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ABSTRACT

Purpose: Neuroendocrine differentiation is a hallmark of prostate cancer. The aim of our study was the detection of the
parallel expression of neuroendocrine related markers using a prostate tissue microarray (TMA).

Materials and Methods: Our study was aimed at detecting the parallel expression of NeuroD1, Chromogranin-A (ChrA),
Androgen Receptor (AR) and Ki-67 by immunohistochemistry on prostate cancer tissue microarray. The data was ana-
lyzed using SAS version 8.2 (SAS Inc, Cary, NC). The relationships between NeuroD1, ChrA and AR expressions and
patients’ characteristics were investigated by multivariate logistic regression analysis. Progression and Overall Survival
(OS) distributions were calculated using Kaplan-Meier method.

Results: Tissue reactivity for NeuroD1, ChrA and AR concerned 73%, 49% and 77% of the available cases, respectively.
Regarding overall survival, there were 87 deaths and 295 patients alive/censored (6 years of median follow-up). Seventy-
seven disease progressions occurred at the median follow-up 5.4y. A significant correlation between NeuroD1, ChrA and
AR expression was observed (p < 0.001 and p < 0.03, respectively). Additionally, ChrA was strongly associated in multi-
variate analysis to Gleason score and Ki67 expression (p <0.009 and p < 0.0052, respectively). Survival analysis showed
no association between markers neither for overall nor for cancer-specific survival.

Conclusions: The results highlight that NeuroD1, Chromogranin-A and Androgen Receptor are strongly associated, how-
ever their expression does not correlate with overall survival or disease progression.
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INTRODUCTION cause of cancer related deaths in men (1,2). The clini-
cal course of this cancer is often unfavorable due to

Prostate cancer (PCa) is the most frequent the shift from androgen dependent status to hormone

cancer in Western countries and the second leading refractoriness. The change in clinical course correlates
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with a strong increase in biological aggressiveness and
a significant decrease in survival (3). Only a few stud-
ies on docetaxel-based chemotherapy have reported
results in terms of survival, pain control, quality of
life and progression in patients with metastatic castra-
tion-resistant prostate cancer (CRPC) (4,5), albeit the
risk of cytotoxic chemotherapy should be individually
weighted.

In recent years, the presence of neuroendo-
crine differentiation (NED) features has been reported
as a variable associated with the development of the
CRPC (6,7) during the natural history of this PCa.
In general, pure neuroendocrine (NE) tumor cells do
not express androgen receptors (AR), are resistant to
androgen deprivation therapy and do not proliferate
in response to androgens (8). Autocrine-paracrine
epithelial interactions and/or transdifferentiation are
the mechanisms through which NE cells act in PCa
homeostasis (9).

The early detection of NE activity in pros-
tate adenocarcinoma could suggest or anticipate an
early diagnosis of hormones refractoriness behavior
and thus justify changes in therapeutic approaches.
Unfortunately, the diagnosis and the quantification of
prostatic NE cell activity remains a problem. Chro-
mogranin A (ChrA), consistently expressed during
NE cell differentiation (8), is the most frequently used
marker to detect NE differentiation in PCa patients,
both at tissue and at serum level (10,11). Neverthe-
less, differences between assays for serum ChrA pro-
vided a significant discordance rate, suggesting that
the commercial kits for serum detection might elicit
different information (12). Moreover, tissue ChrA
lack prognostic significance in patients with bone
metastatic PCa (13). Other NE markers (such as tissue
CDS56, synaptophysin) add only little information on
the acquisition of NE phenotype in human prostate
(14). Neuron-specific enolase (NSE) could become a
valuable tumor progression marker and could serve as
predictor of survival together with clinical parameters
but only in advanced and hormone refractory prostate
neoplasms (15,16).

These evidences highlight that the identifi-
cation of new diagnostic and prognostic markers is
relevant for the clinical management of PCa patients,
especially related to neuroendocrine differentiation.
Following the identification of the neurogenic char-
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acteristic of the 2q31-33 genome region (HOX D
locus) which houses genes involved with epithelial-
neuronal cell conversion (17), we investigated the
role of NeuroD1 in normal and neoplastic human
prostates. We have previously reported that Neu-
roD1 tissue reactivity correlates with the indicators
of malignancy in moderately to poorly differentiated
PCa and it could be involved in the pathophysiology
of PCa neuroendocrine differentiation (14). Here we
report on an immunohistochemical analysis using a
tissue micro array (TMA) containing a high number of
different naive prostate cancer specimens, in order to
verify the prognostic relevance of NeuroD1 together
with ChrA, AR and Ki67 tissue reactivity and their
correlations.

