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Basal cell hyperplasia in the prostate is often viewed
as a transition zone proliferation, related to usual,
nodular glandular, and stromal hyperplasia. Basal
cell hyperplasia in the prostatic peripheral zone, the
most common site for development of prostatic in-
traepithelial neoplasia and carcinoma, has not been
previously characterized. We characterized the inci-
dence and histomorphological attributes of basal
cell hyperplasia in a series of 500 consecutive sex-
tant needle core biopsy samples and in 26 com-
pletely embedded prostate glands from radical
prostatectomy specimens. Comparative prolifera-
tion indices (by MIB-1 staining) and apoptotic indi-
ces (by TUNEL labeling) were quantitated for pe-
ripheral zone versus transition zone basal cell
hyperplasia versus normal basal cells. The incidence
of basal cell hyperplasia in prostate needle biopsy
tissue was 10.2% (51 of 500 cases). Usual basal cell
hyperplasia was detected in 8.2% of the 500 cases,
and basal cell hyperplasia with prominent nucleoli,
in 2.0% of cases. Basal cell hyperplasia in needle
biopsy tissue was typically focal and associated with
inflammation, which was usually lymphocytic, in
84% of cases. Peripheral zone basal cell hyperplasia
was found in 23% of whole prostate glands. Periph-
eral zone basal cell hyperplasia was not observed to
be in direct physical continuity with intraepithelial
or invasive neoplasia. Peripheral zone and transi-
tion zone basal cell hyperplasia exhibited similar
mean proliferation and apoptotic indices, at 1% and
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0.07%, respectively. This proliferation index was el-
evated, and apoptotic index was decreased, relative
to normal basal cells (P = 1 x 10~7). Basal cell
hyperplasia in the peripheral zone is present in a
significant minority of prostate needle biopsy sam-
ples and whole prostate glands. The presence of
prominent nucleoli in basal cell hyperplasia may
cause diagnostic concern for a neoplastic prolifera-
tion. The increase in cell number in basal cell hy-
perplasia appears to be due to a coordinate increase
in proliferation index coupled with a diminished
apoptotic index. The presence of inflammation in
the majority of basal cell hyperplasia foci suggests
that peripheral zone basal cell hyperplasia in un-
treated patients may represent a stereotyped re-
sponse to injury such as that sustained because of
inflammation.
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Basal cell hyperplasia is occasionally a component of
untreated usual, nodular, glandular and stromal hyper-
plasia, or benign prostatic hyperplasia, which arises in
the transition zone in the prostate (1-14). Initially
thought to be rare (1), the incidence of basal cell hyper-
plasia in the setting of usual, nodular hyperplasia has
been reported to range from 3.1 to 8.9% (2, 5, 10, 13, 15).
It has been noted that basal cell hyperplasia may be
atrophy associated and found in the peripheral zone
(11), but basal cell hyperplasia arising in the peripheral
zone of the prostate has not been previously character-
ized. The peripheral zone of the prostate is the most
common site of development of prostatic intraepithelial
neoplasia and carcinoma and is specifically targeted in
clinical sampling of the prostate by transrectal needle
core biopsy. Diagnostic recognition of basal cell hyper-
plasia in the peripheral zone is important because it
may be mistaken for prostatic intraepithelial neoplasia
or adenocarcinoma.



The aim of this investigation was to characterize,
in 526 cases, the incidence, histomorphological fea-
tures, proliferation index, and apoptotic index of
basal cell hyperplasia in the peripheral zone of the
prostate.

MATERIALS AND METHODS

Five hundred twenty-six prostate tissue samples
were examined in this investigation. The study in-
cluded 500 consecutive prostate needle biopsies
performed at Barnes-Jewish Hospital during 1994.
All H&E-stained slides from these cases were re-
viewed under light microscopy for the presence of
basal cell proliferation by two of the authors (PT
and PAH). Only cases designated as peripheral zone
biopsies were evaluated for the presence of basal
cell proliferation. None of these patients had a di-
agnosis of prostatic adenocarcinoma before these
biopsies. None of the patients are known to have
received previous hormonal or radiation therapy.
The mean patient age was 64 years (range, 40 to
88 y). Each case was composed of 3 to 16 slides
(mean = 8) and comprised =3 levels per block,
stained with hematoxylin and eosin and prepared
from routinely formalin-fixed, paraffin-embedded
tissue.

