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Proliferation in the setting of longstanding chronic
inflammation appears to predispose to carcinoma in
the liver, large bowel, urinary bladder, and gastric
mucosa. Focal prostatic atrophy, which is associated
with chronic inflammation, is highly proliferative
(Ruska et al, Am J Surg Pathol 1998, 22:1073–1077);
thus the focus of this study was to more fully charac-
terize the phenotype of the atrophic cells to assess the
feasibility of the proposal that they may be targets of
neoplastic transformation. The p-class glutathione S-
transferase (GSTP1), a carcinogen-detoxifying en-
zyme, is not expressed in >90% of prostate carcino-
mas (CaPs). GSTP1 promoter hypermethylation,
which appears to permanently silence transcription,
is the most frequently detected genomic alteration in
CaP (Lee et al, Proc Natl Acad Sci USA 1994, 91:11733–
11737; >90% of cases). In high-grade prostatic intra-
epithelial neoplasia (PIN), this alteration is present in
at least 70% of cases (Brooks et al, Cancer Epidemiol
Biomarkers Prev, 1998, 7:531–536). Although normal-
appearing prostate secretory cells rarely express
GSTP1, they remain capable of expression, inasmuch
as GSTP1 promoter hypermethylation is not detected
in normal prostate. Fifty-five lesions from paraffin-
embedded prostatectomy specimens (n 5 42) were
stained for GSTP1, using immunohistochemistry. Ad-
jacent sections were stained for p27Kip1, Ki-67, andro-
gen receptor (AR), prostate-specific antigen (PSA),
prostate-specific acid phosphatase (PSAP), Bcl-2, and
basal cell-specific cytokeratins (34bE12). With normal
prostate epithelium as the internal standard, staining
was scored for each marker in the atrophic epithe-
lium. The lesions showed two cell types, basal cells
staining positive for 34bE12, and atrophic secretory-
type cells staining weakly negative for 34bE12. All
lesions showed elevated levels of Bcl-2 in many of the
secretory-type cells. All lesions had an elevated stain-
ing index for the proliferation marker Ki-67 in the
secretory layer and decreased expression of p27Kip1,
a finding reminiscent of high-grade PIN (De Marzo et

al, Am J Pathol 1998, 153:911–919). Consistent with
partial secretory cell differentiation, the luminal cells
showed weak to moderate staining for androgen re-
ceptor and the secretory proteins PSA and PSAP. All
atrophic lesions showed elevated GSTP1 expression
in many of the luminal secretory-type cells. Because
all lesions are hyperproliferative, are associated with
inflammation, and have the distinct morphological
appearance recognized as prostatic atrophy, we sug-
gest the term “proliferative inflammatory atrophy”
(PIA). Elevated levels of GSTP1 may reflect its induc-
ible nature in secretory cells, possibly in response to
increased electrophile or oxidant stress. Elevated
Bcl-2 expression may be responsible for the very
low apoptotic rate in PIA and is consistent with the
conclusion that PIA is a regenerative lesion. We
discuss our proposal to integrate the atrophy and
high-grade PIN hypotheses of prostate carcinogenesis
by suggesting that atrophy may give rise to carcinoma
either directly, as previously postulated, or indirectly
by first developing into high-grade PIN. (Am J
Pathol 1999, 155:1985–1992)

Chronic inflammation of longstanding duration has been
linked to the development of carcinoma in several organ
systems.1–3 The proposed mechanism of carcinogenesis
involves repeated tissue damage and regeneration in the
presence of highly reactive oxygen and nitrogen species.
These reactive molecules, such as H202 and nitric oxide
(NO), are released from the inflammatory cells and can
interact with DNA in the proliferating epithelium to pro-
duce permanent genomic alterations such as point mu-
tations, deletions, and rearrangements.2,3 This inflamma-
tion-carcinoma sequence as been invoked as a potential
mechanism with regard to prostatic carcinogenesis.4–9

Interestingly, focal prostatic glandular atrophy, which has
been put forth previously as a potential precursor of
prostatic adenocarcinoma,10,11 occurs in close associa-
tion with chronic inflammation.5,12,13
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Atrophy of the prostate is identified as a reduction in
the volume of preexisting glands and stroma and can be
divided into two major patterns, diffuse and focal.12,14

