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ABSTRACT-Light microscopic and histochemical changes in normal

human prostate and benign prostatic hyperplasia (BPH) during long

term explant culture were characterized. Normal human prostate ob

tained at immediate autopsy of young adults or BPH obtained at the

time of surgery were maintained in explant culture as long as 24 weeks.

Morphologic alterations in glandular epithelium and stroma in response

to culture conditions were assessed by light microscopy and histo

chemistry of mucosubstances. The histologic and histochemical re

sponses of normal prostate and BPH to in vitro conditions were essen

tially identical. Within 1 week, secretory epithelial cells became ne

crotic and sloughed into acinar lumina. Remaining epithelial cells

proliferated, repopulated acinar structures, and migrated onto explant

surfaces forming a new well-differentiated epithelium characterized by

synthesis and secretion of neutral and acidic mucosubstances. During

subsequent periods in vitro, synthesis and secretion of mucosub

stances gradually diminished whereas the stroma and deep glandular

structures became necrotic. Our observations suggest that cells com

prising the new epithelium in cultured explants of normal human pros

tate and BPH are derived from prostatic basal cells.-JNCI 1982;
69:751-756.

Spontaneous adenocarcinoma of the prostate is the most
common malignant neoplasm in the adult male and the
third most common cause of death from cancer in the
United States; only bronchogenic and colorectal carcinomas
are more common causes of death, Despite numerous studies
of the disease, little progress has been made in understanding
the etiology, histogenesis, clinical behavior, and other fea
tures of this important neoplasm. Clearly, a suitable model
of this disease is needed.

However, the validity of extrapolation from animal
models of prostatic adenocarcinoma to the human neoplasm
is questionable, and the need for models that are based on
human tissues has been recently emphasized (1-3) despite
inherent difficulties. For example, induction of adenocarci
noma in prostatic tissue of humans can only be done in
vitro, with subsequent xenotransplantation for the assess
ment of tumorigenicity. However, one objection to this
approach has been that human prostate tissue usually avail
able for such studies is obtained from surgical specimens of
BPH from older patients, which is not normal prostate (I).
Moreover, numerous authors report maintenance of human
prostate in explant culture for relatively short periods, usu
ally less than 2 weeks (4-10); others report maintenance for
periods of6 weeks (11) to many months (12). However, few
details are available with respect to morphologic or other
changes occurring in glandular epithelium during short- or
long-term culture. Establishment of these changes is vital as
a base line for the interpretation of cellular alterations in
response to agents such as hormones or chemical carcinogens
in vitro.

In this paper, we provide this base-line information by
describing histologic changes in normal human prostate of
young adults throughout long-term explant culture as long
as 24 weeks, with emphasis on epithelial cells and their
responses to in vitro conditions. Further, we compare re
sponses in normal human prostatic epithelium with those of
BPH.

MATERIALS AND METHODS

Tissues.-Human prostate tissues were obtained from 8
patients, 16-31 years old, during IA after accidental death
(13) or surgically from 30 patients, 55-82 years old, treated
for BPH by transurethral resection or suprapubic prostatec
tomy.

Explant culture.-Complete details pertaining to culture
techniques used in this study are presented elsewhere (14).
Explants were cultured in CMRL-1066 medium (Grand
Island Biological Co., Grand Island, N.Y.) supplemented
with antibiotics, 5% heat-inactivated fetal bovine serum,
hydrocortisone, and insulin. Cultures were incubated at
37°C on rocker platforms (Belleo Glass, Inc., Vineland, N.).)
in an atmosphere of 5% CO2, 45% O 2, and 50% N2. Culture
medium and gas phase were changed three times each week.

Fixation.-During intervals of culture, from zero time to
24 weeks, explants were sampled and fixed in mixed alde-
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hydes (4% formaldehyde-1% glutaraldehyde in 200 mosM
phosphate buffer) (15) and were processed for LM and
histochemistry.

LM.-Fixed tissues were dehydrated through a series of
graded alcohols, embedded in paraffin, cut at a thickness of
4-5 /lm, and routinely stained with H & E.