The biopsy specimens were evaluated for usual
(typical or ordinary) basal cell hyperplasia and
atypical basal cell hyperplasia on previously re-
ported criteria (4, 5). Briefly, usual basal cell hyper-
plasia was composed of proliferation of basal cells,
with two or more basal cell layers, at the periphery
of prostatic glands and acini (5). We excluded
glands with a single, prominent, basal cell layer.
Atypical basal cell hyperplasia was defined as basal
cell hyperplasia with >10% of nuclei containing
prominent nucleoli. Nucleolar size was not mor-
phometrically determined for these prominent nu-
cleoli but was roughly 1-3 um. The incidence of
atrophy, squamous metaplasia, transitional cell
metaplasia, high-grade prostatic intraepithelial
neoplasia, and adenocarcinoma was also deter-
mined in these needle biopsy cases. Cases were
assessed for mitotic figures, intraluminal wispy blue
mucin, necrotic intraluminal debris, individual cell
necrosis, clear cell features, and associated inflam-
mation; high-grade prostatic intraepithelial neopla-
sia; and adenocarcinoma. We analyzed the associ-
ation of basal cell hyperplasia with high-grade
prostatic intraepithelial neoplasia and carcinoma
by x?, with a P value of <.05 considered significant.

Peripheral zone and transition zone basal cell
proliferations were also evaluated in 26 consecu-
tive, completely embedded prostate glands from
radical prostatectomies performed in 1996 at
Barnes-Jewish Hospital, as treatment for biopsy-

proven, clinically localized prostate carcinoma.
None of the patients received preoperative hor-
monal or radiation therapy. All slides were reviewed
for the presence of basal cell hyperplasia in the
peripheral zone and transition zones of the prostate
gland. The size of basal cell hyperplasia foci was
quantitated as greatest dimension in linear milli-
meters, as measured with an ocular micrometer,
and as number of basal cell hyperplasia glands per
focus. Associations of basal cell hyperplasia with
inflammation, benign prostatic hyperplasia nod-
ules, high-grade prostatic intraepithelial neoplasia,
and adenocarcinoma were recorded.

Immunohistochemical staining for high-molecular
weight cytokeratin and Ki-67 was performed in all
cases of basal cell hyperplasia. Staining for high-
molecular weight cytokeratin was performed using
mouse monoclonal antibody 34BE12 (at 1:150 dilu-
tion; DAKO, Carpenteria, CA), reactive against Moll
catalog cytokeratins 1, 5, 10, and 14 and was done to
confirm basal cell identity in all cases designated as
basal cell hyperplasia. Staining for antigen Ki-67 was
performed on sections from the radical prostatec-
tomy tissue using antibody MIB-1 (at 1:100 dilution;
Newrcastle upon Tyne, UK) and was done to quanti-
tate proliferation index.

Immunohistochemical reactions were performed
after microwave irradiation of tissue sections for 8
(34BE12) or 12 (MIB-1) minutes. We used a modi-
fied avidin-biotin-peroxidase complex method
(VectaStain ABC Elite Mouse Universal Kit; Vector
Laboratories, Burlingame, CA) and developed the
stain by immersion of the slides in metal-
complexed 3,3'-diaminobenzidine tetrahydrocho-
ride (Pierce Chemicals, diluted 1:10 from commer-
cial stock, mixed with commercially prepared
peroxide substrate) for =10 minutes. Three hun-
dred nuclei of basal cells in normal prostate gland
peripheral zone and transition zone and in areas of
basal cell hyperplasia in peripheral zone and tran-
sition zone were assessed. The number of positively
stained nuclei was recorded, yielding a proliferation
index as percentage of cells staining for each of the
four categories.

