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&p.1:Abstract Benign prostatic hyperplasia (BPH) and prostate cancer are multifactorial disease processes, involving a growing number of biochemical, genetic and epigenetic factors. Their pathogenesis, however, remains
poorly understood. The present review examines current
morphogenetic concepts of normal and abnormal growth
in the human prostate. This includes the role of basal
cells in organogenesis and cancerogenesis, the impact of
cell–matrix interactions, and the importance of cellular
heterogeneity in tumour progression and hormone-insensitive growth. Knowledge of morphogenesis and morphology is required in any scientific approach to BPH
and prostate cancer.
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Introduction
Proliferative disorders of the human prostate have become a growing medical problem, because of their major
impact in terms of morbidity, mortality and health care
costs. Benign prostate hyperplasia (BPH) occurs with
such a high frequency in men over 50 years of age that it
is often considered a age-related, physiological process.
Prostate cancer is the most commonly diagnosed male
malignancy in Western countries, and represents the second leading cause of cancer-related death in the United
States [64]. Despite its clinical magnitude, there are important biological issues with regard to the development
of benign and malignant prostatic growth.
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Many questions on the molecular and cellular basis of
proliferative disease processes in the human prostate remain unanswered. This reflects the complex composition
of the gland into three distinct anatomical zones (transition, central and peripheral zones) and the cellular diversity of the prostatic epithelial cell system [1, 46]. The basic cell types making up the prostatic epithelium (secretory luminal cells, basal cells and endocrine cells) clearly
differ in their hormonal regulation and marker expression. Secretory luminal cells require continuous support
by circulating androgens. Like common prostatic adenocarcinoma, this phenotype expresses the nuclear androgen receptor (AR), prostate-specific antigen (PSA), and
cytokeratins 8 and 18 [1, 5, 50, 52, 57, 62]. The current
concept of prostatic cancerogenesis therefore postulates
a secretory luminal origin of common adenocarcinoma
[26, 50, 52, 57, 60, 62]. Basal cells, the second most important phenotype of benign glands, are androgen independent, proliferate under oestrogen stimulation, and
may express nuclear oestrogen and progesterone receptors [1, 26, 39, 60, 63]. The marker profile of basal cells
differs significantly from those of secretory luminal cells
and adenocarcinoma. Basal cells lack PSA and express
high-molecular weight cytokeratins that are specific for
this phenotype [26, 50, 52, 57, 62]. Finally, endocrineparacrine cells constitute the third phenotype that produces a number of regulatory peptides, including serotonin, calcitonin, and parathyroid hormone-related peptides [27, 28].
The cellular diversity of the prostatic epithelium suggests the existence of pluripotent stem cells, but the phenotype and localization of putative stem cells are ill defined in the human prostate [1, 39]. In particular, the significant differences between the three basic cell types are
difficult to reconcile with a unitarian concept relating the
various epithelial cell lineages in a hierarchical pathway
of differentiation. Earlier morphological studies have
suggested that basal cells function as a generative cell
population that can give rise to all differentiated progeny
[20, 23, 25, 31, 36, 40, 47]. However, the putative stem
cell role of basal cells has not been universally accepted
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[1, 26, 29, 30, 50, 52, 62]. The present review examines
selected areas of contemporary prostate research related
to morphogenesis of BPH and prostate cancer.

The role of basal cells in benign prostatic growth
In recent years it has become increasingly evident that
the basal cell layer houses the prostatic stem cell population [2, 6]. This concept is based on the occurrence of intermediate differentiation between the three basic cell
types encountered in the prostatic epithelium. Immunohistochemical studies have shown that basal cells may
express basal cell-specific cytokeratins and PSA or the
endocrine marker chromogranin A simultaneously [13].
This observation clearly indicates that basal cells have
the differentiation potency to give rise to secretory luminal cells and endocrine cells via intermediate phenotypes
[13, 66]. Cell kinetic studies indicate that the proliferation compartment of the normal and hyperplastic epithelium is located in the basal cell layer. In fact, 70% of
proliferating epithelial cells express basal cell-specific
cytokeratins, while the remaining 30% of cycling cells
are found in the secretory epithelium [12]. Conversely,
endocrine-paracrine cells lack proliferative activity, and
represent a post-mitotic, terminal differentiated cell population [7, 14]. The putative stem cell function of basal
cells is further supported by the differential expression of
the mitochondrial oncoprotein Bcl-2 in the prostatic epithelial cell system [16, 22]. Bcl-2 is a potent suppressor
of programmed cell death and is expressed preferentially
in stem cell and proliferation compartments of typical
self-renewing tissues (e.g. gastrointestinal tract). In the
transition and peripheral prostate zone, Bcl-2 is restricted
to the proliferation compartment (basal cells) and is undetectable in secretory luminal cell types [16]. Downregulation of Bcl-2 in the secretory epithelium suggests
that these cells undergo apoptosis after terminal differentiation and are replaced by generative basal cells.
Regulation of basal cells involves a network of hormonal control, growth factors and adhesive interactions
with epithelial basement membranes and other extracellular matrix molecules. It is well established that basal
cells are androgen-independent in androgen-cycling experiments and proliferate under oestrogen stimulation [1,
29, 30, 39]. Although androgen independent, basal cells
are androgen responsive: they express both the nuclear
AR and the 5α-reductase isoenzyme 2, which is crucial
for the dihydrotestosterone (DHT)-forming process [5,
15]. In addition to androgens and oestrogens, other nonsteroidal growth factors are implicated in the control of
basal cells [49, 60]. In human prostate tissue, basal cells
express a number of growth factor receptors, including
epidermal growth factor receptor (EGF-R), p185erbB-2,
p180erb B-3, c-met, and tumour suppressor genes (nm23H1) [49, 60]. It is likely that these regulatory peptides
are involved in maintaining the proliferative function of
basal cells. Another important aspect of basal cell control refers to adhesive interactions with epithelial base-

