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Abstract A morphometric analysis was performed to
obtain quantitative data on age-related changes in pro-
static endocrine cell (PrEC) density. Sixty prostates
from subjects aged 14-74 years were studied with a
semi-automatic image analysis system (ASM 68K,
Leitz) applied to sections immunostained for chro-
mogranin A-reactive cells. The highest density of PrECs
(0.366 cells/mm of epithelial length) was found in the
25-54 year age group, which was significantly different
from that found in prostates of the younger (0.311 cells/
mm) and the older (0.261 cells/mm) age groups. The
data probably reflect the higher incidence of incom-
pletely developed glandular units in the younger group
and the formation of new alveoli related to the usual
glandular hyperplasia that occurs with increasing age in
the older group.
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Introduction

Prostatic endocrine cells (PrECs) have been observed in
various age groups in normal, benign hyperplastic and
neoplastic prostate (Pretl 1944; Capella et al. 1981; di
Sant’Agnese et al. 1985; Abrahamsson et al. 1987; di
Sant’Agnese and de Mesy Jensen 1987; di Sant’Agnese
1992; Oesterling et al. 1992). On qualitative morpholog-
ical observations, age-related variations of the en-
docrine cell incidence are not apparent in normal or
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hyperplastic human prostate (Abrahamsson et al. 1987).
Nevertheless di Sant’Agnese et al. (1985) observed a
more pronounced focal distribution of PrECs with in-
crease in periurethral ducts and acini and decrease in
peripheral acini in prostates from what they called an
older population. However, these findings must be inter-
preted cautiously as they included prostates from pa-
tients who had received irradiation for bladder car-
cinoma.

Quantitative studies on guinea pigs showed a signifi-
cant age-related increase in PrECs (di Sant’Agnese et al.
1987). There is no quantitative analysis of the age-relat-
ed occurrence of PrECs in Man and we therefore evalu-
ated the age-related incidence of PrECs in the epithelial
lining of the alveoli and secondary ducts of the normal
human prostate. We wished to identify a baseline trend
of PrEC density throughout a wide range of adult life.

Materials and methods

Large samples of selected prostate glands without obvious gross
or microscopic lesions, obtained from 60 subjects aged 14-74
years who had been killed in road accidents, were examined after
10% calcium acetate formalin (pH 7) fixation and paraffin embed-
ding. Histological sections 7 um thick were stained with haema-
toxylin and eosin and Verhoeff-van Gieson. In every case, sections
for immunocytochemistry were processed with monoclonal anti-
bodies to chromogranin A (ChrA; Dako), which is a sensitive
marker of neuroendocrine cells (Abrahamsson et al. 1989). A
brown-coloured final product was developed using an avidin-bi-
otin immunoperoxidase reagent.

The morphometric study was carried out using a Leitz ASM
68K semi-automatic image analysis system, connected to the mi-
croscope. The glandular profiles were traced out onto the digitizer
board to measure the length of their epithelial lining. Tracings
were made along the basal lamina of alveoli and ducts. While
performing measurements, the amount of ChrA-positive cells
present in the profiles was recorded.

Several groups of alveoli were chosen at random, to avoid bias
due to the patchy distribution of PrECs. The overall length of
epithelial profiles traced for each case was at least 300 mm. The
measurements proved to be readily reproducible.

The linear density of ChrA-positive cells was calculated and
expressed as the number of cells per millimetre length of epithelial
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lining. The data obtained were then subjected to statistical analy-
sis by Fisher’s F-test and Student’s z-test.

Results

The density of PrECs showed a marked variation (Fig.
1) from case to case (ranging between 0.083 and 0.684/
mm) with a general increase with age up to about the
fifth decade, and thereafter a decline (Fig. 2).

In order to analyse the age-related variations, cases
were grouped into age intervals of 10 years as follows:
under 15 years; 15-24; 25-34; 35-44; 45-54; 55-64; 65
years and over. The mean densities found in each group
are listed in Table 1. The highest values of the counts
were found in the age groups 3544 and 45-54 years.
The statistical significance of the differences between
these groups and the other ones was assessed by apply-

Fig. 1a—¢ Examples of the
great variation in endocrine
cell density among the differ-
ent cases. Chromogranin A
(ChrA) immunostaining. a
Young man aged 23. Only one
endocrine cell can be seen in a
group of alveoli, x 150. b
Higher magnification of the
ChrA-positive cell shown in a,
x 600. ¢ Adult, 42 years old.
Alveoli containing a great
number of endocrine cells,

x 150

ing the Student’s t-test; the results are summarized in
Table 2. Significant differences were only found in the
comparisons of the youngest (15-24 years) and elderly
(55-64 years) groups. The comparison with the oldest
group (65 years and over) shows no significant differ-
ence, but the number of cases in the group is too small
to make the evaluation reliable.