Apoptotic index was quantitated by counting cells
in sections of radical prostatectomy tissue stained by
TdT  (terminal deoxynucleotidyl transferase)-
mediated dUTP (deoxyuridinetriphosphate)-biotin
nick-end labeling (TUNEL). TUNEL staining was per-
formed using the ApopTag kit (ONCOR, Gaithersburg,
MD), modified from the manufacturer’s recommen-
dations (by substituting hematoxylin as the counter-
stain). An apoptotic index for each of the four cate-
gories (normal peripheral zone basal cells, normal
transition zone basal cells, basal cell hyperplasia of
peripheral zone, and basal cell hyperplasia of transi-
tion zone) was generated by determining the number
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of positively stained basal cell nuclei per 300 basal cell
nuclei.

To test for a significant effect of location and
basal cell hyperplasia status on either proliferation
index or apoptotic index, we used the general linear
model with a Poisson link function, because both
dependent variables were counted data.

RESULTS

Basal Cell Hyperplasia in Needle Biopsy Tissue
The incidence of basal cell hyperplasia in the 500
peripheral zone needle biopsy cases was 51/500, or
10.2% (Table 1). Most cases were usual basal cell
hyperplasia, with an incidence of 41/500 or 8.2%,
whereas only 10 cases of atypical basal cell hyper-
plasia were identified. Usual basal cell hyperplasia
often displayed a circumferential proliferation of
basal cells, with at least two cell layers (Fig. 1). The
basal cells had small and round to slightly ovoid
nuclei, with absent to inconspicuous nucleoli. Pres-
ervation of an inner layer of luminal cells was often
noted (Fig. 2). A solid nested pattern, with or with-
out a small central space, was also evident (Fig. 3).
Atypical basal cell hyperplasia was diagnosed if
>10% of the basal cells exhibited prominent nucle-
oli. Intraluminal wispy blue mucin and necrotic
intraluminal debris were not found in basal cell
hyperplasia. Mitotic figures, individual cell necro-
sis, and clear cell cytoplasmic features were rare.
Inflammation, usually chronic in nature, was
commonly associated with basal cell hyperplasia in
peripheral core needle biopsy tissue (Fig. 4).
Chronic inflammation was in direct physical asso-
ciation in 58% of cases of usual basal cell hyperpla-
sia and 78% of cases of atypical basal cell hyperpla-
sia. Acute inflammation was found associated with
usual basal cell hyperplasia in 12% of cases and
with atypical basal cell hyperplasia in 11% of cases.
No direct physical continuity was noted between
basal cell hyperplasia or atypical basal cell hyper-
plasia and high-grade prostatic intraepithelial neo-
plasia or adenocarcinoma. There was no statisti-
cally significant difference in the frequency of high-
grade prostatic intraepithelial neoplasia in cases
with 4/51 (or 7.8%) versus those without basal cell

TABLE 1. Incidence of Basal Cell Hyperplasia and Other
Diagnoses in 500 Prostate Needle Biopsy Cases

Histologic Finding Incidence

41/500 (8.2%)
10/500 (2.0%)
460/500 (92.0%)
69/500 (13.8%)
5/500 (1.0%)
26/500 (5.2%)
124/500 (24.8%)

Basal cell hyperplasia, usual

Basal cell hyperplasia with prominent nucleoli
Atrophy

Transitional cell metaplasia

Squamous metaplasia

Isolated high-grade PIN'

Adenocarcinoma

L PIN = prostatic intraepithelial neoplasia.
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hyperplasia (42/444 or 9.4%; P = 0.92). Cases with
basal cell hyperplasia were significantly less likely
to harbor adenocarcinoma (4/51 or 7.8%) com-
pared with cases without basal cell hyperplasia
(120/449 or 26.7%; P = .0053).

Basal Cell Hyperplasia in Whole Prostate Glands

Twenty-one of 26 whole prostates (80%) had foci
of basal cell hyperplasia. Basal cell hyperplasia was
much more common in the transition zone, with
73% of cases involved, compared with peripheral
zone basal cell hyperplasia, which was identified in
23% of cases. All cases of basal cell hyperplasia in
the whole gland were usual basal cell hyperplasia,
except for one case of atypical basal cell hyperplasia
in the transition zone (Fig. 5).