MATERIALS AND METHODS

Atotal of 732 patients (members of the Kaiser
Foundation Health Plan) treated for clinically local-
ized PCa by radical prostatectomy or transurethral
resection (TURP) (incidental diagnosis) at one of
two Kaiser Hospitals in Portland (OR, USA) between
1971 and 1996, were retrospectively evaluated. The
full study protocol, including access to the slides and
blocks, was reviewed and approved by the Commit-
tee for the Protection of Human Subjects of Kaiser
Permanente, Portland, OR. All patient identifiers
were removed and replaced by unique study numbers,
linked to the original identifiers by a single file kept
under high security. Medical records for the entire
cohort were abstracted at one time, 1999-2001, to
assure uniform criteria for diagnosis, progression,
and staging.

Selection of the specimens, classification,
as well as patient management and follow-up have
extensively been described elsewhere (18). Before
1992 (pre-PSA era), progression was defined clini-
cally based on the results of bone scans, chest x-rays,
and/or digital rectal examination. After 1992, progres-
sion was defined by increasing PSA serum concentra-
tions in serial determinations following a postopera-
tive PSA nadir value (18). Patients with N+ or M+
disease at the diagnosis or treated by neoadjuvant or
postoperative hormonal or chemotherapy have been
excluded.
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Benign prostatic hyperplasia (BPH), as con-
trol, was also evaluated in 89 specimens (not included
in the analysis).

Tissue Microarray Design

The prostate TMA was constructed as pre-
viously described (18,19). Briefly, one core tissue-
biopsy (diameter 0.6 mm) was taken from the least
differentiated region of individual paraffin-embedded
prostate tumors (donor blocks) and precisely arrayed
into a new recipient paraffin block (35-20 mm) with
a custom-built precision instrument (Beecher Instru-
ments, Silver Spring, MD). The core-tissue biopsies
were put into one of the two recipient blocks that de-
fined one replicate TMA. Six replicate TMAs contain-
ing the identical set of tumors were constructed. After
the block construction, 5 mm sections were cut using
amicrotome. Originally, 732 donor tissue blocks were
available for the construction of this TMA. Specimens
from 74 tumors could not be included in the study
because of incomplete follow-up data, lack of tumor
in the arrayed sample (sampling error), damaged tis-
sue (heat or crush artifacts), or a total lack of tissue at
some array positions (‘empty spots’). The number of
patients varies between the individual marker analyses
because of variability in the number of interpretable
specimens on consecutive sections.

The presence of tumor tissue on the arrayed
samples was verified on a hematoxylin-eosin-stained
section. All data in this study are based upon the
analysis of 658 PCa specimens.

Immunohistochemistry

Sections (4 pum) of TMA blocks were trans-
ferred to an adhesive-coated slide system (Instrumed-
ics Inc, Hackensack, NJ, USA). After incubation,
immunodetection was performed following a stan-
dard avidin-biotin complex method (LSAB-DAKO;
Glostrup, Denmark, and DAB; Vector Laboratories,
Burlingame, CA,). The slides were immunoassayed
for neuroD1 (sc-20805, 1:150; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA.), Ki-67 (MIB1, 1:800; Dako,
Glostrup, Denmark), chromogranin A (DAK-A3,
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1:100; Dako, Milan, Italy) and androgen receptor
(clone AR 441 1:300 DAKO, Glostrup, Denmark).

Stained TMA sections were evaluated by pa-
thologists using uniform criteria. In particular, single
markers expression was recorded as negative/positive,
considering expression in normal versus neoplastic,
being the discrepancies resolved in a reviewed joint
analysis.

The fraction of immunohistochemically
positive cells per punch was evaluated. NeuroD1 was
classified as 0%, 1-50%, > 50%. Chromogranin A
was classified as 0-4%, 5-9%, > 10%. For Ki67 and
androgen receptor, only nuclear staining was consid-
ered. AR was classified as 0-10%, 11-50%, > 50%:;
whereas Ki67 was visually scored and stratified into
two groups (low < 10%; high > 10%) (18). The cut-off
values used in the analyses have been selected on the
bases of the best possible discriminatory effect.

Statistical Analysis

The data was analyzed using SAS version
8.2 (SAS Inc, Cary, NC). A two-tailed P value <0.05
was considered significant. Continuous variables
were expressed as mean and Standard Deviation and
compared with ANOVA. Categorical variables were
expressed as a number or a percentage and compared
by using Fisher’s exact test. The relationships between
NeuroD1, ChrA and AR expressions and patients’
characteristics were investigated by multivariate
logistic regression analysis. Progression and Overall
Survival (OS) distributions were calculated using the
Kaplan-Meier method.

