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ABSTRACT
Objectives. To analyze the volumetric density (Vv) of elastic and reticular fibers in the transition zone of
controls and patients with benign prostatic hyperplasia (BPH).
Methods. Prostatic tissue samples were obtained from 25 patients (age range 63 to 79 years, mean 68)
with clinical symptoms of bladder outlet obstruction who had undergone open prostatectomy. The control
group was composed of 25 transition zone samples from prostates obtained during autopsy of adults aged
younger than 30 years (killed in accidents). The Vv of the elastic and reticular fibers was determined in 25
random fields per prostate, using the point-count method with an M-42 grid test system. The data were
analyzed using the Kolmogorov-Smirnov, Shapiro-Wilk W, and Mann-Whitney U tests. The Vv of these
components was determined by stereologic methods.
Results. The Vv in the control and BPH groups was 12.47% � 3.6% and 16.55% � 9.11% in the elastic
system fibers (difference not statistically significant) and 22.75% � 1.66% and 29.33% � 1.08% in the
reticular fibers (difference statistically significant), respectively.
Conclusions. Reticular fibers showed a statistically significant increase in the BPH samples, and this finding
suggests that stromal network fibers play a significant role in BPH. UROLOGY 64: 693–697, 2004. © 2004
Elsevier Inc.

Benign prostatic hyperplasia (BPH) represents
the non-neoplastic growth of the prostate that

affects the male population, especially after the
fifth decade of age. It has a clear relationship to age1

and can affect 90% of men older than 90 years of
age.2 The result of this growth is a change in the
prostatic histologic architecture.3–5 These changes
result in the formation of nodules that, in more
than 70% of cases, are located in the transition
zone.3 Although described as hyperplasia of the

prostatic glandular and stromal compartments,6 its
pathogenesis has not been entirely clarified.

It is known that the infravesical obstruction in
BPH has a static/mechanical component, repre-
sented by the anatomic presence of adenoma, and a
dynamic mechanism, represented by the tonus of
the prostatic smooth muscles.7 The severity of
symptoms produced by BPH and the degree of in-
fravesical obstruction, or even the International
Prostate Symptom Score, do not show a relation-
ship with prostate size,8,9 and dynamic findings are
independent of the volumetric density of the dif-
ferent prostatic components.10,11 Thus, a better
knowledge of the histologic components of the
normal and hyperplastic prostate is required, espe-
cially regarding the extracellular matrix and its
pathophysiology.

The prevalence of histologic BPH predates the
incidence of clinical or symptomatic BPH.9 Quan-
titative studies have described a statistically signif-
icant increase in the stromal component and im-
portant changes in the proportions of their
elements during the development of BPH.12,13 The
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prostatic stroma is primarily composed of smooth
muscle cells and connective tissue containing fi-
broblasts, collagen, and elastic system fibers, in ad-
dition to nerves, lymphatics, and blood vessels.12,14

Studies involving animal experimentation and in
vitro cell cultures have revealed that BPH is a stro-
mal disease.15

The goal of the present study was to evaluate the
volumetric density (Vv) of the elastic system and
reticular fibers of the extracellular matrix in the
prostatic transitional zone of prostate samples
from controls and patients with BPH.

MATERIAL AND METHODS

The local ethics committee on human research approved
the study, and all patients provided written informed consent.

BPH tissue samples of the transitional zone were ob-
tained from 25 patients without symptoms of bladder outlet
obstruction, who did not undergo any treatment for symp-
tomatic BPH and who had undergone open prostatectomy
(retropubic or transvesical). All patients studied had pros-
tates larger than 40 g (mean 60), a flow rate of 12 mL/s or
less, and an International Prostate Symptom Score of 12 or
greater. Patient age range was 63 to 79 years (mean 68), and
all presented with a histologic diagnosis of BPH, with no
focus of prostate carcinoma.

The control samples comprised the transition zone of 25
prostates obtained from autopsies of young individuals rang-
ing in age from 18 to 30 years (mean 24), who had died of
causes not related to the urogenital system. The mean prostate
weight in the controls was 25 g. A sagittal section from the
anterior region to the lumen of the prostatic urethra exposed
the verumontanum, and this anatomic landmark was used to
excise tissue accurately from the transition zone, as described
previously.3–5 The time elapsed between death and fixation of
the excised controls was less than 6 hours.

The fragments were submitted to isotropic and random or-
thogonal triplet probe sections for stereologic analysis.16 Next,
the samples of prostatic tissue were immersed in Bouin’s fix-
ative for 24 hours and then embedded in paraffin. Sections
5-�m thick were stained with Weigert’s resorcin-fuscin with
previous oxidation and Gomori’s reticulin. All samples were
initially stained with hematoxylin-eosin and examined by a
pathologist to detect any focus of carcinoma and to exclude
samples with artifacts. A pathologist from the University Hos-
pital who was not involved in the research protocol first ana-
lyzed the prostate samples obtained in the surgical unit. Then,
a pathologist from the Urogenital Research Unit confirmed the
diagnosis.