ment membranes (BM). Experimental studies have
shown convincingly that prostatic epithelial cells require
BM components for in vitro growth and differentiation
[32]. In human prostate tissue, basal cells exhibit polarised distribution of integrin receptors (α6β1, α2β1,
α6β4) and hemidesmosome-associated proteins (BP180,
BP220, HD1) [10, 41, 51]. It seems likely that formation
of stable hemidesmosomes and adhesive interactions
with BM contribute significantly to the integrity and biological function of basal cells [3, 51].

Morphogenesis of glandular hyperplasia
The cumulative data outlined above indicate that the
prostatic epithelium is maintained by two functional
compartments [2, 6] (Fig. 1). The proliferation compartment is androgen independent and consists of basal cells
[12]. The secretory epithelium constitutes the differentiation compartment, which is androgen dependent but has
a limited proliferative capacity [12]. The growth rate
within the proliferative compartment is regulated by a
network of growth factor receptors (e.g. EGF-R,
p185erbB-2, p180erb B-3) and Bcl-2, preventing basal cells
from the androgen-regulated apoptotic cell death [16, 49,
60]. The proliferation compartment most probably houses the prostatic stem cell population that gives rise to all
epithelial cell lineages via intermediate cell types [2, 6,
13] (Fig. 1). Differentiation processes within this cell
system depend on a hormonal balance between circulating androgens and oestrogens. Oestrogen stimulation induces basal cell hyperplasia by preventing the differentiation process from basal cells to secretory luminal cells
[2, 6]. The oestrogen effect is balanced by androgens,
which induce the maturation process from basal cells to
secretory luminal cells [2, 6]. This indicates that the
turnover of the secretory epithelium depends largely on
the number of androgen-responsive target cells in the
proliferation compartment (basal cells) [2, 5, 6]. Accordingly, an increase in the total number of androgen-responsive basal cells accelerates the differentiation process towards secretory luminal cells and thus leads to
glandular hyperplasia (Fig. 2). How can this concept be
reconciled with our current understanding of BPH development? The biochemical approach of BPH suggests an
age-related increase in the oestrogen/androgen ratio in
prostate tissue, resulting from increased oestrogen levels
in the stromal compartment and also decreased DHT levels and reduced 5α-reductase activity in epithelial compartments [43, 58]. The differential tissue distribution of
nuclear AR and ER (oestrogen receptors) indicates that
both stromal and basal cells are targets of the hormonal
imbalance between androgens and oestrogens [5, 63]. It
is conceivable that the age-related decrease in the DHTforming process in the epithelial compartment increases
AR gene expression in the basal cell layer, making basal
cells more sensitive to the low levels of bioavailable androgens [5]. This hormonal imbalance may result in
glandular hyperplasia by accelerating the differentiation
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Fig. 1 Stem cell concept for the organization of the prostatic epithelium. The model illustrates basic differentiation and proliferation processes encountered within the epithelial cell system of the
human prostate. From [6], with permission&ig.c:/f
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Fig. 2 Morphogenesis of glandular hyperplasia. The age-related
decrease of the dihydrotestosterone (DHT)-forming process increases androgen receptor gene expression in basal cells. The resulting increase of androgen-responsive basal cells in the proliferation compartment results in glandular hyperplasia by accelerating
the differentiation process from basal cells to secretory luminal
cell types. From [6], with permission&ig.c:/f

process from basal cells to secretory luminal cells
(Fig. 2). Alternatively, stromal derived growth factors
may also influence the androgen sensitivity of basal cells
in the proliferation compartment. In summary, the proposed stem cell concept suggests that hypersensitization
of basal cells to circulating androgens is crucial for the
development of glandular hyperplasia.