RESULTS

The main clinical-pathological characteristics
of the biopsies are listed in Table-1. Follow-up data
for progression (median 5.4, range 0.5-20 years) were
available in 631 cases. For the overall survival were
useful data from 623 patients (median 6, range 2-20
years). Gleason score was assessed for all the PCa
specimens on TMA (658 punches) and classified as
well, moderately, or poorly differentiated (Gleason
score<7,7,>7,respectively). The Gleason score and
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Table 1 — Main clinical and pathological findings of 658
patients.

Characteristics N (%)*
Median age (range), years 65 (45-92)
Surgery
RP 589 (89)
TURP 71 (11)
Gleason score
<7 378 (57.5)
7 224 (34.0)
>7 56 (8.5)
Stage
pT2 467 (71.0)
pT3 105 (16.0)
pT4 27 (4.1)
pTx 59 (9.0)
High Grade PIN 25 (3.8)
Perineural invasion 270 (41.0)
Seminal vesicles invasion 35(5.3)
Urethral invasion 42 (6.4)
NeuroD1
Absent 107 (26.2)
Intermediate 130 (31.8)
High 172 (42.1)
ChrA
Low 358 (57.0)
Intermediate 165 (26.3)
High 105 (16.7)
AR
Low 142 (38.1)
Intermediate 131 (35.1)
High 100 (26.8)
Ki67
Low 459 (85.5)
High 78 (14.5)

*tables entries are absolute numbers and percentages, but for age.
RP = Radical Prostatectomy, TURP = Transurethral resection;
PIN = Prostatic intraepithelial neoplasia; ChrA = chromogranin-
A; AR = androgen receptor; Ki67 = Ki67 label index.

pathologic stage were highly predictive for progres-
sion (p < 0.0001) and overall survival (p < 0.0001).
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Immunohistochemistry

Actotal 0f 409 PCa punches were available to
detect for NeuroD1 protein expression. Among these,
302 (73%) showed a NeuroD1 positive cytoplasmic
staining (Table-1). Only few cases showed a faint
nuclear stain. Results according to Gleason score
were reported in Table-2. NeuroD1 expression has
shown significant association with ChrA (p <0.001)
and AR expression (p < 0.004) (Table-3). Only 3/89
(3%) cases of BPH showed a weak positivity. Failure
of analysis occurred in 249 cases mostly for unreli-
ability of staining or missing/damaged tissue.

Of 628 PCa punches valuable for ChrA ex-
pression, 270 (43%) showed a moderately-to-high
positive staining (Table-1). For ChrA, 30 cases are
invaluable or missing tissue, due to technical prob-
lems. The immunohistochemical analysis revealed
a cytoplasmic positivity, whereas 206 cases were
completely negative. Twenty cases of BPH were
focally positive. Results according to Gleason score
are reported in Table-3. ChrA expression is associated
with Gleason score, NeuroD1, AR and Ki67 index (p
=0.002, p <0.001, p=0.004 and p < 0.001, respec-
tively) (Tables 2 and 3).

The staining for the AR was available for 373
punches of PCa (Table-1), displaying predominantly
a nuclear localization. We detected a low, intermedi-
ate and high AR tissue reactivity in 38%, 35% and
27%, respectively. AR expression is associated with
NeuroD1 and ChrA (p =0.004 and p = 0.004, respec-
tively).

A high Ki67 Labelling Index (missing 121
cases) was found in 14.5% of the 537 evaluated
punches and it was significantly associated with a high
ChrA expression (p <0.001) (Table-3). The univariate
analysis associates ChrA and Ki67 with Gleason score
(p=0.002 and p<0.001) (Table-2). The multivariate
analysis (Table-4) further shows all markers but AR
in significant test trend association with the Gleason
score. Neither ChrA, nor AR and NeuroD1 positive
staining were found to be associated with the presence
of seminal vesicles, urethral or perineural invasion.

The Kaplan-Meier model curves showed
that Gleason score (data not shown) and Ki67 level
had a significant influence on survival parameters
(p <0.001), whereas ChrA (p = 0.7), AR (p = 0.8)
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Table 2 — Pattern of markers expression distributed according to homogeneous pathological group of patients following
Gleason score*.