From each prostate, five samples were excised from the
transitional zone, and, from each sample, five different sec-
tions were selected. Five random fields were then evaluated
from each section, resulting in the analysis of 25 test areas
from each prostate, totaling 625 fields that were analyzed for
elastic and reticular fibers in each group. For the stereologic
analysis, the 5-�m sections were stained with the Weigert
resorcin-fuscin technique to detect the elastic system fibers
(stained violet) and Gomori’s reticulin to detect the reticular
fibers (stained black). The analyzed fields were then digitized
to a final magnification of �400 using a video camera coupled
to a light microscope. The selected histologic areas were then
quantified by applying a test-grid system on the digitized fields
on the screen of a color monitor. From stereologic principles
in isotropic tissue, the area distribution of a given structure, as
determined on a two-dimensional section of the structure, is
proportional to the volume distribution of the structure. The

volume density of the histologic components was calculated as
Vv � Pp/Pt, where Vv was the volume density, p was the tissue
component under consideration, Pp was the number of test
points associated with p, and Pt was the number of points in
the test system. The stereologic methods have been described
in detail elsewhere.17,18

The data were analyzed with the Kolmogorov-Smirnov test
and Shapiro-Wilk W test to verify normal distribution and
variance of data, as well as the unpaired Mann-Whitney U test
to demonstrate whether the Vv differences were statistically
significant. P �0.05 was considered statistically significant.

RESULTS

The volumetric density (Vv) of the elastic system
fibers in the prostate transition zone of controls
and patients with BPH was 12.47% � 3.6% and
16.55% � 9.11%, respectively (differences not sta-
tistically significant, P � 0.332; Fig. 1A,B and Ta-
ble I). Because the variance was different between
the two groups studied, we applied the Mann-
Whitney U test, which did not demonstrate statis-
tically significant differences between the mean
values of the two groups. The median value for the
two groups was similar. Six prostates in the BPH
group (24%) presented with a Vv greater than 20%;
the maximal Vv in the control group was 17.8%.

The Vv of the reticular fibers in the prostate transi-
tion zone of the controls and patients with BPH was
22.75% � 1.66% and 29.33% � 1.08%, respectively
(differences statistically significant, P �0.0001; Fig.
1C,D and Table I). The greatest concentration of re-
ticular fibers in BPH was found in the periacinar re-
gion (Fig. 1B,D).

COMMENT

The stereologic method has been used in quanti-
fication studies4,13,19 specifically to determine the
number (or percentage) of fibrous components of
the extracellular matrix.4,18 The point counting
method proved to be very efficient, avoiding the
bias that frequently occurs with computerized im-
age analyses, which may overestimate or underes-
timate the analyzed structures.4,19

The correlation between the histologic changes
and the establishment of obstructive symptoms has
not been clarified perfectly, because the grade of
infravesical obstruction does not necessarily have a
relationship to prostate size.8 Some investigators
have believed that the obstruction mechanism is
mixed, with a static component formed by the an-
atomic presence of the adenoma and a dynamic
component represented by the tonus of the pros-
tatic smooth muscles.7 Nevertheless, Ichiyanagi
and coworkers20 have demonstrated a decrease in
the volumetric density of smooth muscles in pa-
tients with infravesical obstruction due to BPH,
stressing the role of nonmuscular components in
the pathophysiology of the disease.
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The fibroelastic components of the extracellular
matrix are characterized by a high degree of exten-
sibility and elastic recoil. The location and arrange-
ment of these fibers suggest that they are function-
ally different, reflecting the mechanical properties
of the tissues in which they occur.21

The correct knowledge of the quantitative changes
in the extracellular matrix during the development of
BPH is important for determining the best therapy in
each case.13,22 The importance of knowing the Vv of
the smooth muscle cells has been previously report-
ed4 to understand the action of alpha-blocker drugs,
which depends fundamentally on the muscle tonus
mediated by alpha1-adrenergic receptors9,23 and on

the density of such receptors and their properties,
which differ in different prostate zones.24 The testos-
terone-suppressing and dihydrotestosterone-sup-
pressing action of antiandrogens in reducing prostate
volume occurs mainly in the static component, pro-
moted primarily by an increase in the extracellular
matrix, as well as epithelial hyperplasia.25

The localized proliferation of the fibromuscular
stroma is accepted as the first step in the develop-
ment of BPH.26 It includes significant changes in
fibroblasts, capillaries,6 collagen, elastic system fi-
bers, and glycosaminoglycan composition.27

Quantitative analysis has showed a statistically
significant increase in the stroma of prostates with
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FIGURE 1. (A) Photomicrograph of prostate from patient in control group demonstrating distribution of elastic
system fibers. Weigert stain, original magnification �40. (B) Photomicrograph of prostate from patient in BPH group
demonstrating great quantity of elastic system fibers. Weigert stain, original magnification �40. (C) Photomicro-
graph of prostate from patient in control group showing few reticular fibers in stroma and periacinar region.
Gomori’s reticulin stain, original magnification �40. (D) Photomicrograph of prostate from patient in BPH group
demonstrating important increase in reticular fibers in stroma, with condensation in periacinar region. Gomori’s
reticulin stain, original magnification �40.