Fig. 3 Morphogenesis of prostatic adenocarcinoma. The malignant transformation of the prostatic epithelium results from severe
differentiation and proliferation disorders involving abnormal expression of growth factor receptors and oncogene products. Transformed stem cells located in the basal cell layer lose critical adhesive elements and acquire exocrine features. Invasive tumour cells
produce basement membranes, which provide a supporting scaffold for penetration through the extracellular matrix during the
process of stromal invasion and metastasis. Exocrine tumour cells,
the major phenotype of prostatic adenocarcinoma, are androgen
responsive and retain the DHT-forming process even in hormonerefractory stages of the disease. The progressive emergence of endocrine differentiation in prostatic adenocarcinoma reflects the
differentiation potency of its stem cells and has prognostic implications. Endocrine tumour cells devoid of the nuclear androgen receptor and proliferative activity are likely to escape androgen deprivation and radiation therapy. Neurosecretory peptides produced
by these cells can exercise growth-promoting effects on adjacent
exocrine tumour cells and thus maintain tumour growth in an androgen-deprived milieu. From [6], with permission&ig.c:/f

Differentiation and proliferation abnormalities
in early phases of prostatic cancerogenesis
High-grade prostatic intraepithelial neoplasia (HGPIN)
is considered to be the most likely precursor of peripheral zone cancer [17, 18, 48]. This lesion most frequently
develops within pre-existing duct-acinar units of the peripheral zone and shows nuclear atypias similar to those
found in poorly differentiated carcinomas. Tumours deriving from HGPIN tend to be poorly differentiated and
clinically significant. HGPIN has a high predictive value
as a marker for adenocarcinoma, and its identification in
biopsy specimens warrants a further search for concurrent invasive cancer [17, 18, 48].
These premalignant lesions result from abnormal differentiation and proliferation processes within the prostatic epithelial cell system. Cell kinetic studies have
shown that the basal cell layer loses its proliferative
function, while secretory luminal cells acquire enhanced
proliferative capacity [12]. In HGPIN, less than 10% of
cycling cells are detected in the former proliferation
compartment. The proliferative zone shifts to secretory
luminal cells in the differentiation compartment [12].
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Extension of the proliferative zone to the differentiation
compartment is a typical premalignant proliferation disorder. Similar changes have been described in colorectal
adenomas and other premalignant lesions. The proliferative abnormalities encountered in HGPIN are most probably related to an aberrant expression of growth factor
receptors and tumour suppressor genes.
A number of biomarkers, including p185 erbB-2, p180
erbB-3, c-met and nm23-H1 restricted to basal cells in normal conditions, are overexpressed in the secretory epithelium of HGPIN [49, 60]. In addition, severe regulatory disorders of programmed cell death occur during the
early phases of prostatic cancerogenesis. Approximately
20% of HGPIN overexpresses the apoptosis suppressor
Bcl-2 in the secretory epithelium, which has potential
implications [16]. Recent immunohistochemical studies
using double-label techniques have shown that the Bcl-2mediated process does not depend on the proliferative
capacity, but on the androgen sensitivity of the dysplastic
epithelium [16]. In fact, HGPIN overexpressing Bcl-2
tend to down-regulate the nuclear AR, as documented by
markedly reduced levels of nuclear AR [16]. This indicates that HGPIN lesions with abnormal Bcl-2 expression are probably resistant to androgen-mediated programmed cell death. Clinico-pathological studies have
shown that subsets of HGPIN persist after neoadjuvant
total androgen blockade, documenting their androgen insensitivity [17, 18]. The abnormal expression of Bcl-2 in
HGPIN also interferes with normal differentiation processes by protecting the differentiation compartment
from apoptotic cell death. The resulting increased life
span of the transformed cells, together with the high proliferation rate, provides an environment in which genetic
instability can occur. The most common numerical alterations detected in HGPIN so far include gains of chromosomes 8, 7, 10, indicating that genes on these chromosomes may play a role in early phases of prostatic
cancerogenesis [18, 56]. The overall frequency of numeric chromosomal anomalies reported is remarkably
similar in HGPIN and in invasive cancer, suggesting that
they have a similar pathogenesis [18, 56]. In summary,
virtually all phenotype and genotype data amassed in recent years clearly support the concept that HGPIN is the
precursor of most prostatic adenocarcinomas, particularly those arising in the peripheral zone [18, 19].
Another potential precursor of prostatic adenocarcinoma is atypical adenomatous hyperplasia (AAH). This
lesion arises predominantly in the transition zone and is
usually associated with hyperplastic nodules [18, 33,
48]. AAH refers to an architecturally atypical, small acinar lesion that mimics low-grade (Gleason patterns 1 and
2) adenocarcinoma arising in the transition zone [18, 33,
48]. There is some evidence to suggest that AAH is a
precursor of transition zone cancer, including morphological similarities between AAH and small acinar adenocarcinoma [18]; increased incidence with autopsy cancer (31% vs 15% without cancer at autopsy) [18]: topographical relationship with transitional zone cancer [18];
proliferation rates and AgNOR counts intermediate be-