Pathological Markers Gleason <7 Gleason =7 Gleason > 7 p Value
Neuro D1 (missing N = 249) 0.547
Absent 69 (28.9) 31 (22.6) 7(21.2)
Intermediate 77 (32.2) 43 (31.4) 10 (30.3)
High 93 (38.9) 63 (46.0) 16 (48.5)
ChrA (missing N = 30) 0.002
Low 216 (59.5) 126 (58.3) 16 (32.7)
Intermediate 97 (26.7) 51(23.6) 17 (34.7)
High 50 (13.8) 39 (18.1) 16 (32.7)
AR (missing N = 285) 0.142
Low 79 (36.1) 54 (43.5) 9(30.0)
Intermediate 78 (35.6) 37 (29.8) 16 (53.3)
High 62 (28.3) 33 (26.6) 5(16.7)
Ki67 (missing N =121) <0.001
Low 282 (91.6) 147 (80.3) 30 (65.2)
High 26 (8.4) 36 (19.7) 16 (34.8)

* tables entries are absolute numbers and percentages. Chr4 = chromogranin-A; AR = androgen receptor; Ki67 = Ki67 label index.

Table 3 — Spearman'’s correlation matrix of marker tissue reactivity™*.

NeuroD1 ChrA AR Ki67
NeuroD1 - 0.187 (<0.001) 0.189 (0.004) 0.013 (0.806)
ChrA - - 0.151 (0.004) 0.164 (<0.001)
AR - - - 0.091 (0.115)

Ki67 - - - -

* tables entries are correlation coefficients and p Values. ChrA = chromogranin-A; AR = androgen receptor, Ki6 7= Ki67 label in-
dex.

and NeuroDI (p = 0.7) did not show any significant (20), their prognostic relevance remain controversial
1nﬂuf:nce on progression-free (Figure-1) and overall (21). The NED (mainly identified by tissue ChrA
survival (data not shown). positive staining) seems to be useful as predictor for

biochemical failure after radical prostatectomy in
clinically localized PCa (21-23) and in low Gleason

COMMENTS score PCa (23). As far as NE activity is concerned it

. _ . will be difficult to detect as the knowledge of NED
- Although several 1mmun0h1§tochemlcal stud- pathophysiology remains obscure, prompting the
ies revealed the presence of NE cells in almost all PCa search for new biomarkers (14). Therefore, we previ-
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Table 4 — Multivariate analysis of association with markers distributed according to homogeneous pathological
groups*.

NeuroD1 ChrA AR Ki67

Age, year 0.99 (0.96-1.01) 0.99 (0.97-1.01) 0.99 (0.97-1.02) 1.00 (0.96-1.03)

Gleason score

<7 (reference)
7

Perineural invasion

Yes vs No

1.44 (0.96-2.16)

0.87 (0.59-1.27)

1.06 (0.75-1.49)

1.23 (0.89-1.69)

0.77 (0.50-1.17)

1.19 (0.80-1.77)

2.53 (1.44-4.45)

>7 1.72 (0.82-3.61) 2.88 (1.59-5.22) 0.92 (0.45-1.91) 4.86 (2.21-10.7)
Stage

pT2 (reference)

pT3 0.99 (0.57-1.73) 1.02 (0.67-1.56) 1.03 (0.62-1.73) 0.87(0.43-1.73)

pT4 0.70 (0.28-1.75) 1.14 (0.52-2.54) 0.93 (0.34-2.53) 1.76 (0.67-4.68)

pTx 0.91 (0.47-1.76) 0.71 (0.38-1.32) 0.94 (0.48-1.87) 2.24 (0.95-5.27)

1.49 (0.89-2.51)

Tables entries are OR and 95% confidence intervals. ™ p for trend test is <0.05 NeuroD1, Chr4 and Ki67. ChrA=chromogranin-A;

AR=androgen receptor,; Ki67=Ki67 label index.

ously investigated the effects of cAMP on epithelial
prostate cancer cell lines detecting a significant varia-
tion of HOX-D gene expression and identifying the
upstream area of the HOX-D locus on chromosome
2q31-33 as potentially involved in a neurogenic
program connected to NED (17). Among the genes
located in this genomic area, NeuroD1 expression has
been related to PCa (14). New evidences have further
stressed the use of pro-neural transcription factors,
including NeuroD1, as cancer biomarkers (24), sug-
gesting that the aberrant initiation of differentiation
programs may confer a selective advantage. The ob-
servation that in different PCa models (human derived
neoplastic cell-lines, transgenic mouse tumors and
patient samples) the hallmarks of neural transdiffer-
entiation along the progression to metastatic disease
were associated with changes in the expression of
activator-type beta-Helix-Loop-Helix transcription
factors including Hes6 and Ascll (24) strongly cor-
roborates our findings. The activation of pro-neural
transcription factors may well be a crucial step in PCa
progression even in a naive prostate cancer. Through
the use of TMA methodology, we have compared dif-
ferent NE markers in patients who underwent radical
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prostatectomy for surgically treated naive PCa. This
immunohistochemical assay (IHC) showed a very low
expression of NE markers in BPH (data not shown),
as previously reported (14). On the other hand, in
PCa we found a higher prevalence of NeuroD1 (73%
of the cases), Ki-67 (85%) and AR (62%) over ChrA
expression (42%), respectively. Herein, we showed
that all the markers in our study are mutually and
strongly associated (Tables 2 and 3).

