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OBJECTIVE
To analyse, using scanning electron
microscopy (SEM), the organization of
stromal fibrous components in the
transitional zone (TZ) from normal human
prostates; because of its association with
disease, greater emphasis was placed upon
the periacinar region of the stroma.
MATERIALS AND METHODS
TZ specimens were obtained from normal
prostates during autopsy of six men, aged
18–30 years, who had died from accidents.
Tissue was fixed for SEM in a modified
Karnovsky solution for 48 h at 4 °C,
and to visualize the three-dimensional

INTRODUCTION
The transitional zone (TZ) is particularly
relevant for prostate pathology as it is
thought to be the main region of the gland
which enlarges in BPH [1]. This urological
disorder, the commonest in men aged ≥50
years [2], is associated with complex and not
well understood interactions between acinar
epithelial cells and their supportive stroma.
Several autocrine and paracrine stimuli are
involved in these interactions, which
ultimately modulate cell proliferation and the
expression of stromal extracellular matrix
molecules [3]. Epithelial–stromal interactions
and stromal extracellular matrix (ECM)
components also play key roles in normal
prostate physiology and in tumour growth
[4,5]. However, ECM turnover during
tumour development can vary according to
prostate region, as the TZ expresses fewer
metalloproteinases than the peripheral zone
[6]. Studies on the pathophysiology of
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organization of the stroma, samples were
treated to remove cells.
RESULTS
In acellular preparations, narrow fibrous septa
formed a dense and supportive scaffold
for ducts and acini, and a smooth and
homogeneous fibrous sheet, herein identified
as pars fibroreticularis, lined the acinar lumen.
More internally, fibrous septa had a spongy
organization with dense lamellae. Higher
magnification showed that the smooth
luminal sheet is made of 115–154-nm thick
fibrils in a tight parallel arrangement. Just
under this layer there was a meshwork of
fibrils 77–115 nm thick that were orientated
in less defined directions.

prostate disorders should therefore consider
these heterogeneous cellular responses and
focus the analyses on specific regions of the
gland. This approach is further warranted by
findings showing that the different zones of
the normal gland have distinct histological
and physiological features [7–9]. Therefore, to
properly evaluate changes in a given region of
the prostate, the control that should be used
is the corresponding region of the normal
gland. Indeed, if comparisons are not made
against these controls, any interpretation or
results might be erroneous [9].
By using immunohistochemistry we showed
that the expression of chondroitin sulphate
proteoglycans is selectively greater in the
periacinar stroma of the hyperplastic prostate
than in the normal TZ [10], and other
morphological techniques indicate that
elastic and reticular fibres might also be
increased in this disease, using similar
controls [11]. Because chondroitin sulphate

CONCLUSION
In the TZ of the human prostate, dense
stromal fibrous components around
acini act as a barrier that might enhance
local cellular responses and events
that occur in disorders such as benign
prostatic hyperplasia. The periacinar pars
fibroreticularis supports the notion of high
structural variability in this region of
basement membranes.
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proteoglycans have been implicated in cell
growth, migration and transformation [12],
the ECM surrounding acini, including its
basement membrane, might have a pivotal
role in the proliferative responses that
accompany prostate disorders. Indeed, it was
shown recently that perlecan, a basement
membrane proteoglycan, binds growth
factors that directly affect the metastatic
phenotype of prostate cells [13]. Despite this
evidence showing the importance of the ECM
and of the internal glandular heterogeneity,
there are few studies on the ultrastructural
organization of the human prostatic stroma
[14,15], of which none has specifically
analysed the TZ and its periacinar region.
Thus, little is known about the normal
morphological organization of the connective
tissue in this critical portion of the prostate.
In the present study we used scanning
electron microscopy (SEM) to analyse the
three-dimensional organization of the fibrous
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FIG. 1. Periacinar region of the TZ of the prostate
(asterisk) as seen in a routine preparation for light
microscopy. A, lumen of acinus. Haematoxylin and
eosin; original ×400; the scale bar represents 10 µm.

region of the stroma. Our samples were
obtained from young adults and consisted of
intact tissue and alkali-treated acellular
preparations.

MATERIALS AND METHODS

FIG. 2. Periacinar region of the TZ in an intact
prostate sample examined under low-vacuum SEM.
In this preparation the epithelial cells (E), stromal
septa (asterisk) and ducts (D) are visible. Epithelial
cells are well preserved and their apical poles, as
seen from the acinar lumen, have a ‘cobblestone’
arrangement. Original ×400; the scale bar
represents 30 µm.