Diffuse atrophy results from a decrease in circulating
androgens and involves the entire prostate in a relatively
uniform manner.15 In contrast, focal atrophy is not related
to decreased circulating androgens, and it occurs as
patches of atrophic epithelium within a background of
surrounding normal-appearing nonatrophic epithelium.12

Franks10 indicated that focal prostatic atrophy lesions
occur chiefly in the “outer” portion of the prostate (re-
ferred to by McNeal as the “peripheral zone”)12 and that
they increase in frequency with advancing age. Others
confirmed these findings.11,13,16,17

How might atrophic cells be linked to carcinoma,
which also occurs principally in the peripheral zone?
While most focal prostatic atrophy lesions have been
considered to be quiescent,13 cells in some atrophy le-
sions appear proliferative.10,11,18,19 In a comparison be-
tween benign nonatrophic epithelium and focal prostatic
atrophy, Ruska et al recently demonstrated that, while
there was no increase in the apoptotic index, atrophy
exhibited a markedly increased immunohistochemical
staining index for the proliferation marker, Ki-67.20 This
finding supports the contention that focal atrophy repre-
sents either a de novo proliferative lesion or a regenera-
tive lesion resulting from replacement of cellular loss, as
suggested previously.11

Most cell division in the normal human prostate epithe-
lium occurs in the basal cell compartment.21,22 Yet high-
grade PIN, the presumed precursor of many prostatic
adenocarcinomas,23 and adenocarcinoma cells possess
phenotypic and morphological features of secretory
cells. Thus cell proliferation has been shifted up from the
basal into the secretory compartment in high-grade PIN
and in carcinoma.21,22 Based on this “topographic infi-
delity of proliferation” (TIP),24 as well as patterns of cytoker-
atin expression,25 it has been postulated that the prostatic
cell type that is the target of neoplastic transformation is an
intermediate cell, with some features of basal cells and
some of secretory cells.

No prior studies have specifically examined the immu-
nophenotype of the cells within focal atrophy of the pros-
tate. To better elucidate the cell types present and to
further explore the possibility that cells in focal atrophy of
the prostate may be related to carcinoma and high-grade
PIN, we performed a detailed morphological and immu-
nohistochemical analysis. We examined expression of
both basal cell-specific and secretory cell-specific mark-
ers. In addition, we examined the expression patterns of
other molecular markers implicated in prostatic carcino-
genesis: p27Kip1, Bcl-2, and the p-class glutathione S-
transferase (GSTP1).

p27Kip1 is a cyclin-dependent kinase inhibitor whose
expression is reduced in the majority of prostatic adeno-
carcinomas26–32 and in high-grade PIN.26 GSTP1, which
functions as an inducible phase II detoxifying enzyme for
reactive oxygen species and organic electrophiles,33,34

is inactivated by promoter hypermethylation in human
prostatic carcinoma.35–37 Expression of GSTP1 is also
absent in high-grade PIN,37 with promoter hypermethyl-

ation occurring in at least 70% of cases.37 In this study,
we report a down-regulation of p27Kip1 in prostatic atro-
phy, consistent with its proposed role as a suppressor of
prostatic epithelial cell proliferation. We also report in-
creased expression of Bcl-2, which is consistent with the
observed very low levels of apoptosis.20 Finally, there
was a striking increase in the expression of GSTP1 in
many of the atrophic cells, indicative of a stress-induced
response. Potential mechanisms of formation of prostatic
atrophy are discussed, as well as the implications for
prostatic carcinogenesis.

Materials and Methods

Antibodies

The anti-androgen receptor antibody was obtained and
used as undiluted mouse monoclonal antibody hybrid-
oma supernatant from clone AR-441 (a gift from Dean P.
Edwards, Ph.D., University of Colorado HSC, Denver,
CO). Antibodies against prostate-specific antigen (PSA)
(mouse monoclonal, clone ER-PR8, dilution 1:50), prostate-
specific acid phosphatase (PSAP) (rabbit polyclonal, dilu-
tion 1:10,000), Bcl-2 (mouse monoclonal, dilution 1:25),
CD20 (mouse monoclonal, clone L26, dilution 1:200), CD3
(mouse monoclonal, clone UCHT1, dilution 1:150), and
CD68 (mouse monoclonal, clone KP-1, dilution 1:4000)
were from Dako (Carpinteria, CA). Anti-p27Kip1 (mouse
monoclonal, dilution 1:800) and anti-PCNA (mouse
monoclonal, dilution 1:250) were from Transduction Lab-
oratories (Lexington, KY). Anti-Ki-67 (mouse monoclonal,
clone Mib-1, dilution 1:100) was from Immunotech (Mi-
ami, FL). The basal cell-specific cytokeratin antibody
(mouse monoclonal, clone 34bE12, dilution 1:50) was
from Enzo Biochem (Farmingdale, NY). Anti-cytokeratins
8 and 18 (mouse monoclonal, clone Cam 5.2, prediluted)
was from Becton Dickinson (Franklin Lakes, NJ). Anti-
topoisomerase II a (mouse monoclonal, clone AB-1,
dilution 1:100) was from Calbiochem (San Diego, CA).
Anti-GSTP1 (rabbit polyclonal, dilution 1:40,000)
was from Medical and Biological Laboratories (Water-
town, MA).