The well-documented correlations
(18,23,25,26) between the Ki-67 expression and the
aggressive features of PCa were confirmed here by
the demonstration of its significant association with
Gleason score, ChrA expression and survival. On
the other hand, the absence of correlation with the
NeuroD1 and AR (Figure-2) could be explained by
the fact that Ki-67 is only a marker of proliferation,
whereas NeuroD1 and AR are implicated into the neu-
roendocrine differentiation pathway (9,14,27,28).

The evidence of significant associations
between ChrA, NeuroD1 and AR probably sug-
gests that their expression is not only correlated, but
also that the biological significance remains rather
obscure. We can speculate about the functional rela-
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Figure 1 — Progression free survival according to the markers tissue reactivity. ChrA = chromogranin-A; AR = androgen receptor;
Ki67 = Ki67 label index. In the first panel, the blue line is referred to the group without NeuroD] tissue reactivity indicated as “low”.

tionships in induction or sustain of a neuroendocrine
activity or NED in PCa. In the low-grade (Gleason
score < 7) group NeuroD1 and ChrA were detected
in 71.1 and 40.5% of the cases, respectively. In our
opinion this finding is interesting and suggests that
NeuroD1 could be activated in prostate tumorigen-
esis and that it probably is a more accurate marker
of transdifferentiated cells or cells predisposed to an
early NED.

Further experiments are needed to demon-
strate that for the early detection of NE activity an
integrated diagnostic panel (e.g. Dopa-Decarboxylase,

a-methylacyl-CoA racemase, IL-8 receptors) should
be proposed (9).

A limitation of our study concerns the cut-off
values used in the analyses, selected on the bases of the
best possible discriminatory effect. This approach may
predispose to detect false positive results. However,
as Figure-1 indicates, only Ki67 robustly emerged as
prognostic variable between the markers tested for
prognostic implication. A clear finding of the study is
the easy identification of high- and low-progression
risk PCa patients, with the majority of patients belong-
ing to the intermediate group by all the markers. The
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Figure 2 — Sequential slides of a same Gleason-4 prostate cancer, showing high chromogranin-A (4) and Neuro D1 (B) positivity with
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absent expression of androgen receptor (C). Immunohistochemical staining, X40.

intermediate group includes a significant fraction of
patients who experience progression of disease, urging
for additional markers. Furthermore, we have used
an historical (1971-1996) series of surgically treated
patients (members of the Kaiser Foundation Health
Plan) for the evaluation of the prognostic significance
and the internal relationships of the markers. Thus, the
likelihood of biases due to patient selection, surgical
management, follow-up data and tissue quality is not
negligible. On the other hand, the long median follow-
up time (almost 6 years with the longest follow-up
time being over 12 years) is an interesting argument
suggesting that PCa cells may remain dormant for
long periods of time (PCa progression can also take
place 10 years after prostatectomy). Moreover, data
concerning the kind of progression detection (by the
use of the preoperative and during the follow-up PSA
values or traditional imaging test) are lacking, hinder-
ing any possible inference relationship between kind
of progression, PSA, NE markers and prognosis.

CONCLUSIONS

Our study highlights the utility of TMAs to
efficiently evaluate candidate prognostic markers
in PCa. While some results confirm previous find-
ings, for the first time, to our knowledge, ChrA, AR
and NeuroD1 were evaluated together on a prostate
TMA. The lack of association between the ChrA,
AR and NeuroD1 tissue reactivity and survival
suggest that these markers cannot be considered
prognostic marker in patients surgically treated for
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PCa. Nevertheless, a better identification of such
neuroendocrine differentiation could advise about
a better response rate after carboplatin-etoposide
regimen chemotherapy (29).

Also, the highest reactivity of NeuroD1 over
ChrA suggests its possible use, for example, as a target
for antisense oligonucletide therapy (30).
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