Despite the large variation observed among cases of
the same age group or even of the same age, the statisti-
cal analysis appears to confirm the trend observed in
Fig. 2, with a concentration of the cases showing higher
endocrine cell density in the age range comprising the
third, fourth and fifth decades.

Thus statistically three main age groups may be iden-
tified: A (14-24 years); B (25-54 years); C (55 years and
over). As shown in Table 3, the number of PrECs per
unit length of epithelium is higher in group B than in
groups A and C, with significant and highly significant



o
©

e
o

o
[

o
[

n. cells / mm
o
NN

o
©

o
N

WA v

10 15 20 25 30 35 40 45 50 55 60 65 70 75

years

Fig. 2 Plot of the density of prostatic endocrine cells (ChrA-posi-
tive cells) against age

Table 1 Number of prostatic endocrine cells (PrECs) per milli-
metre of gland epithelium length. The mean and the standard
error of the mean (SEM) are given for each age group

Age (years) Number of cases Mean SEM
<15 1 0.286

15-24 13 0.313 0.152
25-34 19 0.332 0.194
35-44 9 0.408 0.140
45-54 7 0.402 0.219
55-64 8 0.261 0.134
=65 3 0.261 0.087

Table 2 Significance of the

t-test applied in the age group  Asge (years) 35-44  45-54

evaluations shown in Table 1

(NS not significant) 15-24 <0.005 <0.05
25-34 NS NS
35-44 NS
45-54 NS
56-64 <0.001 <0.02
65-74 NS? NS?

Table 3 PrEC density (cell number/mm epithelium) in three main
age groups

Group Age Number Mean SEM  i-test P
(years) of cases
A <25 14 0311 0.146
2.8394 <001
B 25-54 35 0366  0.192
4772 <0.001
C >55 11 0261  0.122

differences respectively. The reliability of the Student’s
t-test is supported by the evaluation of F for the analysis
of variance, since the Fisher’s test indicates that groups
can be considered to have the same variance {P > 0.05).

167

Table 4 Trend of PrEC density in the three main age intervals
slightly different from those in Table 3

Age (years) Number of cases Mean SEM  t-test P
<20 7 0.222  0.062
6.538 <0.001
21-50 41 0392 0152
9.06 <0.001
>51 12 0.247 0.125

The differences between the 20-50 years group and
the younger and elderly ones remain highly significant
when the age boundaries of groups are slightly modi-
fied, as shown in Table 4.

Discussion

Our results indicate variations of PrEC density from
younger to older subjects, with a peak in the central age
group (Tables 3, 4). It is interesting to note the low
counts recorded in the older age group, a finding in
contrast with data obtained in guinea pigs by di
Sant’Agnese et al. (1987). They found that the number of
PrECs per unit length did not differ in weanlings (9
days) or in mature pre-breeders (11-12 weeks), but
showed a roughly 24-fold increase in the older animals
(the retired breeders). However, even if a similar age
grouping criterion cannot be applied in Man, the retired
breeders resemble our adult age group, which showed a
significant increase in mean PrEC density. A real coun-
terpart of our old age group cannot be found in the
experimental design of di Sant’Agnese and coworkers.
Qualitative observations on human prostates obtained
from radical cystectomies ascribed a decreased number
of PrECs in the peripheral acini to “incidental... irradia-
tion, prostatic pathology or simply old age” (di
Sant’Agnese et al.-1985).

However an age-related decrease in the number of
endocrine cells has been reported in human organs,
such as stomach (Takahashi et al. 1980; Green et al.
1986, 1989) and appendix (Shaw 1991). This has been
related to involution (Takahashi et al. 1980) but the real
causes are not known.

In our view, the lower density of PrECs we observed
in the younger age group when compared with middle-
aged men could be explained by the fact that many glan-
dular units are not completely developed (Battaglia
1989a). In the older group the lower density of PrECs
depends on the growth of new alveoli derived from mi-
croglandular clusters (Battaglia 1989b, 1991). Those
new glandular subunits tend to increase the bulk of pro-
static alveoli in old age. Preliminary observations sug-
gest that PrECs are very scanty both in newly formed
alveoli and in microglandular clusters. However, addi-
tional studies are needed to fully explain the age-related
fluctuation in the tissue density of endocrine cells in the
prostate.
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