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Abstract Our group has been studying the progressive molecular changes in prostatic epithelium which precede the
invasive phenotype. Initial studies revealed similar alterations in cytoskeletal proteins between high grade prostatic
intraepithelia! neoplasia (PIN) lesions and invasive carcinoma. Specifically we observed an increased expression of certain
cytokeratins and decreased expression of vimentin. We also noted a change in glycosylation as detected by Ulex europaeus
staining. Using the latter technique we were able to microdissect and isolate nuclei from areas of low and high grade PIN
lesions as well as from invasive carcinoma for morphometric analysis. Similarities in nuclear size, chromatin heterogeneity,
and nuclear DNA content between low and high grade PIN and invasive carcinoma in carcinomatous specimens were noted.
Incontrast, these parameters were significantly different in low grade PiN lesions obtained frombenign prostatic transurethral
resection {TURP) specimens. In addition, DNA histograms revealed similar proiiterative indices between high grade PiN and
invasive carcinoma, which differed significantly from low grade PIN. Parameters thought to be relative to the invasive
phenotype were also examined, such as the members of the metalloproteinase family; although normal luminal celis fail fo
express detectable levels of these enzymes, invasive carcinoma and even low grade PIN lesions express both the 72 kDa
and 92 kDa type iV collagenase. Taken together, these data indicate that the dysplastic cells of PIN lesions and carcinomas
are similar in nuclear and genomic features as well as protease expression. Our current working hypothesis is that these cells
are already armed with the necessary proteases to invade the basal lamina but in an inactive form. Tumor progression
requires an additional event of protease activation.  © 1992 Wiley-Liss, Inc.
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Atypical or dysplastic lesions of the prostatic
ducts and acini were originally described by
Oertel in 1925 [1]. Since that time a variety of
lesions have been described using a confusingly
long list of terms (see Ref. 2 for review). Kovi
was the first author to separate lesions of the
large acinar type from atypical lesions involving
the abnormal hyperplasia of small acini [3]. The
dysplastic lesions of the large acinar type have
cytologic features which in their most severe
form resemble carcinoma in situ. McNeal and
Bostwick have described the histologic features
of these lesions and have characterized three
grades with increasing cytologic atypia [4]. In a
subsequent paper, Bostwick and Brawer showed
a progressive loss of basal cells with increasing
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grade of atypia and have proposed the term
prostatic intraepithelial neoplasia (PIN) for
these lesions [5].

The exact relationship of PIN lesions to
invasive carcinoma remains unknown, however.
PIN lesions are found in the peripheral prostate
lobe [3], are multifocal [6,7], and when high
grade are often found in association with inva-
sive carcinoma [5,7]. Thymidine labelling stud-
ies have shown increased labelling of PIN when
compared with simple prostatic hyperplasia [8].
A number of recent immunohistochemical stud-
ies have shown progressive loss of markers of
prostatic glandular secretion in the PIN lesions,
implying a loss of glandular differentiation
[9-13]. We have examined the intermediate
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filament expression in the normal prostate
glands, PIN, invasive carcinoma, and prostate
cell lines [2,14]. Using a monoclonal antibody
(KA4) which reacts with cytokeratins 14, 15, 16,
and 19, we were able to show that the normal
acinar luminal cells, which express only cytoker-
atins 8 and 18, were nonreactive; in contrast,
the cells of high grade PIN as well as invasive
carcinoma were reactive. This appeared to be
due to an increase in cytokeratin 19 expression.
In addition, whereas the luminal cells normally
coexpress cytokeratins and vimentin, this ability
is lost in PIN and invasive cancer. These two
findings indicate major changes in cytoskeletal
protein expression which accompany the more
obvious changes in nuclear morphology.