Histochcmistry.s-Yor the study of mucosubstances, serial
sections were stained with PAS with and without a-amylase
digestion, AB-PAS sequence, AF-AB sequence, and muci
carmine. Before being stained with PAS, tissue sections were
treated with dimedone (16), which blocked free aldehyde
groups contributed by the glutaraldehyde component of the
fixative groups that would otherwise react with the Schiff
reagent producing a false-positive result.

RESULTS

Explants showed good preservation of morphology in
culture for as long as 24 weeks for normal prostate and as
long as 20 weeks for BPH, at which times all explants had
been sampled. The observations described below are char
acteristic of all explants of normal prostate or BPH which
showed survival of epithelial cells.

Zero Time Culture

Normal glands, IA.-By LM, normal prostate consisted of
numerous tubuloalveolar glands and ducts surrounded by
dense eosinophilic fibromuscular stroma (fig. 1). The glan
dular epithelium was composed of two cell types: a) col
umnar to cuboidal secretory cells with a foamy cytoplasm
and large, round nuclei and b) flattened basal cells which
lacked foamy cytoplasm and possessed a triangular or elon
gated, densely staining nucleus (fig. 2). Eosinophilic corpora
amylacea were occasionally present in glandular lumina
(fig. 1).

Histochemically, in dimedone-blocked histologic sections,
PAS-positive, a-amylase-resistant granules were seen scat
tered within the cytoplasm of secretory epithelial cells (fig.
3). At the cell apex, the granules appeared coarser than
elsewhere. Within gland lumina, these granules appeared
free or in coarse aggregates, sometimes in association with
PAS-positive amorphous material. PAS-positive granules
and amorphous material were negative for acidic component
by the AB-PAS or AF-AB sequence. In some acini, rather
large PAS-positive, a-amylase-resistant droplets of varying
diameter were present, especially in basal portions of secre
tory cells as well as within acinar lumina.

BPH.-LM of specimens of BPH showed varying degrees
of glandular and stromal hyperplasia. The acini were some
times enlarged with numerous papillary processes projecting
into the lumina. Corpora amylacea were more frequently
seen in BPH than in normal prostate. Otherwise, the histol
ogy and histochemistry were essentially identical to the
histology and histochemistry of normal prostate, as de
scribed above.

One Week of Culture

Normal glands, IA.-Within explants during the first 2-3
days of culture, rapid degeneration and necrosis of secretory
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epithelial cells were striking features, although the rate of
degeneration varied from acinus to acinus (figs. 4, 5). In
some acini, an occasional pyknotic nucleus was seen; in
other acini, large numbers of necrotic secretory cells
sloughed into the lumen. Compared to acini near the surface
of explants, degeneration appeared sooner and was more
extensive in acini deep within explants. Eventually, within
this time, some gland lumina were filled with heterogeneous
eosinophilic cellular debris (figs. 5, 6). Some acinar cells did
not degenerate but remained viable and appeared to re
populate acini and ducts denuded of secretory cells. Mitotic
figures were sometimes seen among these cells during and
subsequent to degeneration of secretory cells.

At the same time degenerative changes were occurring
within the explants, epithelial cells migrated from exposed
ducts or glandular spaces over the cut surfaces of explants.
By 1 week of culture, the cut surface was shown by LM to
be completely covered with a sheet of migrating cells, which
was continuous with the cell sheet lining the exposed ducts
or glandular spaces exposed to view after sectioning had
been done. In occasional explants consisting only of stromal
tissue, few migrating cells were seen.

Cells repopulating acini and cut surfaces of explants
formed a multilayered epithelium characterized by widened
intercellular spaces. The epithelium consisted of columnar
to polygonal or flattened, squamous-like cells; polygonal
cells predominated (fig. 6).

By histochemistry, the surface cells of the explant as well
as the cells lining the glands within explants exhibited
numerous PAS-positive, a-amylase-resistant granules, par
ticularly in the apical portion above the nucleus (fig. 7). At
the cell apex, granules were dense and intensely PAS-posi
tive and were also frequently stained with AB (fig. 8) but
not with AF; these staining patterns are consistent with both
neutral and sialic acid-containing mucosubstances. In the
supranuclear zone within these cells, granules usually
stained only with PAS. AB-positive mucosubstances also
stained with mucicarmine to varying degrees. The apical
surfaces of cells appeared to stain with AB, AF, and muci
carmine. Substances with similar staining properties also
were present within gland lumina.