Immunohistochemistry

Immunohistochemistry was performed using the Biotek
Techmate 1000 (Ventana Medical Systems, Tucson, AZ)
robotic immunostainer as described.38 Briefly, all primary
antibody incubations were carried out for 45 minutes at
room temperature, except for GSTP1, which was at 4°C
overnight. Biotinylated secondary antibody incubation
was carried out for 30 minutes at room temperature.
Histochemical localization using avidin-biotin horserad-
ish peroxidase complex (ABC) was carried out using
3,39-diaminobenzidine tetrahydrochloride (DAB) as the
chromagen. Slides were couterstained with hematoxylin.
For 34bE12 and Cam 5.2 cytokeratin staining, the sec-
tions were pretreated with protease type 27 (Sigma, St.
Louis, MO) at 2 mg/ml for 20 minutes at 37°C before
incubation with the primary antibodies.
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Surgical Specimens

Formalin-fixed, paraffin-embedded tissues were ob-
tained from The Johns Hopkins Hospital. All specimens
were from radical prostatectomies (n 5 42 patients) and
consisted of portions of tissue dissected immediately
after surgical removal and immersed in 10% neutral buff-
ered formalin.

Scoring of Morphological and
Immunohistochemical Features

Intensity of inflammation was recorded using a numerical
0–6 scale, with 0 representing no inflammation, 1–2 rep-
resenting mild, 3–4 representing moderate, and 5–6 rep-
resenting severe inflammation. All lesions were heteroge-
neous in terms of inflammation, in that different areas
within an individual focus of atrophy had different
amounts of inflammatory cells. Thus the scores recorded
represented an overall average for each lesion. For each
lesion we recorded the size and the following variables,
using a 0–6 scale for each variable, where 0 is negative
and 6 is the highest value: the extent of epithelial disrup-
tion, the relative number of intraluminal macrophages,
and the extent of periglandular fibrosis. For each lesion
we also recorded whether any part of the lesion was
adjacent to or was away from high-grade PIN or carci-
noma.

Apoptosis was accessed by light microscopic exami-
nation for apoptotic bodies, using hematoxylin and eosin
(H&E)-stained sections. For both PIA and adjacent nor-
mal epithelium, we recorded the number of apoptotic
bodies within the epithelium per 20 high-power fields
(hpf), using an Olympus BX-40 microscope with a 403
objective.

The intensity of immunohistochemical staining for
GSTP1 and Bcl-2 was scored on a numerical 0–6 scale
system, with 0 representing background staining in be-
nign normal-appearing nonatrophic secretory cells, 1–2
representing mild elevations, 3–4 representing moderate
elevations, and 5–6 representing marked elevations.
GSTP1 and Bcl-2 staining was also heterogeneous in that
individual atrophy lesions contained areas with intense
staining and other areas with somewhat less staining.
Because lesions were heterogeneous, the overall score
assigned represented the average for the entire lesion.
For p27Kip1, AR, PSA, and PSAP, an identical scoring
approach was used, except that negative numbers were
used to indicate reduced expression. In 22 lesions, a
Ki-67 labeling index was determined by counting the
number of positively staining cells per total cells counted,
with a minimum of 500 cells counted (range 500-2000).
For this, the entire lesion was scanned at 3400 magnifi-
cation with a BLISS imaging microscope (Bacus Labora-
tories, Lombard, IL). A minimum of five screen shots
representing individual microscopic fields at 3400 were
selected for counting at random. Each screen shot, con-
sisting of a microscopic field, was copied and transferred
to Adobe Photoshop 5.0 for Microsoft Windows 95/98. As
the individual cells were counted, each nucleus was

overlayed with a small green dot. In addition, cells stain-
ing positively for Ki-67 were overlayed with a red dot. By
saving the file to disk, we obtained a permanent record of
exactly which cells in the lesion were counted. In these 22
cases, normal epithelium away from the lesion was used
as an internal reference for each lesion, and cells were
similarly counted. Statistical analysis was carried out
using the STATA 5.0 software package for Microsoft
Windows 95.