TABLE I. Results of elastic system and reticular fiber quantitative evaluation (volumetric
density) in prostatic transitional zone

Fiber Controls BPH n P Value

Elastic 12.47 � 3.6 16.55 � 9.11 25 0.332*
Reticular 22.76 � 1.66 29.33 � 1.08 25 0.0001†

KEY: BPH � benign prostatic hyperplasia.
Data presented as the mean percentage � SD.
* Not statistically significant, Mann-Whitney U test.
† Statistically significant, Mann-Whitney U test.
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BPH in relation to normal prostates; however, it is
not clear whether only the transition zone was an-
alyzed. Also, the stroma was analyzed as a whole,
without providing data on each of its compo-
nents.12,13 Prostatic adenoma from symptomatic
men, such as in this study, would have a signifi-
cantly greater proportion of stroma and lower pro-
portion of epithelium in relation to those with
asymptomatic BPH.9,12 Studies in young individu-
als have showed a stroma/epithelium ratio of 2:1 in
relation to BPH, in which a ratio of 5:1 was found,
suggesting that BPH could actually be a stromal
process.13 In studying the prostate specimens ob-
tained from symptomatic patients who had under-
gone transurethral resection of the prostate, Ishig-
ooka et al.11 demonstrated an inverse correlation
between the relative proportion of muscle cells and
the prostate size, as well as a positive correlation
between the percentage of fibrous tissue and pros-
tate volume, stressing the role of this component in
the organ’s growth. Also a weak positive relation
was found between the percentage of fibrous tissue
and the International Prostate Symptom Score. Be-
cause approximately 70% of the stromal compo-
nent is composed of fibrous tissue elements,11 and
most research has studied the muscular element, it
is necessary to provide a better clarification of the
role of the elastic system and collagen.

Studies that have demonstrated a decrease in the
volumetric density of smooth muscles in patients
with infravesical obstruction due to BPH have
stressed the role nonmuscular components play in
the disease’s pathophysiology.20 It is possible that
in addition to such a decrease in the smooth mus-
cles and the inverse correlation between the pro-
portion of muscle cells and prostate size observed
in the study by Ishigooka et al.,11 a constant remod-
eling in the elastic component also occurs so that it
provides a high variance in the volumetric density
of such fibers, such as was observed in the present
study. Such a fact was not detected in relation to
the reticular fibers.

The different kinds of collagen in the prostate
extracellular matrix suggest a different role in the
physiology of these fibers.21 This hypothesis is sup-
ported by the presence of reticular fibers, which
have a high degree of interaction with the ground
substance, especially with heparan sulfate.

The hydrophily of these glycosaminoglycans,
with a hydration (solvation) layer and the presence
of sulfate radicals that interact with the collagen
basic groups, binding collagen fibrils to one an-
other, confers to these fibers different mechanical
properties, increasing their resistance to compres-
sion forces.28 This could explain the frequent in-
creased hardness in BPH samples, with direct im-
plication of the static component (nodule) of
bladder outlet obstruction. The increase in speci-

men consistency found in BPH was usually ob-
served during cleavage of the processed samples.

Carvalho and Line29 reported that the microfibril
network must also be important in providing the
tissue with the compliance needed during smooth
muscle contraction and elastic restoration of the
resting morphology after compression forces. This
not only results from the extensibility demon-
strated by elastin-associated microfibrils, but also
from the flexibility of its arrangement and organi-
zation.

It is known that stromal elements contribute to
infravesical obstruction with a passive strength
that is not regulated by the action of smooth mus-
cular contraction.30 Shapiro et al.2 studied pros-
tates obtained from autopsies of individuals aged 2
days to 40 years and demonstrated a progressive
and statistically significant age-dependent decline
in the density of smooth muscle from childhood to
puberty and a statistically significant increase from
puberty to 40 years of age. The reverse occurred
with the connective tissue density, suggesting that
up to this age, only qualitative changes were occur-
ring, because the volumetric density of the stromal
compartment remained constant. The hormonal
changes involved in human development would
influence the composition of the prostatic tissue
elements, a fact previously demonstrated in pros-
tatic embryogenesis.6 However, no statistically sig-
nificant alteration would occur in the quantity of
elastic fibers, given the small variance observed in
the control group of the present study. The high
variance observed in the BPH group and the high
volumetric density found in 24% of the prostates in
our study suggest that the changes in the fiber net-
work of the extracellular matrix in the hyperplastic
tissue are complex and that the role of nonmuscu-
lar elements of the prostatic stroma, by increasing
the passive force implied in the mechanical com-
ponent of the obstruction, can make a difference
when choosing the most suitable therapy.

To our knowledge, this was the first study to
identify a statistically significant increase in the re-
ticular fibers in the stroma of the transition zone in
BPH prostates.
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