BPH.-LM and histochemical observations for BPH were
essentially identical to those described above for normal
prostate. Squamous metaplasia was sometimes seen in spec
imens of BPH (fig. 9) but was not seen in normal prostate.

Two Weeks of Culture

Normal glands, IA.-Fewer tall columnar cells were seen at
this time. An occasional mitotic figure was present among
acinar and surface cells of explants. Few viable cells were
noted in the fibromuscular stroma.

At this time, mucosubstances were abundant in cells with
markedly convex apical surfaces. This observation was es
pecially true for columnar cells, in which the convex apical
surfaces persisted. Outer surfaces of cells continued to stain
with AB, AF, and mucicarmine.

BPH.-Explant surfaces were covered by a mucus-secret
ing multilayered epithelium (fig. 10), essentially identical to
that described above for normal prostate.
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Three to Twenty-Four Weeks of Culture

Normal glands, lA.-Most cultures were terminated at 12
14 weeks. However, one experiment with normal prostate
was terminated at 22 weeks and another was terminated at
24 weeks. Throughout this period, the surface sheet was
maintained even in 24-week explants. It differed in thickness
from area to area, yet the overall organization remained
virtually the same (figs. 11, 12). Intact acini were lined by
polygonal, cuboidal, or squamous-like cells and were gen
erally limited to the peripheral zones of explants. Occasional
mitotic figures were seen. During this interval, mucosub
stances were present but in amounts that appeared dimin
ished when compared to amounts during earlier intervals.
There were fewer apical granules present in surface or acinar
cells, yet histochemical staining was qualitatively similar to
staining at earlier times. The surfaces of these cells continued
to show an affinity for AB and mucicarmine. Few viable
cells were present within the necrotic stroma.

BPH.-Morphologic and histochemical changes occur
ring in explants of BPH were identical to those changes
described above for normal prostate. Squamous changes
persisted in some BPH explants.

DISCUSSION

The present study is the first to describe LM of long-term
explant culture of normal, nonhypertrophic, nonneoplastic
human prostate obtained from young adult patients, with
a comparison to BPH obtained from older individuals.
Previous studies of cultured human prostate have usually
used BPH from older men which had been obtained surgi
cally because of obstructive prostatic disease (4-10, 12).
Noyes (/1) used prostate tissue from patients 50-70 years
old, which was sampled at the time of cystectomy, and
concluded that it was histologically "normal." However,
BPH is a common entity beyond the age of 50 and is usually
unnoticed until obstructive symptoms appear. Despite the
similar response of BPH and normal prostate to in vitro
conditions in the present paper, Franks (/) has concluded
that BPH is not normal prostate. Moreover, there is a
possibility of inadvertently sampling preneoplastic or neo
plastic cells in older patients, which would invalidate studies
on induction of malignant transformation by carcinogenic
agents (/).

On the basis of continuity and similarities in morphology
and histochemistry of cells colonizing explant surfaces and
acinar structures throughout long-term culture of normal
prostate and BPH, we conclude from the present work that
epithelial cells covering explant surfaces are identical to and
are derived from epithelial cells of acini. In these acini, cells
in a basal location appeared to remain viable during degen
eration and necrosis of secretory cells. The presence of
occasional mitotic figures among these basally situated cells
suggests proliferation followed by repopulation of acini and
migration and colonization of explant surfaces. Thus it
seems likely that proliferation of basal cells accounts for
repopulation of acinar structures, colonization of explant
surfaces, and synthesis and secretion of mucosubstances
during early periods of culture.

Previous studies of BPH or normal prostate in explant
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culture have reported maintenance of viability of glandular
epithelium for periods of typically less than 2 weeks to
periods as long as 48 months (4-9, 11, 12). Usually, no
distinction was made in these studies between columnar
secretory cells and basal cells with regard to degeneration
and necrosis nor were morphologic features described in
detail, as we attempted in the present study. Maintenance
of secretory epithelial cells with a columnar profile has been
possible for as long as 10 days (6), although reduction in
secretory vacuoles and cell height has been reported after
only a few days in vitro (4, 10). Squamous changes have
also been seen during early periods of culture (4, 6,9-11).
On the basis of the present study, it is very unlikely that
epithelial cells seen during long-term explant culture of
human prostate in previous work are viable columnar secre
tory cells. Rather, we propose that cultured prostatic epi
thelial cells seen by previous authors were derived from
basal cells we have defined ultrastructurally (/7).