Results

Many of the morphological features of PIA—focal pros-
tatic atrophy in association with chronic inflammation—
have been described.5,10,13,16 The key identifying feature
of focal prostatic atrophy is recognized at low power and
consists of an overall hyperchromatic appearance of the
involved glands, occurring often as a discrete focus
among benign, normal-appearing glands (Figure 1). The
majority of the PIA lesions (n 5 41/55) were considered
simple atrophy as described,20 which consisted of
glands with variable acinar caliber (Figures 1–5). The
majority of acini in simple atrophy acini were stellate in
architecture and lacked papillary infoldings. Often the
lesions contained corpora amylacea of varying sizes.
Three of the lesions (n 5 3/55) were classified as
postatrophic hyperplasia (PAH),39 consisting of foci of
crowded glands with small-caliber, round atrophic acini.
Some of the lesions (n 5 11/55) contained both PAH and
simple atrophy.

The vast majority of acini (.90% in all lesions) con-
tained at least two layers of epithelial cells (Figure 2). The
luminal cells appeared as attenuated cuboidal secretory-
type cells that were generally hyperchromatic but which
contained somewhat more cytoplasm than the basal
layer of cells. As compared with surrounding normal ep-
ithelium, the cytoplasm in the luminal cells ranged from
markedly reduced and basophilic to slightly reduced and
pale to clear (partial atrophy40; see Figure 5). Most le-
sions contained at least some atrophic acini that were so
attenuated as to appear to have only one layer of mark-
edly flattened epithelial cells. The latter structures were
often cystically dilated and have been referred to as
cystic atrophy.10 No cases consisted purely of cystic
atrophy.

All cases contained chronic inflammation (Figure 1),
consisting of an infiltrate of lymphocytes with varying
numbers of macrophages involving both the epithelium
and surrounding stroma to varying degrees (Table 1).
The majority (;80–85%) of the lymphocytes represented
CD3-positive T cells with scattered and variable numbers
of CD20-positive B cells and CD68-positive macro-
phages (data not shown). While none of the cases con-
tained granulomata, some of the lesions contained a few
eosinophils and plasma cells. In 33/55 (60%) lesions,
there was acute (active) inflammation involving the
stroma, acinar lumens, and epithelium (Table 2). There
was a strong correlation between the extent of acute and
chronic inflammation (r 5 0.683, P , 0.0001, n 5 55).
Furthermore, there was a correlation between the amount
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of intraluminal macrophages and the overall extent of
acute (r 5 0.4978, P 5 0.0001, n 5 55) and chronic (r 5
0.4666, P 5 0.003, n 5 55) inflammation.

Direct evidence of tissue injury was present in 26 le-
sions (47%), where acinar outlines, in association with the
inflammatory infiltrate, were at times disrupted or ulcer-
ated. These features have been described previously for
chronic prostatitis,5 and in the present study, the term
“epithelial disruption” is used. Most areas of epithelial
disruption were in contact with intraluminal corpora amy-
lacea and often showed intraluminal degenerating cells
admixed with macrophages and/or polymorphonuclear
leukocytes. Indirect evidence for tissue injury in focal
prostatic atrophy is that often the stroma showed loss of
normal smooth muscle differentiation (confirmed with an-
ti-desmin antibody staining) with concomitant fibrosis
(60% of lesions) in these regions, as seen in this study
and by others.10,39

Immunohistochemical staining for basal cell-specific
cytokeratins41 (34bE12) revealed a predominantly intact
basal cell layer in most acini from most lesions (Figure 2).
In the vast majority of acini, the luminal layer of cuboidal
cells contained reduced immunoreactivity for 34bE12 or
were completely negative for this marker (Figure 2).
Rarely both the luminal and basal-most layers of cells
stained strongly for 34bE12. The cuboidal atrophic lumi-
nal cells consistently stained intensely with the monoclo-
nal antibody Cam 5.2.42 This antibody recognizes cyto-
keratins 8 and 18, which are highly expressed in

secretory cells, with somewhat weaker expression in
basal cells (De Marzo et al, unpublished observations).43