tween hyperplasia and low-grade adenocarcinoma [33,
37]; and evidence of genetic instability. Allelic imbalance was found in 7 of 15 cases of AAH, indicating a genetic link with adenocarcinoma [21].
However, AAH does not reveal typical premalignant
differentiation and proliferation abnormalities as found
in HGPIN. Although the proliferative activity of AAH is
increased, the proliferation zone and Bcl-2 expression
are restricted to basal cells as described in benign glands
[6, 12]. In conclusion, the biological and clinical significance of AAH is uncertain. AAH may be a precursor of
low-grade adenocarcinoma, particularly of the transition
zone, although its predictive value for adenocarcinoma is
currently unknown [18, 33, 48]. At present, the morphogenesis of low-grade, small acinar adenocarcinoma remains controversial [48]. Many of these lesions obviously derive from inconspicuous duct-acinar units without
any morphological intermediate between nondysplastic
epithelium and small acinar adenocarcinoma. Novel phenotype and genotype markers are required to define malignancy-associated changes that are currently undetectable at the histology level in the human prostate.

Adhesive interactions in preinvasive lesions
and invasive prostate cancer
Adhesive interactions in premalignant lesions do not differ significantly from those encountered in benign prostate glands. HGPIN retains BM and expresses the same
BM proteins and integrin receptors as are described in
normal or hyperplastic conditions [10, 35, 41, 51]. This
obviously reflects the presence of basal cells in HGPIN.
Nevertheless, more subtle alterations are detectable at
the mRNA level. In situ hybridization (ISH) studies have
shown that HGPIN reveals increasing transcriptional activity of BM coding genes in secretory luminal cell
types, reaching steady state levels of adjacent cancer
cells [54]. The abnormal gene expression may modify
the biochemical composition of the underlying BM,
which may in turn interfere with critical adhesive interactions [54]. Dramatic changes occur during early stromal invasion, when the transformed epithelium loses
basal cell differentiation. During this process, HGPIN
loses a number of hemidesmosome-forming proteins and
associated adhesive molecules, including BP180,
BP230, HD1, collagen VII, β3- and γ2-subchains of
laminin 5, and α6β4-integrins [35, 41, 51]. There is little
doubt that normal acini and HGPIN require these adhesive elements to maintain the basal cell integrity.
Accordingly, the inability of transformed cells to synthesize hemidesmosome-forming proteins is obviously a
key step in the progression of HGPIN to early invasive
cancer.
Both experimental and morphological data suggest
that prostate cancer cells require BM to invade the stroma [3, 8–10]. Immunohistochemical studies have shown
that invasive tumour cells are separated from the host
tissue by BM and express integrin receptors that mediate
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attachment to these BM-like matrices [8–10]. This particular tumour/stroma relation encountered in prostatic
adenocarcinoma is maintained through the various stages of the disease, including high-grade lesions, therapyinduced changes, and metastasis [8–10]. The functional
significance of BM has also been demonstrated in vitro,
showing that prostate cancer cell lines generally require
reconstituted BM (Matrigel) to be tumorigenic in
athymic mice [53, 55]. Recent ISH analysis in human
tissue indicates that BM components are produced predominantly by tumour cells and not by the host tissue
[54]. High steady state levels of BM-coding genes were
reported in high-grade carcinomas and lymph node metastasis, suggesting that the BM-forming process increases with tumour progression and metastasis [54]. It
is quite clear that the functional role and biochemical
nature of BM differ in normal and neoplastic conditions.
Immunohistochemical studies have shown that the immunoreactivity of normal and neoplastic BM components differs in their differential susceptibility to pepsin
treatment, suggesting conformational differences in the
location of epitopes on the molecule [8]. As mentioned
above, neoplastic BM lack hemidesmosome-associated
laminin 5, collagen VII, and type IV collagen α5 and α6
chains [24, 35, 41, 51].
In summary, existing data indicate that formation of
de novo synthesized BM and adhesion via specific receptors are crucial for the process of stromal invasion and
metastasis in prostate cancer [3].

Implications of phenotype heterogeneity
in prostate cancer
Common prostatic adenocarcinoma is composed predominantly of exocrine tumour cells sharing phenotype
similarity with secretory luminal cells (for example PSA;
cytokeratins 8, 18) [50, 64]. The second most important
phenotype reveals neuroendocrine (NE) differentiation.
Immunohistochemical studies using the panendocrine
marker chromogranin A (ChrA) have shown that NE differentiation occurs in virtually all common adenocarcinomas [27, 28]. Extensive and multifocal NE features
are found in approximately 10% of all prostatic malignancies [27, 28]. Recent clinico-pathological studies
suggest that NE differentiation predicts tumour progression after radical prostatectomy and radiation therapy in
clinically advanced disease [34, 61]. The potential prognostic implications of NE differentiation have attracted
increasing attention in contemporary prostate cancer research [27, 28]. Recent progress in this field indicates
that the proliferation compartment of prostatic adenocarcinoma consists of exocrine cell types, while NE tumour
cells remain in a quiescent state within the cell cycle [7,
14]. Accordingly, the prognostic significance of NE differentiation cannot be explained by the proliferative capacity of the NE phenotype. Other regulatory mechanisms are likely to be involved in this process. NE tumour cells secrete a number of regulatory products with