The implication for a potential role of basal cells in the
genesis of adenocarcinoma of the prostate is strongly sug
gested by the above observations and by morphologic evi
dence of premalignant and malignant changes in basal cell
derivatives in response to N-methyl-N'-nitro-N-nitosoguan
idine in vitro (/8, 19). In this regard we also find it interest
ing that differentiated basal cells synthesize and secrete
acidic mucosubstances during explant culture, which we
report in the present paper. Although acidic mucosubstances
are not demonstrable histochemically in the epithelium of
normal prostate, they are frequently detected in prostatic
adenocarcinoma (20, 21) and have staining affinities (neu
tral and acidic components) similar to those seen in the
present study. Using histochemical techniques, Noyes (/1)
also detected neutral mucosubstances in the epithelium of
prostatic explants after culture for 12 days, but he did not
stain for acidic components, and thereby he failed to rec
ognize synthesis and secretion of acidic mucosubstances in
vitro.
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FIGURE I.-Normal prostate, lA, zero time culture. Glandular lumina are lined by foamy-appearing epithelial cells and surrounded by fibromuscular
stroma; two eosinophilic corpora amylacea appear within the central gland lumen. H & E. Bar= 100 fLm. X 120

FIGURE 2.-Higher magnification of fig. l. Columnar secretory cells with foamy cytoplasm are oriented toward the gland lumen; basal cells beneath
columnar cells are seen flattened along the basement membrane. H & E. Bar=2.'J fLm. X 625

FIGURE :i.-Same tissue as in fig. I. a-Amylase-resistant, PAS-positive fine granules are present in the cytoplasm of columnar cells. PAS after a-amylase
digestion. Bar=25 fLOl. X ,AO

FIGURE 4.-Normal prostate, lA, 2-day culture. Epithelial cells appear on explant surfaces and adjacent glandular structures near the surface or deep
within the explant. H & E. Bar=50 fLm. X 225

FIGURE 5.-Normal prostate, lA, l-wk culture. Viability of epithelial cells varies with distance from the explant surface. Deep within the explant, extensive
necrosis and accumulation of cell debris arc seen. H & E. Bar=2.'J0 urn. X 60

FIGURE 6.-Normal prostate, lA, l-wk culture. Higher magnification of same explant as in fig. 5. Eosinophilic cellular debris fills glandular lumina lined
by cuboidal or polygonal epithelial cells. H & E. Bar=50 fLm. X 2.10
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FIGURE 7.-·Normal prostate, IA, l-wk culture. PAS-positive, a-amylase-resistant material, for the most part, is restricted to the apical portion of epithelial
cells. Note continuity of surface epithelial cells with cells of adjacent glandular structures and note identity of staining properties. PAS after o-amvlase
digestion. Bar=50 usn. X 280

FIGURE 8.~Normal prostate, FA, l-wk culture. Mucosubstances arc found in the apical portions of epithelial cells and at the outer cell surfaces. AB PAS.
Bar=25 pm. X 575

FIGURE 9.-BPH, l-wk culture. Morphologic appearances resembling squamous metaplasia are seen. H & E. Bar=50 p.m. X 215
FIGURE 1O.-BPH, 2-wk culture. A thin sheet of epithelial cells covers the cut surface (arrowheads) of the explant and is continuous with the epithelial cell

layer lining glands and ducts within the explant. H & E. Bar=250 p.m. X 45
FIGURE I I.-Normal prostate, l A, 'J-wk culture. Well-preserved glands are lined by epithelial cells similar to those at the explant surface. H & E. Bar=50

p.m. X 2lO
FIGURE 12.-Normal prostate, TA, ll-wk culture. Epithelial cells lining glandular spaces are cuboidal or flattened. H & E. Bar=50 pm. X 28')
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