss underlies the
development of NED in prostate cancer (59). Rb is encoded
by the human retinoblastoma gene RB1 that was initially
cloned from children with a rare form of eye cancer of
the same name. RB is a negative regulator of the cell cycle
and has been found to be inactivated in a wide range of
human cancers (60). By immunohistochemistry (IHC) assay,
studies showed that loss of Rb occurred almost universally
in prostatic small cell carcinomas. In contrast, loss of this
tumor suppressor occurs rarely in conventional high-grade
acinar prostate tumors, acinar carcinomas with NED, and
castrate-resistant prostate carcinomas (59,61). These data
suggest that Rb loss is a critical event in the development
of small cell carcinomas and may be a useful diagnostic and
potential therapeutic target.
As for TIMP-1, an inhibitor of metalloproteinases and
has been implicated in the development and progression
of multiple types of tumors (62-64). Gong et al. published
their results on the relationship between the circulating
TIMP-1 levels and NED of prostate cancer. They found
that circulating TIMP-1 levels were elevated in CRPC
patients and that this elevation was associated with higher
CgA levels and lower PSA levels in blood. Moreover,
results from tissue and cell line studies were consistent with
this concept that elevated TIMP-1 expression in CRPC
was associated with NED (65). These data reveal that the
tissue level or the general circulation of TIMP-1 may be a
potential biomarker for patients with NEPC.
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Furthermore, CD44, a major cell-surface receptor for
hyaluronic acid and mediates epithelial cell adhesion by its
involvement in cell-cell and cell-matrix interactions, has
been shown strong and diffuse membrane staining by IHC
in 100% of the prostatic small cell carcinoma, whereas in
usual prostatic adenocarcinomas only rare positive scattered
tumor cells are CD44 positive (66,67).
Conclusions
During the past decade, more and more data show that
NED in prostate cancer contributes to the resistance
to ADT therapy and cancer progression to CRPC.
Immunohistochemical staining for NE cell markers such
as Syn, CgA and CD56 can detect NED in prostate cancer,
and theses markers can also predict the oncologic outcomes
in patients at CRPC stage. There are variable molecular
changes involved in NED of prostate cancer after ADT, and
many molecules may contribute to the process of NED.
The gene profiling may help to elucidate the complicate
mechanisms in this process and help researchers find new
and efficient target for postponing or even preventing NED
of prostate cancer after ADT, from which the patients with
prostate cancer will benefit.
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