growth-promoting activity, including serotonin, bombesin, and parathyroid hormone-related peptides [27, 28].
Immunohistochemical studies using double-label techniques have shown that NE tumour cells are associated
with increased proliferative activity of adjacent exocrine
cells, which probably reflects a paracrine influence on
cell proliferation [7].
Concerning the morphogenesis of NE differentiation
in prostatic adenocarcinoma, it is most unlikely that NE
tumour cell type derives from nonproliferating, terminal
differentiated NE cells of normal acini or HGPIN [2, 4,
6, 13, 65]. The frequent occurrence of amphicrine (PSAand ChrA-positive) tumour cells supports the concept
that NE tumour cells derive from exocrine (PSA-positive) cell populations that acquire endocrine features during tumour progression [4, 13].
Another important aspect of NE differentiation refers
to its potential implication in the development of androgen insensitivity [4]. Although androgen dependent in
early stages, locally advanced adenocarcinomas generally recur and progress during androgen deprivation therapy. The molecular mechanisms responsible for development of hormone-refractory disease are complex, and involve AR gene mutations, AR gene amplifications, and
downstream signalling pathways [42]. Immunohistochemical studies have shown that hormone-refractory
and metastatic adenocarcinomas continue to express the
nuclear AR and 5α-reductase isoenzymes 1 and 2 at high
levels [11, 15, 38, 45]. Continuous expression of nuclear
AR in an androgen-deprived milieu probably involves a
high level of AR gene amplification, which is a frequent
event in recurrent tumours but has not yet been detected
in primary tumours [42, 59]. An alternative pathway by
which prostate cancer cells escape hormonal control is
provided by the process of NE differentiation [4]. In fact,
NE tumour cells detected by ChrA consistently lack the
nuclear AR in primary carcinoma and recurrent disease
[11, 44]. This clearly indicates that NE phenotypes belong to those cell populations in prostatic adenocarcinoma that are initially androgen insensitive and refractory
to hormonal therapy.

Morphogenesis of prostate cancer
In the early phase of prostatic cancerogenesis, the prostatic epithelium accumulates phenotype and genotype
changes, resulting in severe differentiation and proliferation disorders (Fig. 3). The proliferation abnormalities
encountered in HGPIN (i.e. extension of the proliferation zone) are associated with aberrant expression of
growth factor receptors (p185erbB-2, p180erb B-3, c-met)
and tumour suppressor genes (nm23-H1) [12, 49, 60].
Overexpression of the Bcl-2 gene product in subsets of
HGPIN confers resistance to the androgen-mediated
apoptotic cell death and may increase genetic instability
[16, 22]. Transformed stem cells lose their basal cell
phenotype and acquire exocrine features (Fig. 3). The
definite loss of basal cell differentiation is a critical
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point in the progression to invasive cancer, and is most
probably related to the inability of transformed cells to
produce hemidesmosome-forming proteins [3, 41, 51].
Invasive tumour cells produce BM-like matrices, which
are crucial for anchorage and penetration through the
host tissue during stromal invasion and metastasis [8–10,
54]. Common prostatic adenocarcinoma is composed
mainly of exocrine cell types, which remain androgen
responsive through the various stages of the disease [38,
45]. These cells express the nuclear AR and 5α-reductase 1 and 2 even in metastatic, recurrent and hormonerefractory disease [15, 38, 45] (Fig. 3). Amplification of
the AR gene is an attractive hypothesis to explain the
continuous expression of nuclear AR at high levels in an
androgen-deprived milieu [42, 59]. The presence of nuclear AR, however, does not imply androgen dependence. AR gene mutations can lead to an altered AR
protein responding to oestrogen, progesterone and other
steroids [42].
The second most important phenotype of common adenocarcinoma shows NE differentiation, which has potential prognostic implications [4, 27, 28]. NE tumour
cells probably derive from exocrine cell types during tumour progression, which reflects the differentiation repertoire of prostatic stem cells [13]. NE differentiation occurs exclusively in the G0 phase of the cell cycle, indicating that these cells are more resistant to radiation therapy and cytotoxic agents than proliferating (exocrine) tumour cells [14]. Conversely, the various neurosecretory
products secreted by NE tumour cells may induce proliferation of adjacent exocrine cells via paracrine mechanisms [4, 7]. The lack of detectable nuclear AR clearly
indicates that NE tumour cells are androgen insensitive
[11, 44]. These data suggest that NE differentiation can
affect the natural history and prognosis of prostate cancer by different pathogenetic pathways.