The lectin Ulex europaeus has been shown by
our group as well as others to selectively stain
PIN epithelial cells [2,12]. Using this method to
identify the lesions we were able to microdissect
out specific lesions from which nuclear suspen-
sions were Feulgen-stained and placed on
cytospin slides for image analysis with a
SAMBA 200 system [15,16]. Morphometric,
nuclear textural, and densitometric parameters
related to DNA content were evaluated in four
groups of lesions: (1) low grade 1 and 2 PIN
lesions from benign TURP specimens, (2) low
grade 1 and 2 PIN lesions from cancer-contain-
ing prostatectomy specimens, (3) high grade 3
PIN lesions from cancer-containing prostatecto-
my specimens, and (4) invasive carcinoma [17].

The analysis of the four groups revealed a
relationship between low grade PIN, high grade
PIN and invasive carcinoma when these lesions
occurred in cancerous prostates. These were all
significantly different in terms of nuclear size,
mean DNA content, and nuclear texture when
compared to low grade PIN lesions found in
nonmalignant prostates. This finding suggests
that there is a field effect which is already
manifest in low grade PIN lesions in men
having a predilection for invasive carcinoma.
Analysis of DNA histograms revealed a further
relationship. High grade PIN lesions and inva-
sive carcinomas had relatively large S-phase
fractions that were statistically different from
low grade PIN lesions whether they were in
benign or in malignant prostates. These data
are similar to the earlier studies with thymidine
labelling showing that high grade PIN lesions
had higher levels of proliferation in relation

to hyperplastic lesions [8]. Based on these find-
ings, there appear to be clear differences be-
tween low grade PIN found in benign and
malignant prostates. Whether or not the low
grade PIN lesions in malignant prostates prog-
ress to high grade lesions and then to invasive
carcinoma remains to be seen. The biochemical
data showing similarities in intermediate fila-
ment expression suggest that at least the high
grade lesions are similar to invasive carcinoma
and are probably on the progression pathway.
Studies showing a sequence of predictable
genetic events are thus far not available for
prostate. These concepts are summarized in
Figure 1.

The major difference between grade 3 PIN
lesions and invasive carcinoma is the loss of the
basal cell layer and penetration of the underly-
ing basal lamina in the latter. This process is
believed to occur through a three-step process
involving cellular adhesion, lysis of the basal
lamina, and migration into the interstitium. We
have investigated the second parameter, that is,
lysis of the basal lamina, by examining the
expression of the multigene family of metallo-
proteinases. These metalloproteinases may play
a functional role in the loss of the basal cell
layer and penetration of the basal lamina by the
tumor cells. To date seven separate metallo-
proteinases described in this family are found in
human tissues [18,19]. Our preliminary data
using a combination of northern RNA analysis,
in situ RNA hybridization [20], and immunohis-
tochemistry [21], have indicated that three of
these proteins, specifically the 72 kDa and
92 kDa collagenase type IV and matrilysin or
PUMP-1, are observed in primary prostate
carcinoma. Immunohistochemical studies indi-
cate that both the 72 kDa and 92 kDa type IV
collagenases are expressed by most carcinomas.
Most interestingly, PIN lesions also constitu-
tively express these metalloproteinases, and at
least the 72 kDa type IV collagenase shows an
increasing degree of expression with increasing
grade of PIN. In contrast, the 72 kDa type IV
collagenase shows a decreasing expression with
increasing grade of carcinoma. The 92 kDa
type IV collagenase does not show increasing
expression in the PIN lesions, but shows in-
creasing expression as the Gleason grade of
carcinoma increases. [t thus appears that the
expression of these two enzymes is under differ-
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Fig. 1. Concepts of Prostate Tumor Progression

ent control but that both are constitutively
turned on in the preinvasive lesion. The anti-
bodies used in these studies could not distin-
guish pro-enzyme from active enzyme; there-
fore, the collagenase enzymes may be present
either in active or pro-enzyme forms. Alterna-
tively, they may be completely inhibited by
tissue inhibitors of metalloproteinases. These
inhibitors are known to be closely associated
and coordinately expressed with the enzymes. It
would appear that activation of these collagen-
ases must require an additional event or events,
and it is likely that the discovery of this control
will be important in our understanding of the
steps in the progression of preinvasive high
grade PIN lesions to the invasive carcinoma.
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