FIG. 3. Acini and surrounding stroma in an acellular
preparation of the TZ of the prostate as seen under
high-vacuum SEM. Note the smooth luminal
surface (asterisks) lining the empty acinar spaces
(A). D, duct. Original ×150; the scale bar represents
200 µm.

components in the stroma of the TZ from
normal human prostates. Because it is often
associated with prostatic disease, greater
emphasis was placed upon the periacinar
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The Ethics Committee on Human Research
of the State University of Rio de Janeiro
reviewed and approved this study. TZ
specimens were obtained during autopsy
from six men (mean age 24 years, SD 4.0,
range 18–30) who had died as a results of
accidents. The prostates were macroscopically
normal and the mean (SD, range) weight of
the whole gland was 15.0 (2.6, 12.0–19.0) g.
The TZ was located and dissected, as
previously described [1,16], and tissue
specimens from it were immediately placed in
a fixative solution. The time elapsed between
death and fixation of the samples was <8 h.
Fixation for SEM was done by immersing
tissue fragments in a modified Karnovsky
solution for 48 h at 4 °C; the fixative
consisted of 2.5% glutaraldehyde and 2%
paraformaldehyde in 0.1 M sodium phosphate
buffer, pH 7.4. Part of the tissue specimens
was routinely processed for paraffin
embedding, and the 5-µm thick sections were
stained with haematoxylin/eosin and
examined by a pathologist not involved in the
study, to detect and exclude foci of carcinoma
or BPH.
To better visualize the three-dimensional
organization of the prostatic stroma under
SEM, tissue samples were treated to solubilize
and remove cells [17]. Thus, for each man,
about three fixed TZ fragments (1 × 1 cm)
were washed in PBS for 2 h at 4 °C and then
incubated in 40 mL of 2 M NaOH at room
temperature for 8 days. The samples were
then rinsed in three changes of 24 h each in
40 mL of distilled water at room temperature,
until they were pale and transparent.
The processing of materials for high-vacuum
SEM followed standard procedures [17].
Accordingly, acellular preparations were first
treated with 1% tannic acid in PBS for 2 h and
washed in PBS for 1 h. Post-fixation was done
in 1% osmium tetroxide in PBS for 3 h, after
which the samples were washed in PBS for
1 h and dehydrated in an ascending graded
series of ethanol. Samples were then criticalpoint dried with liquid carbon dioxide,
mounted on aluminium stubs with carbon

cement, and coated with gold using a sputter
coater. The samples were examined in a SEM
with an acceleration voltage of 15–20 kV.
To better characterize stromal fibrous
components and allow comparison against
other tissues, approximate linear thickness
was measured on calibrated digital
photographs taken at × 8000 and using the
program ImageJ version 1.37 (National
Institutes of Health, Bethesda, Maryland,
USA). The measurements were made on ≈30
fibrous elements per individual in at least five
different fields.
Intact samples, which consisted of fixed but
otherwise unprocessed tissue specimens,
were also examined directly under lowvacuum SEM to assess the luminal surface of
the acinar epithelium and the overall quality
of the sample. This SEM technique was also
used to monitor the efficiency and extent
of the cellular solubilization process. All
descriptive data are representative of the six
prostate samples used in this study.

RESULTS
Routinely prepared histological sections of
the TZ from the six prostate samples showed
that the periacinar stroma consists of dense
fibrillar bundles interspersed with fusiform
cells. These stromal components were mostly
distributed in concentric layers around the
luminal surface of the acinus and were in
close apposition to the basal epithelial cells
thereof (Fig. 1). Observation of this region
using low-vacuum SEM and intact tissue
samples showed a well-preserved acinar
epithelium and revealed that the stroma
surrounding ducts and acini is structured as a
framework of septa (Fig. 2).
To investigate in greater detail the threedimensional organization of this framework,
and especially of its constituent connective
tissue, prostate samples were treated with a
2 M NaOH solution, which solubilizes cells,
and were then examined under high-vacuum
SEM. These acellular preparations showed
that relatively narrow fibrous septa form a
dense and supportive scaffold for ducts and
acini (Figs 3–5). Also, removing the epithelial
cells showed that a smooth and grossly
homogeneous fibrous sheet lines the surface
of the empty acinar spaces (Fig. 3). However,
the more internal or deeper ECM of fibrous
septa, as seen in transverse sections, had a
spongy organization with thin but dense
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lamellae delimiting empty spaces which were
formerly occupied by cells (Figs 4 and 5).
Projections from the septa into the luminal
space were evident in some acini (Fig. 4).
The smooth luminal sheet is a thin fibrous
structure that is closely adherent to the
lamellae of the septa (Figs 4 and 5). In
addition, higher magnification showed that
this smooth sheet actually consists of
different structural components forming
distinct layers. The inner layer, which directly
faces the empty acinar space, is smoother and
made of 115–154-nm thick fibrils that are
tightly arranged parallel to one another, to
form a sheet (Fig. 6). Just under this layer
there is a meshwork of loosely woven thin
fibrils, of 77–115 nm thick, that are orientated
in less defined directions (Figs 6 and 7).