Conclusion
BPH and prostate cancer are complex disease processes
involving phenotype, epigenetic and genetic factors. In
each methodical approach, knowledge of prostatic cellular heterogeneity and morphology is essential. This highlights the role of pathologists in contemporary prostate
disease research.
The proliferative and putative stem cell function of
basal cells illustrates the paramount importance of this
particular phenotype in normal prostatic growth and in
the development of BPH and prostate cancer. The molecular basis of basal cell control remains largely unknown, however. Both experimental and morphological
studies suggest that basement membranes and their adhesive interactions with transformed cells have important
implications for the multistep process of stromal invasion. NE differentiation has received little attention in
molecular studies, despite existing clinical and morphological data supporting its role in tumour progression
and androgen-insensitive growth. The morphogenetic da-

ta reviewed in this article may provide a conceptual
framework for studying the impact of biochemical and
genetic factors on prostate disease processes.
&p.2:Acknowledgements This study was supported by the Deutsche
Forschungsgemeinschaft (grant Bo 1018/2-2).

References
1. Aumüller G (1983) Morphologic and endocrine aspects of
prostatic function. Prostate 4:195–214
2. Bonkhoff H (1996) Role of the basal cells in premalignant
changes of the human prostate: a stem cell concept for the development of prostate cancer. Eur Urol 30:201–205
3. Bonkhoff H (1998) Analytical molecular pathology of the epithelial – stromal interactions in the normal and neoplastic
prostate. Analytical and Quantitative Cytology and Histology
(in press)
4. Bonkhoff H (1998) Neuroendocrine cells in benign and malignant prostate tissue. Morphogenesis, proliferation and androgen receptor status. Prostate (in press)
5. Bonkhoff H, Remberger K (1993) Widespread distribution of
nuclear androgen receptors in the basal layer of the normal
and hyperplastic human prostate. Virchows Arch [A] 422:
35–38
6. Bonkhoff H, Remberger K (1996) Differentiation pathways
and histogenetic aspects of normal and abnormal prostatic
growth: a stem cell model. Prostate 28:98–106
7. Bonkhoff H, Wernert N, Dhom G, Remberger K (1991) Relation of endocrine-paracrine cells to cell proliferation in normal, hyperplastic and neoplastic human prostate. Prostate
18:91–98
8. Bonkhoff H, Wernert N, Dhom G, Remberger K (1991)
Basement membranes in fetal, adult normal, hyperplastic and
neoplastic human prostate. Virchows Arch [A] 418:375–381
9. Bonkhoff H, Wernert N, Dhom G, Remberger K (1992) Distribution of basement membranes in primary and metastatic carcinomas of the prostate. Hum Pathol 23:934–939
10. Bonkhoff H, Stein U, Remberger K (1993) Differential expression of α-6 and α-2 very late antigen integrins in the normal,
hyperplastic and neoplastic human prostate. Simultaneous
demonstration of cell surface receptors and their extracellular
ligands. Hum Pathol 24:243–248
11. Bonkhoff H, Stein U, Remberger K (1993) Androgen receptor
status in endocrine-paracrine cell types of the normal, hyperplastic and neoplastic human prostate. Virchows Arch [A]
423:291–294
12. Bonkhoff H, Stein U, Remberger K (1994) The proliferative
function of basal cells in the normal and hyperplastic human
prostate. Prostate 24:224–118
13. Bonkhoff H, Stein U, Remberger K (1994) Multidirectional
differentiation in the normal, hyperplastic and neoplastic human prostate. Simultaneous demonstration of cell specific epithelial markers. Hum Pathol 25:42–46
14. Bonkhoff H, Stein U, Remberger K (1995) Endocrine-paracrine cell types in the prostate and prostatic adenocarcinoma
are postmitotic cells. Hum Pathol 26:167–170
15. Bonkhoff H, Stein U, Aumüller G, Remberger K (1996) Differential expression of 5 α-reductase isoenzymes in the human
prostate and prostatic carcinoma. Prostate 29:261–267
16. Bonkhoff H, Fixemer T, Remberger K (1998) Relation between Bcl-2, cell proliferation and the androgen receptor status in prostate tissue and precursors of prostate cancer. Prostate 34:251–258
17. Bostwick DG (1995) High grade prostatic intraepithelial neoplasia. The most likely precusor of prostate cancer. Cancer
75:1823–1836
18. Bostwick DG (1996) Prospective origins of prostate carcinoma. Prostatic intraepithelial neoplasia and atypical adenomatous hyperplasia. Cancer 78:330–336