Many of the luminal cells also stained positively for
nuclear AR, with the majority of the cells staining weakly
and some staining strongly (Figure 4A). The level of AR
appeared to be related to the extent of clear cytoplasm
present; in general those cells with the clearest cyto-
plasm contained the strongest AR staining. As further
evidence for partial secretory cell differentiation in PIA,
positive staining for PSA and PSAP was found in the
luminal layer of cells, although staining was generally
weak in intensity as compared to surrounding normal
glands (Figure 3C). There was a positive correlation be-
tween the extent of AR expression and the extent of
expression of the secretory markers PSA (r 5 0.5894, P 5
0.0001, n 5 38) and PSAP (r 5 0.5748, P 5 0.0002, n 5
38). There were weak negative correlations between ex-
tent of expression of AR and the extent of acute (r 5
20.2847, P 5 0.0369) and chronic (r 5 20.3579, P 5
0.0035, n 5 54) inflammation.

As noted previously by staining against the prolifera-
tion marker Ki-67,20 the atrophic lesions showed a vari-
able, yet marked, increase in the staining index as com-
pared with normal-appearing epithelium (median fold
increase 5 10.71, range 2.291–79.09, n 5 22). In PIA,
both basal and secretory-type cells showed an elevated
Ki-67 staining index (Figure 3A). Immunohistochemistry
against two other markers of proliferating cells, PCNA44

and topoisomerase II a,45 was performed in 10 of the

Figure 1. Proliferative inflammatory atrophy (PIA) of the prostate. A: Low-magnification view of a focus of PIA (outlined area) occurring adjacent to benign
normal appearing glands (lower right). Arrows indicate collections of chronic inflammatory cells (predominantly lymphocytes). This lesion was classified as
having marked chronic inflammation. H&E, 340. B: Section adjacent to that shown in A, stained with anti-GSTP1 polyclonal antibody. Immunoperoxidase, 340.
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same cases on adjacent sections, and a pattern of in-
creased staining in PIA similar to that obtained with Ki-67
was noted. Consistent with an overall increase in the
proportion of cells that are proliferating in PIA, all lesions
showed reduced levels of the cyclin-dependent kinase
inhibitor p27Kip1 in many of the attenuated secretory-type
cells, as compared with surrounding normal-appearing
nonatrophic secretory cells (Figure 3B).

In agreement with prior studies showing very low levels
of apoptosis by the terminal deoxynucleotidyl transferase
nick end labeling (TUNEL) method,20 very few apoptotic
bodies were identified within the epithelial layers in the
PIA lesions examined (n 5 55, mean 5 0.072 apoptotic
bodies/20 hpf) or in the surrounding normal appearing
prostate epithelium (n 5 41, mean 5 0.146 apoptotic
bodies/20 hpf). There was no significant difference be-
tween the number of apoptotic bodies in PIA versus
matched normal epithelial (paired Student’s t-test, t 5

0.703, df 5 40, P 5 0.4863). There were occasional
apoptotic bodies found within the lumens of some of the
PIA lesions; however, it was not possible to determine
whether these represented epithelial or inflammatory
cells.

As shown previously, staining against Bcl-2 in normal
prostate epithelium was strong in the basal cells and
negative to weak in the majority of secretory cells.46–49 In
all PIA lesions evaluated (n 5 55), although staining was
heterogeneous, there was an overall increase in staining
as compared to secretory cells of the adjacent normal
epithelium (Figure 4B). Similar to that reported in normal
prostate epithelium,50 in all specimens examined for both
markers (n 5 51), there was an inverse relation between
the expression of Bcl-2 and AR in the epithelial cells of
PIA (Figure 4) in many of the glands. There was a signif-
icant relation between the extent of Bcl-2 expression and
the type of lesion, with those lesions containing PAH
showing higher overall levels of Bcl-2 (mean Bcl-2
score 5 4.8, n 5 14) than lesions not containing PAH
(mean Bcl-2 score 5 3.8, n 5 38) (two-tailed Student’s
t-test, t 5 23.1046, df 5 50, P 5 0.0031).