Histologically, basal cell hyperplasia was similar
in the transition zone compared with the peripheral
zone, except for the occurrence of transition zone
basal cell hyperplasia in benign prostatic hyper-
plasia nodules and the association with atrophy
in several cases of peripheral zone basal cell hy-
perplasia (Figs. 6, 7). The size of the basal cell
hyperplasia foci ranged from 1-4 mm in greatest
diameter and from one to four or five glands in
each focus. Inflammation was present in a similar
majority of cases of basal cell hyperplasia in the
transition zone (63% of cases; Fig. 8) and the
peripheral zone (67% of cases). No direct conti-
nuity between basal cell hyperplasia and high-
grade prostatic intraepithelial neoplasia or ade-
nocarcinoma was seen.

The proliferation and apoptotic indices were ex-
tremely low for both normal and hyperplastic basal
cells in both the transition and peripheral zones
(Table 2). The proliferation indices and the apopto-
tic indices for basal cell hyperplasia in the transi-
tion and peripheral zones were similar. Compared
with normal basal cells, the proliferation index of
basal cell hyperplasia was significantly higher (P
value = 1 X 1077), and the apoptotic index of basal
cell hyperplasia was significantly lower (P value = 1
X 1077).

DISCUSSION

The data presented here indicate that basal cell
hyperplasia is not exclusively a transition zone pro-
cess associated with nodular hyperplasia (benign
prostatic hyperplasia) but rather may also be iden-
tified in tissue samples from the peripheral zone of
the prostate, including 10% of needle core biopsy
samples from the peripheral zone. This finding has
diagnostic implications because basal cell hyper-
plasia, particularly basal cell hyperplasia with
prominent nucleoli, or atypical basal cell hyperpla-
sia, may be misdiagnosed under the light micro-



FIGURE 1. Basal cell hyperplasia in needle biopsy tissue.

scope as high-grade prostatic intraepithelial neo-
plasia or adenocarcinoma (10, 11, 16, 17). Indeed,
in one study (17), fully 26% of cases misdiagnosed
as carcinoma in TURP chips were basal cell hy-
perplasia cases.

It has been recognized that foci of basal cell
hyperplasia may be found in the peripheral zone,
and this basal cell hyperplasia was designated as
atrophy associated (11). Atrophy-associated basal
cell hyperplasia can be seen in prostatic tissue in
patients treated with androgen-deprivation ther-
apy, radiation therapy, and cryosurgery (15, 18—
26), but the zonal location of the basal cell hyper-
plasia was not specified. We detected atrophy-

associated basal cell hyperplasia in the peripheral
zone in a few cases, but the striking finding in our
series of untreated patients was that peripheral
zone basal cell hyperplasia was commonly associ-
ated with inflammation, especially lymphocytic in-
flammation. The association of basal cell hyperpla-
sia with lymphocytic chronic inflammatory cell
infiltrates has been previously reported (4, 5).

The incidence of basal cell hyperplasia in un-
treated patients has previously been reported to
range from 3 to 9% (2, 5, 10, 13, 15), but the specific
incidence in prostate needle biopsy tissue and in
the peripheral zone had not been previously de-
fined. Here, we report a basal cell hyperplasia inci-

FIGURE 2. Basal cell proliferation underneath secretory, luminal cell layer.
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FIGURE 3. Solid nests of basal cell hyperplasia in prostate needle biopsy tissue.

dence of 10% in a large series of 500 consecutive
peripheral zone needle biopsy cases. Also not pre-
viously known was the incidence of basal cell hy-
perplasia with prominent nucleoli; here we found
2% of prostate needle biopsy cases with this prolif-
eration. It is possible that these figures of 2-10%
could represent an overestimate, if the needle bi-
opsies labeled as being from the peripheral zone
were instead taken from the transition zone. This
could happen if large transition zone nodules of
usual hyperplasia compressed the peripheral zone,
such that the needle passed through a thinned pe-
ripheral zone before biopsy sampling. We did con-

firm the existence of basal cell hyperplasia in the
peripheral zone of the prostate by examination of
sections from completely embedded prostate
glands from radical prostatectomy specimens. As
one would expect, the incidence was higher in the
whole glands (23%) versus the much smaller needle
biopsy tissue samples.