201
19. Bostwick DG, Pacelli A, Lopez-Beltran A (1996) Molecular
biology of prostatic intraepithelial neoplasia. Prostate 29:
117–134
20. Brandes D (1966) The fine structure and histochemistry of
prostatic glands in relation to sex hormones. Int Rev Cytol
20:207–276
21. Cheng L, Shan A, Cheville JC, Qian J, Bostwick DG (1998)
Atypical adenomatous hyperplasia of the prostate: a premalignant lesion? Cancer Res 58:389–391
22. Colombel M, Symmans F, Gie S, O’toole K, Chopin D, Benson M, Olsson C, Korsmeyer S, Buttgan R (1993) Detection of
the apoptosis-suppressing oncoprotein bcl-2 in hormone-refactory human prostate cancer. Am J Pathol 143:390–400
23. Dahl E, Kjaerheim A, Tveter KJ (1973) The ultrastructure of
the accessory sex organs of the male rat. 1. Normal structure.
Zellforschung 137:345–359
24. Dehan P, Waltregny D, Beschin A, Noel A, Castronovo V, Tryggvason K, De Leval J, Foidart JM (1997) Loss of type IV collagen α5 and α6 chains in human invasive prostate carcinomas. Am J Pathol 151:1097–1104
25. Dermer GB (1978) Basal cell proliferation in benign prostatic
hyperplasia. Cancer 41:1857–1862
26. Dhom G, Seitz G, Wernert N (1988) Histology and immunohistochemistry studies in prostate cancer. Am J Clin Oncol
[Suppl 2] 11:537–547
27. Di Sant’Agnese PA (1992) Neuroendocrine differentiation in
carcinoma of the prostate: diagnostic, prognostic and therapeutic implications. Cancer 70:254–268
28. Di Sant’Agnese PA, Cockett AT (1996) Neuroendocrine differentiation in prostatic malignancy. Cancer 78:357–361
29. English HF, Santen RJ, Isaacs JT (1987) Response of glandular versus basal rat ventral prostatic epithelial cells to androgen withdrawal and replacement. Prostate 11:229–242
30. Evans GS, Chandler J (1987) Cell proliferation studies in rat
prostate. I. The proliferative role of basal and secretory epithelial cells during normal growth. Prostate 10:163
31. Fickinger CJ (1971) Ultrastructural observations on the postnatal development of the rat prostate. Z Zellforsch 113:
157–173
32. Fong C, Sherwood E, Sutkowski D, Abu-Jawdeh G, Yokoo H,
Bauer K, Kozlowski J, Lee C (1991) Reconstituted basement
membrane promotes morphological and functional differentiation of primary human prostatic epithelial cells. Prostate
19:221–235
33. Grignon DJ, Sakr WA (1996) Atypical adenomatous hyperplasia of the prostate: a critical review. Eur Urol 30:206–211
34. Grignon D, Caplan R, Sakr W, Porter A, Dogen RLS, John M,
Abrams R, Lawtom C (1995) Neuroendocrine (NE) differentiation as a prognostic indicator in locally advanced prostate
cancer (PCa). Lab Invest 72:76A
35. Hao J, Yang Y, McDaniel KM, Dalkin BL, Cress AE, Nagle
RB (1996) Differential expression of laminin 5 (α3 β3 γ2) by
human malignant and normal prostate. Am J Pathol 149:
1341–1349
36. Heatfield BM, Sanefugi M, Trump BF (1982) Studies on carcinogenesis of human prostate. III. Long term explant culture
of normal prostate and benign prostatic hyperplasie: transmission and scanning electron microscopy. J Natl Cancer Inst
69:757–766
37. Helpap B, Riedel C (1995) Nucleolar and AgNOR – analyses
of prostatic intraepithelial neoplasia (PIN), atypical adenomatous hyperplasia (AAH), and prostatic adenocarcinoma. Pathol
Res Pract 191:381–390
38. Hobisch A, Culig Z, Radmayr C, Bartsch G, Klocker H,
Hittmair A (1995) Distant metastases from prostatic carcinoma express androgen receptor protein. Cancer Res 55:3068–
3072
39. Isaacs JT, Coffey DS (1989) Etiology and disease process of
benign prostatic hyperplasia. Prostate 2:33–50
40. Kastendieck H, Altenähr E (1976) Cyto- and histomorphogenesis of the prostate carcinoma. A comparative light and electron microscopic study. Virchows Arch [A] 370:207–224