As compared with the vast majority of normal-appear-
ing nonatrophic secretory epithelial cells of the prostate
that do not express GSTP1 (Figure 1B),35,36,51–53 all PIA
lesions showed elevated levels of GSTP1 in many of the
secretory-type cells (Figures 1B and 5). There was a
range of expression of GSTP1, and often the individual
glands showed a pattern of cells staining positively for
GSTP1 in the vicinity of cells staining negatively (Figure
5). GSTP1 expression levels in PIA were not associated
with acute or chronic inflammation, Ki-67 index, or fibro-
sis. As with Bcl-2, there was an association between the
levels of GSTP1 and the type of lesion, with those lesions
containing PAH showing higher levels of GSTP1 (mean
GSTP1 score 5 4.36, n 5 11) than those not containing
PAH (mean GSTP1 score 5 3.49, n 5 41) (two-tailed
Student’s t-test, t 5 22968, df 5 53, P 5 0.0045). Levels

Figure 2. Two cell layers in PIA. Medium-power view of section of PIA
stained with the 34BE12 monoclonal antibody against basal cells. Arrows
indicate atrophic secretory-type cells in the gland lumen. Arrowheads
indicate basal cells. Inset: Higher power view of boxed area. Immunoper-
oxidase, 3200. Inset, 3400.

Figure 3. Expression of markers of proliferation and differentiation in PIA. A: Increased expression of proliferation associated marker, Ki-67, in secretory-type
cells. B: Decreased expression of cyclin-dependent kinase inhibitor p27kip1 in secretory-type cells. C: Expression of PSA in secretory-type cells. A–C:
Immunoperoxidase, 3200. Arrows indicate luminal cells.
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of GSTP1 expression in PIA were unrelated to whether the
lesions were adjacent to or remote from high-grade PIN
or carcinoma.

Discussion

In this paper we propose the term “proliferative inflam-
matory atrophy” (PIA) to designate discrete foci of pro-
liferative glandular epithelium with the morphological
appearance of simple atrophy,20 or postatrophic hyper-
plasia,39 occurring in association with inflammation. The
key features of this lesion are the presence of two distinct
cell layers, mononuclear and/or polymorphonuclear in-
flammatory cells in both the epithelial and stromal com-
partments, and stromal atrophy with variable amounts of
fibrosis. The morphology of PIA is consistent with Mc-
Neal’s description of postinflammatory atrophy,13 with
that of chronic prostatitis described by Bennett et al,5 and
with the lesion referred to previously as “lymphocytic
prostatitis” by Blumenfeld et al.54 As well as showing
increased staining for cell proliferation markers,20 the key
immunophenotypic features of PIA that we now describe
are increased staining for GSTP1 and Bcl-2 and
decreased staining for the cyclin-dependent kinase in-
hibitor p27Kip1.

In normal, nonatrophic prostatic epithelium, GSTP1,
which is an inducible enzyme that appears to protect
cells from DNA damage, is expressed predominantly in
basal cells.35–37 The fact that many of the secretory-type
cells in PIA express elevated levels of GSTP1 is highly
suggestive of a stress-induced response in these cells.

Although we expect that many of the cells in PIA are
largely protected from incurring oxidative or electrophilic
DNA damage as a result of increased expression of
GSTP1, some of the proliferative secretory-type cells that
lack expression of GSTP1 (Figure 5) may be targets for
genetic alterations and hence neoplastic transformation.
Currently we are performing microdissection and molec-
ular analysis to determine the status of methylation of the
GSTP1 promoter in PIA.

How might the prior hypothesis indicating that focal
atrophy gives rise to carcinoma10 be reconciled with the
modern contention that most carcinomas, at least in the
peripheral zone of the prostate, arise from high-grade
PIN?23 We suggest that PIA may indeed give rise to
carcinoma directly as hypothesized previously10 or that

Figure 4. Expression of androgen receptors and Bcl-2 in PIA. A: Medium-
power view of AR expression in PIA. B: Adjacent section showing expression
of Bcl-2. The solid line demarcates a single acinus with heterogeneous
staining. Arrowheads indicate weak staining for AR but strong staining for
Bcl-2. Immunoperoxidase, 3100.