Peripheral zone and transition zone basal cell
hyperplasia were quite similar histologically. The
major difference was that transition zone basal cell
hyperplasia was often associated with nodular,
glandular, and stromal hyperplasia. The basal cell
proliferations in both zones were quite focal and

FIGURE 4. Basal cell hyperplasia in needle biopsy tissue, associated with chronic inflammation. Confirmation of basal cell identity was
accomplished by immunohistochemical staining with antibody 34betaE12 (right panel).
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FIGURE 5. Basal cell hyperplasia with prominent nucleoli (also known as atypical basal cell hyperplasia).

did not form masses, as may be observed in other
basaloid proliferations in the prostate, such as nod-
ular basal cell hyperplasia, basal cell adenoma, ad-
enoid basal cell tumor, and basaloid carcinomas.
Architecturally, we observed previously reported
configurations of basal cell growth, including tubu-
lar and solid patterns (4, 5, 7, 11). The most alarm-
ing cytological finding is the enlarged nucleoli in
basal cell hyperplasia with prominent nucleoli.
The differential diagnosis for basal cell hyperpla-
sia with prominent nucleoli includes a number of
entities. A constellation of features distinguish basal
cell hyperplasia with prominent nucleoli from high-

grade prostatic intraepithelial neoplasia, including
architecture, the presence of the atypical basal cells
underneath benign secretory nuclei, the smaller
and rounder glands, solid nests, absence of prostate
specific antigen and prostatic acid phosphatase im-
munoreactivity in the atypical cells, and the pres-
ence of high molecular weight cytokeratin, as de-
tected by 34BE12 immunostaining, in the atypical
cells (4, 5). We confirmed basal cell identify in all of
our cases of basal cell hyperplasia, with and without
nucleoli, by 34BE12 immunohistochemical stain-
ing. The differential diagnosis of basal cell hyper-
plasia with prominent nucleoli and infiltrating

FIGURE 6. Peripheral zone basal cell hyperplasia in radical prostatectomy tissue. The glands have atrophic features and there is an associated

lymphocytic infiltrate.
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FIGURE 7. Basal cell hyperplasia in the peripheral zone of a radical prostatectomy case. The basal cell proliferation was found in an area of

postatrophic hyperplasia (hyperplastic atrophy).

small acini adenocarcinoma may be addressed by
noting the multilayering of the basal cells in the
atypical basal cell hyperplasia and as well with use
of antibodies that are reactive with high molecular
weight cytokeratins, such as 34BE12. The small,
solid nests of basal cell hyperplasia should not be
confused with the solid growth of invasive, neoplas-
tic prostatic epithelial cells because this is usually
high-grade (Gleason Pattern 5) carcinoma that is
sheet-like and solid. Also, high-grade carcinoma
cells are cytologically much more atypical than the
hyperplastic basal cells. Transitional cell carcinoma
in the prostate can exhibit solid growth as small,

rounded aggregates when it extends as an intraduc-
tal or intraacinar growth in the prostate, but these
malignant cells are typically quite pleomorphic.
Cribriform basal cell hyperplasia could be initially
worrisome for prostatic intraepithelial neoplasia or
carcinoma, but the bland basaloid cells do not ap-
pear to be neoplastic at high-power magnifications.
Non-cribriform basal cell hyperplasia is readily
confused with prostatic intraepithelial neoplasia,
particularly low-grade prostatic intraepithelial neo-
plasia, but in prostatic intraepithelial neoplasia the
nuclear abnormalities are in the luminal cells, and
the basal cells should appear unremarkable. Other

f, St

. ,j.pi - .-,

FIGURE 8. Basal cell hyperplasia in the transition zone in radical prostatectomy tissue. A lymphocytic infiltrate is present.
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TABLE 2. Mean Proliferation Index (Pl) and Apoptotic
Index (Al) of Normal Basal Cells Compared to
Hyperplastic Basal Cells