41. Knox JD, Cress AE, Clark V, Manriquez L, Affinito KS, Dalkin BL, Nagle RB (1994) Differential expression of extracellular matrix molecules and the alpha 6-integrins in the normal
and neoplastic prostate. Am J Pathol 145:167–174
42. Koivisto P, Kolmer M, Visakorpi T, Kallioniemi OP (1998)
Androgen receptor gene and hormonal therapy failure of prostate cancer. Am J Pathol 152:1–9
43. Krieg M, Nass R, Tunn S (1993) Effect of aging on endogenous level of 5 alpha-dihydrotestosterone, testosterone, estradiol, and estrone in epithelium and stroma of normal and hyperplastic human prostate. J Clin Endocrinol Metab 77:
375–81
44. Krijnen JL, Janssen PJ, Ruizeveld de Winter JA, van Krimpen
H, Schröder FH, van der Kwast TH (1993) Do neuroendocrine
cells in human prostate cancer express androgen receptor?
Histochemistry 100:393–398
45. Kwast Van der TH, Schalken J, Ruizeveld De Winter JA,
Vroonhoven Van CCJ, Mulder E, Boersma W, Trapman J
(1991) Androgen receptors in endocrine-therapy-resistant human prostate cancer. Int J Cancer 48:189–193
46. McNeal JE (1989) Normal histology of the prostate. Am J
Surg Pathol 12:619–633
47. Merchant DJ, Carke SM, Ives K, Harris S (1983) Primary explant culture: an in vitro model of the human prostate. Prostate
4:523–542
48. Montironi R, Bostwick DG, Bonkhoff H, Cockett A, Helpap
B, Troncoso P, Waters D (1996) Origins of prostate cancer.
Cancer 78:362–365
49. Myers RB, Grizzle WE (1996) Biomarker expression in prostatic intraepithelial neoplasia. Eur Urol 30:153–166
50. Nagle RB, Brawer MK, Kittelson J, Clark V (1991) Phenotypic relationship of prostatic intraepithelial neoplasia to invasive
prostatic carcinoma. Am J Pathol 138:119–128
51. Nagle RB, Hao J, Knox JD, Dalkin BC, Clark V, Cress AE
(1995) Expression of hemidesmosomal and extracellular matrix proteins by normal and malignant human prostate tissue.
Am J Pathol 146:1498–1507
52. Okada H, Tsubura A, Okamura A, Senzaki H, Naka Y, Komatz
Y, Morii S (1992) Keratin profiles in normal/hyperplastic prostates and prostate carcinoma. Virchows Arch [A] 421:157–
161
53. Passaniti A, Isaacs JT, Haney JA, Adler SW, Cujdik TJ, Long
PV, Kleinman HK (1992) Stimulation of human prostatic carcinoma tumor growth in athymic mice and control of migration in culture by extracellular matrix. Int J Cancer 51:
318–324
54. Pföhler C, Fixemer T, Jung V, Dooley S, Remberger K, Bonkhoff H (1998) In situ analysis of genes coding collagen IV a1
chain, laminin b1 chain, and S-laminin in prostate tissue and
prostate cancer. Increased basement membrane gene expression in high grade and metastatic lesions. Prostate (in press)
55. Pretlow TG, Delmoro CM, Dilley GG, Spadafora CG, Pretlow
TP (1991) Transplantation of human prostatic carcinoma into
nude mice in Matrigel. Cancer Res 51:3814–3817
56. Qian J, Jenkins RB, Bostwick DG (1996) Potential markers
of aggressiveness in prostatic intraepithelial neoplasia detected by fluorescence in situ hybridisation. Eur Urol 30:177–
184
57. Sherwood ER, Berg LA, Mitchell NJ, Mcneal JE, Kozlowski
JM, Lee C (1990) Differential cytokeratin expression in normal, hyperplastic and malignant epithelial cells from human
prostate. J Urol 143:167–171
58. Tunn S, Hochstrate H, Grunwald I, Fluchter SH, Krieg M
(1988) Effect of aging on kinetic parameters of 5 alpha-reductase in epithelium and stroma of normal and hyperplastic human prostate. J Clin Endocrinol Metab 67:979–985
59. Visakorpi T, Hyitinen E, Koivisto P, Tanner M, Keinänen R,
Palmberg C, Palotie A, Tammela T, Isola J, Kallioniemi OP
(1995) In vivo amplification of the androgen receptor gene and
progression of human prostate cancer. Nat Genet 9:401–406
60. Ware JL (1994) Prostate cancer progession. Implications of
histopathology. Am J Pathol 145:983–993

202
61. Weinstein MH, Partin AW, Veltri RW, Epstein JI (1996) Neuroendocrine differentiation in prostate cancer: enhanced prediction of progession after radical prostatectomy. Hum Pathol
27:683–687
62. Wernert N, Seitz G, Achtstätter T (1987) Immunohistochemical investigations of different cytokeratins and vimentin in the
prostate from fetal period up to adulthood and in prostate carcinoma. Pathol Res Pract 182:617–626
63. Wernert N, Gerdes J, Loy V, Seitz G, Scherr O, Dhom G
(1988) Investigations of the estrogen (ER-ICA test) and the
progesterone receptor in the prostate and prostatic carcinoma
on immunohistochemical basis. Virchows Arch [A] 412:
387–391

64. Wingo PA, Tong T, Bolden S (1995) Cancer statistics, 1995.
CA Cancer J Clin 45:8–30
65. Xue Y, Verhofstad A, Lange W, Smedts F, Debruyne F, de la
Rosette J, Schalken J (1997) Prostatic neuroendocrine cells
have a unique keratin expression pattern and do not express
Bcl-2: cell kinetic features of neuroendocrine cells in the human prostate. Am J Pathol 151:1759–1765
66. Xue Y, Smedts F, Debruyne FM, de la Rosette JJ, Schalken JA
(1998) Identification of intermediate cell types by keratin expression in the developing human prostate. Prostate 34:292–
301