Figure 5. Heterogeneity of expression of GSTP1 in PIA. Note areas of
positive staining intermixed with areas of negative staining for GSTP1. The
inset is a higher power view from the boxed area, showing the border zone
between these areas. This lesion was classified as having mild chronic
inflammation. Immunoperoxidase, 3100. Inset: Arrow indicates an atrophic
secretory cell staining negatively, and the arrowhead indicates a nearby
atrophic secretory cell staining positively. Magnification, 3400.

Table 1. Extent of Chronic Inflammation in PIA Lesions

Severity n Percentage of total

Mild 27 49
Moderate 21 38
Marked 7 12.7

Table 2. Extent of Acute Inflammation in PIA Lesions

Severity n Percentage of total

None 22 40
Mild/moderate 24 43.6
Marked 9 16.3
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PIA may lead to carcinoma indirectly via development
into PIN. Four separate findings provide supportive evi-
dence for this novel hypothesis that PIA may represent a
PIN precursor: 1) We demonstrate that a shift in the
topographic fidelity of proliferation occurs in PIA. 2) We
show that the phenotype of many of the cells in PIA is
most consistent with that of an immature secretory-type
cell,24–26,55 similar to that for the cells of high-grade PIN
and carcinoma. 3) PIA, high-grade PIN, and carcinoma
all occur with high prevalence in the peripheral zone and
low prevalence in the central zone of the human pros-
tate.13 4) In preliminary studies, we find in randomly
sampled PIA lesions from radical prostatectomy patients
that 34.5.% (n 5 19/55, data not shown) show areas of
atrophy merging directly with areas of high-grade PIN
within the same glands. This preliminary finding appears
at odds with a recent study,17 and we are currently em-
ploying fully embedded prostates with and without PIN
and carcinoma to determine the frequency and extent of
PIA and the frequency with which PIN lesions arise within
foci of PIA.

If cells in PIA are proliferating rapidly, why are the
lesions not apparently growing in volume? Because there
appears to be no increase in the rate of apoptosis in focal
atrophy of the prostate, then either Ki-67 staining does
not reflect cell proliferation, or cellular loss is balancing
proliferation but the loss is not occurring via an apoptotic
mechanism. Because other “proliferation markers” were
also elevated in the present study, we submit that it is
highly unlikely there is not an increased proliferative rate
in PIA. Furthermore, others have used more direct mea-
sures of mitosis to indicate that focal prostatic atrophy
has increased cell replication over that of normal-appear-
ing epithelium.18 Because our preliminary studies show
frequent Cam 5.2-positive epithelial cells and CD68-pos-
itive macrophages in the lumens of atrophic glands, as
opposed to normal-appearing glands (data not shown),
we favor the concept of regeneration in PIA,11 with the
loss of epithelial cells occurring through direct cell injury,
in which the injured cells are shed intraluminally and
expressed in the ejaculate or engulfed by intraluminal
macrophages. It has been previously pointed out that
regenerating epithelium is expected to suppress pro-
grammed cell death, at least temporarily, to replace lost
cells.56 The increase in Bcl-2 expression in PIA may
explain the very low levels of apoptosis and supports the
concept that PIA is a regenerative lesion. The marked
increase in the proliferation index in PIA may reflect a
response to local growth factor release due to lost epi-
thelial cells. Alternatively, more direct growth-promoting
factors, such as platelet-derived growth factor, that are
released from the inflammatory cells may stimulate epi-
thelial proliferation.57,58

Still open to debate is whether the inflammation pro-
duces tissue damage and regenerative atrophy or
whether some other insult induces the tissue damage
and/or atrophy directly, with inflammation occurring sec-
ondarily. Preliminary support indicating that inflammation
occurs before PIA is provided by Bennett et al,6 who
found in autopsies of 125 young males that more foci of
inflammation were present at a younger age than foci of

atrophy, which tended to occur somewhat later. Addi-
tional studies using animal models of inflammation and
atrophy may help resolve this question.

In summary, we confirm that essentially all forms of
focal atrophy (PIA) are proliferative, the vast majority are
associated with inflammation, and many of the proliferat-
ing cells appear to have an immature secretory cell phe-
notype—a phenotype with similarities to PIN and prostate
carcinoma. We interpret this very common lesion in a new
light and postulate that it arises in the setting of increased
oxidative stress, most likely derived from the proximate
inflammatory cells. Furthermore, we postulate that PIA
may represent a precursor lesion to prostatic intraepithe-
lial neoplasia and, therefore, prostatic carcinoma.
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