DISCUSSION
It is well established that the different
macromolecules of the ECM combine in
various compositions and/or proportions to
form connective tissues that vary widely in
morphological structure and function. In
the human prostate, investigations using
different methods showed that the stromal
ECM contains collagen types I, III, IV and V,
fibronectin, laminin, chondroitin sulphate and
heparan sulphate proteoglycans, and elastic
fibrrs [10,11,18]. This composition is thought
to be highly organ-specific [19], and factors
from the prostate stroma can, indeed, induce
non-prostate epithelial cells to differentiate
into a prostatic phenotype [20].
Although apparently homogeneous under
light microscopy, the prostate stromal
ECM around acini is organized as different
structures, e.g. fibrous sheets and spongy
septa that are made up of dense lamellae,
as was particularly evident in the present
acellular preparations. The distinct
conformations and locations of these
structures imply different functions, e.g.
supportive scaffold, retention of soluble
factors, and regulation of diffusion [21],
which should result from locally different
proportions of ECM molecular components.
The stroma of the TZ of the normal human
prostate should therefore be spatially
heterogeneous. Moreover, this condition,
which facilitates the formation of microenvironments, might be enhanced in disease.
For example, a SEM investigation on the
density of collagen fibres in the prostatic
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FIG. 4. Transversely sectioned stromal septum (star)
between acini (A). Note the spongy organization of
the stromal ECM and the projections from the
stroma (asterisk) into the acinar lumen. Frames a
and b are shown at higher magnification in Figs 5
and 7, respectively. Original ×500; the scale bar
represents 40 µm.

stroma as a whole showed differences among
normal, hyperplastic and malignant tissues,
although the anatomical locations of the
samples that were examined were not
indicated [15]. Also, in BPH the stromal
distribution of cytokines differs from that in
the normal gland [22], while the periacinar
and interstitial stroma in this disease have
markedly distinct ECM compositions [10].
Interestingly, this latter finding can be
explained by our results on the threedimensional organization of the normal
prostate stroma. In BPH, acinar epithelial cells
are known to release growth factors and
cytokines that can exert various effects on
stromal cells, including enhanced synthesis of
ECM molecules [3,23]. These paracrine effects
depend on diffusion of the factors from
the acinar epithelium to the stromal cells
through the ECM, which itself acts as a barrier
to such diffusion [21]. As stromal lamellae
surrounding acini contain elastic fibres [11]
and are composed of dense connective tissue,
as shown in the present results, diffusion of
factors would be more limited, and only
stromal cells that are more adjacent to the
epithelium should be affected. Our previous
findings therefore support this hypothesis, as
we showed that in BPH the expression of
chondroitin sulphate proteoglycans is
selectively and conspicuously increased in the
periacinar region, with little or no labelling in
the remainder of the stroma, compared with
the TZ of the normal prostate [10]. A denser
matrix also makes it more difficult for cells to
migrate [24] and as such might contribute to
the nodular organization of stromal smooth
muscle cells in BPH [25].

FIG. 5. Higher magnification of Fig. 4a showing the
inner structure of a stromal septum (star). The
spongy organization of the septum results from the
presence of dense fibrous lamellae and empty
cellular spaces. The luminal sheet (LS) lining the
empty acinus has a relatively smooth surface and is
closely adherent to the underlying stroma (asterisk).
Original ×1500; the scale bar represents 20 µm.

FIG. 6. Luminal sheet lining the empty acinar
space. The higher magnification shows that the
luminal sheet is composed of fibrils in a parallel
arrangement. In places where these fibrils are more
widely separated, a meshwork of 115–154-nm thick
fibrils forming a layer just underneath is visible
(arrow). Original ×8000; the scale bar represents
2 µm.

FIG. 7. Higher magnification of Fig. 4b showing a
partly detached and everted luminal sheet (asterisk)
lining the empty acinar space (A). Note the thin
meshwork of fibrils (asterisk), measuring
77–115 nm, just under the smoother layer that faces
the empty space. Original ×3500; the scale bar
represents 6 µm.
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Typical basement membranes are usually
described as having three major layers. The
one just under the epithelium is the lamina
lucida, which is followed by the lamina
densa and last by a less well delimited pars
fibroreticularis [26]. SEM preparations to
visualize tracheal or bronchial basement
membranes reveal that, once epithelial cells
are gently removed, as with EDTA, the lamina
densa appears as a mostly homogeneous
and smooth sheet [27,28]. Just under this
layer there is the more heterogeneous pars
fibroreticularis, which contains layers of
collagenous fibres in varying degrees of
organization. Our images show that the
stromal component directly facing the
acinar lumen consists of distinct connective
tissue fibrils in a parallel arrangement,
which is markedly different from the
lamina densa morphology as seen under
SEM. We therefore assume that the
comparatively less resistant components
of the lamina densa, such as collagen IV, were
removed by the alkali treatment, leaving
exposed the underlying pars fibroreticularis.
Indeed, a recent investigation showed that
current processing methods, including decellularization, aimed at producing a purified
ECM, rarely result in an intact basement
membrane [29].

than other regions of basement membranes
[30].
In conclusion, our results show that, in the TZ
of the human prostate, dense stromal fibrous
components around acini act as a diffusion
barrier that might enhance local cellular
responses and events that are known to occur
in disorders such as BPH. The periacinar
stroma also includes a distinct pars
fibroreticularis, and this supports the notion
of high structural variability in this region of
basement membranes.
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