Basal Cell Location Status Mean PI Mean Al
(Range) (Range)
Transition zone Normal 0.14 (0-1) 0.7 (0-1.3)
Peripheral zone Normal 0.24 (0-1) 0.8 (0-1.3)
Transition zone Hyperplastic 1.1 (0-3.3) 0.07 (0-0.3)
Peripheral zone Hyperplastic 0.9 (0-3.3) 0.07 (0-0.3)

Indices are given as percentage of MIB-1 positive cells (proliferation
index) or percentage of TUNEL-positive cells (apoptotic index).

prostatic basal cell proliferations that should be in
one’s differential diagnostic checklist include basal
cell adenoma, adenoid basal cell tumor, also known
as adenoid cystic tumor, adenoid cystic-like tumor,
adenoid cystic carcinoma, and basal cell carci-
noma. Use of bcl-2 and Ki-67 immunostains can
help separate basal cell hyperplasia from the rare
basaloid carcinomas that occur in the prostate (9).

There is no currently available evidence to sug-
gest that basal cell hyperplasia, with or without
nucleoli, is a precursor proliferation for high-grade
prostatic intraepithelial neoplasia or carcinoma (2,
4). For basal cell hyperplasia arising in the periph-
eral zone, the most common anatomic location in
the prostate for development of prostatic intraepi-
thelial neoplasia and carcinoma, we did not identify
physical continuity between basal cell hyperplasia
and high-grade prostatic intraepithelial neoplasia
or carcinoma. Additionally, we found that the pres-
ence of basal cell hyperplasia in peripheral zone
needle biopsy tissue was significantly associated
with the absence, rather the presence, of adenocar-
cinoma. Clinical follow-up of one series of 14 pa-
tients with basal cell hyperplasia did not show evi-
dence of development of prostatic carcinoma (2). In
our series, for 26 patients with basal cell hyperpla-
sia in peripheral zone needle biopsy and available
clinical follow-up, only 3 were subsequently diag-
nosed with adenocarcinoma in four years of follow-
up. This frequency was less than that for patients
with benign prostatic tissue without basal cell hy-
perplasia (data not shown). These follow-up data
from two series, albeit based on a low number of
cases, support the notion that basal cell hyperplasia
is not a precursor or risk factor for subsequent
detection of carcinoma.

Peripheral zone and transition zone basal cell
hyperplasia were similar in proliferation and apo-
ptotic indices. The proliferation index was low, at
about 1% for hyperplastic basal cells. This value is
somewhat lower than the 2.7% (9) to 3.2% (27)
previously reported for proliferation index of hyper-
plastic basal cells in two studies, but it is similar to
the 1.4% figure obtained in a third study (28). In our
series, hyperplastic basal cells had a significantly
higher proliferation index compared with normal

basal cells. Of interest, hyperplastic basal cells also
had a lower apoptotic index than normal basal
cells, suggesting that the increased cell numbers
found in basal cell hyperplasia may be due to co-
ordinate increase in proliferation index and de-
crease in apoptosis relative to normal basal cells of
the prostate (28). In the future, it would be of in-
terest to characterize gene expression profiles in
normal versus hyperplastic basal cells to assess for
perturbations in cell proliferation and cell death
pathways (29). Increased bcl-2 expression in hyper-
plastic versus normal basal cells (28) suggests that
focus on members of this anti-cell death protein
family may be warranted. Given that inflammation
is so commonly detected in foci of basal cell hyper-
plasia, it would also be of interest to experimentally
test whether lymphocytes are capable of inducing
basal cell proliferation and hyperplasia in the
prostate.

In summary, basal cell hyperplasia may be inci-
dentally detected in the peripheral zone of the pros-
tate. These hyperplastic basal cells do not appear to
represent a neoplastic precursor. The importance
of peripheral zone basal cell hyperplasia in the
prostate resides mainly in diagnostic recognition,
where basal cell hyperplasia should be included in
the differential diagnosis with high-grade prostatic
intraepithelial neoplasia and carcinoma.
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